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Abstract 
Trypanosoma brucei is an extracellular pathogen, that causes human and animal African 

trypanosomiasis. It actively evades the host´s immune response, in a process termed antigenic 

variation, by continuously changing its dense coat of Variant Surface Glycoproteins (VSGs). 

Structurally, VSGs are surface proteins, connected to the plasma membrane via a 

glycosylphosphatidylinositol (GPI) anchor, and consisting of a smaller C-terminal domain (CTD) 

attached to a larger N-terminal domain (NTD) by an unstructured region (linker). The CTD is 

considered to be inaccessible to antibodies, because of the coat´s dense packaging. On the NTD, 

post-translation modifications (PTMs) have been shown to alter the immune response, as observed 

by the O-glycosylation on VSG3. Here, I focused initially on the plasma cell antibody repertoires 

elicited during infection with the double-, single- or non-glycosylated VSG3. I showed that these 

infections induce a similar response in mice infected with the same strain and elicit repertoires that 

are directed towards immunodominant epitopes on the surface of the VSGs. I also found that 

minor alterations within these epitopes, elicit distinct repertoires, reducing cross-reactivity amongst 

VSGs and facilitating prolonged immune evasion. On a second step, I also explored the structural 

differences and elicited repertoires of mosaic VSGs, created by swapping the CTDs of different 

variants. I found that mosaic and parental VSGs can be antigenically distinct, leading to differential 

binding by monoclonal antibodies. Their repertoires can be diverse and have heavy and light chain 

genes that are also present in the repertoires of the parental VSGs, but they form new and distinct 

pairs in the mosaics. As VSG mosaic formation is most commonly seen in the swapping of CTDs, 

where the same NTD can be found with different CTDs, these observations could imply that the 

antigenicity of the VSG protein is indirectly impacted by the CTD, despite the CTD itself being 

protected from antibody exposure. Overall, my findings suggest that VSGs elicit a stereotyped 

immune response, focused on a restricted set of immunodominant epitopes and that swapping of 

the CTD can change this response, further increasing VSG diversity, limiting cross-reactivity and 

facilitating long-term infection in the host.
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Zusammenfassung 
Trypanosoma brucei ist ein extrazellulärer Parasit, der die afrikanische Trypanosomiasis 

bei Menschen und Tieren verursacht. Es kann der Immunantwort des Wirts in einem als 

„antigenic variation“ bezeichneten Prozess aktiv ausweichen, indem es seine dichte Hülle aus 

Variant Surface Glycoproteins (VSGs) verändert. Strukturell sind VSGs Membranproteine, 

die über einen Glycosylphosphatidylinositol (GPI)-Anker mit der Plasmamembran verbunden 

sind und aus einer kurzen C-terminalen Domäne (CTD) bestehen, die durch eine 

unstrukturierte Region (Linker) an eine länger N-terminale Domäne (NTD) gebunden ist. Die 

CTD gilt als unzugänglich für Antikörper, da die dichte Verpackung. Posttranslationale 

Modifikationen (PTMs) auf dem NTDs erzeugt nachweislich antigene Unterschiede, wie 

durch die O-Glykosylierung auf VSG3 beobachtet. In der vorliegenden Arbeit habe ich 

zunächst die Plasmazell-Antikörperrepertoires, die während einer Infektion mit dem doppelt-

, einzel- oder nicht-glykosylierten VSG3 ausgelöst werden, untersucht. Ich habe gezeigt, dass 

diese Infektionen bei Mäusen, die mit dem gleichen Stamm infiziert sind, eine ähnliche 

Reaktion induzieren und Repertoires hauptsächlich gegen immundominante Epitope auf der 

Oberfläche der VSGs gerichtet sind. Ich fand auch, dass geringfügige Veränderungen 

innerhalb dieser Epitope, unterschiedliche Repertoires hervorrufen, die Kreuzreaktivität 

zwischen VSGs reduzieren und eine verlängerte Immunevasion erleichtern. In einem zweiten 

Schritt habe ich die strukturellen Unterschiede und hervorgerufenen Repertoires von Mosaik-

VSGs untersucht, die durch den Austausch der CTDs entstanden sind. Ich fand heraus, dass 

sich Mosaik- und parentale VSGs antigenisch unterscheiden können, was zu einer 

unterschiedlichen Bindung durch monoklonale Antikörper führt. Ihr Repertoire kann 

vielfältig sein und haben Gene für schwere und leichte Ketten, die auch in den Repertoires 

der parentalen VSGs vorhanden sind, aber sie bilden neue und unterschiedliche Paare in 

Mosaiken. Da Mosaikbildung am häufigsten in der CTD beobachtet wird, wo dieselbe NTD 

mit verschiedenen CTDs gefunden werden kann, könnten diese Beobachtungen implizieren, 

dass die Antigenität des VSG-Proteins indirekt durch die CTD beeinflusst wird, obwohl die 

CTD selbst vor Antikörperexposition geschützt ist. Insgesamt deuten meine Ergebnisse 

darauf hin, dass VSGs eine stark stereotype Immunantwort auslösen, die sich auf eine 

begrenzte Menge immundominanter Epitope konzentriert, und dass der Austausch der CTD 

diese Reaktion verändern kann, wodurch die VSG-Diversität weiter erhöht, die 

Kreuzreaktivität begrenzt und eine langfristige Infektion des Wirts erleichtert wird.
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 Introduction 
 

1.1 The African trypanosome 

1.1.1 African trypanosomiasis – causative agents and disease 

 Human African Trypanosomiasis (HAT) or African sleeping sickness are terms used to 

describe the disease caused by the unicellular flagellated parasite, Trypanosoma brucei (T.b. or T. brucei). 

This infectious disease affects large regions of sub-Saharan Africa and is one of the 20 neglected 

tropical diseases according to the World Health Organization (WHO). It is transmitted between 

mammalian hosts by the tsetse fly (Glossina spp.) during a blood meal, and parasites can then be 

found in the skin, vascular system, as well as adipose tissue of the host (1–4). 

There are two Trypanosoma brucei subspecies that cause HAT, T. b. gambiense, which results 

in the slow-progressing form of the disease found mostly in west and central Africa and T.b. 

rhodesiense, which is the agent responsible for the faster-progressing form observed in eastern and 

southern Africa (Fig. 1.1) (5–7). The “brother” of these two subspecies, T.b. brucei, is responsible 

for Animal African Trypanosomiasis (AAT) or Nagana (from the Zulu word “N´gana” which 

means “useless” (8)), a serious socio-economic problem. The distribution of the overall HAT cases 

is uneven between the two parasites as T.b. gambiense infections correspond to 98% of the total 

cases, while only 2% of them are attributed to T.b. rhodesiense (7). Half a million people were 

estimated to be infected with African trypanosomiasis at the end of the 20th century (6), however 

the numbers have drastically gone down in the past few years. More specifically, in 2018 there were 

977 reported cases of HAT (WHO), of which 953 were caused by T.b. gambiense and were found 

mostly in the Democratic Republic of Congo, Angola, Guinea and Central African Republic and 

24 by T.b. rhodesiense (Fig. 1.1) (6). 
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Fig. 1.1. Distribution of reported HAT cases between 2017 and 2018 in Africa. T.b. gambiense 
infections are shown in red, while T.b. rhodesiense in blue. The green color indicates places where 
there were active screening programs, with no HAT cases detected. Source Franco et al. 2020 (6). 

The pathogenicity of trypanosome infections depends greatly on a number of factors, 

including characteristics of the host (age, breed, species, physical condition, immunological and 

nutritional status, co-infections), the parasite (species, virulence) and the vector (species, infection 

rate, density, preferences for hosts), as well as the environment and the epidemiological situation 

(9).  In general, both types of human trypanosomiasis lead to death when left untreated. T.b. 

rhodesiense infections are acute and progress to death after a few months, while the T.b. gambiense 

disease is chronic with a mean duration of 3 years before death, but with high variability (10). There 

are two stages to the disease, a haemolymphatic stage where the parasite inhabits the blood, lymph 

and interstitial fluids of the host, and a meningoencephalitic stage where it penetrates the blood-

brain barrier and invades the Central Nervous System (CNS) (7). During the first stage, the host 

experiences intermittent fever, headache and lymphadenopathy (7), all common symptoms of a 

number of diseases, thus making it difficult to diagnose trypanosomiasis. Neuropsychiatric 

symptoms appear in the second stage, along with disruption of the sleep cycle (hence the name 

“sleeping sickness”), insomnia during the night and lethargy during daytime (11). 
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Diagnosis of the disease is difficult because of the unspecific initial clinical symptoms (7). 

Rapid diagnostics tests (RDTs) are available for detection of only T.b. gambiense infections (7), and 

a new test is currently being developed by the Glover lab, based on SHERLOCK technology (not 

published). This CRISPR-Cas system combines the collateral effect of Cas13 RNA cleavage activity 

with pre-amplification of RNAs for quick trypanosome-specific RNA detection with high 

sensitivity and specificity. Definite diagnosis of both diseases can be done with microscopy 

examination of bodily fluids through lumbar puncture (12). However, parasitemia is usually 

extremely low (1x105 parasites/mL of blood), so even microscopy can easily overlook it. 

Restraining the infections is even more challenging due to the fact that parasites reside in the skin 

and adipose tissue of the host (1, 2, 4), and cannot be detected by current tests (13).  

The most significant impediment to fully treating HAT is the lack of potent vaccines against 

both subspecies (14), due to antigenic variation, the process with which the parasites change their 

surface coat (15), and which I discuss further in chapter 1.3. The five available drugs commonly 

used for treating HAT rely solely on chemotherapy (16–18). Specifically, pentamidine and suramin 

are used to treat the first stage of the disease, while melarsoprol, eflornithine and nifurtimox, can 

be implemented at the second stage (Table 1.1) (7, 14).  Treatment options are determined based 

on the causative agent, as well as stage of the disease. First-stage (haemolymphatic) drugs cannot 

be administrated for second stage disease (meningoencephalitic) and vice-versa, since the later are 

usually more toxic and complex to administer (7). Each of these drugs has advantages against one 

or both subspecies causing HAT, however there are also a number of disadvantages, with one of 

the most prominent ones being drug resistance (9, 19). A summary can be found in Table 1.1 

below. In the past years, however, new drugs have successfully been developed; fexinidazole has 

been in use since 2018 for oral therapy of both stage 1 and 2 HAT (20, 21), and acoziborole is in 

the process of being approved for treatment of both stages in a single dosing (22, 23). 
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Drug Mechanism Advantages Disadvantages 
Pentamidine  Disrupts procedures in 

mitochondria 
Used against stage I T.b. 
gambiense 

Incompetent against stage II T. b. 
gambiense and both stages of T.b. 
rhodesiense 

Suramin Disrupts glycolysis by binding 
to glycosomes enzymes 

Used against stage I T. b. 
rhodesiense 

Incompetent against stage II T. b. 
rhodesiense and stage II T. b. 
gambiense 
Possible resistance (19, 24) 

Melarsoprol Impedes trypanosomal redox 
metabolism and glycolysis 

Used against both 
subspecies at both stages 

Toxic; death of 5% of patients 
from reactive encephalopathy 
High trypanosomal resistance  

Eflornithine Proliferation gets impeded; 
susceptibility to oxidative 
attack 

Used against stage II T. b. 
gambiense 

Incompetent against both stages 
of T. b. rhodesiense  
Time-consuming treatment 

NECT 
(nifurtimox-
eflornithine 
combination) 

Proliferation gets impeded; 
oxidative attack upon 
weakened trypanosomes 

High cure rate for both 
stages of T. b. gambiense 
Low rate of side effects 
No death rates 

Resistance to the treatment in the 
field 

Fexinidazole 

Bacterial-like nitroreductases 
encoded by trypanosomes 
activate fexinidazole and its 
M1/M2 metabolites through 
reduction, to form reactive 
intermediates capable of 
damaging DNA and proteins 
(25) 

1st oral treatment  
Effective against both 
stages 
Easy access; tablet form 

Lumbar puncture cannot be 
avoided 
Side effects; nausea, vomiting 
Drug absorption dependent on 
food consumption – monitoring 
Late relapses noted (26) 

Acoziborole 

Multiple genetic changes in 
trypanosomes (27) 
Over-expression of CPSF3 - 
the RNA cleavage and 
polyadenylation specificity 
factor subunit 3 (28) 

Single oral dose 
Effective against both 
stages (23) 

Side effects; nausea, vomiting, 
dizziness 
Currently in phase II/III clinical 
trials 

Table 1.1. Available HAT treatments, adapted from Babokhov et al. 2013 (14). 

 
Some noteworthy Trypanosoma species that contribute to the spread of AAT besides T.b. 

brucei are T. vivax, T. congolense, T. evansi and T. equiperdum. These can be found in animals like cattle, 

sheep, goats, dogs, pigs, camels and horses and have developed mechanisms that allowed them to 

spread outside of Africa, by utilizing different vectors (e.g.: horseflies and stable flies for T. vivax 

and bats for T. evansi, excluding T. equiperdum which is sexually transmitted) (Fig. 1.2) (9). The most 

prominent pathological characteristics in animal trypanosomiasis are “anemia, pyrexia, lymph node 

and spleen enlargement, ataxia, lethargy, weight loss, oedema, immunosuppression, abortion and 

decreased production of milk” (9). All these can lead to a variety of organ damage and eventually 

death within weeks (acute disease) or months to years (chronic disease) (7).  Not only is this crucial 
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to animal mortality, but also to the global economy (29). This livestock disease largely affects 

agriculture production and animal husbandry in Africa, having a big economic impact in the 

country as well as the world (30).   

Fig. 1.2. Global distribution of AAT and the parasites that cause it. The different colors 
illustrate the expansion of the different trypanosome population, as stated on the left. Source 
Giordani et al. 2016 (9). 

 
 T.b. brucei infects a range of animals, but not humans (as well as gorillas and certain monkeys 

(31)) due to a “primate-specific innate defense mechanism” (31), the trypanosome lytic factors 1 

and 2 (TLF1 and TLF2 respectively) (32, 33). Both of these factors contain the ion channel-

sculpting apolipoprotein L-1 (APOL1) that lyses the trypanosomes by creating “cation-selective 

pH-gated channels” in their membranes (34). The human-infective subspecies are resistant to lysis 

by the TLFs, as T.b. rhodesiense expresses the Serum Resistance Associated protein (SRA) which 

inhibits APOL1 (35) and T.b. gambiense combines a reduced APOL1 uptake together with APOL1 

inhibition via the Trypanosoma gambiense-specific glycoprotein (TgsGP) (36).  

 Taking all these into consideration, along with the ease of in-vitro culturing, the strain 

utilized by most laboratories - and the one used in this thesis - is T. brucei brucei. 

1.1.2 T. brucei life cycle and transmission 

 T. brucei parasites live extracellularly in both host and vector, and go through multiple life 

cycle stages with discrete forms that differ in phenotype, ability to proliferate and patterns of gene 

expression (37). When an infected tsetse fly takes a blood meal, cell cycle-arrested metacyclic 
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trypanosomes are injected into the host through the fly´s saliva. There they swiftly change to long 

and slender bloodstream form (BSF) parasites, that re-enter the cell cycle and proliferate rapidly 

(Fig. 1.3) (37). BSFs have a very dense coat of Variant Surface Glycoproteins or VSGs, which 

protects them from the host´s immune responses (see chapters 1.2 and 1.3). When the parasitemia 

(the number of parasites in the blood) reaches a specific threshold, environmental signals lead to 

the transformation of the trypanosomes into the non-proliferative stumpy BSFs (38, 39), which 

can be then taken up by the fly in a subsequent meal (Fig. 1.3). This transition from slender to 

stumpy is critical and allows prolonged survival of the host, preventing further growth of the 

population, since stumpy BSFs are non-proliferative. Stumpy forms are thus irreversibly committed 

to move onto the next stage. The population not taken up by the tsetse fly does not go back to 

being slender BSFs, but rather gets eliminated by the host´s immune system (40). The population 

able to undergo transition to stumpy forms in a density-dependent way is known as “pleomorphic” 

and is a mix of slender, stumpy and intermediate (transitioning from slender to stumpy) parasites 

(37). Most lab strains today, including the ones used in this thesis, cannot undergo this transition, 

hence they appear as slender form BSFs and are characterized “monomorphic” (41).  

 Inside the fly´s midgut, trypanosomes transform into the procyclic forms (PCF) (Fig. 1.3). 

Their surface protein coat is replaced by the procyclins EP and GPEET, which contain several 

repeats of glutamine and proline (42–44).  PCFs then travel from the midgut to the salivary glands, 

transitioning first to epimastigotes with their own surface coat of brucei alanine rich proteins 

(BARPs) (45) and attaching to the salivary gland epithelium. Subsequently, they change to 

metacyclics restarting the life cycle. Metacyclics have a metacyclic VSG coat (mVSG), which gets 

replaced with the VSG coat when the parasites differentiate to BSFs, shortly after transmission to 

the host (46). 
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Fig. 1.3. The life cycle of T. 
brucei. The different life 
stages of the parasite in the 
host and vector are shown, as 
described in the text above. 
Source Langousis et al. 2014 
(47). 

 
 
 
 
 
 
 
 
 
 
 

1.1.3 T. brucei cell cycle and gene expression 

 T. brucei parasites are eukaryotic organisms that belong to the early diverged order 

Kinetoplastida. They possess a distinct disk-like structure, the kinetoplast, located in the matrix of 

their single mitochondrion (48). This structure contains the kinetoplast DNA (kDNA), which is 

circular and forms mini and maxi circles (49). Trypanosomes also contain a nucleus, glycosomes 

(50), as well as a single flagellum that connects to the kinetoplast via the basal body (51). 

Interestingly, the S phase of the cell cycle is asynchronous for the nuclear and the kinetoplast 

genomes (52), with the kDNA S phase initiating immediately before the nuclear S phase, resulting 

in a cell with one nucleus and two kinetoplasts (1N2K). Consecutively, nuclear DNA replication 

and mitosis (G2/M phases) follow, producing a cell with two nuclei and two kinetoplasts (2N2K). 

Finally, cytokinesis generates two cells each with its own nucleus and kinetoplast (1N1K) (52–54). 

 The genome of T. brucei consists of 11 diploid megabase chromosomes, 5 intermediate ones 

and 100 mini chromosomes (55). The extended transcriptional process is outside the scope of this 

thesis, but in short summary the regulation of mRNAs depends majorly on post-transcriptional 

mechanisms (56). As Klein et al. states “In Trypanosoma brucei, the level of an mRNA is determined 

by the number of gene copies, the decay rates in both nucleus and cytosol, and the processing 

efficiency” (57, 58), which are all highly influenced by RNA-binding proteins (59). Protein-
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encoding genes are organized in polycistronic units, that are co-transcribed by RNA polymerase II 

(RNA pol II) into mature mRNAs after 5’ splicing and 3’ polyadenylation (60). RNA pol I is 

responsible for rRNA transcription (55, 61), as well as transcription of the main protein of the coat, 

the VSG or mVSG (44, 62). RNAs required for cellular processes, like translation, are transcribed 

by RNA pol III (55). 

1.2 Variant Surface Glycoproteins (VSGs) 

1.2.1 The VSG protein structure 

 VSG is the major surface protein of T. brucei, accounting for approximately 10% of the 

total cell protein (63) and more than 95% of total membrane protein (64). The rest of the surface 

coat consists of invariant surface glycoproteins (ISGs), which can be transporters or receptors (65–

67). These are expressed in low copy numbers, they are attached to the membrane and they are 

predicted to be sorter in height than VSGs (65, 66). Because of its abundance, the VSG is most 

likely the sole protein “visible” to the host´s immune system and even though an immune response 

may be elicited against the ISGs, it is not considered protective (68, 69). One VSG is being 

expressed on the surface of a trypanosome at a given time point from a repertoire of approximately 

2000 genes (70), forming a very dense coat of approximately 107 molecules (62). VSGs are 

connected to the membrane of the parasite via a glycosyl-phosphatidylinositol (GPI) anchor (63) 

and are long, rod-like molecules of around 50-60kDa. They consist of two subunits, an elongated 

N-terminal domain (NTD) of 350-400 residues and a shorter C-terminal domain (CTD) of 80-120 

amino acids where the GPI-anchor is attached (19, 64). The NTD is more exposed to the host´s 

immune system, hence it is thought to be the antigenic part of the molecule (71), in contrast to the 

CTD which is buried deep in the coat, making it harder for antibodies to reach (72). These 

glycoproteins also possess an N-terminal signal sequence (or signal peptide) that guides the VSG 

to the endoplasmatic reticulum lumen before being cleaved (73). 
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The NTD and CTD are joined via an unstructured region called a linker (71, 74), that is 

flexible and accessible to proteases. This flexibility of the linker, and thus the conformational 

freedom allowed between the NTD and CTD, likely explains why it has been impossible to 

crystallize a full-length VSG protein (75–77). The number and location of conserved cysteine 

residues have been used to group the NTDs into three classes (class A, B and C) (78, 79) and 

similarly, the CTDs are also distributed into six different classes (classes 1 to 6) based on conserved 

cysteine residues, their amino acid sequence, N-glycosylation and the GPI signal sequence (78).  

Intriguingly, VSGs can have single or double CTDs. More specifically, VSGs with CTDs belonging 

to the C1, C3 and C6 classes have single CTDs that connect to the NTD via a single linker (L1), 

while variants with CTDs of the C2, C4 and C5 types have dual ones, where an L1 connects the 

first sequence S1 with the NTD and then a linker 2 (L2) joins S1 with a second sequence 2 (S2) 

(Fig. 1.4) (74).  

Fig. 1.4. Structural differences in the C-terminal domains of T. brucei. C1, C3 and C6 classes 
are characterized by a single CTD (linker 1 (L1) plus sequence 1 (S1)) following the NTD (in blue 
and shown shorter in length), while C2, C4 and C5 have a dual CTD (L1 plus S1 connects to L2 
plus S2). The GPI-anchor is shown in green. Illustrated by me from data from Jones et al. 2008 
(74). 

 
 It has been proven difficult to obtain full-length VSG structures. Till this day six VSG 

NTD structures have been solved using X-ray crystallography, two of which were completed 28 

years ago and notably the rest were solved within the last 3 years. The first structure reported was 

the one of VSG2, also known as VSG221 or MITat 1.2 because of changes in nomenclature (80) 

(Fig. 1.5, PDB: 1VSG) (75, 81). This structure was first solved to a 6Å resolution (75) and then re-

solved to the higher resolution of 2.9Å (81). It showed that the molecule is a crystallographic dimer, 

with a prolonged three-helix bundle separating its top and bottom lobes (Fig. 1.5) (81). In 1993 a 
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second structure was solved, the one of ILTat 1.24, at a 2.7Å resolution which resembled the VSG2 

one, apart from differences in the bottom lobe N-glycans (post-translation modification, see 

chapter 1.2.2), missing from ILTat 1.24 (Fig. 1.5, PDB: 2VSG) (76) (ILTat 1.24 was also originally 

solved at a 6Å resolution (82)). The solved structure of VSG1 (or MITat 1.1) followed in 2017 (Fig. 

1.5, PDB: 5LY9) (71). These three VSGs all belong to class A. A year after the VSG1 structure was 

published, the structure of VSG3 was also solved to 1.4Å (Fig. 1.5, PDB: 6ELC) (77). VSG3 

belongs to class B and it was proven to be quite different from its predecessors. It scored poorly 

against the other three variants in structure-predictions programs (“threading”) (83) and it did not 

form a dimer but rather a monomer in solution and crystal packing (77, 84). There were also 

differences in the fold and topology, e.g., the way the top and bottom lobes connect (77). In the 

past year, two new members joined the solved VSG structures, VSGsur (PDB: 6Z7A) and VSG13 

(PDB: 6Z8H) (19) (Fig. 1.5), providing more insight on similarities and differences between the 

variants. The 1.2Å structure of VSGsur differs a lot from the ones already reported. The NTD is 

significantly elongated by a large beta-sheet, with the N-glycans now located directly below it and 

not at the bottom lobe. The three-helix bundle here is expanded, creating an open cavity, with a 

high tendency to bind substances (e.g., Suramin) (19). Finally, VSG13 was found to be very similar 

to VSGsur (19), opening up the field to a new class of VSGs. 

Fig. 1.5. Solved VSG structures to date. Overview of the published VSG structures to date. All 
structures appear to have a well-organized 3-helix bundle, while more diversity can be observed in 
the bottom lobes. Except VSG3 the other five molecules form dimers in solution. The individual 
monomers are displayed here in blue and red. Figure adapted from A. Hempelmann 2021 (85). 
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1.2.2 Post translational modifications (PTMs) on VSGs 

  After translation, the VSG polypeptide is processed further by N-linked glycosylation. N-

glycans can play a key role in proper protein folding and monitoring of the folded state (86). This 

modification is very common in most of the solved VSG structures, like VSG1, VSG2 and VSG3, 

which possess slightly diverse N-glycans towards the bottom of the NTD or like VSGsur and 

VSG13, with N-glycans below the additional beta-sheet. 

 The discovery of O-glycosylation on VSG3, however, came as a surprise. Specifically, an 

O-linked glucose was identified on VSG3 linked to serine 317 (ser317), with mass spectrometry 

data highlighting the existence of heterogeneity in the number of hexoses present at site (0-3) (Fig. 

1.6) (77). This modification can be found on the top of the NTD, and hence it is highly accessible 

to antibodies. Indeed, mouse infections showed that the O-glycan impaired immune recognition 

and pathogen clearance, since mice infected with the glycosylated VSG3WT died 6-9 days post-

infection, while mice infected with a sugar-mutant variant missing this glycosylation (VSG3S317A) 

survived and died only later when the VSG had switched (77). In addition, it was demonstrated 

that the O-glycosylation is not limited to this specific variant; it exists on other glycoproteins, like 

VSG11 and VSG615 (77).  

Fig. 1.6. Novel O-glycosylation on VSG3. 
The VSG3 structure (in blue) can be seen on 
the left, superimposed with VSG2 (in gold), 
highlighting their difference in N-glycan 
position (illustrated as red space-filling atoms 
at the bottom). The O-glycan is shown as a 
red sphere on the top of the molecule on the 
left and at the 90o rotation on the right. 
Source Pinger et al. 2018 (77). 

 

 

 

1.2.3 The VSG coat  

The VSG coat is highly immunogenic and responsible for the initial polyclonal antibody 

response, dominated by immunoglobulin M (IgM) (87). To actively escape immune recognition, 
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trypanosomes periodically switch their VSG coats via antigenic variation (see chapter 1.3) (88, 89). 

The coat´s thickness is approximately 12-15nm (90), and one of its main roles is to hide invariant 

surface proteins (which together with receptors for nutrient uptake make up the other 5% of 

membrane proteins) from immune surveillance, mostly through its density and steric hindrances 

(Fig. 1.7) (89). Nonetheless, immunoglobulin G (IgG) has been shown to partially penetrate the 

VSG layer (91), and modelling shows that some invariant proteins might extend above the VSGs 

(90), resulting in production of antibodies against them (69). Most of these antibodies, however, 

fail to bind intact parasites and they do not provide protective immunity (72, 90). 

 The coat is also able to selectively remove VSG-specific antibodies from the surface, by 

“recycling” itself (92). More specifically, through hydrodynamic-flow-mediated forces, already 

bound antibodies act as a “molecular sail”, resulting in antibody-bound VSG reaching the flagellar 

pocket at the posterior end of the cell faster than bare VSG (92), where it gets endocytosed and 

degraded (73, 93). In this way the bulky pentameric IgM (initial antibody response) is being cleared 

faster than other isotypes (89, 92). At low antibody concentrations, this mechanism allows “evasion 

of complement-mediated lysis and opsonization” (89).   

 In general, the coat is extremely dynamic, with surface antigens being continuously sorted 

and recycled to and from the cell surface through the flagellar pocket. The whole coat can be 

internalized every 12 minutes (92) and VSGs are returned to the surface in 1-10 minutes (73). 

Hence, when trying to stain live trypanosomes with anti-VSG antibodies or antisera, one should 

always keep the cells on ice to slow down the internalization process of the coat and subsequently 

of the antibodies. 

Trypanosomes undergo antigenic variation, switching their coats from one antigenically 

distinct VSG to another. During this process, at a given time point the parasites can express on 

their surface both the “initial” and the “switched” VSG (94). Intriguingly, it has been demonstrated 

that the binding of IgM molecules is determined by the density of the VSG coat (80).  
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Fig. 1.7. The interaction between the VSG coat and IgM. A hypothetical model of how IgM 
(in teal) binds to the VSG coat (in blue (NTD) and pink (CTD)). The density of the coat possibly 
prevents IgM from accessing the CTD, but the configuration with which IgM binds VSGs as well 
as the exact positioning of VSGs on the membrane are not well understood. Source Mugnier et al. 
2016 (89).  

 
More specifically, a model of the IgM-coat interaction suggests that an individual IgM can reach 

numerous “initial” VSGs when these make up 7.6% or more of the total coat, but this does not 

seem to be the case when the number reaches 1.3% and lower (Fig. 1.8) (80). Thus, as the coat gets 

replaced by “switched” VSGs, IgMs raised against the “initial” VSG can no longer bind, even 

though there are still traces of this variant on the coat. This model takes into consideration the 

nature of the IgM molecule, e.g., its pentameric form, how it is characterized by low affinity but 

high avidity (95) and its 30-40nm diameter (96), as well as the characteristics of the VSG coat itself, 

which consists of VSG molecules positioned in a hexagonal pattern with 5.8nm spacing (97). 

However, it is important to note that this is an in vitro model and that during the course of an actual 

infections the coat is particularly fluid. The hydrodynamic movement by the flagellum pushes VSG-

IgM complexes towards the posterior end, resulting in a VSG density gradient (92), which would 

make it more challenging for the IgM to bind. Overall, IgM requires numerous antigen contacts 

for effective binding, making antigenic density rather than abundance a prerequisite for the 

response´s efficiency (80). 
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Fig. 1.8. IgM binding is dependent on VSG coat density. A model of the IgM-coat interaction 
from Pinger et al. 2017 (80). On the left, the VSG coat is modelled as a hexagonal array of VSG 
homodimers with 5.8nm spacing and the IgM as a pentamer with 40nm diameter, which could get 
in touch with maximum 61 homodimers at a given time point. On the right, the various phases of 
coat replacement are shown, with the average percentage of “initial” VSGs (in blue) inside a 
particular IgM binding area. 
 
 
1.3 Antigenic variation 

1.3.1 Monoallelic VSG expression 

 Trypanosomes are often referred to as the “Masters of disguise” (89), a very accurate 

description, as they successfully and constantly evade immune responses by combining monoallelic 

VSG expression on their surface and VSG switching, termed antigenic variation, through the 

course of an infection (88). Each parasite expresses a single VSG from a repertoire of over 2000 

genes and pseudogenes (70), from one of approximately 15 telomeric Bloodstream Expression 

Sites (BES) and with only one BES being transcriptionally active at a given time point (70, 98). 

Silent VSGs (non-active) are found in subtelomeric silent BESs or in defined VSG arrays in the 

genome (70). The 15 BESs are similar in sequence and structure (98) and contain an RNA pol I 

promoter at the telomere-distal end (VSGs are transcribed by RNA pol I, see chapter 1.1.3), an 

array of expression site associated genes (ESAGs), 70 base pair (70bp) DNA repeats, as well as 

incomplete VSG pseudogenes followed by the active VSG gene upstream of the telomeric repeats 

(98). Since telomeres are locations where breaking and repair occur naturally, the telomeric position 

of VSGs is essential for ensuring monoallelic expression and facilitating recombination (99), crucial 

requirements for successful antigenic variation and thus immune evasion. As Aresta-Branco and 
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Erben et al. state “VSG clonality (one VSG per trypanosome) and ease of replacement (via 

recombination) are essential aspects of the mechanism of antigenic variation” (100).  

 Nuclear localization and chromatin arrangement of the expression sites appear to play a 

key role in monoallelic expression. Specifically, the active BES is located in an extranucleolar site 

called the expression site body (ESB), which contains the necessary “equipment” for RNA 

processing and transcription of VSG (101). There the chromatin adopts an open state and is 

depleted of nucleosomes (102, 103). In contrast, inactive BESs are found in other locations in the 

nucleoplasm (101), in regular nucleosomes in a compact state (102, 103). These cues regulate VSG 

monoallelic gene expression, along with control of allelic exclusion by the VSG-exclusion-1 

(VEX1) protein (104) and its partner VEX2 (105). Their complex preserves VSG allelic exclusion 

by negatively inhibiting transcription of other telomeric VSGs. Maintaining the complex at the S-

phase is required for inheritance of VSG exclusion and is dependent on the conserved chromatin 

assembly factor, CAF-1 (105). Overexpression or depletion of VEX1 lead to multi-allele expression 

(104). The expression of multiple VSGs on the coat has been shown to impair immune evasion, as 

antibodies are generated against various VSGs and the host is able to survive longer (106). 

Interestingly, another protein was associated with this observation, TDP1 (107), overexpression of 

which led to loosening of the chromatin state in the silent BESs and disruption of the monoallelic 

expression of the VSG (106).  

 

1.3.2 The mechanisms of VSG switching 

VSG switching can occur in a number of ways, but it is mostly divided in two major 

categories: transcriptional, or in situ, switching and switching via DNA recombination (Fig. 1.9)  

(108). During in situ switching events, an initially active BES is silenced and a silent BES gets 

transcriptionally activated, without any gene rearrangements (109, 110). With this mechanism, the 

only VSG genes expressed are the ones already present within the BESs. DNA recombination on 

the other hand, enables the parasite to access the complete VSG archive.  
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One of the mechanisms of DNA recombination is telomere exchange (TE or crossover), 

which leads to an inactive VSG gene in a silent BES swapping places with the variant located in 

the active BES (Fig. 1.9) (111). The crossover site is usually found within either the 70bp repeats 

or more upstream in the BES (98, 108). A second and more common mechanism (112), is gene 

conversion (GC), where a silent VSG is duplicated into the active BES and the formerly active one 

is deleted from the genome (108, 113). As Li 2015, states “the VSG donor in GC switches can 

originate from a silent ES, a minichromosome subtelomere, or a VSG gene array” (108). In most 

cases, the “pasted” sequence goes beyond the VSG open reading frame (ORF) (114). The upstream 

boundary of GC is either the 70bp repeats flanking the VSG when the donor is a VSG gene from 

a minichromosome or from an array (115), or it is even more upstream (e.g. including the VSG 

promoter) when the donor originates from a silent ES (termed “VSG GC” and “ES GC” 

respectively) (98, 108, 116). The downstream boundary when the donor is an array VSG, can reach 

the gene´s 3’ coding or non-coding regions (117), or even the telomere (113).  

In all of the GC cases, the donor VSG is translocated into the active BES via homologous 

recombination (HR), a common DNA repair mechanism in mammals and unicellular eukaryotes 

following double strand DNA breaks (DSB) (118). HR can take place at junctions between two 

homologous areas surrounding the initial and replacement VSGs, or through break-induced 

replication (BIR) events where all of the chromosome´s terminal region is replicated (99, 119). HR 

is also very important for antigenic variation and VSG switching, as mutations in HR-related 

proteins, like the main enzyme RAD51 (120) and its mediators, BRCA2 (121) and RAD51-3 (122), 

lead to switching impairment. Trypanosomes can also utilize a secondary DSB repair mechanism 

called microhomology-mediated end-joining (MMEJ) that is RAD51-independent (123, 124). 

Nonhomologous end-joining (NHEJ), another frequent repair mechanism, appears to be absent 

in trypanosomes (125). Generally, MMEJ is less efficient and frequent than HR (126). 

How recombination-based switching events are triggered in any pathogen has long been a 

mystery. GC switching can be caused by intentionally generating a DSB in the active BES which 
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has been shown to occur near the 70bp repeats (127, 128). However, it has also been observed that 

VSG GC can take place in the absence of these repeats (129), with the switching being limited to 

VSGs in other BESs with homology regions (129, 130). DSBs naturally accumulate in both active 

(128) and inactive BESs (127), because of errors in the DNA replication process and the inherent 

fragility of subtelomeric locations (99, 131). More specifically, since DBSs happen mostly at 

repetitive loci (132), the A-T rich 70bp repeats may be DNA-damage-prone due to adoption of an 

abnormal chromatin configuration (133, 134) or because of high transcription levels (in 

combination with RNA stability, translation efficiency and protein stability), with more than 10% 

of the total protein of the cell originating from a single VSG gene (135).  

Fig. 1.9. VSG switching pathways. (A) In situ switch, that silences the active BES and a silent 
BES gets expressed. (B) Telomere exchange or crossover, where active and silent VSGs change 
places. (C) Different pathways of gene conversion, as described in the text above. Briefly, the 
original VSG is deleted from the genome and the new VSG is copied into the BES. Top right, a 
VSG from a silent ES is the donor; “bottom left, a silent VSG from at a minichromosome 
subtelomere is the donor; bottom right, a VSG in a VSG gene array is the donor. Break-induced 
replication (BIR) copies the full telomeric region downstream of the VSG donor.” (Li 2015) 
Complete GC copies only the new VSG gene. Mosaic VSGs can be formed from parts of silent 
VSG genes when a VSG gene array serves as a donor. “Long red arrow, active ES promoter; short 
blue arrow, silent ES promoter; red, orange, purple, and pink three-dimensional (3D) arrows, VSG 
genes; blue 3D arrows, ESAG genes; green boxes with diagonal bars, 70-bp repeats; red lightning, 
breaks on 70-bp repeats; arrays of green arrowheads, telomere repeats; arrays of dark blue 
arrowheads, 177-bp repeats.” Source Li 2015 (108). 
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It has also been proposed that switching might be initiated by other factors, e.g., endonucleases 

can induce DNA cleavages in yeast (136), but such enzymes have yet to be identified in T. brucei. 

Moreover, it appears that environmental stimuli, e.g., host-pathogen interactions, do not play a key 

role in promoting switching as it also occurs in vitro (137, 138). Overall, the fragility of the 

subtelomeric region, the process of telomere lengthening, as well as errors in the replication and 

transcription processes are all highly likely to play a key role in VSG switching. 

 

1.3.3 Mosaic VSGs  

 Another subtype of gene conversion, segmental GC (SGC), gives rise to “mosaic” VSGs, 

that are created by piecing together segments from multiple VSG donors or pseudogenes (139). 

Antigenic similarities between VSGs and antibody cross-recognition would lead to rapid 

elimination of the parasites expressing them, hence “...the effective VSG repertoire would be 

smaller than the repertoire the genome is capable of generating” (15). Consequently, SGC is key 

for immune evasion, as exchange of the immunodominant region(s) of the VSG can potentially 

lead to tremendous diversity (139, 140) and mosaics can still be antigenically distinct despite having 

significant or partial homology (141, 142). Therefore, at its simplest form, VSG SGC replaces the 

NTD-encoding part of the gene, while the same CTD-encoding part is retained or vice versa (143). 

In principle, mosaics might be forming as a result of a “stepwise process” in the active expressions 

site or, more likely, in a silent one, but the overall process in not fully characterized (79). 

 Mosaic VSGs were thought to typically arise later in infection after VSGseq, a targeted 

RNA-seq method for VSGs, showed that mosaics were not detected in the genome at the 

beginning of the infection, but only appeared later (e.g., by day 21 or day 96). At that point either 

their expression ceased after a few days or they persisted until the end of the infection leading to 

death (15). More recent data, however, demonstrated that mosaics can appear as early as day 3 

post-infection, and were more prominent from day 10 onwards (144). Nonetheless, it is of high 

importance to acknowledge that this observation comes with a caveat, as the starting volume of 

infected blood for the samples was larger, the inoculum was bigger and not clonal (hence more 
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variants will be present) and the strain used was highly virulent leading to high parasitemia and 

therefore more rapid variant generation (144). Overall, it appears that mosaic VSGs may be 

necessary for the persistence of chronic infection by being antigenically distinct and utilizing the 

extended VSG repertoire (full genes and pseudogenes). However, there is little information 

available about the exact mechanisms of their emergence, dynamics in vivo, as well as the overall 

immune response against them. 

 

1.3.4 Dynamics of switching  

 Long-term infection with T. brucei can be achieved through antigenic variation. 

Trypanosomes expressing a specific VSG on their surface get cleared by potent VSG-specific 

antibodies, but a small percentage of the parasites have already switched to a different antigenically 

distinct VSG by that time, thus permitting population-level escape from the immune response (15, 

62). The switched parasites expand and then get cleared, but new populations expressing different 

VSGs arise, resulting in characteristic waves of parasitaemia that occur with 5- to 8-day intervals 

(Fig. 1.10) (15, 145).  

Fig. 1.10. Parasitemia waves in the course of a T. brucei infection. The total parasitemia is 
shown in black, while the different colors represent the different VSGs being expressed in the 
population. Source Mugnier et al. 2016 (89). 

 
 Some VSGs appear earlier in infection following a loose hierarchy (145) linked to the 

genomic location of each variant, as BES-associated VSGs appear sooner (89). Within the 
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population, up to 100 distinct VSGs can be recorded at a given time point, with half of those – 

known as minor variants - not contributing to the actual immune response (89). Consequently, the 

VSG repertoire gets depleted rather fast, making mosaic VSGs important to maintain the infection 

(89, 139). 

1.4 B cells and antibodies 

1.4.1 B cell-mediated immune responses and V(D)J recombination 

 The vertebrate immune system has evolved over the centuries to protect the host against 

continuously adapting pathogens, by utilizing its innate and adaptive mechanisms (146). Innate 

immunity is the first line of defense, where receptors able to identify molecular patterns found only 

on pathogens are encoded from the host´s germline (147). In a second response, adaptive immunity 

receptors that can be somatically rearranged to obtain specificity for pathogenic antigens are 

expressed, like B or T cell receptors (BCR and TCR respectively) or antibodies (146, 148). An 

essential feature of the later is the creation of long-lived cells that appear to be inactive, but may 

quickly re-express effector activities after a second contact with the antigen, creating in this way 

immunological memory (146). This type of memory is long-lasting and is achieved by terminally 

differentiated long-lived plasma cells (LLPCs), as well as memory B cells (MBCs) (149–151). The 

adaptive immune response further separates into humoral or antibody-mediated, which produces 

antibodies against the antigens, and cellular, that is mediated by T lymphocytes leading to infected-

cell lysis. 

 Variety and specificity of both the membrane-bound BCR and the secreted antibodies are 

required for efficient humoral immune responses. B cell diversity is achieved through somatic or 

V(D)J recombination, the random DNA rearrangement of immunoglobulin (Ig) variable (V), 

diversity (D) and joining (J) gene segments at the heavy (IgH) and light chains (Igκ/Igλ) of 

antibodies (152). In the light chains there is no D segment. This rearrangement follows a specific 

order, with the D segment joining the J (DJ segment) followed by the joining of a V, via double-

strand breaks (DSB) adjacent to each segment, deletion of the intermediate DNA and ligation  
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(153). A very important element in the generated antibodies is the “signature” complementarity-

determining region 3 (CDR3) that can be utilized as an identifier for B cells and their progeny  

(154). Of course, the combinatorial diversity of joining V, D and J segments in both heavy and 

light chain genes increases antibody diversity. In the heavy chain of humans for example, there are 

approximately 30 functional V gene segments, grouped in families based on sequence similarity, 20 

D gene segments and 6 J (155), while in mice the numbers are 150 V (estimated), 10-13 D and 4 J  

(156, 157). Additional sequence variance is achieved through the random deletion and insertion of 

nucleotides, referred to as nontemplate (N-) and palindromic (P-) nucleotides, during each of the 

above recombination steps (158). Lastly, random combination of a heavy and a light chain increase 

the overall heterogeneity and uniqueness of the BCRs, resulting in the human B cell repertoire 

having a theoretical size of more than 1012-14 unique BCR sequences (159). 

 

1.4.2 B cell differentiation 

 B cell differentiation relies on the presence of an antigen, which is internalized by B cells 

that advance to the secondary lymphoid follicles after their activation by a BCR-mediated signal 

pathway (Fig. 1.11). There they start proliferating, and they differentiate into germinal center (GC) 

independent short-lived plasma cells (PCs) or MBCs (160). Short-lived PCs are antibody-secreting 

cells (ASCs), that produce an initial wave of unmutated low affinity IgM antibodies before dying 

by apoptosis (161, 162). Hence, these ASCs offer a rapid germline encoded antibody response to 

an antigen, which might be crucial to tackle the pathogen, but they contribute little, if any, to B cell 

memory (161, 163).  

Alternatively, B cells can form GCs, where they affinity mature and Ig class-switch by class-

switch recombination (CSR), a programmed DNA recombination procedure (164–167) catalysed 

by the enzyme AID (activation-induced cytidine deaminase) (168–170). GCs are formed a few days 

after infection (171) and can last for long periods depending on the antigen (172, 173). GCs are 

mostly made up by B cells, along with notable populations of follicular dendritic cells (FDCs) and 

specialized CD4+ follicular helper T cells (TFH) (174). In short summary, FDCs maintain the antigen 
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on their surface “...by binding immune complexes via receptors specific for complement and 

immunoglobulin Fc regions.” (174) and they also deliver signals of survival to GC B cells (174), 

while TFH cells modulate B cell growth and activate AID (175, 176). 

Fig. 1.11. The road to B cell memory. In phase 1, naïve B cells enter the secondary lymphoid 
follicles where they encounter an antigen on FDCs, which then activates the B cells via their BCR. 
The antigen is then presented to T and B cells, and the later ones differentiate into GC-independent 
MBCs, GC B cells or short-lived PCs. In phase 2, GC B cells proliferate, class-switch and 
hypermutate in the dark zone. Subsequently, they enter the light zone where they encounter the 
antigen on FDCs, present it to TFH and differentiate into MBCs, LLPCs or go back to the dark 
zone. Upon re-infection, MBCs can get activated and differentiate into ASCs or re-enter the GC 
to further undergo affinity maturation. Source Akkaya et al. 2020 (177). 

 
During CSR the constant region of the heavy chain gene is replaced by a different one, e.g., 

µ for IgM, δ for IgD, γ for IgG (1-4), ε for IgE and α for IgA (1-2) leading to increased diversity 
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of the B cell and antibody response (178). Moreover, B cells also undergo affinity maturation, a 

process that introduces somatic hypermutations (SHM) in the form of random point mutation in 

the variable region of heavy and light chains, further modifying their specificities (179–181). 

Interestingly, SHMs are described to be mostly base pair substitutions, but there is also evidence 

that they can be DNA insertions and deletions, occurring in a predictable pattern in respect to the 

surrounding sequence, creating SHM “hotspots” on sequences (182) and expanding the Ig 

repertoire (183).  

B cells with the highest affinity are more likely to survive and they either proliferate and 

continue to hypermutate or they exit the GC and develop into MBCs (174) or LLPCs (184). 

Terminally differentiated PCs residing in the periphery and not in the spleen or BM, are short-

lived, while the ones in spleen and bone marrow (BM) are long-lived and aid in the formation of 

long-lasting serological memory that guards against recurring infections (150, 185). MBCs are long-

living cells as well and can also be found in the periphery and the secondary lymphoid organs (186). 

They too assist with serological memory, since re-encounter with an antigen leads to their activation 

and proliferation, forcing them to either differentiate in ASCs or enter the GC to achieve further 

affinity maturation (149, 151). The later alters the binding specificities of MBCs, aiding them in 

recognizing new variants, which is very important as it challenges the trypanosome´s main defense 

mechanism, antigenic variation (see chapter 1.3) (150). Thus, it would be crucial to obtain more 

insights on trypanosome-specific B cell-mediated immune response, as little information is 

available till this day (187, 188). 

 

1.4.3 Antibody structure & function 

 B cells secrete antibodies, which are identical to the BCR receptor apart from a short 

section of the C-terminus of the heavy chain constant region (Fc), as in BCRs this part is a 

hydrophobic sequence anchored to the cell membrane while in the antibody it is a hydrophilic 

sequence that enables secretion (189). Antibodies are Y-shaped and consist of two identical heavy 

chains (IgH) linked to two identical light chains (IgL) through disulfide bridges. In addition, the 
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two heavy chains are connected to each other at the hinge region with the same bonds (190–192). 

They belong to the immunoglobulin (Ig) family and are categorized in five different classes in 

humans and mice depending on the Fc of the IgH they express: IgA, IgD, IgE, IgG and IgM (189, 

191). Hence antibodies can be divided into two main functional regions, the already mentioned 

constant region (Fc) formed by the carboxy-terminal domains of the IgH, which interacts with 

effector cells and the two identical antigen-binding regions ((Fab)2), at the amino-terminal portion 

that interact with antigens. Specifically, for the formation of the (Fab)2 regions, heavy and light 

chains come together to make up the antigen binding sites, thus allowing the simultaneous binding 

of two or more identical molecules (189).  

Antibodies can have two kinds of light chains based on their Fc region, known as kappa 

(κ) and lambda (λ) (193), with no known functional differences between them (189). In humans 

the proportion of κ to λ is 2:1 and in mice 20:1. On the other hand, the heavy chain Fc can have 

one of the five classes or isotypes mentioned above. Moreover, the different sub-classes can 

multimerize, increasing in this way the number of antigen-binding sites and their avidity. IgMs can 

be found in a pentameric or hexameric form (194), IgA in a dimeric or monomeric form (195), 

while all other sub-types are secreted as monomers (189). In order to be antigen-specific and bind 

multiple different antigens, the amino-terminal ends of heavy and light chains have increased 

variability amongst Ig chains, limited to the first 110 amino acids, with the subsequent domains 

remaining the same between Ig of the same isotype (189). This amino-terminal variable domain is 

termed variable region (VH and VL), while the identical domains are known as constant regions (CH 

and CL) (189).  

 The aforementioned development of B cells into PCs upon activation, leads to antibody 

secretion from the BCR via alternative splicing of the trans-membrane domain (196, 197). The 

antibodies then enter the circulation, where they bind to pathogens and execute a number of 

activities like activation of the complement by the classical pathway (198), flagging pathogens for 
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elimination by macrophages (199) or inhibiting cell invasion, processes know as complement 

activation, opsonization and neutralization respectively (200). 

 

1.5 Interactions between trypanosomes and the host´s adaptive immune 
system 

1.5.1 B cell responses against T. brucei 
 Multiple studies demonstrate that the initial defense of the host against trypanosomes is a 

T-cell-independent (TI) IgM response against their main surface antigen, the VSG (see chapter 1.2) 

(201, 202). B cell deficient mice are, in fact, extremely vulnerable to trypanosomes and passive 

transfer of anti-VSG antibodies or B cells leads to protection against the transferred VSG (202–

204). Alternatively, these deficient mice can also produce IgD as a compensation for IgM, with 

similar response dynamics, highlighting that IgD is competent enough to carry out the role of IgM 

(202). It has also been shown that these initial IgM antibodies, albeit greatly shielding, are restricted 

by their VSG-specificity, being able to clear the individual peaks of parasitemia but not recognizing 

the new VSGs after switching occurs (205–207). Excessive polyclonal activation of B cells, which 

results in elevated levels of parasite-specific and non-specific antibodies (including autoantibodies 

(208)), is one of the main characteristics of trypanosomiasis (31, 209–211). Additionally, later in 

infection T-cell-dependent (TD) responses also arise (201) and these enhance the quality of the 

overall response. For example, they stimulate a switch to IgG antibodies, and those facilitate more 

efficient trypanosome clearance compared to IgMs (212, 213). Curiously, a TI response cannot be 

induced by soluble VSG and formalin-fixed VSG coats; additionally, different VSGs can cause TI 

responses with varying efficacy (201). 

The effectiveness of B cells during a trypanosome infection relies on proper activation of 

the cells, effective GC development and generation of strain- and VSG-specific antibodies  (214). 

Generally, B cells in the form of transitional type 1 (T1) B cells, migrate from the BM to the spleen, 

where they differentiate firstly into transitional type 2 (T2) B cells and afterwards into marginal 

zone (MZB) or follicular B cells (FoB) (215, 216). Conversely, the parasite somehow enables the 



 44 

irreversible elimination of MZB and FoB cells in the spleen (217), possibly through NK-mediated 

depletion via “a perforin-dependent lysis mechanism” (188) (Silva-Barrios 2018), where B cells 

activate NK cells (218). Moreover, the repetitive and densely packed VSG coat could potentially 

lead to B cell over-activation, apoptosis and exhaustion (see chapter 1.5.3) (219, 220). 

 

1.5.2 T cell responses against T. brucei 
 T cells, in the stage of CD4+ follicular helper T cells (TFH), assist B cells in isotype class-

switching, efficient generation of antigen-specific antibodies (174), as well as regulation and 

development (221). In regard to the anti-VSG response, however, their exact functions are not 

fully characterized. While they are only weakly expanded (222), they do seem to contribute to the 

response, by producing cytokines via CD4+ T cells like INF-γ, an important agent in host survival 

during T. brucei infections (223), mostly through macrophage activation (224, 225). On the other 

hand, INF-γ has also been also shown to inhibit T cell development during infections with the 

parasite (226), and large-scale production of this cytokine can lead to inflammation and premature 

death (225, 227).  

The function of CD8+ T cells in trypanosomiasis has been a debate through the years. 

Polyclonal activation of this cell population can lead to extensive release of INF-γ which can result 

in immunosuppression and vulnerability to the infection (228, 229). However, one study showed 

a protective role for CD8+ T cells in T. congolense infections (230). A different study, supports the 

idea that CD4+, and not CD8+ T cells, are responsible for IgG production, as well as the notion 

that depletion of CD8+ cells leads to lower parasitemia and extended survival of the host, while 

depletion of CD4+ cells has the opposite effect (225). In all, there are very few studies on this topic, 

carried out by parasitologists with only superficial knowledge of the immune response – a niche 

field, which is also why most of these studies have not been reproduced. 
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1.5.3 The B cell exhaustion theory 

 The aforementioned dynamic interaction of switching trypanosomes and elicited B cells is 

considered to be important not just for the infection, but also for enhancing the chronic stage of 

the disease itself, as it can potentially lead to “B cell exhaustion”. The issue of B cell exhaustion in 

trypanosomes is currently theoretical, and it is based on the elicitation of non-specific, polyreactive 

antibodies by each VSG coat (210), implying that possibly the available B cell pool might be 

exhausted (or depleted) considerably faster than the VSG repertoire (188, 209). Subsequently, the 

B cell subset termed “exhausted B cells” or “atypical B cells” would represent an exhausted or 

anergic population, that would potentially prevent effective antibody responses against the 

trypanosome leading to prolonged chronic infection (231).  This notion is further supported by the 

generation of mosaic VSGs (see chapter 1.3.3), which are antigenically distinct and increase even 

more the diversity of the VSG repertoire, as well as the requirement for new sets of anti-VSG B 

cells to successfully mount a response (219).  

 Interestingly, atypical or exhausted memory B cells are also associated with chronic malaria 

infections (232–234).  In field studies, the appearance of this subpopulation is connected to 

continuous parasite exposure, high parasitemia or re-exposure to the parasites (235, 236). However, 

it is still debatable whether these cells are indeed exhausted and hyporeactive or if they are still 

capable of producing antibodies (234, 235, 237, 238). 
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 Aims of the dissertation 
 

The old and new structural data on VSGs (19, 71, 76, 77, 81), together with the newly 

found O-glycosylation on VSG3 and its effect on the immune response (77), made it apparent that 

the host-trypanosome interactions are even more complex than originally thought, emphasizing 

the need for a better understanding of the actual antibody response against the abundant VSG 

coat. The parasites undergo antigenic variation with low rates but accompanied by significant VSG 

diversity due to the appearance of mosaic VSGs (15), in order to establish prolonged infection in 

the host (15, 62). Mosaic VSGs are most commonly CTD swaps, sharing the same NTD but having 

different CTDs (15, 143). However, the purpose of mosaic formation in the buried CTD is not 

fully understood. It is also unclear which antigenic differences exist across variants and how PTMs 

influence the overall response at the elicited-antibody-level.  

In this thesis I describe the impact of O-glycosylation on the host´s immune response by 

studying the elicited plasma cell repertoires after trypanosome infections, as well as the produced 

antibodies against double-, single- or non-glycosylated VSG3 variants. I further highlight the 

existence of restricted sets of immunodominant epitopes on VSGs, which facilitate immune 

evasion and prolonged infection. Additionally, I report the potential impact of CTD mosaics on 

antigenicity and the mechanisms behind it, by describing their structures and elicited repertoires 

after infections, and hence highlighting the importance of mosaics on VSG diversity. 
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  Methods 
 
Parts in brackets (“...”) are taken from Gkeka and Aresta-Branco et al., 2021 (239) and originally 

written by me. 

 
3.1 Trypanosome cell lines 

3.1.1 T. brucei cell culture 

All trypanosome cell lines were bloodstream-form originating from the Lister-427 strain 

and the cell line “2T1” (240). They were cultured in vitro in HMI-9 medium (241) supplemented 

with 10% fetal bovine serum (Gibco), L-cysteine (SERVA) and β-mercaptoethanol (Sigma). The 

media was manufactured as described in Hirumi et al. (241) by PAN Biotech, lacking the 

supplements mentioned above. Parasites were then grown at 37oC with 5% CO2 and split 

accordingly when they exceeded the threshold of 1-1.5x106 cells/mL. 

 

3.1.2 Engineering of the VSG knock-in plasmids 

VSG3WT and VSG3S317A plasmids and cell lines were described in (77). The VSG3S319A 

(pAG1) and the VSG3SSAA (pAG2) plasmids were created by Q5 Site-Directed Mutagenesis (New 

England Biolabs) as stated in the manufacturer´s protocol, using the pKI224 plasmid (77) as 

template and primers mut_S319A_Fw/Rv for the first and mut_SS-AA_Fw/Rv for the later 

(appendix A, STable 9.1). Both genes were amplified with Q5 High-Fidelity Polymerase (New 

England Biolabs) by primers pHH-Fw (including a BsiWI site) and pHH-Rv (including a NcoI 

site) (appendix A, STable 9.1). After gel extraction, they were ligated into the vector pHH (internal 

plasmid), previously digested with BsiWI and NcoI (New England Biolabs), utilizing HiFi 

Assembly Mix (New England Biolabs). Their sequence was confirmed by Sanger sequencing of 

chosen colonies after plasmid DNA extraction.  

The T. congo CTD sequence was synthesized by BioCat GmbH and amplified with primers 

Congo_Fw/Rv (appendix A, STable 9.1). The VSG3 NTD and the VSG 3ÚTR were amplified 

using the pKI224 plasmid (77) as template and primers pHH_Fw/pHH_224N_Rv and 
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VSG_3ÚTR Fw/pHH_Rv respectively (appendix A, STable 9.1). After gel extraction, the three 

constructs were ligated into the digested with BsiWI and NcoI vector pHH by HiFi Assembly Mix 

(New England Biolabs) to create the VSG3-congo (pAG3) plasmid. Sequence was validated by 

Sanger sequencing. The same procedure was followed to create VSG3N-2C (pAG4), VSG11 

(pAG5) and VSG11N-2C (pAG6) plasmids with the primers mentioned in Table X and templates 

pHH-VSG2 for the VSG2 CTD and genomic DNA (gDNA) from the older VSG11 cell line, 

1184HS, for the VSG11 NTD. 

 

3.1.3 Transfections and validation 

pHH contains a blasticidin-resistance gene (BSD) cassette, that allows selection of BSD 

resistant clones after successful replacement of the expressed VSG in a T. brucei cell line with the 

VSG in the vector (Fig. 3.1A). All six plasmids mentioned in 3.1.2 were first linearized with EcoRV 

(New England Biolabs). “10ug of each linearized plasmid was mixed with 100ul of 2.5-3x107 cells 

in homemade Tb-BSF buffer (90mM Na2HPO4, pH 7.3, 5mM KCl, 0.15mM CaCl2, 50mM 

HEPES, pH7.3). Plasmids were transfected into VSG2-expressing cells (2T1, (240)) using the 

AMAXA nucleofector (Lonza) program X-001, as previously described (242), to generate the cell 

lines (Fig. 3.1B). After 6h, blasticidin was added at a concentration of 100ug/mL, and single-cell 

clones were obtained by serial dilutions in 24-well plates and harvested after 5 days.” (239) The 

clones were screened by FACS for VSG3 or VSG11 expression and VSG2 loss of expression using 

monoclonal antibodies against these VSGs (80) or polyclonal anti-sera. “Positive clones were 

sequenced by isolating RNA using the RNeasy Mini Kit (Qiagen), followed by DNAse treatment 

with the TURBO DNA-free kit (Invitrogen) and cDNA synthesis with ProtoScript II First Strand 

cDNA Synthesis (New England Biolabs). The sequences were then amplified, using Phusion High-

Fidelity DNA Polymerase (New England Biolabs), a forward primer binding to the spliced leader 

sequence and a reverse binding to the VSG 3´untranslated region (PanVSG Fw/Rv) (appendix A, 

STable 9.1). The final products were purified by gel extraction from a 1% gel with the NucleoSpin 

Gel and PCR clean-up kit (Macherey-Nagel) and sent for Sanger sequencing.”(239) 
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Fig. 3.1. Knock-in VSG cell lines and VSG mosaics. (A) An example of how the cell lines were 
created. On the top the active BES from where VSG2 is expressed in 2T1 cells is shown. The 
elements displayed are the promoter (arrow), a VSG pseudogene (ψ), the 70bp repeats (white 
block), the co-transposed region or CTR (green block), the VSG2 gene (yellow block), the telomere 
seed region (blue block) and, finally, the telomere (circle). Below, part of the linearized pAG4 
plasmid containing the VSG3N-2C can be seen. The CTR which also includes the 5´UTR (green 
block), the VSG3N-2C gene including the 3ÚTR, the BSD resistance gene (red block) and the 
telomeric seeds are shown. The new VSG gets incorporated into the active BES through BIR in 
the CTR, followed by the growth of a new telomere from the telomere seeds. The same applies to 
all other constructs mentioned above. (B) Illustration of the VSG3WT and mosaic proteins. S.P.: 
secretion peptide which gets cleaved, NTD3: N-terminus domain of VSG3, CTD: C-terminus 
domain, L1: linker 1, S1: sequence 1, L2: linker 2, S2: sequence 2, T.c. CTD: CTD of T. congolense, 
GPI: GPI signal. The same applies to VSG11 and VSG11N-2C as well, since it belongs in the same 
NTD and CTD classes as VSG3. 

 

3.2 Mouse infections  

3.2.1 Mouse strains 

Female C57BL/6J mice (Janvier), aged 6-8 weeks at the beginning of the experiments, were 

used for infections assays. All animals were housed in IVC cages according to SPF conditions in 

the animal facility of the German Cancer Research Center (DKFZ, Heidelberg, Germany). Mice 

studies were carried out in compliance with institutional and governmental guidelines, under the 

protocol G81/18, after approval from the Regierungspräsidium (Karlsruhe, Germany). 
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3.2.2 Mouse infections with VSGs 

 In all infections, mice were injected intraperitoneally (i.p.) with 1x103 parasites in HMI-9 

medium, except for mice infected with VSG3S317A that were left to clear the infection naturally, 

which were injected with 100 trypanosomes in HMI-9 medium. The drug-treated mice, received 

an injection of 250ng diminazene aceturate or “Berenil” (Abcam) per mouse, 4 days after infection. 

The injection was repeated 24 hours after. Mice were euthanized on day 8 post infection with CO2. 

For naturally-cleared infections, mice were closely observed three times a day between days 5-7 

after infection and sacrificed with CO2 when the parasitemia was cleared. Blood was taken through 

cardiac puncture and serum was isolated from whole blood using Microtainer SST serum collection 

vials (BD). Spleens were also collected in 10mL cold 1x PBS (Thermo Fischer), smashed using a 

2mL syringe plunger (Terumo) and passed through a 40µm Nylon Cell Strainer (BD) until no 

clumps could be seen. The cell suspension was then centrifuged at 1400rpm for 7min at 4oC, the 

supernatant was removed and the cell pellet was resuspended in 8mL FBS (Gibco). 800ul were 

aliquoted into 10 cryotubes and supplemented with 800ul more of 20% DMSO/FBS (final 

concentration was 10%). Vials were consequently frozen in -80oC. 

 

3.3 Experiments with the VSG protein  

3.3.1 Purification of the VSG3 and VSG11 variants 

VSG purification is thoroughly described in (243). In short, parasites were grown to a 

density of 2.5-4×106 and then centrifuged at 4000g for 20min at 4oC. Pellets were lysed in 0.2mM 

cold ZnCl2 (Merck) and centrifuged at 10000g for 10min at 4oC (SN1). Afterwards the pellet 

containing the VSG protein was resuspended in 15mL prewarmed (42oC) 20mM HEPES buffer 

(Roth), pH 7.5, with 150mM sodium chloride (Fisher Chemical), followed by another 

centrifugation step (SN2). The procedure was repeated once more (SN3) and the two supernatants 

containing the VSG protein (SN2 + SN3) were mixed with anion-exchange resin (Q Sepharose 

Fast Flow, GE Healthcare), for 10min at 4oC, and then passed through a column, previously 

equilibrated with the same HEPES buffer as above. The VSG protein is expected in the flow-
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through as it does not bind the resin. Thus, the flow-through (30mL) and two washes (15mL each) 

containing the VSG of interest were collected and concentrated using an Amicon Stirred Cell 

(Merck Millipore). The sample was then run over a gel filtration column (Superdex 200, GE 

Healthcare) after equilibration with the same HEPES buffer as above. “Aliquots of both the 

different purification steps and the gel filtration runs were subjected to SDS-PAGE analysis for 

visual inspection. From the gel filtration step onwards, all VSG3 constructs were gradually carboxy-

terminal (CTD) truncated, likely due to cleavage by endogenous proteases, resulting in the 

crystallization of only the N-terminal domain.” (239) The VSG11 constructs seemed more stable, 

however at some time point before crystallization their CTDs were also cleaved, as only NTD 

crystallization was possible.  

 

3.3.2 Mass spectrometry of VSG3WT 

Purified VSG3WT was concentrated to 3mg/mL in 20mM HEPES (Roth), pH 8.0, with 

150mM NaCl (Fisher Chemical) and sent for Electron transfer dissociation (ETD) analysis. 

Additionally, 50ug of protein in the same buffer were reduced with 10mM DTT for 20min at 85oC, 

S-alkylated with 25mM IAA for 1h at RT in the dark, diluted with the same volume of 2x GluC 

Buffer (New England Biolabs) and digested with 1:25 w/w endoproteinase GluC (New England 

Biolabs) for 24h at 37oC with agitation. The digested fragments were then separated by SDS PAGE 

(BioRad) and stained with Coomassie brilliant blue. The 17 kDa fragment of interest was extracted 

and LC-MS2 analysis was performed. 

Briefly, the sample was digested overnight with trypsin at 37°C, followed by the addition 

of 20µL of 0.1% trifluoroacetic acid (TFA; Biosolve, Valkenswaard, The Netherlands) to quench 

the reaction and then drying of the supernatant using a vacuum concentrator. Nanoflow LC-MS2 

analysis was done utilizing an Ultimate 3000 liquid chromatography system coupled to an Orbitrap 

Elite mass spectrometer equipped with ETD (Thermo-Fischer, Bremen, Germany). The sample 

was disintegrated in 0.1% TFA, loaded to an analytical column (75um x 200mm; ReproSil Pur 120 

C18-AQ; Dr Maisch GmbH) and then eluted in an acetonitrile-gradient (3%-40%, flow rate: 
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300nl/min). Data-dependent acquisition mode was used and the mass spectrometer was alternating 

between MS and MS2. Collision induced dissociation MS2 spectra were created for up to 10 

precursors with normalized collision energy of 29%. ETD MS2 spectra were created for up to 5 

precursors with the instrument´s default settings. Each individual analysis was carried out three 

times. 

Processing of the raw data with Proteome discoverer 2.2 (Thermo Scientific) allowed the 

identification and quantification of the peptides. More specifically, spectra were searched against 

the Uniprot Trypanosoma database (UniprotKB), a customized database which includes the VSG3 

sequence and a database with contaminants (MaxQuant database; MPI Martinsried) using the 

following parameters: Acetyl (Protein N-term), Oxidation (M) and Hex (S, T) as variable 

modifications and carbamidomethyl (C) as static modification. The proteolytic enzyme used in the 

set up was Trypsin/P (allowance of two missed cleavages). Maximum false discovery rate was 0.01 

and minimum peptide length was 7 amino acids. 

 

3.3.3 Crystallization of VSG3 and VSG11 variants  
Purified VSG3 constructs were concentrated to 2mg/ml in 20mM HEPES buffer, pH 7.5, 

supplemented with 150mM NaCl. Higher concentrated VSG3 proteins (6-10mg/mL), also resulted 

in crystals that diffracted. Purified VSG11 constructs were concentrated to 6-7mg/ml in 20mM 

HEPES (Roth) buffer, pH 7.5, supplemented with 150mM NaCl (Fisher Chemical).  

“Crystals were grown at 22oC by vapor diffusion using hanging drops with a 1:1 volume 

ratio of protein to equilibration buffer consisting of 21% PEG 3350, 250mM NaCl and 100mM 

Tris, pH 8.2 for VSG3WT and VSG3S317A and 25% PEG 3350, 300mM NaCl and 100mM HEPES, 

pH 7.5 for VSG3S319A and VSG3SSAA. For cryoprotection the crystals were transferred to the same 

buffer as that used for equilibration but supplemented with 25% v/v glycerol and were flash-frozen 

in liquid nitrogen. Data for VSG3WT, VSG3S317A and VSG3SSAA were collected at the Swiss Light 

Source (SLS) at a wavelength of 1.0Å on beamline X06DA (PXIII) and for VSG3S319A at the 

Diamond Light Source at a wavelength of 0.9763Å on beamline i03. The VSG3WT and sugar-
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mutant structures were obtained using the previously solved VSG3WT structure (PDB ID: 6ELC) 

(77) as a model to perform Molecular Replacement in the PHENIX suite (244). The models were 

improved and finalized through several cycles of auto-building (PHENIX), manual adjustment, 

and refinement (PHENIX).” (239) 

VSG3-congo and VSG3N-2C crystals were formed at 22oC by vapor diffusion using 

hanging drops with a 1:1 volume ratio of protein to equilibration buffer consisting of 21% PEG 

3350, 250mM NaCl and 100mM Tris, pH 8.2 for VSG3-congo and 19% PEG 3350, 200mM NaCl 

and 100mM Tris, pH 8.2 for VSG3N-2C. Crystals were then transferred to the same buffer as the 

equilibration one, supplemented with 25% v/v glycerol and flash-frozen in liquid nitrogen. Data 

for VSG3-congo were collected at the Swiss Light Source (SLS) at a wavelength of 1.0Å on 

beamline X06DA (PXIII) and for VSG3N-2C at the Helmholtz-Zentrum Berlin (BESSY) at a 

wavelength range of 0.8-2.25Å on beamlines 14.1 and 14.2. Data processing was done as described 

above. 

For VSG11 and VSG11N-2C, crystals were grown at 22oC by vapor diffusion using 

hanging drops with a 1:1 volume ratio of protein to equilibration buffer consisting of 1.6M 

KNaTartrate and 100mM TEA/HCl, pH 7.5 for VSG11 and 19% PEG 3350, 200mM NaCl and 

100mM HEPES, pH 7.5 for VSG11N-2C. For the first, LV Cryo oil (MiTeGen LVCO-5) was 

used as a cryoprotectant, while for the later the same buffer as the equilibration one was used 

supplemented with 25% v/v glycerol. Crystals were then flash-frozen at -196oC. Data for both 

VSG11WT and VSG11N-2C were collected at the Swiss Light Source (SLS) at a wavelength of 1.0Å 

on beamline X06DA (PXIII). Data processing was done as described above. 
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Fig. 3.2. Purification, crystals and electron density maps for all VSG3 constructs (A) Panels 
display “a gel filtration chromatogram (bottom) of purified VSG3WT, a representative coomassie 
stained SDS-PAGE gel of the fractions after gel filtration (top left), a VSG3WT crystal before 
collection and finally, a 2Fo-Fc electron density contoured at 1σ, after final refinement.” (239) The 
same elements can be observed for the other proteins: (B) VSG3S317A, (C) VSG3S319A, (D) 
VSG3SSAA, (E) VSG3-congo and (F) VSG3N-2C. 

Fig. 3.3. Purification, crystals and electron density maps for all VSG11 constructs (A) Panels 
illustrate “a gel filtration chromatogram (bottom) of purified VSG11WT, a representative coomassie 
stained SDS-PAGE gel of the fractions after gel filtration (top left), a VSG3WT crystal before 
collection and finally, a 2Fo-Fc electron density contoured at 1σ, after final refinement.” (239) The 
same panels can be seen for VSG11N-2C in (B). 
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3.4 Flow cytometry and single cell sorting 

3.4.1 Trypanosome flow cytometry 

For experiments with mouse anti-sera, 2x106 trypanosomes were stained with VSG2WT anti-

sera (1:4000, internal), VSG3WT, sugar-mutant or mosaic anti-sera (all 1:200, internal), and VSG11 

or VSG11N-2C anti-sera (1:1000, internal) along with Fc block (1:200, BD Pharmigen) in cold 

HMI-9 media without supplements (VF=200ul) for 10min at 4oC. Cells were washed once with 

1mL cold HMI-9 and stained in 200ul cold media with rat anti-mouse IgM-FITC (1:500, Biolegend) 

for 10min at 4oC in the dark. Cells were washed once more and then resuspended in 200ul cold 

HMI-9 and directly analyzed with FACS Calibur (BD Biosciences). Data were further analyzed 

using FlowJo software (v10), by simply gating the trypanosome population via forward (FSC) and 

side (SSC) scatter. 

“To verify whether the repertoire antibodies that were produced in HEK cells were able 

to bind to live trypanosomes, 0.5x106 parasites were harvested, washed once with cold HMI-9 

without FBS and stained in 200ul of each antibody supernatant for 10 min at 4oC. Cells were 

pelleted, resuspended in 100ul cold HMI-9 without FBS with mouse anti-human IgG1-

AlexaFluor488 (1:500, Invitrogen) for 10 min at 4oC in the dark. Cells were washed once with cold 

HMI-9 without FBS, resuspended in 100ul of the same buffer and immediately analyzed with FACS 

Calibur (BD Biosciences) and FlowJo software (v10).” (239) 

 

3.4.2 Plasma cell single cell sorting 

“Splenocytes from spleens of Trypanosome-infected mice were thawed, washed in RPMI 

media (Sigma) at room temperature, centrifuged at 2000rpm for 5min at 4oC and resuspended in 

200ul homemade Fc block for 15min at 4oC. Cells were washed once with 1mL 2% FBS/PBS, 

centrifuged at 4200rpm for 4min at 4oC and the pellets were resuspended in 100ul 2% FBS/PBS. 

They were then stained with rat anti-mouse CD19-BV421 (1:100, Biolegend), rat anti-mouse 

CD138-BV510 (1:300, Biolegend), rat anti-mouse IgG1-BV650 (1:100, Biolegend) and goat anti-

mouse IgM-Biotin (1:400, Jackson Laboratories) for 45 min at 4oC in the dark.” (239) After another 
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washing, they were resuspended in 100ul 2% FBS/PBS and stained with Streptavidin-BV785 

(1:400, Biolegend) and 7-Aminoactinomycin D (7AAD) (1:200, Invitrogen) for 15 min at 4oC in 

the dark. The later was used as a dead cell marker. Cells were then washed and resuspended in 

150ul 2% FBS/PBS for analysis or 300-400ul for sorting. “The samples were analyzed on a 

LSRFortessa instrument (BD Bioscience), single-cell sorted into 384-well plates (black frame, 

4titude) using either an Aria I or Aria Fusion II cell sorter (BD Bioscience) and analyzed using 

FlowJo software (v10). For single-cell sorting, the plasma cell population was defined as 7AA-

CD19loCD138+ and was checked for IgM and IgG1 surface expression, without including these 

markers in the gating of the sort population. The exact isotype of each plasma cell was determined 

later by sequence analysis.” (239) The gating strategy can be seen in Fig. 4.5 of chapter 4.  

3.5 Plasma cell antibody repertoires 

3.5.1 Cell lysis and cDNA synthesis 

As mentioned above, the plasma cells were single-cell sorted in 384-well plates (4titude) 

and immediately flash frozen on dry ice and stored in -80oC. These plates contained 2ul of 

lysis/RHP buffer, which consisted of DTT (Qiagen), a reducing reagent used to break down 

secondary RNA structures, the detergent NP-40 (Sigma) for lysis of the cells, Random Hexameric 

Primers (RHP) to commence transcription and RNAsin (Promega), an RNA inhibitor (Table 3.1). 

Plates were thawed on ice and incubated for 1min at 68oC to disintegrate secondary RNA 

structures. Afterwards 2ul of the cDNA RT mix were added (Table 3.1). The ingredients of the 

mix were RT buffer, DTT, dNTPs, RNAsin and the reverse transcriptase SuperScript III (Life 

Technologies). PCR conditions can be seen in Table 3.2. 

Lysis/RHP mix Reagent Concentration Volume/well (ul) 
 DTT 100mM 0.1 
 NP-40 10% 0.1375 
 RHP 300ng/ul 0.1375 
 RNAsin 40U/ul 0.0938 
 PBS 10x 0.05 
 dH2O - 1.4813 
 VF  2 
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RT mix Reagent Concentration Volume/well (ul) 
 RT-buffer 5x 0.8 
 DTT 100mM 0.3 
 dNTPs 25mM each 0.1375 
 RNAsin 40U/ul 0.0563 
 dH2O - 0.6375 
 SuperScript III 200U/ul 0.0688 
 VF  2 

 

Table 3.1. Lysis/RHP and RT mixes used for cDNA synthesis. 

 
PCR conditions Temperature Time Cycles 
 42oC 5min 1 
 25 oC 10min 1 
 50 oC 60min 1 
 94 oC 5min 1 
 4 oC hold 1 

Table 3.2. PCR conditions for cDNA synthesis. 

 

3.5.2 Amplification of the Ig genes with semi-nested PCR and sequencing 
Following cDNA synthesis, the heavy and light chains (kappa or lambda) of the Ig 

transcripts from each single cell were amplified using two rounds of semi-nested PCR (Table 3.3 

and 3.4) and HotStart Taq polymerase (Qiagen). Amplicons of both chains originating from the 

same cell (matching pairs) were sequenced with Sanger sequencing, after evaluation by gel 

electrophoresis (2% agarose gel). The mix of forward primers for the primary PCR (1o) bound to 

the leader region of the Ig genes and the mix of reverse primers bound to the constant region, 

while a different mix of forward primers was used for the secondary PCR (2o), binding to the V 

and J genes of the heavy, kappa or lambda chains. 

 

1o PCR Reagent Concentration Volume/well (ul) 
 PCR buffer 10x 1 
 Fw primer mix 50uM 0.0325 
 Rv primer mix 50uM 0.0325 
 dNTPs 25mM each 0.1 
 cDNA template - 3 
 dH2O - 5.79 
 HotStart Taq 5U/ul 0.045 
 VF  10 
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2o PCR Reagent Concentration Volume/well (ul) 
 PCR buffer 10x 1 
 Fw primer mix 50uM 0.0325 
 Rv primer mix 50uM 0.0325 
 dNTPs 25mM each 0.1 
 1o PCR template - 1 
 dH2O - 7.79 
 HotStart Taq 5U/ul 0.045 
 VF  10 

 

Table 3.3. Semi-nested 1o and 2o PCR mixes. 

 
1o PCR conditions Time Heavy Kappa Lambda Cycles 
 15min 94oC 94 oC 94 oC 1 
 30sec 94 oC 94 oC 94 oC  50 
 30sec 56 oC 50 oC 58 oC 50 
 55sec 72 oC 72 oC 72 oC 50 
 10min 72 oC 72 oC 72 oC 1 
 hold 4 oC 4 oC 4 oC 1 

 
2o PCR conditions Time Heavy Kappa Lambda Cycles 
 15min 94oC 94 oC 94 oC 1 
 30sec 94 oC 94 oC 94 oC  50 
 30sec 60 oC 45 oC 58 oC 50 
 45sec 72 oC 72 oC 72 oC 50 
 10min 72 oC 72 oC 72 oC 1 
 hold 4 oC 4 oC 4 oC 1 

 

Table 3.4. PCR conditions for 1o and 2o PCRs. 

 
The sequences retrieved were analyzed with the IgBLAST online tool from NCBI (245). 

The analysis provided the V, D, J genes, as well as the CDR3 composition of the Ig transcripts. 

The CDR3 sequence is unique for each antibody, unless they originate from the same B cell 

(clonal), it begins after the end of FR3 and ends with a “conserved tryptophan glycine motif in all 

JH segments or a conserved phenylalanine glycine motif in all JL segments” (246). 

3.6 Recombinant antibody cloning 

3.6.1 Heavy and light chain specific PCR and vector preparation 

After generation of the repertoires, antibodies were picked for cloning and expression. 

Heavy and light chain amplicons were cloned into appropriate human expression vectors, via 

specific PCRs (96-well plate format) which also introduced restriction sites (AgeI at the 5´end of 
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the heavy and light chain and SalI, BsiWI or MscI at the 3´end of heavy, kappa or lambda 

respectively) (New England Biolabs) (Table 3.5). The primers used were specific for each heavy 

and light chain (appendix A, STable 9.2). The 1o PCR products were used as templates and the 

running conditions were the same as for the 2o PCR heavy, kappa or lambda. Amplicons were 

visualized by gel electrophoresis, sent for Sanger sequencing and checked for potential 

dissimilarities (mostly in SHM) with the 2o PCR sequences analyzed earlier. PCR products were 

purified with the 96-well NucleoSpin PCR clean-up kit (Macherey-Nagel). 

Specific PCR Reagent Concentration Volume/well (ul) 
 Fw+Rv primers 3.3uM each 2 each (4 total) 
 1o PCR template - 2 
 PCR buffer 10x 4 
 dNTPs 25mM each 0.4 
 dH2O - 29.4 
 HotStart Taq 5U/ul 0.2 
 VF  40 

Table 3.5. Specific PCR mixes. 

The eukaryotic expression vectors, AbVec2.0-IGHG1, AbVec1.1-IGKC and AbVec2.1-

IGLC2 (kind gift from Prof. Dr. H. Wardemann) which contained the Igγ1, Igκ and Igλ constant 

regions respectively were produced in larger amounts through bacterial transformation and plasmid 

DNA purification with the PureLink HiPure Plasmid Filter Maxiprep kit (Thermo Fischer).  

 

3.6.2 Digestion of specific PCR products and vectors and ligation 

Specific PCR amplicons and vectors were double-digested with the appropriate restriction 

enzymes, AgeI/SalI for heavy, AgeI/BsiWI for kappa and AgeI/MscI for lambda) (New England 

Biolabs), overnight at 37oC according to the manufacture´s protocol (Table 3.6). PCR products 

were purified with the 96-well NucleoSpin PCR clean-up kit (Macherey-Nagel). Linearized vectors 

were extracted from a 1% agarose gel and purified with the NucleoSpin Gel and PCR clean-up kit 

(Macherey-Nagel). 
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Vector digestion Reagent Concentration Volume (ul) 
 H/κ/ λ vectors - 100ug 
 CutSmart buffer 10x 40 
 AgeI-HF 20U/ul 10ul (200U) 
 SalI-HF/BsiWI-HF/MscI 20U/ul (MscI: 5U/ul) 10ul/MscI: 40ul (200U) 
 dH2O - up to 400ul 
 VF  400 

 

PCR digestion Reagent Concentration Volume/well (ul) 
 PCR product - 40 
 CutSmart buffer 10x 5 
 AgeI-HF 20U/ul 0.05 
 SalI-HF/BsiWI-HF/MscI 20U/ul (MscI: 5U/ul) 0.05 (MscI: 0.2) 
 dH2O - 4.9 (MscI: 4.75) 
 VF  50 

 

Table 3.6. Digestion mixes. 

 
 PCR products and appropriate vectors were then ligated at 16oC overnight (Table 3.7) using 

the T4 DNA ligase (New England Biolabs). 3ul of each ligation mix were transformed into 10ul of 

DH5a competent bacteria (internal) according to the manufacture´s protocol and plated on LB 

agar (Roth) plates containing ampicillin (100ug/mL).  

Ligation Reagent Concentration Volume/well (ul) 
 Ligation buffer 10x 1 
 Digested PCR product ~6-15ng/ul 7.5 
 Digested vector 25ng/ul 1 
 T4 DNA Ligase 400U/ul 0.5 
 VF  10 

 

Table 3.7. Ligation mixes. 

 

3.6.3 Colony PCR, sequencing and DNA extraction 

Colonies obtained from the ligation were checked to verify insertion of the heavy and light 

chain PCR products, through colony PCR (Table 3.8 and 3.9) with Taq polymerase (Qiagen). The 

universal between vectors 5´primer Absense was used (binds to a vector sequence upstream of the 

PCR product), as well as 3´primers specific for the different constant regions. Colony PCR 

amplicons were visualized in a 2% agarose gel, with expected sizes 650bp for Igγ1, 700bp for Igκ 

and 600bp for Igλ. 
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Colony PCR Reagent Concentration Volume/well (ul) 
 PCR buffer 10x 2.5 
 dNTPs 25mM each 0.125 
 Fw Absense 50uM 0.2 
 Rv primer 50uM 0.2 
 dH2O - 21.825 
 Taq polymerase 5U/ul 0.15 
 VF  25 

 

Table 3.8. Colony PCR mixes. 

 
Colony PCR conditions Time Lambda Cycles 
 5min 94 oC 1 
 30sec 94 oC  27 
 30sec 58 oC 27 
 60sec 72 oC 27 
 10min 72 oC 1 
 hold 4 oC 1 

 

Table 3.9. Colony PCR conditions. 

 
Colonies that had successfully obtained an insert were amplified in a bacterial culture and 

purified with the NucleoSpin Plasmid kit (Macherey-Nagel). The plasmid concentrations were 

~400-700ng/ul. 

 

3.6.4 HEK293T cell culture 

For recombinant antibody production, adherent human embryonic kidney 293T cells 

(HEK293T, ATCC CRL-3216) were used. Bacteria cells were not considered a good candidate for 

antibody production as they lack enzymes necessary for post-translational modifications as well as 

the proper oxidative environment for disulfide bond formation. As the chains of the antibodies 

come together by forming disulfide bonds, HEK cells were determined to be a better expression 

system. 

HEK293T cells were cultured in Dulbecco´s Modified Eagle Medium (DMEM, Sigma) 

supplemented with 10% FCS (PAN) and 1% penicillin/streptomycin (Sigma) until 70-80% 

confluency. Cells were then washed carefully with 1x PBS (Sigma) and detached by 2min incubation 
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with trypsin-ETDA (Sigma) at 37oC. Then they were resuspended in complete DMEM and split 

into a new flask with fresh media or seeded for transfections based on the desired splitting ratio. 

 

3.6.5 Lipofectamine transfection of HEK293T cells with the antibody vectors 

The day before transfection, 0.8x106 cells/well were seeded in 6-well plates. At the day of 

the experiment, media was completely removed from all wells and 1mL/well of OptiMEM (Sigma) 

was added to the cells. 3ug of total DNA/transfection (1.5ug heavy chain plasmid + 1.5ug light 

chain plasmid) were diluted in 200ul OptiMEM. 12ul Lipofectamine2000/transfection (Thermo 

Fischer) were mixed with 200ul OptiMEM, then added to each sample containing the plasmids 

and incubated for 5min at RT. The whole volume was then pipetted to the respected well, drop by 

drop. After six hours, the media was carefully aspirated and 1x Nutridoma-SP (Roche) in DMEM 

supplemented with only 1% penicillin/streptomycin was carefully added to the wells. 48h post 

transfection, supernatants were collected, centrifuged at 10000g for 10min and transferred to new 

Eppendorf tubes. Cells were supplemented with new 1x Nutridoma-SP. 96h post transfection, 

supernatants were collected again, centrifuged at 10000g for 10min and transferred to new 

Eppendorf tubes. Supernatants were stored at 4oC. 

 

3.6.6 Concentration ELISA 
The concentration of the cell supernatants was determined by sandwich ELISA. In a first 

step, 96-well plates were coated with 50ul/well goat anti-human IgG-Fc in 1x PBS (1:500, Jackson) 

overnight at 4oC. The next day, plates were washed three times with dH2O and then blocked with 

200ul/well of blocking buffer (1x PBS, 0.05% Tween20 and 1uM EDTA) for 1h in RT. After three 

more washes with dH2O, 50ul/well of supernatants were added to the plates, which were then 

incubated for 1h at RT. Supernatants were diluted by 8 serial dilutions of 1:2.5 in 1x PBS, starting 

with an initial 1:20 dilution. A human monoclonal IgG1 antibody (Sigma) was used as a control, 

after serial dilutions of the initial concentrations 1ug/mL and 3ug/mL. The plates were then 

washed three more times with dH2O and incubated for 1h at RT with 50ul/well of a secondary 
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horseradish peroxidase (HRP) goat anti-human IgG antibody in blocking buffer (1:1000, Jackson). 

Finally, plates were washed three times, developed with 100ul/well of ABTS solution (100mM 

citric acid, 200mM disodium phosphate, tablets from Roche, 1 ABTS tablet in 91mL ABTS buffer) 

plus 1ul/mL of H2O2 (Th. Geyer), an HRP substrate, and absorbance was measured at 405nm on 

a M1000Pro plate reader (Tecan). Concentrations were then determined using the standard curves. 
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  Point mutations and ablation of the O-
glycosylation on VSG3WT elicit different 
antibody repertoires 
4.1 The re-solved VSG3WT structure reveals a second O-glycosylation site on 
ser319 
 VSG3WT is O-linked glycosylated with a glucose on serine 317 (S317), located on the top 

surface of the molecule (77). In the scope of my thesis, I purified and crystallized the VSG3WT 

protein, and re-solved its structure (NTD only) at a resolution of 1.27Å, as described in the 

methods (see chapters 3.3.1 and 3.3.3). As expected, the re-solved structure shares the same 

architecture as the original one, with two lobes, a top and a bottom, a three-helix bundle, N-glycans 

at the bottom lobe and an O-Glc on S317. It is also a monomer in the crystal asymmetric unit 

(ASU). Unexpectedly, I identified an additional O-Glc on the neighboring serine 319 (S319), which 

is also part of the surface-exposed loop bearing S317 (Fig. 4.1A). This modification was not clearly 

present in the original structure (77) both by crystallography and mass spectrometry, possibly due 

to the moiety´s inherent lability. A strong electron density on S319 (Fig. 4.1B) was visible in my 

dataset and the presence of the sugar was also verified by mass spectrometry (Fig. 4.2), before 

solving the structure.  

Apart from this additional post-translational modification, the two structures of VSG3WT 

looked identical when aligned with the structural alignment software Chimera (247) (Fig. 4.1A). 

Their superimposition showed that they overlay precisely, which was further supported by the 

root-mean-squared-distance (R.M.S.D.) value. This number describes how accurately one structure 

compares to another, with a value of 0Å indicating that the two molecules are practically identical, 

and any number below 1Å showing that they align very well (248). The R.M.S.D. of the two 

VSG3WT structures was calculated to be 0.264Å, which is within model building error and it 

translates to the two structures being identical (Fig. 4.1A). 
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 Fig. 4.1. New post- translational modification on the re-solved structure of VSG3WT. (A) 
On the left the initial (77) and the re-solved structures of VSG3WT are shown as ribbon diagrams 
in beige and cyan respectively. The N-glycans are displayed as red spheres on the bottom lobe, 
while the O-glycans as blue (S317-Glc) and green spheres (S319-Glc) on the top lobe. The initial 
structure is missing the O-Glc on S319. Superposition of the two molecules on the right, highlights 
that they are practically identical, further supported by the R.M.S.D. of 0.264Å as described in the 
text above. (B) Strong electron density maps of the two O-linked sugars, connected to a ribbon 
diagram representation of the protein backbone.  

 
LC-MS/MS of GluC-treated VSG3WT and electron density dissociation (ETD) of whole 

protein analyses (see chapter 3.3.2) (Fig. 4.2), also confirmed that the peptide ala311 – lys339 (and 

more specifically, CTGSASEGLC) which harbors the two serines, contained 0, 1 or 2 hexoses, 
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with the peptides carrying the two hexose residues being the “dominant species” compared to 

those with fewer. In this case the two serines are both mono-hexosylated, in contrast to previous 

data supporting that S317 is glycosylated with 0-3 hexoses (77). However, this may be attributed 

to the fact that sugars tend to be quite unstable and are easily removed during mass spectrometry 

analysis. In the crystal structure of VSG3WT, nonetheless, only one O-Glc can be observed on each 

serine. Originally in my thesis, I was also planning to identify the O-glycosyltransferase responsible 

for this O-glycosylation, but my attempts have been unsuccessful to date (appendix F). 

Fig. 4.2. Mass spectrometry analysis shows O-glycosylation on the two serines. (A) Spectra 
of the triply charged precursor mass corresponding to the peptide ala311-lys339 is fragmented by 
ETD, an analysis that maintains post-translation modifications´ position, showing that S317 and 
S319 are mono-hexosylated. (B) An extracted ion chromatogram demonstrating the elution 
profiles of the peptides without hexosylation (m/z = 1040.132), mono-hexosylated (m/z = 
1094.149) or double-hexosylated (m/z = 1148.172). For optimal visibility the peak height is set to 
100 and the absolute ion count is indicated. Figure adapted from Gkeka and Aresta-Branco et al., 
2021 (239) and originally created and written by T. Ruppert (ZMBH, MS facility). 

 

4.2 The VSG3WT and the sugar-mutants have almost identical structures and 

similar anti-sera binding patterns 
It has already been reported that the single O-glycosylation on ser317 has an impact on the 

immune response, as mice infected with S317A-mutant non-glycosylated parasites are able to 

survive the first parasitemia peak, in contrast to the ones infected with wild type parasites (77). To 

further investigate this, I generated single- and double-sugar mutants from VSG3. The VSG3WT 
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and the VSG3S317A sugar mutant were described before (77), hence I proceeded to create the other 

two mutants, VSG3S319A (ser319 mutated to alanine) and VSG3SSAA (both serines mutated to 

alanines) by introducing point mutations, and then generating isogenic cell lines (see chapters 3.1.2 

and 3.1.3). I then infected naïve C57BL/6 mice, collected the elicited antisera at day 8 post infection 

(see chapter 3.2), when the early IgM antibodies involved in clearance reach their peak titers, and 

performed flow cytometry analysis with each individual cell line to evaluate the binding of the sera 

to the intact coat of the trypanosomes. Interestingly, VSG3WT- and VSG3SSAA-elicited antisera 

demonstrated better binding to VSG3S317A- and VSG3SSAA-covered trypanosomes, while VSG3S317A- 

and VSG3S319A-elicited antisera bound better to VSG3WT and VSG3S319A parasites. (Fig. 4.3). This 

differential binding of the sera further supports the ability of the O-glycans, including the one on 

ser319, to affect the host´s immune response. Consequently, it is very important to investigate this 

even further by examining the antibody repertoires elicited during an infection with VSG3WT and 

sugar-mutants (see chapters 4.4 and 4.5). 

Fig. 4.3. Differences in antisera binding support the capability of O-glycans, including the 
newly found O-Glc on ser319, to modulate immune responses. Histograms showing binding 
of the different polyclonal antisera collected at day 8 post infection to all of the cell lines (from left 
to right: VSG3WT, VSG3S317A, VSG3S319A, VSG3SSAA antisera). Unstained cells serve as a negative 
control (grey). All of the data were normalized to mode. 

 
I then purified each protein to set up crystallographic screens (appendix C), in order to 

solve their structures. VSG3WT crystals diffracted at 1.27Å (see chapter 4.1), while VSG3S317A, 

VSG3S319A and VSG3SSAA crystals diffracted at 1.95Å, 1.13Å and 1.42Å respectively. All structures 

looked identical, apart of course from the removed O-sugar(s) on the top lobe, as can be observed 
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by their precise overlap in the superposition model and the missing sugar densities in Fig. 4.4. Their 

similarities were also translated into the R.M.S.D. values of 0.121Å (WT/S317A), 0.102Å 

(WT/S319A) and 0.126Å (WT/SSAA). 

Fig. 4.4. The VSG3 sugar-mutant structures are identical to VSG3WT, apart from the missing 
O-sugar(s). (A) Superposition of the four molecules underlining their similarities and further 
supported by the R.M.S.D. values shown at the bottom. The structures are represented as ribbon 
diagrams in cyan (WT), rose brown (S317A), gold (S319A) and purple (SSAA). The N-glycans are 
shown as red spheres on the bottom lobe, while the O-glycans as blue (S317-Glc) and green spheres 
(S319-Glc) on the top lobe. On the right the resolution of each molecule is shown. (B) Electron 
density maps underscoring the presence or absence of the O-linked sugars, connected to a ribbon 
diagram representation of the protein backbone. 
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4.3 General gating strategy for plasma cell isolation and sorting 
FACS analysis (see chapter 3.4.2) of splenocytes from infected mice with any VSG, 

demonstrated a significant increase in plasma cells for both naturally-cleared and Berenil-treated 

infections (approximately 1-4% of parent), with this population being absent in spleens of naïve 

mice (0.1-0.3% of parent) (Fig. 4.5A). Plasma cells are generally bigger in size when compared to 

other B cells (observed also by the backgating in Fig. 4.5B – plasma cells are in red) and they shed 

the majority of the produced antibodies, with only little remaining on their surface. This 

characteristic complicates the “baiting” process, a well-known procedure used to generate antigen-

specific repertoires, where antigen-specific B cells are baited by the antigen coupled to a 

fluorophore (193, 249). Hence, in the scope of my thesis the plasma cells were not baited, but they 

were characterized as 7AAD-CD19loCD138+ and single-cell-sorted into 384-well plates.  

Fig. 4.5 Trypanosome infections lead to robust plasma cell expansion. (A) Representative 
gating strategy for sorting of plasma cells, as well as for an unimmunized (naïve) mouse. The three 
top plots shown are from naturally-cleared infections with VSG3S317A, but identical plots were 
collected for all other infections. Splenocytes from naturally-cleared infections were collected at day 
7 post infection (d7) and from Berenil-treated infections at day 8 post infection (d8). Plasma cells 
were defined as 7AAD-CD19loCD138+. A representative isotype distribution for naturally-cleared 
infections can also be seen (IgG1/IgM). (B) Backgating of the plasma cell population from a 
Berenil-treated infection with VSG3S317A deciphers the size of plasma cells and their location in the 
different plots (in red, while all other cells are in gray). 
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7-Amino Actinomycin D (7AAD) was used to stain non-viable cells (live-dead marker), as 

it can pass through their permeabilized cell membranes and bind double-stranded DNA between 

base pairs in G-C rich regions (250) (Liu 1991). CD19 was chosen as an early B cell surface marker, 

which is expressed heterogeneously on plasma cells and gets downregulated (251), while the CD138 

surface marker was picked as it is a hallmark of mouse plasma cells and gets upregulated when they 

differentiate from plasmablasts to plasma cells (252). After sorting, repertoires were generated by 

PCRs and paired IgH and Igκ/λ sequence analysis (see chapter 3.5)(193).  

 

4.4 The VSG2WT repertoire is defined by signature heavy and light chains, 

revealing epitope immunodominance 
To further understand the molecular mechanism behind differential binding of antisera, 

and to also assess whether such differences were VSG3 specific or broader, I collaborated with a 

postdoctoral fellow in the lab, Dr. Aresta-Branco. Our work, reported here (239) characterizes 

antibody repertoires from infections with both VSG3 and VSG2, another glycoprotein that belongs 

to a different VSG class (class A, (78)) and majorly differs in structure (see chapter 1.2.1) and 

immune responses from VSG3. The vast majority of the data regarding VSG2 was generated by 

Dr. Aresta-Branco and I was actively involved in the VSG2WT repertoire data visualization, 

VSG2AAA-mutant naturally-cleared infections and repertoire analysis and antibody cloning for 

validation. I am summarizing part of the data here as they highlight a combination of epitope 

immunodominance and antibody discrimination, relevant to immune recognition and clearance, 

and they form the basis for investigating the VSG3WT and sugar-mutant antibody responses. 

Briefly, similarly to VSG3WT, the structure of VSG2WT was re-solved at 1.7Å revealing a 

calcium binding pocket on the top lobe of the molecule (Fig. 4.6A). The ion was missing from the 

original structure (81), possibly due to the presence of chelating agents in the purification process 

(62, 243).  Triple alanine mutations in the calcium coordinating residues (from DND to AAA, 

forming VSG2AAA) led to disruption of the pocket without any other structural changes. 

Interestingly, anti-sera from infections with VSG2WT trypanosomes was not able to bind to 
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VSG2AAA-coated trypanosomes (Fig. 4.6B), suggesting that the VSG2 immunogenic epitope is 

possibly located within the DND region. 

Antibody repertoire analysis demonstrated that plasma cells from VSG2WT infections 

expressed predominantly four V segment heavy (VH) and light (kappa - Vκ) chain pairings, 

VH10.1.86 or VH10.3.91 with Vκ19-20 or Vκ19-14, which were completely ablated in the 

VSG2AAA repertoire (Fig. 4.6D). These plasma cells however, were not clonally expanded as each 

VH and Vκ was characterized by a variety of (D)J segments and CDR3s, indicated also by the 

Shannon entropy index on a sequence level value of almost 1.0 (Fig. 4.6D, bottom of Circos plots). 

Shannon entropy shows clonal diversity on a sequence level, or how diverse are the sequences of 

a given data set /repertoire, with a value of 1.0 representing 100% clonal diversity (no clones), 

whereas a number of 0.0 corresponding to 0% clonal diversity (only clones). A small number of 

the pairs mentioned above were cloned and expressed in mammalian cells (HEK293T). Most of 

them (7/11) were able to bind to live VSG2WT-expressing trypanosomes, but not to VSG2AAA-

covered parasites (Fig. 4.6C). Additionally, antibodies that did not utilize these V segments failed 

to bind to live parasites (data not shown). Thus, these observations further support that the 

immunodominant epitope is likely in the DND region and that antibodies against VSG2-coated 

parasites are able to distinguish epitopes with a high degree of accuracy. 
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Fig. 4.6. VSG2WT revealed a calcium binding pocket and elicited a highly restricted 
repertoire, defined by specific VH and Vκ pairings. (A) The VSG2WT homodimer shown as a 
ribbon diagram in gold. The N-glycans are displayed as red spheres on the bottom lobe and the 
calcium atoms as green spheres on the top lobe. (B) FACS histograms demonstrating the binding 
intensities of VSG2WT antisera to two independent clones of VSG2WT (in blue and red) and 
VSG2AAA (in green and orange) trypanosomes. (C) Histograms showing the binding of a few 
selected recombinant monoclonal antibodies (in supernatants) against VSG2WT to cognate (in blue) 
and mutant (in black) parasites. As a negative control, supernatants from untransfected cells were 
used to stain parasites (D) Circos plots created for the VSG2WT (n=97) and VSG2AAA (n=95) V 
segments of two mice in each case that naturally cleared the infection. Each heavy (bottom half of 
the plot) and light chain variable genes (top half of the plot) are displayed in different colors. VH 
and Vκ pairings forming the “antibodies are illustrated as connector lines starting from the heavy 
chain genes. Genes from both chains that appeared only once and resulted in single heavy-light 
pairings, were considered background and were removed from the plot. Shannon entropy shows 
clonal diversity on a sequence level with a value of 1.0 representing 100% clonal diversity (no 
clones), while a value of 0.0 corresponding to 0% clonal diversity (only clones).” Figures and text 
are adapted from Gkeka and Aresta-Branco et. al., 2021 (239) and originally created by C. E. 
Stebbins (A), F. Aresta-Branco (B, C) and me (D). 
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4.5. The VSG3WT and the sugar-mutants produce different repertoires, defined 
by the presence or absence of a signature light chain 

4.5.1 The repertoires of VSG3S317A and VSG3SSAA are restricted and defined by a 

signature light chain Vκ gene (gn33) 

With the experience of VSG2 in mind, and to generate anti-VSG3 antibody repertoires, 

C57BL/6 mice were infected with trypanosomes expressing the VSG of interest and either left to 

clear the infection naturally by day 8 whenever possible (after the first parasitemia peak), or were 

treated with the anti-trypanosomal drug Berenil (diminazene) at days 4 and 5 post infection and 

sacrificed at day 8. The reasoning behind diminazene treatment was that trypanosome infections 

often tend to be rapidly fatal, killing the host before achieving clearance (80). VSG3WT and 

VSG3S317A Berenil-treated infections (both sacrificed at day 8), as well as the generation of the 

respective repertoires, were performed by Dr. Triller and further analyzed by me. The rest of the 

experiments were performed by me. 

Infections with VSG3WT-covered trypanosomes are highly virulent, killing the mice before 

they are able to clear the parasites. Hence, it is not feasible to achieve natural clearance for this 

strain. Therefore, infections were performed with VSG3S317A, as it has been shown before that mice 

infected with this variant can clear the first wave of parasitemia (77). Repertoires were then analyzed 

either after treatment with Berenil (diminazene) or natural clearance (Fig. 4.7A). I report that 

VSG3S317A-coated trypanosomes elicited a restricted plasma cell repertoire in multiple infections. 

In contrast to VSG2 (see chapter 4.3), the response here is mostly defined by a V segment signature 

light chain (Vκ gn33), which pairs with quite a number of heavy chains (Fig. 4.7A). There were no 

V signature heavy chain genes, but overall a few were consistent in all infections, e.g. 36.60-6-70, 

7183.20.37 and a few members of the J558 family. Intriguingly, VH10 family members (VH10.1.86 

and VH10.3.91) were not present, as well as light chains 19-14 and 19-20. This initial observation, 

further supports the great antigenic differences, now in elicited-antibodies-level, between different 

VSGs.  
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Interestingly, the expansion of the gn33 light chains when pairing with the same heavy 

chain (e.g., 36.60-6-70) were not clonal, as the V gene segments were joined to an assortment of 

(D)J regions with different CDR3s in length and sequence (appendix E, STable 13.3). The scarcity 

of clonal expansion was further supported by the calculation of the Shannon entropy index on a 

sequence level (Fig. 4.7), where a value of 0.0 shows the presence of only clones while a number 

of 1.0 demonstrates complete diversity. The few clones present can be seen in the Circos plots in 

Fig. 4.7 with same-colored asterisks.  

It is important to note that there were no major differences in the plasma cell repertoires 

from naturally-cleared and Berenil-treated infections, with the gn33 light chain being the dominant 

one in both. Thus, for the other three VSG3 variants I performed only Berenil-treated infections. 

I therefore proceeded to analyze the repertoires elicited by the VSG3WT and the other two 

sugar-mutants. The VSG3SSAA repertoire is quite similar to VSG3S317A, with the gn33 gene being the 

signature one, pairing again with a variety of heavy chains (Fig. 4.7B). This could suggest that the 

removal of the S317-O-Glc releases concealed epitopes and drastically influences the elicited 

repertoire, mostly focusing the response to antibodies that have gn33 as a light chain. 

It is noteworthy to mention that the V signature light chain, as well as most of the heavy 

and light chain pairings from both repertoires, are absent from the repertoire of a naïve mouse, 

which is fully diverse in heavy and light V gene representation and is also polyclonal (Fig. 4.7C). 
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Fig. 4.7. VSG3S317A and VSG3SSAA trypanosomes induce a restricted plasma cell response, 
with frequent use of the Vκ light chain gn33. (A) Circos plots for the VSG3S317A V signatures 
of two naturally-cleared mice infections (n=114 pairs) and two Berenil-treated (n=48 pairs). 
“Different colors represent each heavy chain variable gene (bottom half of the plot) and each light 
chain variable gene (top half of the plot). The heavy and light chain variable gene pairings that form 
the antibodies are illustrated as connector lines starting from the heavy chain genes. Genes from 
both chains that appeared only once and resulted in single heavy-light pairings, were considered 
background and were removed from the plot. Same colored-asterisks show individual plasma cells 
that correspond to clones (i.e. sharing the same VH, VL, (D)J and CDR3s). Shannon entropy 
shows clonal diversity on a sequence level, a number of 1.0 shows 100% clonal diversity (no 
clones), while a value of 0.0 corresponds to 0% clonal diversity (only clones).” (B) Circos plots for 
the VSG3SSAA V signatures of two Berenil-treated mice infections (n=102 pairs), as described in 
(A). (C) Circos diagram for the repertoire (only V signatures shown) of a naïve mouse (n=29 pairs), 
as described in (A). Figures and text are adapted from Gkeka and Aresta-Branco et. al., 2021 (239) 
and originally written and created by me. 
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4.5.2 The repertoires of VSG3WT and VSG3S319A are diverse 

 Intriguingly, the repertoires of VSG3WT and VSG3S319A were found to be a lot more diverse. 

The V signature light chain gn33 was completely eliminated from the wild type repertoire and 

found only twice in the S319A-mutant one (Fig. 4.8, A and B), while most of the common heavy 

chains were also found here (e.g., 36.60-6-70, J558.26.116 etc.). Additionally, the V light chain gene 

gm33, which is quite similar in sequence to gn33, could be observed in these repertoires. Clonal 

expansion was also quite limited as indicated by the Shannon entropy index (Fig. 4.8, A and B). To 

further investigate the immune responses and the available epitopes, I proceeded to analyze the 

antibodies produced from these repertoires, by cloning and expressing them in mammalian cells, 

as well as validating their binding or lack thereof to live parasites, in chapter 4.5 below. 

Fig. 4.8. VSG3WT and VSG3S319A parasites elicit a diversified plasma cell response. (A) Circos 
plots for the VSG3WT V signatures of two Berenil-treated mice infections (n=53 pairs). “Different 
colors represent each heavy chain variable gene (bottom half of the plot) and each light chain 
variable gene (top half of the plot). The heavy and light chain variable gene pairings that form the 
antibodies are illustrated as connector lines starting from the heavy chain genes. Genes from both 
chains that appeared only once and resulted in single heavy-light pairings, were considered 
background and were removed from the plot. Same colored-asterisks show individual plasma cells 
that correspond to clones (i.e. sharing the same VH, VL, (D)J and CDR3s). Shannon entropy 
shows clonal diversity on a sequence level, a number of 1.0 shows 100% clonal diversity (no 
clones), while a value of 0.0 corresponds to 0% clonal diversity (only clones).” (B) Circos diagrams 
of the VSG3S319A V signatures of two Berenil-treated mice infections (n=109 pairs), as described in 
(A). Figures and text are adapted from Gkeka and Aresta-Branco et. al., 2021 (239) and originally 
written and created by me. 
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Overall, in combination with the data from chapter 4.4.1, the absence of gn33 in the 

VSG3WT repertoire, strongly supports that the addition of O-glycans diversifies the immune 

response. The S317-Glc seems to influence the repertoire and shield the parasite, as removal of the 

O-Glc leads to a more restricted repertoire and consequently quicker clearance. On the other hand, 

the S319-Glc does not seem to affect the response as much, since its removal leads to a repertoire 

similar to the wild type strain and to a diverse immune response. 

 

4.5.3 Heavy and light chain gene characteristics of the plasma cell repertoire 

 Generally, the individual Ig gene segment usage was quite diverse for both heavy and light 

chains in all four VSG3 repertoires shown in chapter 4.4.2. Among the heavy chain V segments 

(IgHV) a few could be found in the response to all four variants (15 in total), with 36-60.6.70 (3.4% 

(WT), 10.22% (S317A), 2.6% (S319A), 12.2% (SSAA)), 36-60.8.74 (8.5%, 2.2%, 4.3%, 2.8%) and 

J558.26.116 (5.1%, 7.5%, 3.5%, 7.5%) appearing in the majority of single cells (Fig. 4.9A). All IgHV 

can be further classified in families depending on sequence similarity (above 80%, (253)). In all 

VSG3 infections the most well represented IgHV family was J558 with a range of 52-62% for all, 

followed by either 36-60 (11-19%) for VSG3WT, VSG3S317A and VSG3SSAA or 7183 (14%) for 

VSG3S319A (Fig. 4.9B). Additionally, regarding the heavy chain J segment usage, JH3 (33.9%) was 

the most used gene in VSG3WT infections, while JH2 (35.1%, 30.2% and 38.3%) was the most 

common gene in infections with the sugar-mutants (Fig. 4.9C). Overall, I report that in VSG3 

specific immune responses J558 and JH3 or JH2 are predominantly used in the heavy chain of 

sorted plasma cells.  

Taking a closer look into the light chain Ig gene segment utilization, there were common 

genes between the different infections (14 in total), with 23-43 (8.5% (WT), 3.2% (S317A), 3.5% 

(S319A), 1% (SSAA)), bt20 (5.1%, 7%, 5.2%, 4.8%), bw20 (1.7%, 8.6%, 6.9%, 6.5%) and ce9 

(8.5%, 3.8%, 6.9%, 6.5%) present in the majority of the single cells. The VSG3S317A and VSG3SSAA 

signature light chain, gn33, reached 31% and 16% in the two repertoires respectively, but it was 

not present in the VSG3WT one (Fig. 4.10A). 
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Fig. 4.9. Heavy chain gene characterization of VSG3WT and sugar-mutant repertoire 
antibodies. (A) Heatmap of the heavy chain V segments that appeared at least once in any of the 
four repertoires. Variants are shown on the y-axis, while the individual genes grouped per family 
and in numeric order on the x-axis. The frequency of appearance of each gene is shown as the 
percentage of the total single cells analyzed for the specific variant (n=59 for VSG3WT, n=186 for 
VSG3S317A, n=116 for VSG3S319A and n=107 for VSG3SSAA) and displayed as a color gradient ranging 
from white (no cells with this light chain) to red (up to 12% of total cells of the specific VSG with 
this light chain). (B) Heavy chain family distribution for the different infections as indicated by the 
labelling on the x-axis. The y-axis shows the percentages of each family up to 100% (n=59 for 
VSG3WT, n=186 for VSG3S317A, n=116 for VSG3S319A and n=107 for VSG3SSAA). Families are 
shown in different colors as indicated by the legend. The exact percentages for the most prominent 
families can be seen within each bar. (C) Heavy chain J segment gene distribution, as described in 
(B). 

 
In regards, to JK segment usage, JK5 (30.5%) was the most used gene in the VSG3WT 

response, JK2 (34.9%) in VSG3S317A, JK1 and JK2 (both 28.5%) in VSG3S319A and JK1 (32.7%) in 

VSG3SSAA (Fig. 4.10B). Hence, I note that infections with VSG3WT and sugar-mutants have no 

common well-presented light chain, that gn33 is found almost exclusively in VSG3S317A and 

VSG3SSAA repertoires, and that there is no prominent pattern in the usage of the JK segment. It is 

also important to note that the CDR3s from genes of both heavy and light chains, were different 

in length and sequence, as mentioned before and as shown in appendix E. 
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Fig. 4.10. Light chain gene characterization and isotype analysis of VSG3WT and sugar-
mutant repertoire antibodies. (A) Heatmap of the light chain V segments that emerged at least 
once in any of the four repertoires. VSGs are displayed on the y-axis, while the individual genes 
grouped per family and in numeric order are shown on the x-axis. The frequency of appearance of 
each gene is shown as the percentage of the total single cells analyzed for the specific variant (n=58 
for VSG3WT, n=182 for VSG3S317A, n=116 for VSG3S319A and n=105 for VSG3SSAA) and displayed 
as a color gradient ranging from white (no events with this light chain) to blue (up to 31% of total 
events of a specific VSG with this light chain). (B) Light chain J segment gene distribution, for the 
different infections as shown in the labelling on the x-axis. The y-axis displays the percentages of 
each gene up to 100% (n=58 for VSG3WT, n=182 for VSG3S317A, n=116 for VSG3S319A and n=105 
for VSG3SSAA). The different genes are illustrated in different colors as indicated by the legend. The 
exact percentages can be seen within each bar. (C) Original isotypes from the VSG3 repertoires. 
Different variants are shown on the x-axis as indicated and the relevant percentages are displayed 
on the y-axis (up to 100%). The percentages of IgM (in blue) and IgGs (IgG1 - green, IgG2a - 
purple, IgG2b - orange and IgG3 - yellow) are shown within the individual bars. ND stands for 
“Non-Determined” (in fuchsia). “VSG3-S317A-infections” refers to naturally-cleared infections 
with VSG3S317A, while the rest correspond to Berenil-treated infections. 

 
 Affinity maturation through somatic hypermutation (SHM) and class-switch 

recombination (CSR) are required for the production of high affinity antigen-specific antibodies. 

These events tend to take place relatively late in the course of an infection, as the immune response 

matures. In the case of VSG3WT and sugar-mutant repertoires, mice were sacrificed rather early at 

day 7 or 8, and generally the preliminary response in this type of infections is dominated by the 

IgM isotype (see chapters 1.2.3 and 1.5.1). Indeed, in VSG3S317A naturally-cleared infections, IgM 
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had the strongest contribution, accounting for 93.6% of the total events. Only 5.4% of the total 

repertoire antibodies belonged to any of the IgG sub-classes (Fig. 4.10C). In contrast, in Berenil-

treated infections these percentages were slightly different, with the majority of antibodies being 

of the IgG class (approximately 51-70% for all), and mostly IgG2a, rather than IgM (approximately 

16-36% for all) (Fig. 4.10C). Hence, plasma cells produced by naturally-cleared VSG3 infections, 

where the immune system is exposed to intact trypanosome coats, were mostly of the IgM isotype, 

while cells from Berenil-treated infections, where the parasites are lysed by day 4, sacrificed at day 

8 and the host is exposed to fragments of the membrane as well as internal compounds, were 

mostly of the IgG isotype. 

Fig. 4.11. No significant somatic hypermutations were observed for the VSG3 and sugar-
mutant heavy and light chain genes. Violin plots of IgHV and IgKV SHM of all events 
analyzed. Less events are shown for IgKV as some chains were λ (1 λ chain for VSG3WT, 4 for 
VSG3S317A and 2 for VSG3SSAA) with no SHM. The different VSGs are shown on the x-axis in 
different colors and the SHMs in absolute numbers are displayed on the y-axis. The red dots 
illustrate the arithmetic means: 0.11 (VSG3WT IgHV), 0.24 (VSG3S317A IgHV), 0.26 (VSG3S319A 
IgHV), 0.15 (VSG3SSAA IgHV), 0.07 (VSG3WT IgKV), 0.12 (VSG3S317A IgKV), 0.71 (VSG3S319A 
IgKV) and 0.4 (VSG3SSAA IgKV). 

 
In regards to hypermutation, SHM events were quite scarce for both heavy and light chain 

(Fig. 4.11), with a mean average of 0.11 (VSG3WT IgHV), 0.24 (VSG3S317A IgHV), 0.26 (VSG3S319A 

IgHV), 0.15 (VSG3SSAA IgHV), 0.07 (VSG3WT IgKV), 0.12 (VSG3S317A IgKV), 0.71 (VSG3S319A 
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IgKV) and 0.4 (VSG3SSAA IgKV). Plots for IgLV are not shown, as there were only 1 λ chain for 

VSG3WT, 4 for VSG3S317A and 2 for VSG3SSAA. In conclusion, there were no significant SHMs in all 

day 7/8 repertoires, as most of the heavy and light chains were completely unmutated. 

 

4.5.4 Mice sacrificed at day 21 generate similar repertoires to day 8, but with more 

variation and SHM events 

In order to investigate if the immune response would mature over time, resulting in more 

SHM and CSR events, as well as clonal expansion, I infected mice with VSG3WT and VSG3S317A 

(n=2 per group), treated them with Berenil at day 4 and sacrificed them at day 21 post infection. 

After sorting plasma cells and generating the repertoires, I report no striking changes in the overall 

heavy and light chain usage, apart from slightly more variation in the chains. The VSG3WT 

repertoire remained quite diverse, gn33 was not present and no clonal expansion was noted, as 

indicated by the Shannon entropy index on a sequence level (Fig. 4.12A). Overall, there were no 

signature heavy or light chains, but most of them were found both at day 8 and day 21, e.g., 36.60-

6-70, most members of the J558 family, 23-43, ce9, gm33 and more. In the VSG3S317A repertoire, 

the signature light chain gn33 persisted at day 21, with no specific favorite heavy chain pair. Three 

clones were observed here (J558.81.187 + ap4), shown in Fig. 4.12B with same-colored asterisks, 

and most chains were common between day 8 and day 21.  

Regarding individual heavy and light chain gene usage, most heavy chain genes from day 8 

could be found also at day 21 (10 in total), with 36-60.6.70 being the most well represented gene 

in both VSG3WT (13.3% of total genes) and VSG3S317A (6.7% of total genes), along with J558.53.146 

for the later (11.5% of total genes) (Fig. 4.13A). The J558 family was overall the dominant one 

(60% in wild type and 62% in the mutant), followed by 36-60 (13% in both) (Fig. 4.13C). Similarly, 

a lot of light chain genes were also common between day 8 and day 21 (11 in total), with ap4 (1.7% 

for wild type and 9.8% for mutant), ba9 (1.7% and 13.11%), bd2 (11.7% and 4.9%) and ce9 (8.3% 

and 6.6%) in the vast majority of single cells (Fig. 4.13B). 
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Fig. 4.12. VSG3WT and VSG3S317A day 21 repertoires are similar to day 8 repertoires, with 
almost no clonal expansion. (A) Circos diagrams for the VSG3WT V signatures of Berenil-treated 
mice infections, that were sacrificed at day 21 post infection (n=54 pairs). “Different colors 
represent each heavy chain variable gene (bottom half of the plot) and each light chain variable 
gene (top half of the plot). The heavy and light chain variable gene pairings that form the antibodies 
are illustrated as connector lines starting from the heavy chain genes. Genes from both chains that 
appeared only once and resulted in single heavy-light pairings, were considered background and 
were removed from the plot. Same colored-asterisks show individual plasma cells that correspond 
to clones (i.e. sharing the same VH, VL, (D)J and CDR3s). Shannon entropy shows clonal diversity 
on a sequence level, a number of 1,0 shows 100% clonal diversity (no clones), while a value of 0,0 
corresponds to 0% clonal diversity (only clones).” (B) Circos plots for the VSG3S317A V signatures 
of two Berenil-treated mice infections (n=54 pairs), as described in (A). The text in brackets (“...”) 
is taken from Gkeka and Aresta-Branco et. al., 2021 (239) and originally written and created by me. 

 
The light chain gn33 was not present in the VSG3WT repertoire, while it was the dominant chain in 

the VSG3S317A one (11.5% of the total genes). However, no clonal expansion was noted, as 

potentially expected (Fig. 4.13B).  

 With respect to JH segment utilization, all four genes available were somewhat equally used 

in the wild type day 21 repertoire, with JH2 having a slight advantage (26.7%) compared to the rest 

(23.3% for JH1 and 25% for JH3 and JH4), in contrast to day 8 where JH3 was the most used 

gene. JH2 remained the dominant J gene in the day 21 VSG3S317A repertoire (37.7%) (Fig. 4.13D). 

In a similar fashion, JK1 and JK2 were the most utilized genes in the VSG3WT repertoire (both 
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31.7%), as opposed to day 8, where JK5 can be found in most events (Fig. 4.13E). In the mutant 

data, JK1 (32.1%) was now the most used J gene, instead of JK2 at day 8 (Fig. 4.13E). 

Intriguingly, isotype analysis showed that in both wild type and mutant day 21 repertoires, 

IgM was still present and accounted for more than half of the events (51.7% and 56.8% 

respectively) (Fig. 4.14A). On the other hand, SHM events were more common by day 21 both in 

the variable region of heavy and light chains, with means of 1.4 (VSG3WT IgHV), 1.8 (VSG3S317A 

IgHV), 1.2 (VSG3WT IgKV) and 1.4 (VSG3S317A IgKV) (Fig. 4.14B). Plots for IgLV are not 

displayed, as there were only 5 λ chains for VSG3S317A. 

Overall, I report that most of the heavy and light chain V genes that originally appeared at 

day 8 can be found at day 21 as well, and most importantly, gn33 is still a dominant light chain in 

the VSG3S317A repertoire. In contrast, there are slight differences in the J segment usage, as 

mentioned above. The immune response could be considered more mature, as more somatic 

hypermutation events can be found at day 21, indicated also by the increase of the mean values. 

Fig. 4.13.Heavy and light chain gene characterization of VSG3WT and VSG3S317A day 21 
repertoires. (A) Heatmap of the heavy chain V segments that were recorded at least once in any 
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of the two repertoires. VSGs are shown on the y-axis and the individual genes grouped per family 
and in numeric order are displayed on the x-axis. The frequency of appearance of each gene is 
shown as the percentage of the total single cells analyzed for the specific variant (n=60 for VSG3WT 
and n=61 for VSG3S317A) and illustrated as a color gradient ranging from white (no events with this 
heavy chain) to dark orange (up to 12.5% of total events of a specific VSG with this heavy chain). 
(B) Heatmap of the light chain V segments, as described in (A). The color gradient is now ranging 
from white (no events with this light chain) to purple (up to 12.5% of total events of a specific 
VSG with this heavy chain). The light chains corresponding to a λ chain (n=5) are not shown 
(n=60 for VSG3WT and n=56 for VSG3S317A). (C) Heavy chain family distribution for the two 
variants as shown on the x-axis. The y-axis displays the percentages of each gene up to 100% (n=60 
for VSG3WT and n=61 for VSG3S317A). Families are shown in different colors as indicated by the 
legend. The exact percentages for the most prominent genes can be seen within each bar. (D) 
Heavy chain J segment gene distribution, for the two infections as indicated by the labelling on the 
x-axis. The y-axis illustrates the percentages of each gene up to 100% (n=60 for VSG3WT and n=61 
for VSG3S317A). The different genes are illustrated in different colors as indicated by the legend. (E) 
Light chain J segment gene distribution, as described in (D). 

Fig. 4.14. SHM but no CSR were observed at wild type and mutant day 21 repertoires. (A) 
Isotypes from day 21 repertoires. The two variants are displayed on the x-axis as indicated and the 
relevant percentages are shown on the y-axis (up to 100%). The percentages of IgM (in blue) and 
IgGs (IgG1 - green, IgG2a - purple, IgG2b - orange and IgG3 - yellow) are displayed within the 
individual bars. ND stands for “Non-Determined” (in fuchsia). (B) Violin plots of IgHV and IgKV 
SHM on all events analyzed. Less events are shown for IgKV as some chains were λ (5 λ chains 
for VSG3S317A). The different variants are illustrated on the x-axis in different colors and the SHMs 
in absolute numbers are displayed on the y-axis. The red dots indicate the arithmetic means: 1.4 
(VSG3WT IgHV), 1.8 (VSG3S317A IgHV), 1.2 (VSG3WT IgKV) and 1.4 (VSG3S317A IgKV). 
 

4.6 Characterization of the VSG-specific antibodies 
In order to determine if the repertoire antibodies were indeed VSG-specific, I picked 123 

total antibody pairs from the VSG3WT- and sugar-mutant-Berenil-treated infections (day 8), to 

clone and express in mammalian cells as mouse/human chimeric recombinant monoclonal 

antibodies (see chapter 3.6). All antibodies were produced as soluble human IgG1 for comparative 

purposes, regardless of their original isotypes. After expression, I verified their production by 
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measuring their concentrations with sandwich ELISA (concentration ELISA) (see chapter 3.6.6) 

and their binding or lack thereof to the coat of live trypanosomes with flow cytometry (see chapter 

3.4.1). Antibody selection was not based on very specific criteria, but it rather depended on heavy 

and light chain usage and frequency, with the exception of antibodies sharing gn33 as a light chain, 

as their majority were cloned and screened. 

I report that 17 out of 123 antibodies bound to their cognate cell lines, some more 

efficiently than others as indicated by the FACS histograms in Fig. 4.15A. I also tested each of 

these antibodies for their capacity to cross-react with the other variants and was able to recognize 

four different patters indicated with red color in the table in Fig. 4.15B. These patterns can be 

categorized in four classes: antibodies capable of binding all four variants (class 1, e.g., Ab239 or 

Ab222), antibodies able to bind only S317-sugar containing variants, like VSG3WT and VSG3S319A 

(class 2, e.g., Ab250), antibodies that bound only to the two variants missing the S317A-sugar 

(VSG3S317A and VSG3SSAA) (class 3, e.g., Ab021) and lastly, antibodies that were able to bind only 

to VSG3S317A (class 4, e.g., Ab234) (Fig. 4.15). In regards to antibodies that were not able to bind, 

there was no clear conclusion to justify the non-binding phenotype, but it is hypothesized that the 

change in isotype (original vs IgG1) or the lack of baiting antigen-specific plasma cells when sorting 

might have had an impact (see chapter 7.2). Representative plots can be seen in Fig. 4.16.  
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Fig. 4.15. Antibodies that bound live trypanosomes follow four binding patterns. (A) FACS 
histograms illustrating the binding of VSG-antibodies, as soluble IgG1s, to the coat of VSG3WT 
(red), VSG3S317A (blue), VSG3S319A (green) and VSG3SSAA (purple) -covered trypanosomes. As a 
negative control cells were stained with supernatants from untransfected cells. All data were 
normalized to mode. (B) Table with all 17 antibodies that bound to their cognate cell line. The 
cross-binding or lack of it to the other variants is also shown, with the (+) symbol indicating 
binding and the (-) non-binding. The blue lines separate the data according to the cell line the 
antibodies were raised against (VSG3WT, VSG3S319A, VSG3S317A, VSG3SSAA). V and J segments as 
well as the CDR3 of both heavy and light are displayed, along the original isotypes and somatic 
hypermutations. The red color indicates representative examples of one of the four binding 
patterns mentioned in the text above. The figure and the legend are adapted from Gkeka and 
Aresta-Branco et. al., 2021 (239) and originally written and created by me. 
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Fig. 4.16. Representative VSG3WT- and sugar-mutant-non-binding antibodies (A) 
Histograms displaying the lack of binding of a few selected antibodies to live parasites, as indicated 
by the labelling. As a negative control cells were stained with supernatants from untransfected cells 
(black line). All data were normalized to mode. (B) Table with the antibodies shown in panel (A). 
The (-) symbol shows no binding to the cognate parasites and the blue lines separate the data 
according to the strain the antibodies were raised against (VSG3WT, VSG3S319A, VSG3S317A, 
VSG3SSAA). V and J segments as well as the CDR3 of both heavy and light are displayed, along the 
original isotypes and somatic hypermutations. The figure and the legend are adapted from Gkeka 
and Aresta-Branco et. al., 2021 (239) and originally written and created by me. 

 
Interestingly, while the majority of the cloned gn33 antibodies were able to bind to the live 

parasites, there were also a few that could not, even though they shared the same V, J and CDR3 

region with the binders. This could indicate that the proper heavy chain and, most importantly, the 

CDR3 sequence of the heavy chain, are essential for binding efficiency (Fig. 4.17). In this case as 

well, the change of isotype and the lack of baiting of the plasma cells must be kept in mind (see 

chapter 7.2). 
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Fig. 4.17. Heavy chain could affect gn33 antibody binding. (A) FACS plots displaying the 
binding of S317A-antibodies to the cognate cell line. The different recombinant antibodies share 
the same gn33 (V, J and CDR3) light chain, but have different heavy chains. The blue color 
indicates binding and the red non-binding. Staining with supernatant from untransfected cells is 
used as a negative control (black line). All data shown are normalized to mode. (B) Table showing 
the same antibodies as in panel (A). The (+) symbol indicates binding, while the (-) non-binding. 
The blue lines separate the data according to the strain the antibodies were raised against (VSG3WT, 
VSG3S319A, VSG3S317A, VSG3SSAA). V and J segments as well as the CDR3 of both heavy and light 
are displayed, along the original isotypes and somatic hypermutations. The figure and the figure 
legend are adapted from Gkeka and Aresta-Branco et. al., 2021 (239) and originally written and 
created by me. 

 
 Overall, VSG3S317A and VSG3SSAA elicit similar repertoires, with gn33 as the signature V 

light chain gene, also found in the day 21 dataset. The repertoires of VSG3WT and VSG3S319A are 

also similar but lack the gn33 light chain dominance. J gene usage varies from variant to variant 

and isotype analysis shows that the main class in naturally-cleared infections is IgM, but in Berenil-

treated ones is IgG2a. Very few SHMs can be observed so early in infection, hinting that the 

response is not as mature and potentially antibodies are of low affinity. This is further supported 
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by the small number of antibodies able to bind to live trypanosomes, as well as their low binding 

intensities. Hence, the differences in O-glycosylation lead to these variants being antigenically 

distinct and suggests that the repertoires are elicited to very few immunodominant epitopes, 

enhancing immune evasion. 
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  NTD/CTD mosaics of VSG3WT lead to 
different antigenic properties and elicit 
different repertoires 
5.1 The monoclonal VSG3WT antibody cannot bind to VSG3-congo- and 

VSG3N-2C-coated trypanosomes 
 Mosaic VSGs appear usually later in T. brucei infections and they consist of segments from 

multiple VSGs, complete or pseudogenes (see chapter 1.3.3, (139)). Even though they share some 

homology with their parental VSGs, they can still be antigenically distinct (141, 142) and may be 

key elements in the chronic stage of the disease. As mosaics can be almost entirely CTD swaps 

(143), in this chapter of my thesis I am interested in investigating whether the CTD can determine 

the antigenicity of the NTD and the overall immune response. With assistance from Dr. Nicola 

Jones and Prof. Dr. Marcus Engstler of University of Würzburg in designing the mosaic VSG 

sequences, I generated the VSG3-congo and VSG3N-2C mosaics (see chapters 3.1.2 and 3.1.3). 

The first possesses the NTD of VSG3WT and the CTD of T. congo, while the latter has the same 

NTD and the CTD of VSG2WT.  

 It has been shown before (77) that a VSG3WT monoclonal antibody is sugar-specific, as it 

recognizes and binds better to the variant missing the S317 O-Glc (VSG3S317A), rather than the wild 

type. Intriguingly, the very same monoclonal antibody was not able to bind at all to three 

independent clones of each of the two mosaics, while the polyclonal VSG3WT anti-sera, collected 

from infected mice at day 8 post infection, could bind to all variants (Fig. 5.1). This would therefore 

suggest either an alteration in the post-translational modifications (PTMs) or a conformational 

change on the epitope where the monoclonal antibody binds. Unfortunately, up to date our trials 

to map the exact epitope of this monoclonal antibody (IgG isotype), were not fruitful, but from 

the published data we hypothesize that it is probably located on the NTD, close to the S317 O-

Glc. 
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Fig. 5.1. The monoclonal VSG3WT antibody cannot bind to the mosaics, but the polyclonal 
anti-sera do. (A) Histograms showing the binding intensities of the monoclonal VSG3WT antibody 
on the left and the polyclonal VSG3WT anti-sera on the right, to VSG3WT cells (red) and to three 
independent clones of VSG3-congo mosaic (blue, purple, yellow). Unstained cells serve as a 
negative control (gray). Data were normalized to mode. (B) FACS plots displaying the binding or 
lack thereof of the VSG3WT monoclonal antibody (left), the VSG3WT polyclonal sera (middle) or 
the VSG2WT polyclonal sera (right) to three independent clones of the VSG3N-2C mosaic. For the 
first two panels VSG3WT-covered trypanosomes are used as a positive control, while for the last 
(right) VSG2WT parasites are used. Same parameters apply as for (A). 

 

5.2 The NTD structures of the wild type and mosaic VSGs are almost identical 
 After purifying and crystallizing the mosaic proteins, I solved their structure to investigate 

whether there were indeed conformational or PTM changes when compared to the wild type. 

VSG3-congo was solved at a 1.9Å resolution and VSG3N-2C at 1.44Å. In both structures, the two 

O-Glc on ser317 and ser319 were present, along with the N-glycans at the bottom lobe (Fig. 5.2). 

Moreover, no additional PTMs were identified. These observations were also verified by mass 

spectrometry (data not shown). From their superposition with VSG3WT, it can be observed that all 

three molecules are identical and align almost perfectly, as also indicated by the R.M.S.D. values of 
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0.391Å for WT/VSG3-congo and 0.156Å for WT/VSG3N-2C. Nonetheless, a very small area 

near the bottom lobe of the variants, indicated with a red arrow on Fig. 5.2, seemed to not align 

flawlessly. If this minor misalignment is responsible for the loss of binding of the monoclonal 

VSG3WT antibody mentioned above, remains to be investigated. 

Fig. 5.2. The NTD structures of the two mosaic VSGs are almost identical to VSG3WT. On 
the left the solved VSG3-congo (1.9Å) and the VSG3N-2C (1.44Å) mosaic structures are illustrated 
as ribbon diagrams in plum and green respectively. The N-glycans are shown as red spheres on the 
bottom lobe, while the O-glycans as blue (S317-Glc) and green spheres (S319-Glc) on the top lobe. 
On the top right, superposition of the two molecules displays their similarity, also indicated by the 
R.M.S.D. values of 0.391Å for VSG3-congo and 0.156Å for VSG3N-2C when compared to 
VSG3WT. The red arrows show the region on the bottom lobe where the three structures do not 
align fully. A zoomed in version of this region is also shown on the bottom right. 

 

5.3 The mosaics have similar repertoires to VSG3WT, but the VSG3N-2C 

antibody repertoire is also defined by the VH10 family present at VSG2WT  
 To produce the repertoires, mice were infected with either of the mosaics, treated with 

Berenil to clear the infection at day 4 and then sacrificed at day 8 (see chapter 3.2). Plasma cells 
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were sorted and repertoires were generated as mentioned in the chapters 3.4.2 and 3.5. I report 

that the repertoire of VSG3-congo was overall diverse and similar to the one of VSG3WT, with no 

signature heavy or light chain V genes (Fig. 5.3, A and C). Chains from the wild type repertoire, 

like 36-60.6.70, J558.26.116, 23-43 and ce9 could also be found in VSG3-congo, however pairings 

between heavy and light chain genes were not common between wild type and mosaic. In addition, 

cell clonal expansion was scarce with a Shannon entropy index value of 0.9919 (Fig. 5.3C). The 

VSG3N-2C repertoire, also presented a lot of similarities with VSG3WT and VSG3-congo in the V 

chains used, as well as in the absence of common pairings and clones (Shannon entropy index of 

1.0) (Fig. 5.3D). Intriguingly, in this repertoire there were quite a number of cells possessing one 

of the VH10 genes as a heavy chain. This family was almost absent from VSG3WT, but it defined 

the VSG2WT antibody response (see chapter 4.3). Both VH10.1.86 and VH10.3.91 could be found 

in the VSG3N-2C repertoire, however the signature VSG2WT light chains (19-14 and 19-20) were 

absent (Fig. 5.3, B and D). This data could suggest that the CTD indeed influences the antigenic 

response, potentially hinting that the CTD is more accessible to the immune system than originally 

thought (72). 

As mentioned above, plenty heavy chain genes were identified in the mosaics which were 

also present in VSG3WT (14 in total), from which 36-60.6.70 (3.4% (WT), 1.7% (congo), 5% (3/2)), 

36-60.8.74 (8.5%, 1.7%, 3.3%) and 3609.7.153 (8.5%, 6.7%, 1.7%) were the most used in the sorted 

single cells (Fig. 5.4A). Interestingly, the two gene members of the VH10 family, which were barely 

represented in VSG3WT (5% - only VH10.3.91) but very abundant in VSG2WT (34,4% for 

VH10.1.86 and 13.3% for VH10.3.91), made up 19% of the total heavy chain V genes in VSG3N-

2C (11% for VH10.1.86 and 8% for VH10.3.91) (Fig. 5.4, A and B, Fig. 5.3B). The J558 family, 

however, still remained the most broadly represented, making up for more than half of the total 

genes identified for wild type and VSG3-congo and 38% of the VSG3N-2C heavy chain genes, 

followed by either 36-60 for VSG3WT (11%), 7183 for VSG3-congo (8%) or VH10 for VSG3N-

2C (19%) (Fig. 5.4B).  
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Fig. 5.3. The mosaic repertoires are diverse and similar to VSG3WT, but with VSG3N-2C 
sharing the signature VH10 family with VSG2WT. (A) Circos diagram of the VSG3WT V 
signatures (n=48 pairs). “Different colors represent each heavy chain variable gene (bottom half 
of the plot) and each light chain variable gene (top half of the plot). The heavy and light chain 
variable gene pairings that form the antibodies are illustrated as connector lines starting from the 
heavy chain genes. Genes from both chains that appeared only once and resulted in single heavy-
light pairings, were considered background and were removed from the plot. Shannon entropy 
shows clonal diversity on a sequence level, a number of 1.0 shows 100% clonal diversity (no 
clones), while a value of 0.0 corresponds to 0% clonal diversity (only clones).” (B), (C) and (D) 
Circos plots for the VSG2WT (n=80), VSG3-congo (n=60) and VSG3N-2C (n=60) V signatures 
respectively, as described in (A). The text in brackets (“...”) was take from Gkeka and Aresta-
Branco et. al., 2021 (239) and originally written by me. 
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With respect to J segment usage, in contrast to VSG3WT where JH3 was the most used, JH2 

was the most represented for the mosaics (43.3% for VSG3-congo and 38.3% for VSG3N-2C) 

(Fig. 5.4C). 

Fig. 5.4. Ig heavy chain gene characterization of the mosaic VSGs. (A) Heatmap of the heavy 
chain V genes that were found at least once in any of the mosaic repertoires. On the y-axis the 
different variants are displayed and on the x-axis the V genes grouped per family and in numeric 
order. The frequency of appearance of each gene is shown as the percentage of the total single cells 
analyzed for the specific variant (n=59 for VSG3WT, n=60 for VSG3-congo and n=60 for VSG3N-
2C) and illustrated as a color gradient ranging from white (no cells with this light chain) to dark 
pink (up to 11% of total cells of the specific VSG with this light chain). (B) Family distribution for 
the different infections as shown in the labelling on the x-axis. The y-axis illustrates the percentages 
of each gene up to 100% (n=59 for VSG3WT, n=60 for VSG3-congo and n=60 for VSG3N-2C). 
Families are displayed in different colors as indicated by the legend. The exact percentages for the 
most prominent genes can be seen within each bar. (C) Heavy chain J segment gene distribution, 
as described in (B). 

 
Further investigating the gene utilization of the light chains, 16 in total were present in 

VSG3WT and the mosaics, with 23-43 (8.6% (WT), 15.3% (congo), 8.6% (3/2)) and ce9 (8.6%, 

10.2%, 8.6%) being the most well represented (Fig. 5.5A). The VSG2WT signature light chains 19-

14 and 19-20 were not observed at all in the VSG3N-2C repertoire. From the JK genes, JK1 was 

the most abundant in VSG3-congo (40.7%), while JK2 in VSG3N-2C (32.8%) (Fig. 5.5B).  
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Fig. 5.5. Ig light chain gene characterization and isotype distribution of the mosaic VSGs. 
(A) Heatmap of the light chain V segments that were identified in the mosaic repertoires. VSGs 
are shown on the y-axis, while the individual genes grouped per family and in numeric order are 
displayed on the x-axis. The frequency of appearance of each gene is shown as the percentage of 
the total single cells analyzed for the specific variant (n=58 for VSG3WT, n=59 for VSG3-congo 
and n=58 for VSG3N-2C) and displayed as a color gradient ranging from white (no events with 
this light chain) to green (up to 15% of total events of a specific VSG with this light chain). (B) JK 
gene distribution. The y-axis displays the percentages of each gene up to 100% (n=58 for VSG3WT, 
n=59 for VSG3-congo and n=58 for VSG3N-2C). The different genes are displayed in different 
colors as indicated by the legend. (C) Isotypes from the mosaic and VSG3WT repertoires. VSGs are 
shown on the x-axis as indicated and the relevant percentages are displayed on the y-axis (up to 
100%). The percentages of IgM (in blue) and IgGs (IgG1 - green, IgG2a - purple, IgG2b - orange 
and IgG3 - yellow) are displayed within the individual bars. ND stands for “Non-Determined” (in 
fuchsia). 

 
Regarding isotype distribution, more IgMs could be found in the mosaics (35.1% for 

VSG3-congo and 45.5% for VSG3N-2C) when compared to VSG3WT (28.8%). However, the total 

IgG representation was also high and contributed to almost the other half of the total isotypes 

(41.6% for VSG3-congo and 44.2% for VSG3N-2C), possibly due to the lysis of the cells on day 

4 and sacrificing of the mice at day 8 (Fig. 5.5C) (see chapter 7.3). 
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 Somatic hypermutation events were not very common for the mosaics as well, as it was 

still quite early in the course of the infection. Means were calculated to be 0.11 (VSG3WT IgHV), 

0.28 (VSG3-congo IgHV), 0.13 (VSG3N-2C IgHV), 0.07 (VSG3WT IgKV), 0.88 (VSG3-congo 

IgKV) and 0.22 (VSG3N-2C IgKV) (Fig. 5.6). IgLV data are not shown as there were only 1 λ 

chain for VSG3WT, 1 for VSG3-congo and 2 for VSG3N-2C. 

Fig. 5.6. No significant SHM were observed for the mosaic heavy and light chain genes. 
Violin plots of IgHV and IgKV SHM of the VSG3WT and the mosaic VSGs. λ chains are not shown 
in the light chain analysis, as they were very few and with no SHM. The different VSGs are 
displayed on the x-axis in different colors and the SHMs in absolute numbers are shown on the y-
axis. The red dots pinpoint the arithmetic means: 0.11 (VSG3WT IgHV), 0.28 (VSG3-congo IgHV), 
0.13 (VSG3N-2C IgHV), 0.07 (VSG3WT IgKV), 0.88 (VSG3-congo IgKV) and 0.22 (VSG3N-2C 
IgKV). 

 
In conclusion, the two VSG3 mosaics appear to be antigenically distinct from VSG3WT, as 

the monoclonal VSG3WT antibody cannot bind to them and their repertoires, although similar in 

IgHV and IgKV usage, are not identical especially since there are almost no common chain pairings 

between them. In the case of VSG3N-2C, its antibody repertoire appears to share characteristics 

of both VSG3WT and VSG2WT, which might demonstrate that indeed the CTD can affect the 

antigenicity of the NTD and the overall molecule, despite being buried deep in the coat. In turn, 

this could mean that antibodies can reach further down in the coat than originally thought. J gene 

usage varies, isotype analysis shows that the main response can be of the IgM or IgG isotype (with 
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the caveat of treatment with Berenil and cell lysis) and there are only a few SHM with means close 

to 0.  
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  The VSG11 and VSG11N-2C 
preliminary structures show that the CTD can 
potentially affect the conformation of the 
molecules 
6.1 VSG11 threads to VSG3 and its anti-sera can bind to VSG11N-2C-covered 

trypanosomes 
 During my PhD, I was also involved in a collaborative effort to create another mosaic, the 

VSG11N-2C, and solving its structure, along with the VSG11 structure. The creation of the mosaic 

VSG11N-2C and the remake of the VSG11 cell line (as the cell line that was available in the lab 

was growing poorly at that time) was done by me and E.P. Vlachou, a student I was supervising. 

Protein purifications and crystallization experiments were performed by me, E.P. Vlachou, F. 

Aresta-Branco (using the older VSG11 cell line), J.P. Zeelen and K. Foti. Model building, 

processing and structure refinements were done by J.P Zeelen and K. Foti, while I performed a 

few refinements and data visualization to present in my thesis. 

VSG11 belongs to the same NTD (N4) and CTD (C1) classes as VSG3 (78, 79) and it 

additionally threads nicely to VSG3 (77). Protein “threading” refers to structure-based prediction 

algorithms (83), which in this case translates to VSG11 having a very similar folding to VSG3. The 

VGS11N-2C mosaic possesses the VSG11 NTD and the VSG2 CTD, and it was created along 

with a new VSG11 cell line, as described in chapters 3.1.2 and 3.1.3. From previous studies (77), it 

is known that the VSG3WT anti-sera cannot bind to VSG11-covered parasites, making the two 

molecules antigenically distinct. In our data, three independent clones of VSG11 and VSG11N-2C 

cell lines fail to bind to the VSG2 anti-sera, but bind well to VSG11 elicited sera (Fig. 6.1). The 

VSG11 anti-sera used for these FACS experiments was raised against the older cell line (1184HS).   
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Fig. 6.1. The polyclonal VSG11 anti-sera binds well to the new VSG11 cell line and the 
mosaic VSG11N-2C. (A) FACS histograms illustrating the binding intensities of the polyclonal 
VSG11WT anti-sera to three independent clones of the new VSG11WT cells (blue, purple, yellow). 
Unstained cells serve as a negative control (gray). Data were normalized to mode. (B) FACS plots 
showing the binding or lack thereof of the VSG11WT or VSG2WT polyclonal sera, to three 
independent clones of the VSG11N-2C mosaic (blue, purple, yellow). Same parameters apply as 
for (A). 

 

6.2 The solved VSG11 NTD structure verifies that it is also O-glycosylated 
Already published mass spectrometry data, predicted that VSG11 is O-glycosylated in a 

similar fashion as VSG3 (77). Indeed, the NTD structure of VSG11 was solved at 1.23Å resolution 

(see chapters 3.3.1 and 3.3.3) and revealed an O-Glc on the NTD linked to serine 324 (S324) (Fig. 

6.2). It is also a monomer in the ASU in solution. From the superposition of VSG3 and VSG11, it 

can be observed that the two molecules, although similar in the overall form, are quite diverse, 

which translated to the R.M.S.D value of 1.331 (Fig. 6.3). The verification of another O-

glycosylation now on a different VSG, further supports that this post-translational modification is 

probably a common alteration found in certain trypanosome infections and there is a clear 

biochemical pathway involved, the O-glycosyltransferase pathway. 

 

6.3 VSG11 structures solved in different conditions reveal differences in the 3-

helix bundle 
The 1.23Å VSG11 structure mentioned above was flash frozen in oil as a cryoprotectant. 

Interestingly, another solved VSG11 structure from the same conditions (see chapter 3.3.3) solved 

at 1.27Å but with iodine as cryoprotectant (Fig. 6.2), showed differences when compared to the 



 105 

first structure, in two out of the three helixes and more specifically in the regions 50-56 and 158-

173 (Fig. 6.2, bottom right). The first region is part from the extended coil in both structures and 

by their superposition it can be seen that they only slightly differ. However, the second region, 158-

173, is drastically altered as the helix in the oil structure almost disappears. The R.M.S.D. value was 

0.332Å, supporting the small degree of variation. The overlap of the iodine structure with VSG3WT, 

led to an R.M.S.D. value of 1.325Å, which is lower but comparable to the oil structure.  

Fig. 6.2. The NTD structures of VSG11-oil and VSG11-iodine show differences in the 3-
helix bundle. On the left the two solved structures of VSG11 in oil as a cryoprotectant (1.23Å) 
and in iodine as a cryoprotectant (1.27Å) can be seen as ribbon diagrams in gray and gold 
respectively. The N-glycans are shown as red spheres on the bottom lobe, and the O-glycan as a 
rose brown sphere (S324-Glc) on the top lobe. The iodine molecules are illustrated as single dark 
gray spheres. On the top right, the superposition of the two structures highlights the observed 
differences in the 3-helix bundle with an R.M.S.D. value of 0.332Å. A zoomed in version of the 
bundle can be observed on the bottom right. 



 106 

Intriguingly, we are in the process of solving one more VSG11 structure (1.75Å, crystals 

grown in 2M (NH4)2SO4, 100mM NaOAc, pH 4.2 and frozen in 25% v/v glycerol) which appears 

to have two monomers in the ASU and shows a clear difference in the position of the bottom 

lobes, as they appear to be in crystal contact (data not shown).  

Fig. 6.3. Superimpositions of the two VSG11 structures with VSG3WT. A VSG11-oil and 
VSG3WT overlap is shown on the left with an R.M.S.D. number of 1.331Å, while a VSG11-iodine 
and VSG3WT superposition is demonstrated on the right with a value of 1.325Å. The N-glycans are 
shown as red spheres on the bottom lobe, and the O-glycans as a rose brown sphere (S324-Glc) 
for VSG11 or blue (S317-Glc) and green spheres (S319-Glc) for VSG3 on the top lobe. The iodine 
molecules are illustrated as single dark gray spheres. 
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6.4 The NTD structure of VSG11N-2C is also O-glycosylated and presents 

differences from VSG11 
After solving the NTD structure of the VSG11N-2C mosaic, I report that it is also O-

glycosylated at S324 (Fig. 6.4). In contrast to VSG3, where the mosaics were structurally very 

similar to the parent (apart from a small region in the bottom lobe), the mosaic of VSG11 appeared 

to be quite different in structure from the parental one. When superimposed with either of the 

VSG11 structures, variations in the 3-helix bundle and, in particular, the bottom lobe were revealed, 

with R.M.S.D. values of 0.762Å (VSG11-oil/VSG11N-2C) or 0.787Å (VSG11-iodine/VSG11N-

2C) (Fig. 6.4).   

In this case as well, another VSG11N-2C structure is currently being solved (2.6Å), which 

appears to have 18 monomers in the ASU (crystals were grown in 19 % PEG 2000 MME, 200mM 

NaCl, 100mM MES, pH 6.0 and 25% v/v glycerol). The molecules appear to form six trimers in 

different orientations and with visible differences on the bottom lobes (data not shown). Trimers 

have also been previously reported for VSG9 (84) and VSG3 (crystallographic) (77), causing us to 

hypothesize whether oligomeric state is variable on the membrane as well and potentially affecting 

immunogenicity. 

In conclusion, we have solved the structure of a new T. brucei glycoprotein, VSG11, which 

threads to VSG3 but is structurally different and antigenically distinct. In general, acquiring more 

information for VSGs is of high importance, not only to enrich the archive of solved VSG 

structures but also to gain knowledge on how these molecules influence immune responses. Here 

we observed conformational flexibility within the different structures of the same molecule, that 

has not been reported before in other VSGs. Additionally, we observed plasticity in the 3-helix 

bundle and bottom lobes, which might be another significant component in immune evasion. 

Whether this flexibility can be found on the actual trypanosome coat and is CTD-dependent or it 

is an artifact created by the different reagents or crystal packing remains to be investigated. 

However, our hypothesis that the CTD can impact antigenicity is further supported by the fact 
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that the solved VSG11N-2C mosaic structure differed from the parental one in the bottom lobe, 

as well as by the pliability observed between the two mosaic structures. 

 

Fig. 6.4. The solved VSG11N-2C structure shows differences when compared to VSG11. On 
the left the solved VSG11N-2C structure (2.4Å) can be observed as a ribbon diagram in purple. 
The N-glycans are shown as red spheres on the bottom lobe, while the O-glycan as a rose brown 
sphere (S324-Glc) on the top lobe. On the top right superimpositions of the mosaic with either of 
the two solved VSG11 structures can be seen, along with the respective R.M.S.D. values, 
highlighting the differences observed on the bottom lobe and the 3-helix bundle. Zoomed in 
versions of those differences can be on the bottom right.
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 Discussion 
7.1 The presence or absence of the O-Glc on S317 can modify the host´s 

immune response against VSG3-covered trypanosomes 
 VSG3WT is O-glycosylated at two neighboring serines, S317 and S319, with an O-Glc. When 

comparing the protein surface of this molecule with either of the sugar mutants, missing one 

(VSG3S317A or VSG3S319A) or two (VSG3SSAA) O-glycans, it is evident that they are identical (see 

chapter 4.1). This structural resemblance however, does not fully translate into the immune 

responses produced after infection with any of these variants, as the generated wild type antibody 

repertoire is similar to the S319A-mutant one, but different from the other two. This is initially 

evident by the anti-sera elicited from these infections. The fact that VSG3WT anti-sera binds better 

to VSG3S317A- and VSG3SSAA-covered trypanosomes (see chapter 4.2) suggests that the S317 O-Glc 

possibly conceals a highly immunogenic epitope, allowing in this way the survival of the parasites 

beyond the first parasitemia peak in hosts infected with the wild type strain. 

 Infections with live trypanosomes lead to a robust plasma cell expansion, which is common 

to all infections independently of if they are naturally cleared or treated with Berenil, and these cells 

are then used to generate the repertoires (see chapter 4.4). VSG3S317A and VSG3SSAA elicit similar 

repertoires, as they share a number of heavy and light chain genes (e.g., 36-60.6.70, 7183.20.37, 

bw20, ce9 and more), a few pairings (36-60.6.70+gn33, J558.16.108+kk4, J558.16.108+kk4, 

J558.26.116+ap4, J558.26.116+gn33, J558.55.149+gn33, J558.67.166+gn33, J558.6.96+12-44) 

and most importantly the signature light chain V gene, gn33, which contributes to approximately 

31% of all light chains for the first and 16% for the later. On the contrary, VSG3S319A elicits a more 

diverse repertoire, similar to VSG3WT, since they share the general diversity of the response with 

no gn33 or any other chain dominance, and a few common heavy and light chain pairings 

(3609.7.153+ce9, J558.16.108+8-30, J558.26.116+ap4, J558.54.148+bv9, J558.55.149+bt20, 

J558.67.166+gm33). The presence of similar pairings across the different repertoires is intriguing; 
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nevertheless, this does not imply that these antibodies are the same, as (D)J segment(s) and CDR3s 

are distinct.  

It is crucial for antibodies to affinity mature through CSR and SHM in order to obtain 

high-affinity against an antigen. The importance of a diverse repertoire of B cells, with low initial 

affinity for an antigen that then become activated and subsequently affinity mature to produce 

high-affinity antibodies, has been shown before in malaria (254), salmonella (255) and influenza 

(256).  In my data a small degree of maturation does occur by day 21, but only in terms of SHM 

events. The repertoires from that time point are extremely similar to day 8 with most of the chains 

appearing in both, as well as a number of common pairings (J558.26.116+bt20 and 

VH11.2.53+IgK9-128 for VSG3WT and 36-60.6.70+gn33, J558.26.116+gn33 and 

J558.52.146+gn33 for VSG3S317A), however whether the antibodies are indeed of higher affinity 

remains to be investigated.  

Consequently, my findings indicate that the O-glycan on S317 has a strong influence on the 

VSG3WT repertoire, potentially concealing a highly immunogenic epitope that, when revealed, gives 

rise to the gn33 antibodies. In contrast, the impact that the S319 O-sugar has on the wild type 

repertoire is probably minor, as the VSG3S319A repertoire (where the S319 sugar is absent) is very 

similar to the wild type, with no signature heavy or light chains. Additionally, the VSG3S317A 

repertoire seems unaffected by the S319 sugar as well, since the repertoire of the double mutant 

remains unchanged and similar to the S317A-mutant one. Overall, the immunodominance of key 

epitopes on VSG3WT, potentially restricted to the amino-acids around the O-Glc on S317, is 

highlighted by these data. 

 

7.2 Infections with wild type or sugar-mutant VSG3 give rise to four classes of 

low affinity anti-VSG antibodies 
 After testing recombinant antibodies for their potential to bind the cognate cell line but 

also cross-react with the other VSG3 variants, I was able to characterize four different classes (see 

chapter 4.5); (1) antibodies capable of binding all four variants (e.g., Ab239), elicited by both 
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VSG3WT and VSG3SSAA and thus potentially binding to a common epitope on all molecules, which 

is separate from the sugars. (2) antibodies able to bind only the variants that contain the S317 O-

sugar, VSG3WT and VSG3S319A (e.g., Ab250), which are possibly sugar-selective, as they bind the 

sugar-containing epitope only when the sugar is present. (3) antibodies that bind only to the two 

variants lacking the S317 O-Glc (VSG3S317A and VSG3SSAA) (e.g., Ab021), which could suggest that 

they bind to the epitope beneath or near the sugar, and are incapable of binding when the sugar is 

present. (4) antibodies that are able to bind only to VSG3S317A (e.g., Ab234), revealing another 

epitope previously concealed by the S317 sugar, and potentially determined by the S319 O-Glc.  

Generally, only 17 out of 123 antibodies picked for validation bound, which might be 

attributed to two factors. Firstly, to the non-baiting of the plasma cells (see chapter 4.4.1), which 

could lead to sorting of non-VSG- or non-trypanosome-reactive plasma cells and secondly, to low 

affinity/high avidity interactions at early times post-infection (which are however the relevant time 

points for clearance antibodies) together with the different original isotype (e.g., IgM) compared 

to the expressed one. A comparative analysis of baited vs non-baited sorting of plasma cells for 

VSG3S317A was performed in our lab before (by Dr. Triller) and showed no major differences in the 

generated repertoires. Nonetheless, the VSG3S317A antibodies that successfully bound live parasites 

came exclusively from the baited repertoire, indicating the possible necessity for baiting to capture 

better binders, even if it means that fewer cells will be sorted. The burst of the plasma cell 

population in VSG infections and lack thereof in the naïve ones, could indicate that the overall 

response is dominated by VSG-reactive B cells, thus, non-bating should not be an issue. However, 

bystander activation, the production of nonspecific immunoglobulins, could be involved in the 

expansion of the population, as it is a common feature of many infections (257). Plasma cells have 

also been used for repertoire analysis, as well as to isolate antibodies, in influenza (258) and dengue 

(259) infections. In regards to isotypes, all antibodies were recombinantly expressed as IgG1, hence 

those with a different original isotype (IgM, IgG2a, etc.) might not have been functional when 
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expressed in a different form. It is difficult, however, to completely address this issue right now, as 

current methods for recombinantly producing pentameric IgMs exist, but are inefficient. 

 Ideally, each epitope would have been mapped and identified by solving the co-structures 

of at least one antibody from each class with the variant it binds to. However, trials to achieve this 

were unsuccessful, as the few crystals that I managed to obtain were only of the VSG protein. My 

experience here matches the experience of others. Indeed VSG-antibody co-crystals have yet to be 

generated. One could argue that this is probably attributed to the low affinity of the antibodies, as 

seen by their weak binding intensities to the parasites, intriguingly however mine and others’ trials 

for co-structures of the monoclonal IgG (hence higher affinity) VSG3WT antibody (80) with the 

VSG3WT or VSG3S317A proteins were also unsuccessful. One of the causes for aforementioned low 

affinity could be again the different isotype (IgG1 vs IgM/IgG2a), but also the lack of a more 

mature immune response. As splenocytes were collected early in the course of the infection (day 7 

or 8), most of the plasma cells lacked somatic hypermutations and had not yet switched class (see 

chapter 4.4), both characteristics that aid affinity maturation. Cloning of antibodies from the day 

21 repertoires, might have generated higher affinity binders as more SHM could be observed by 

then (see chapter 4.4.4), but alas, this was not performed in the framework of my thesis. Prolonged 

infections with VSG3 that can be cleared naturally are not possible, as the animals will either 

succumb to the infection or switch to a different VSG 7-8 days post infection. Extended infections 

after Berenil treatment are also not possible, since it will probably lead to “fading” of the actual 

response as more “background” heavy and light chains will start appearing.  

In general, the fact that the response against trypanosomes is often described as polyclonal  

(31, 210), has contributed to the lack of affinity maturation and the emergence of poor affinity 

antibodies, mostly of the IgM isotype (especially in the naturally-cleared infections). The absence 

of clonal expansion can be observed in all the infections performed in my thesis. Additionally, 

many VSG-specific antibodies in humans and mice have been found to be “autoreactive”, already 

pre-existing in hosts that have never been exposed to trypanosomes before (208), which further 
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supports the production of low affinity antibodies. Other types (mostly viral) of infections have 

also been known to produce such polyclonal and autoreactive antibodies, e.g., influenza (256, 260, 

261), dengue (259, 262), hepatitis C (263) and HIV (264).  

One potential alternative in achieving immune maturation against the VSG3 variants, 

would be to perform boost injections after infecting mice and treating them with Berenil, either 

with dead trypanosomes (UV-irradiated) expressing the VSGs of interest or with the VSG protein 

alone, and then looking at the memory B cell response. However, even if this can be achieved, it 

might not be as informative for the actual infection, since infections are naturally cleared by day 8. 

Hence, immune maturation in this case would be entirely artificial. The selection of good antibody 

binders, could be further improved by utilizing a number of newly discovered specific memory 

markers (E.P. Vlachou and Dr. Triller, data not published). These markers are expressed in memory 

B cells which are clonal and overall high affinity binders, making them good candidates for co-

crystals, epitope identification and many more applications. Experiments to investigate this 

alternative are being conducted, but are outside the scope of my thesis. Another idea would be to 

perform “in vitro affinity maturation”, by targeting AID, the enzyme responsible for fated DNA 

recombination (see chapter 1.4.2), with CRISPR-Cas9. In this process, described by Devilder M. 

et al., CRISPR-X would be used to mutate heavy and/or light chain genes carried by vectors in 

HEK293 cells, which could result in antibodies with at least a two-log increase in affinity compared 

to the unmutated ones (265). 

7.3 IgM and IgG2a dominate the anti-VSG responses 
In chapter 4.4.3 I showed that IgM and IgG predominated in the isotype distribution of 

the VSG3 plasma cells. Since the initial defense of the host against trypanosomes is almost 

exclusively an IgM one (see chapter 1.5.1, (31, 202)), also verified by the isotype distribution in the 

naturally-cleared infections (93.6% IgM), it was intriguing to observe such a high representation of 

the IgG isotypes in the Berenil-treated infections (≥51% for all four variants). IgG2a and IgG2b 

were the most common subclasses between the IgGs in VSG3S317A and VSG3SSAA infections, while 
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IgG2a and IgG3 were mostly found in VSG3WT and VSG3S319A infections. These data could suggest 

that in the case of Berenil treatment the immune response in the host has more time to mature and 

class switch, as mice are treated for the first time at day 4 and only sacrificed at day 8, in contrast 

to the naturally-cleared infections where clearance and spleen collection are only a few hours apart. 

This observation could be supported by the fact that plasma cells develop later in the GC reaction, 

likely after CSR (266, 267), and that the host is not constantly exposed to the antigen (VSG) as is 

the case for natural clearance. Another potential reason could be that the IgG2 subtype has been 

linked to polysaccharide antigens (268). The enhanced IgG2 representation could thus be due to 

parasite lysis with diminazene and immune system exposure not only to the O-sugars on the top 

lobe of the VSG molecule, but also to the N-glycans on the bottom lobe, which would now be 

more accessible. Considering that mice are treated with diminazene at day 4 post-infection and 

sacrificed at day 8, four days might seem too few for CSR to occur. However, it has been reported 

that e.g., in mice expressing a transgenic BCR, CSR can take place prior to GC formation (which 

happens usually 7-10 days after antigen-exposure), with IgG2a appearing 2-4 days after 

infection/immunization (269, 270). CSR was also found in non-transgenic mice 4 days after 

Salmonella infection (163), as well as during TI responses, which normally do not induce GCs  (163). 

Additionally, it been shown that repetitive antigens, such as the VSGs or the CSP protein of P. 

falciparum, elicit mostly IgG3 responses, while antigens without such repeats usually induce IgG1 

responses (271, 272).  

 

7.4 The overall immune response against a specific T. brucei coat can be 

narrowed down to a limited set of immunodominant surface epitopes 
Following the publication of the findings on VSG3 O-glycosylation (77), the first time such 

a modification was discovered in T. brucei, there were still some unanswered questions regarding 

how this glycosylation impacts the immune response, mostly at the level of epitopes and elicited 

antibodies.  The most straightforward explanation was that the glycan obstructs an immunogenic 

epitope in VSG3WT, which is subsequently revealed when the sugar is ablated, and that glycans can 
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produce an alternative set of epitopes different than the non-glycosylated protein, which may or 

may not contain the glycan. Indeed, I was able to show that there are just a few immunodominant 

epitopes on the surface, which can be modified by the presence or absence of the two O-Glc on 

S317 and S319, with the S317-sugar having a greater impact on their formation. In other words, 

the non-S317-glycosylated variants of VSG3 have a dominating set of epitopes that can be 

potentially recognized by the gn33 antibodies, while the S317-glycosylated forms possess a more 

diverse set. The identification of such epitopes, by solving the co-structures of the repertoire 

antibodies with the VSGs, would undoubtedly be beneficial and essential. 

Altogether, the collective data in my thesis, not only from VSG3 and its variants but also 

from VSG2 (see chapter 4.3), demonstrate that the antibody response facilitating clearance of a 

specific T. brucei coat may be focused to a limited number of immunodominant surface epitopes, 

with paratopes within the V segments of the antibody genes having a key role. Even point 

mutations of the main surface proteins (VSGs) can alter this response and inhibit antibodies raised 

against a specific coat from binding. In this way the trypanosome is able to expand its antigenicity 

much beyond what is encoded in its extensive genomic repository and survive longer in the host, 

also by securing that cross-reactivity between coat-defined epitopes is extremely rare, even among 

comparable variants. This immunodominance may be another strategy for successful antigenic 

variation and immune evasion and emphasizes the importance and need of mosaic VSG formation 

for the parasite´s survival.  

 

7.5 CTD mosaics of VSGs can potentially determine antigenicity  
Previous studies (15, 139) have showed that mosaic VSGs take over later in infection, after 

the first parasitemia peak, and are very important for prolonged infection, since the complete VSG 

repertoire (~400 complete VSGs in the Lister427 strain) is not enough to maintain the chronic T. 

brucei infections documented in the field. Interestingly, Mugnier et al. has demonstrated that several 

VSGs can be expressed at a given time point during infection, but half of those fail to make a major 

contribution to the immune response (termed “minor variants”) (15). VSGs can elicit diverse 
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antibody repertoires with different immunodominant epitopes, thus limiting cross-reactivity 

between different molecules; nevertheless, there are still VSGs in the VSG repertoire that may 

cross-react (273). Subsequently, minor variants could cross-react with VSGs that have already been 

eliminated, resulting in their rapid detection and clearance by the immune system. In this way, the 

VSG repertoire gets depleted quicker than anticipated, necessitating the development of new 

antigenically distinct variants.  In general, a deeper knowledge of the mechanisms underlying 

antigenic variation, including mosaic formation, and the host-pathogen interactions on an elicited-

antibody level is critical, as we will acquire insights that could be applied to other clinically relevant 

organisms undergoing this process, e.g., Giardia lambia (giardiasis – infection of the small intestine), 

that changes its variant surface protein coat (VSP) by transcribing numerous vsp genes which then 

get degraded through the RNAi pathway with only transcripts from a single gene translated to 

protein (274), or P. falciparum (malaria), that alters its PfEMP1 surface proteins by coordinated 

switching at a population level, which then get transported to the surface of infected erythrocytes 

(275). 

Mosaic VSGs may be the new antigenically distinct variants to compensate for the fast 

depletion of the VSG repertoire. They form through NTD/CTD exchange of complete VSGs or 

pseudogenes, as well as mutations (VSG3 sugar mutants can be considered, in some extend, 

mosaics) or other gene conversion events. These data prompted us to consider what would happen 

if we replaced the CTD of VSG3WT with that of another VSG. To address this, I studied the 

antibody repertoires of the mosaics VSG3-congo and VSG3N-2C. VSG3-congo has the NTD of 

VSG3WT and the CTD of T. congolense. This CTD was chosen as it is shorter in sequence than the 

ones from T. brucei and it also serves as a linker, making it a good initial candidate to test if I could 

generate mosaics recombinantly (see Fig. 3.1B). Moreover, it was successfully used for different 

experiments in the Engstler lab before. The antibody repertoire against T. congolense, however, is 

not known, making it more difficult to appropriately interpret the results. In a second phase, the 
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CTD of VSG2WT was chosen to create another mosaic, since both the VSG3WT and VSG2WT 

repertoires were known.  

My data show no major differences in the repertoires of VSG3-congo and its parent 

VSG3WT. However, a small mismatch can be observed on the bottom lobe in their structural 

superposition, which could potentially explain why the monoclonal VSG3WT antibody failed to 

bind. Even the smallest alteration in e.g. orientation could slightly change epitopes, blocking 

antibody binding. My data also demonstrate that the VSG3N-2C repertoire adopts characteristics 

from both VSG3WT and VSG2WT, as many cells possess a VH10 heavy chain. This chain is barely 

present in the VSG3WT repertoire, but constitutes the majority of heavy chains in VSG2WT. This 

observation is very intriguing, as it could indicate that the immune system develops a reaction to 

the CTD as well, and that the CTD can influence the antigenicity of the NTD or the molecule as 

a whole. One could argue that if mosaics contained elements of VSGs that had appeared earlier in 

infection (e.g. appearance of VSG3N-2C while VSG2WT had already been eliminated by the 

immune system), the host would already have antibodies to quickly eliminate the parasites. 

However, it is important to note that even though the VH10 family is present in the VSG3N-2C 

response, its individual genes do not pair with the same light chains as for VSG2WT (19-14 or 19-

20). Therefore, VSG2WT antibodies would be unable to identify and bind to the mosaic coat. This 

can also be observed by the anti-sera binding data, where the polyclonal VSG2WT antibody cannot 

bind at all to VSG3N-2C-covered parasites. Moreover, in this mosaic as well the small non-

overlapping region with VSG3 on the bottom lobe of their structures, might support that even 

small changes like this one can alter the antigenicity and that the CTD can influence the molecule. 

These data, not only demonstrate the importance and functionality of VSG diversity in the course 

of an infection, but could also support that the CTD can alter the molecule´s conformation, even 

by slightly tilting or twisting it, affecting the overall antigenicity. Intriguingly, this could be closely 

connected to the GPI, which is attached at the CTD. In many GPI-anchored proteins (GPI-APs), 

cleavage of the GPI and removal from the membrane alters antibody binding at the top of the 
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molecule. Specifically, antibodies raised against the anchored molecules, can no longer bind the 

corresponding antigens after the lipid moieties are removed, and in addition, antibodies raised 

against soluble forms, react poorly with intact GPI-anchored proteins (276–278). How this occurs 

is not clear, but structural changes have been suggested as an answer, maybe even as small as 

observed here; alternative answers include loss of rigidity (as could happen for mosaics having a 

longer or shorter CTD than the parental VSGs, e.g., VSG3N-2C) or loss/gain of sugars, that 

somehow propagate into small local structural changes of the type we cannot observe, except on 

the actual coat. In addition, if indeed the VH10 family can be found in the mosaic because of the 

presence of the VSG2 CTD, it could mean that either the NTD is more accessible than just the 

top surface part and the host´s immune system can react to deeply buried parts as well (85, 90) or 

alternatively that the system is fully exposed to the CTD after trypanosome lysis. This remains to 

be investigated. 

The VSG11 and VSG11N-2C data further support our hypothesis that the CTD influences 

antigenicity. At least on a structural level, differences between parental and mosaic VSGs can be 

observed, however infections and antibody repertoires would provide additional insight. It would 

be interesting to investigate if the VH10 family is present in the VSG11N-2C repertoire but absent 

from the VSG11 one, or if there are any other signature heavy or light chains. From the structural 

data to date, we observe that the same molecule may have various structures under different 

conditions, even by changing only the cryoprotectant solution. The flexibility of the 3-helix bundle, 

a fundamental structural component, as well as variations in shape and electrostatic charge (data 

not shown) of the different structures are intriguing and could hint another potential immune 

evasion mechanism of the trypanosome, making it less of a target for the immune system. 

Nonetheless, these findings should be viewed with caution, as they could be the result of artifacts 

in the methods used to study VSG proteins, e.g., in solution rather than packed on the membrane 

or in crystals containing various and unusual compounds. We cannot be sure which structure is 
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actually on the coat, since coat packing conditions are substantially different from what we observe 

in crystals, but cryo-EM experiments with whole coats might give us more insight.  

The interactions between VSG2, VSG3 and VSG11 antibodies with various mosaics, 

creating more mosaics that could naturally occur in a typical infection, cloning of mosaic antibodies 

and solving antibody-VSG co-structures are a few ideas that would be worth investigating more in 

the near future.  
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 Outlook and future directions 
 
The host-pathogen interactions and specifically those involving the VSG coat, have been 

extensively researched over the years, but are still poorly understood. Studying immune responses 

to, primarily, the trypanosome´s coat, as well as solving VSG structures could provide more 

information on the nature of these interactions. From the first solved VSG structure (VSG2 (81)) 

up to today, we have gained valuable insights on the architecture and antigenicity of these 

molecules. Three VSG classes exist up to date (A, B and C) based on sequence alignments and 

cysteine number and location. Among these classes there is sequence heterogeneity, but the tertiary 

structure of the 3-helix bundle of the NTDs is usually conserved within each class (78, 79). NTDs 

are also regarded as the most antigenic part of the VSG, since they make up the top and most-

exposed-to-the-immune-system part of the individual molecules (71). The similarities in the bundle 

and the NTD immunogenicity, however, do not imply that VSGs elicit the same immune 

responses. This became more apparent when the VSG3 structure was solved (77). VSG3 was 

structurally different from previously published molecules and featured a never-before-seen post-

translational modification, an O-glycosylation, that greatly impacted immune evasion (77). 

Additionally, two more new structures, VSGsur and VSG13, showed remarkable differences from 

their predecessors, with their NTDs possessing an extended top lobe and a cavity capable of 

binding molecules and drugs (19). These structural differences made it evident that more VSGs 

may contain unidentified structural features or confirmations, that can affect immune responses 

leading to antigenically distinct variants.  

VSG diversification, together of course with antigenic variation, are important elements in 

the trypanosome´s ability to escape the host´s immune system (88, 89). Data from mice infections 

have shown that the O-glycosylation on VSG3 provides coat heterogeneity and “shields” the 

parasite against immune responses, however it was not determined how this modification affected 

the immunological response at an antibody-epitope level (77). Furthermore, it has also been proven 
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that VSG diversity increases as the infection progresses, since antigenically distinct mosaic VSGs 

start appearing (15). As antibodies might cross-react with antigenically similar VSGs, the effective 

VSG repertoire is reduced and mosaic VSG formation seems necessary for prolonged survival (15). 

The fact that mosaic VSGs are almost exclusively CTD swaps (15), which means that the majority 

of recombination events take place in the concealed and inaccessible to antibodies CTD (72), was 

very intriguing. This mosaicity process, which is an outcome of recombination at the VSG´s 3´end, 

is known also as 3´donation (139) and it has been reported before (143, 279–281). 

Taking all these into consideration, I was able to address some of the above unanswered 

concerns in my thesis. After identifying a second O-Glc on S319 of VSG3WT and creating all of the 

possible sugar mutants, I could observe that despite their structural similarity, the generated plasma 

cells repertoires were diverse. This was initially confirmed by anti-sera binding data, since slight but 

discernible changes could be seen. Repertoire data showed the effect these post-translational 

modifications had on the immune response at the elicited-antibodies-level, with the O-sugar on 

S317 having a significant impact on the generated repertoire by potentially masking a highly 

immunogenic epitope. When this epitope was exposed, there was a strong response orchestrated 

mostly by antibodies that possessed a gn33 light chain. The O-Glc on S319, on the other hand, did 

not appear to affect the VSG3WT or the VSG3S317A repertoires, which were both quite diverse and 

lacked signature chains and pairings. Four classes of elicited antibodies were identified, but trials 

to map the exact epitopes by co-crystallizing them with VSGs were unsuccessful. Collectively, there 

appear to be only a few immunodominant epitopes on the surface of VSG3, which are influenced 

by the presence or absence of the two O-sugars, indicating that even point mutations can drastically 

alter those epitopes. This immunodominance could be another method the parasite utilizes for 

successful antigenic variation and immune evasion. Considering that this is also the case for 

VSG2WT, where the immunodominant epitope is most likely located in the DND region (calcium 

binding pocket), mutations of which elicit a different repertoire, it would be crucial to investigate 

if other VSGs have similar restricted sets of immunodominant epitopes, and whether these are also 
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defined by PTMs. VSG11 and VSG11N-2C, which are both O-glycosylated, would be the first 

candidates to examine. Furthermore, being able to obtain higher affinity antibodies (see chapter 

7.2) and solve co-structures of those with the VGSs to identify the specific epitopes would be 

critical. 

Initial studies of VSG3 CTD mosaics revealed that there might be minor epitope or 

conformational changes compared to the wild type molecule, as the VSG3WT monoclonal antibody 

could not bind to the mosaics, but the anti-sera could. The slight misalignment on the bottom lobe 

of wild type and mosaic structures could potentially justify the lack of binding for the monoclonal 

antibody, as even the slightest modification can substantially alter epitopes. Additionally, the 

repertoire of VSG3N-2C contained chains shared by both parental VSGs (VSG3WT and VSG2WT), 

as well as the signature VSG2 heavy chain family VH10, but not its light chain pairings (19-14 and 

19-20). Hence, it appears that the CTD might indeed impact the antigenicity of the NTD, as well 

as the positioning of the bottom lobe, which in combination with GPI rigidity could alter the 

immunodominant epitopes on the molecule. As a result, VSGs with identical NTDs would still 

elicit distinct repertoires that would not cross-react. These observations, and specifically the 

increased diversity, could potentially explain the purpose of mosaic formation in the buried CTD. 

Initial structural data from VSG11 and VSG11N-2C further support this, as differences can be 

observed between the two molecules on the 3-helix bundles and bottom lobes. However, further 

analysis is required before any final conclusions can be drawn.  

Altogether, it is vital to solve more VSG structures and investigate whether they possess 

comparable sets of immunodominant epitopes and potential PTMs that define them. Further, the 

accessibility of the surface coat needs to be re-cast and studied potentially using cryo-EM, as in this 

way the full coat and the exact interactions of native full-length VSGs between them and with 

antibodies can be investigated. Moreover, additional naturally-occurring mosaics should be studied 

and their structures, repertoires, elicited antibodies and potential differences should be noted, in 
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order to reach a more definite conclusion on the CTD´s influence on antigenicity, how permeable 

the coat is, as well as to gain more insight on antibody-VSG interactions. 
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 Appendix A - Primers 
 
 

Primer Name Sequence (5´à 3´) 
T. brucei cloning  
221C_3UTR_Fw ttggcttgcagttttgcttttttaaGGATCCTTTTCCCCCTCTTTTTCTTAAAAATTCTTGC 
224N_221C_Fw tagcgtcgctcagaagcttataaagACCCAGAAGCACAAGCCC 
224N_221C_Rv aagaaaaagagggggaaaaggatccTTAAAAAAGCAAAACTGCAAGCCAAAGAGG 
Congo_Fw  atagcgtcgctcagaagcttataaagGAAAGAAGCAGCAGCACAAAA 
Congo_Rv agaaaaagagggggaaaaggatccTTATGCGAATATTACTAGTAGGTAGCTG 
mut_S319A_Fw AGGCAGCGCAgccGAAGGCTTATGTG 
mut_S319A_Rv GTGCAGCCTGTCGCTTTG 
mut_SS-AA_Fw agccGAAGGCTTATGTGTCGAATACACTGC 
mut_SS-AA_Rv gcggcGCCTGTGCAGCCTGTCGC 
pHH_224N_Rv tttcagcgggcttgtgcttctgggtCTTTATAAGCTTCTGAGCGACGCTATTTCCTTG 
pHH_Fw tagttattcctacgcgacacgtacgcggcATGCAAGCGGCAGCACTG 
pHH_Rv tcttgagacaaaggcttggccatggGAGCTTCGTTGCAGTTGAGTTTATGTTTTCG 
pHH_VSG11_Fw GGATCCTTTTCCCCCTCTTTTTCTTAAAAATTCTTGCTACTTG 
pHH_VSG11_Rv GCCGCGTACGTGTCGCGT 
pHH_VSG11N_221C_Fw aaaagacccagcatacctccagctgACCCAGAAGCACAAGCCCG 
pHH_VSG11N_Fw tagttattcctacgcgacacgtacgcggcATGACTAGTAGCGTATTAGCTGCA 
pHH_VSG11N_Rv tttcagcgggcttgtgcttctgggtCAGCTGGAGGTATGCTGG 
VSG_3´UTR Fw agctacctactagtaatattcgcaTAAGGATCCTTTTCCCCCTCTTTTTCT 
VSG11_Fw ctacgcgacacgtacgcggcATGACTAGTAGCGTATTAGC 
VSG11_Rv aaagagggggaaaaggatccTTAAAAAAGTAAGGCCGC 
PanVSG-Fw ACAGTTTCTGTACTATATT 
PanVSG-Rv GATTTAGGTGACACTATAGTGTTAAAATATATC 

STable 9.1. List of primers used to generate trypanosome cell lines and for sequencing. 

 
Primer Name Sequence (5´à 3´) 
Antibody-production  
1st heavy PCR  
mIghV-pan-080-fw GAGGTGCAGCTGCAGGAGTCTGG 
mIgha-138-rv TGGGAAGTTTACGGTGGTTATATC 
mIghg-137-rv AGAAGGTGTGCACACCGCTGGAC 
mIghm-149-rv TGGGAAGGTTCTGATACCCTGGATG 
mIghd-114-rv CAGAGGGGAAGACATGTTCAACTAT 
2nd heavy PCR  
mIghV-pan-080-fw Same as above, also used for 2nd PCR sequencing 
mIgha-081-rv TGCCGGAAGGGAAGTAATCGTGAAT 
mIghg-084-rv GCTCAGGGAARTAGCCCTTGAC 
mIghm-106-rv TAGTTCCAGGTGAAGGAAATGGTGC 
mIghd-079-rv CAGTGGCTGACTTCCAATTACTAAAC 
Specific heavy PCR  
mIghV-A/AgeI-080-fw CTGCAACCGGTGTACATTCCCAGGTGCAGCTGCAGCAGCCTGG 
mIghV-B/AgeI-080-fw CTGCAACCGGTGTACATTCCCAGGTGCAGCTGCAGCAGTCTGG 
mIghV-C/AgeI-080-fw CTGCAACCGGTGTACATTCCCAGGTGCAGCTGAAGCAGTCTGG 
mIghV-D/AgeI-080-fw CTGCAACCGGTGTACATTCCCAGGTGCAGCTGAAGGAGTCTGG 
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mIghV-E/AgeI-080-fw CTGCAACCGGTGTACATTCCGAGGTGAAGCTGGAGGAGTCTGG 
mIghV-F/AgeI-080-fw CTGCAACCGGTGTACATTCCGAGGTGCAGCTGGTGGAGTCTGG 
mIghV-G/AgeI-080-fw CTGCAACCGGTGTACATTCCGAAGTGCAGCTGTTGGAGACTGG 
mIghV-H/AgeI-080-fw CTGCAACCGGTGTACATTCCGAGGTGCAGCTGCAGCAGTCTGG 
mIghV-J/AgeI-077-fw CTGCAACCGGTGTACATTCCGAGGTGCAGCTGCAGGAGTCTGG 
mIghV-K/AgeI-081-fw CTGCAACCGGTGTACATTCCGAGGTGCAGCTGCAGCAGTCTGTG 
mIghV-L/AgeI-080-fw CTGCAACCGGTGTACATTCCGAGGTGAAGCTGGTGGAGTCTGG 
mIghV-M/AgeI-080-fw CTGCAACCGGTGTACATTCCCAGATCCAGCTGCAGCAGTCTGG 
mIghV-N/AgeI-080-fw CTGCAACCGGTGTACATTCCCAGGTTCAGCTGCAACAGTCTGA 
mIghV-P/AgeI-080-fw CTGCAACCGGTGTACATTCCGAGTTCCAGCTGCAGCAGTCTGG 
mIghV-Q/AgeI-077-fw CTGCAACCGGTGTACATTCCGATGTACAGCTTCAGGAGTCAGG 
mIghV-R/AgeI-080-fw CTGCAACCGGTGTACATTCCCAGCGTGAGCTGCAGCAGTCTGG 
mIghV-S/AgeI-080-fw CTGCAACCGGTGTACATTCCGACGTGAAGCTGGTGGAGTCTGG 
mIghV-T/AgeI-080-fw CTGCAACCGGTGTACATTCCGAAGTGATGCTGGTGGAGTCTGG 
mIghV-U/AgeI-080-fw CTGCAACCGGTGTACATTCCCAGGTGCAGCTTGTAGAGACCGG 
mIghV-V/AgeI-077-fw CTGCAACCGGTGTACATTCCCAGATGCAGCTTCAGGAGTCAGG 
mIghV-W/AgeI-080-fw CTGCAACCGGTGTACATTCCCAGGCTTATCTACAGCAGTCTGG 
mIghV-X/AgeI-077-fw CTGCAACCGGTGTACATTCCGAGGTGAAGCTTCTCCAGTCTGG 
mIghV-Y/AgeI-080-fw CTGCAACCGGTGTACATTCCCAGATCCAGTTGGTACAGTCTGG 
mIghV-Z/AgeI-080-fw CTGCAACCGGTGTACATTCCCAGGTTACTCTGAAAGAGTCTGG 
mIghV-aa/AgeI-080-fw CTGCAACCGGTGTACATTCCGAGGTCAAGCTGCAGCAGTCTGG 
mIghJ-A/SalI-033-rv TGCGAAGTCGACGCTGAGGAGACGGTGACCGTGG 
mIghJ-B/SalI-028-rv TGCGAAGTCGACGCTGAGGAGACTGTGAGAGTGG 
mIghJ-C/SalI-028-rv TGCGAAGTCGACGCTGCAGAGACAGTGACCAGAG 
mIghJ-D/SalI-034-rv TGCGAAGTCGACGCTGAGGAGACGGTGACTGAGG 
1st kappa PCR  
mIgkV-pan-084-fw GAYATTGTGMTSACMCARWCTMCA 
mIgkc-053-rv ACTGAGGCACCTCCAGATGTT 
2nd kappa PCR  
mIgkV-pan-084-fw Same as above, also used for 2nd PCR sequencing 
mIgkc-017-rv TGGGAAGATGGATACAGTT 
Specific kappa PCR  
mIgkV-A/AgeI-084-fw CTGCAACCGGTGTACATTCCAACATTATGATGACACAGTCGCCA 
mIgkV-B/AgeI-084-fw CTGCAACCGGTGTACATTCCAACATTGTGCTGACCCAATCTCCA 
mIgkV-C/AgeI-090-fw CTGCAACCGGTGTACATTCCCAAATTGTTCTCACCCAGTCTCCA 
mIgkV-D/AgeI-090-fw CTGCAACCGGTGTACATTCCCAAATTGTTCTCTCCCAGTCTCCA 
mIgkV-E/AgeI-090-fw CTGCAACCGGTGTACATTCCGAAAATGTTCTCACCCAGTCTCCA 
mIgkV-F/AgeI-084-fw CTGCAACCGGTGTACATTCCGAAACAACTGTGACCCAGTCTCCA 
mIgkV-G/AgeI-090-fw CTGCAACCGGTGTACATTCCGAAATTGTGCTCACTCAGTCTCCA 
mIgkV-H/AgeI-084-fw CTGCAACCGGTGTACATTCCGACATCAAGATGACCCAGTCTCCA 
mIgkV-J/AgeI-084-fw CTGCAACCGGTGTACATTCCGACATCCAGATGAACCAGTCTCCA 
mIgkV-K/AgeI-084-fw CTGCAACCGGTGTACATTCCGACATCCAGATGACTCAGTCTCCA 
mIgkV-L/AgeI-082-fw CTGCAACCGGTGTACATTCCGACATTGTGATGACTCAGTCTC 
mIgkV-M/AgeI-084-fw CTGCAACCGGTGTACATTCCGACATTGTGATGTCACAGTCTCCA 
mIgkV-N/AgeI-083-fw CTGCAACCGGTGTACATTCCGACATTGTGCTGACCCAGTCTCC 
mIgkV-P/AgeI-081-fw CTGCAACCGGTGTACATTCCGATATCCAGATGACACAGACTACA 
mIgkV-Q/AgeI-081-fw CTGCAACCGGTGTACATTCCGATGTTGTGATGACCCAGACTCCA 
mIgkV-R/AgeI-084-fw CTGCAACCGGTGTACATTCCGAAATCCAGATGACCCAGTCTCCA 
mIgkV-S/AgeI-084-fw CTGCAACCGGTGTACATTCCGACATCCAGATGACACAATCTTCA 
mIgkV-T/AgeI-081-fw CTGCAACCGGTGTACATTCCGACATCCTGATGACCCAATCTCCA 
mIgkV-U/AgeI-084-fw CTGCAACCGGTGTACATTCCGATGTTGTGGTGACTCAAACTCCA 
mIgkV-V/AgeI-084-fw CTGCAACCGGTGTACATTCCAACATTGTAATGACCCAATCTCCC 
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mIgkV-W/AgeI-081-fw CTGCAACCGGTGTACATTCCGATGTTTTGATGACCCAAACTCCA 
mIgkV-X/AgeI-084-fw CTGCAACCGGTGTACATTCCGATATTGTGATGACTCAGGCTGCA 
mIgkV-Y/AgeI-090-fw CTGCAACCGGTGTACATTCCGACATCCAGATGATTCAGTCTCCA 
mIgkV-Z/AgeI-084-fw CTGCAACCGGTGTACATTCCGACATCTTGCTGACTCAGTCTCCA 
mIgkV-aa/AgeI-090-fw CTGCAACCGGTGTACATTCCGATGTCCAGATGATTCAGTCTCCA 
mIgkV-bb/AgeI-084-
fw CTGCAACCGGTGTACATTCCGATGTCCAGATAACCCAGTCTCCA 
mIgkV-cc/AgeI-084-fw CTGCAACCGGTGTACATTCCAGTATTGTGATGACCCAGACTCCC 
mIgkV-dd/AgeI-089-fw CTGCAACCGGTGTACATTCCGAAATTTTGCTCACCCAGTCTCC 
mIgkV-ee/AgeI-089-fw CTGCAACCGGTGTACATTCCCAAATTCTTCTCACCCAGTCTCC 
mIgkV-ff/AgeI-083-fw CTGCAACCGGTGTACATTCCGAAATGGTTCTCACCCAGTCTCC 
mIgkV-gg/AgeI-084-fw CTGCAACCGGTGTACATTCCGATATTGTGATAACCCAGGATGAA 
mIgkV-hh/AgeI-084-
fw CTGCAACCGGTGTACATTCCGACATTCAGATGACCCAGTCTCCT 

mIgkJ-A/BsiWI-019-rv GCCACCGTACGTTTGATTTCCAGCTTGGTG 
mIgkJ-B/BsiWI-020-rv GCCACCGTACGTTTTATTTCCAGCTTGGTC 
mIgkJ-C/BsiWI-019-rv GCCACCGTACGTTTTATTTCCAACTTTGTC 
mIgkJ-D/BsiWI-019-rv GCCACCGTACGTTTCAGCTCCAGCTTGGTC 
1st lambda PCR  
mIglV-A-080-fw CAGGCTGTTGTGACTCAGGAATC 
mIglV-B-080-fw CAACTTGTGCTCACTCAGTCATC 
mIglc-116-rv GTACCATYTGCCTTCCAGKCCACT 
2nd lambda PCR  
mIglV-A-080-fw Same as above, also used for 2nd PCR sequencing 
mIglV-B-080-fw Same as above, also used for 2nd PCR sequencing 
mIglc-031-rv CTCYTCAGRGGAAGGTGGRAACA 
Specific lambda PCR  
mIglV-A/AgeI-080-fw CTGCAACCGGTGTACATTCCCAGGCTGTTGTGACTCAGGAATC 
mIglV-B/AgeI-080-fw CTGCAACCGGTGTACATTCCCAACTTGTGCTCACTCAGTCATC 
mIglJ-A/MscI-017-rv TTGGGCTGGCCAAGGACAGTCAGTTTGGTTCC 
mIglJ-B/MscI-017-rv TTGGGCTGGCCAAGGACAGTGACCTTGGTTCC 
mIglJ-C/MscI-017-rv TTGGGCTGGCCAAGGACAGTCAATCTGGTTCC 
Insert check  
Absense-fw GCTTCGTTAGAACGCGGCTAC 
hIGHG-084-rv GTTCGGGGAAGTAGTCCTTGAC 
hIGKC-172-rv GTGCTGTCCTTGCTGTCCTGCT 
hIGLC-057-rv CACCAGTGTGGCCTTGTTGGCTTG 

STable 9.2. List of primers used for single cell and specific PCRs and for sequencing. 

  



 128 

 

  



 129 

 Appendix B – Protein and nucleotide 
sequences 
 
The protein and nucleotide sequences used in this thesis can be found below. The NTD of each 

molecule is in blue, from the CTD the linker is illustrated black, while the sequence following the 

linker in red. The GPI signal is in red and underlined and the SAS region, where the point mutations 

are engineered on VSG3WT to generate the sugar mutants, is displayed in blue and underlined. 

>VSG3WT 
MQAAALLLLVLRAITSIEAAADDVNPDDNKEDFAVLCALAALANLQTTVPSIDTSGLA
AYDNLQQLNLSLSSKEWKSLFNKAADSNGSPKQPPEGFQSDPTWRKQWPIWVTAAA
ALKAENKEAAVLARAGLTNAPEELRNRARLALIPLLAQAEQIRDRLSEIQKQNEDTTP
TAIAKALNKAVYGQDKETGAVYNSADCFSGNVADSTQNSCKAGNQASKATTVAATI
VCVCHKKNGGNDAANACGRLINHQSDAGANLATASSDFGDIIATCAARPPKPLTAAY
LDSALAAVSARIRFKNGNGYLGKFKATGCTGSASEGLCVEYTALTAATMQNFYKIPW
VKEISNVAEALKRTEKDAAESTLLSTWLKASENQGNSVAQKLIKVGDSKAVPPAQRQ
TQNKPGSNCNKNLKKSECKDSDGCKWNRTEETEGDFCKPKETGTENPAAGTGEGA
AGANTETKKCSDKKTEGDCKDGCKWDGKECKDSSILATKKFALTVVSAAFVALLF 
 
ATGCAAGCGGCAGCACTGCTTTTATTAGTTTTGCGCGCAATAACCAGCATCGAAGC
TGCAGCCGATGACGTCAATCCAGATGACAACAAGGAAGACTTTGCAGTCTTGTGC
GCACTAGCTGCGCTGGCCAACCTCCAGACCACGGTGCCCTCAATAGACACGTCAG
GACTTGCAGCCTACGACAACTTGCAACAGCTCAACCTAAGCCTAAGCAGCAAAGAA
TGGAAAAGCCTGTTCAACAAAGCGGCTGACTCAAACGGATCTCCCAAGCAGCCGC
CGGAAGGATTTCAATCGGACCCTACTTGGCGGAAGCAGTGGCCTATATGGGTAAC
AGCAGCAGCAGCATTAAAGGCCGAAAACAAAGAGGCAGCTGTCCTAGCGAGGGC
GGGACTAACAAACGCGCCAGAGGAACTCAGAAACAGGGCCCGGCTGGCGCTAAT
ACCCTTATTAGCCCAAGCCGAGCAAATCCGGGACCGGCTCAGTGAAATACAAAAAC
AAAACGAAGACACGACACCAACGGCAATAGCGAAGGCACTTAATAAAGCCGTCTA
CGGCCAGGACAAAGAAACGGGCGCGGTGTACAATTCAGCGGATTGCTTCAGCGG
TAACGTTGCAGACTCAACCCAAAACTCCTGCAAAGCCGGGAACCAAGCCTCCAAAG
CGACGACAGTAGCCGCAACGATAGTTTGTGTTTGCCACAAAAAAAACGGCGGCAA
CGACGCCGCAAACGCCTGCGGTAGACTGATTAATCACCAATCCGACGCTGGTGCC
AACCTAGCCACCGCCAGCTCAGACTTCGGCGACATAATTGCTACATGCGCAGCTCG
CCCGCCAAAACCATTGACCGCTGCCTATCTAGACAGCGCACTAGCCGCGGTGAGC
GCGAGGATAAGGTTCAAAAACGGCAACGGTTACCTGGGCAAATTCAAAGCGACA
GGCTGCACAGGCAGCGCAAGTGAAGGCTTATGTGTCGAATACACTGCCCTAACAG
CGGCAACGATGCAAAATTTTTACAAAATCCCGTGGGTAAAGGAGATCTCAAACGT
AGCGGAAGCCCTAAAGAGGACAGAAAAAGACGCAGCAGAATCAACACTGTTAAGC
ACTTGGCTTAAAGCCAGCGAAAACCAAGGAAATAGCGTCGCTCAGAAGCTTATAA
AGGTAGGAGACAGCAAAGCGGTACCACCGGCACAGCGACAGACACAAAATAAGC
CAGGATCAAACTGCAATAAGAACCTTAAAAAAAGCGAATGCAAAGACAGTGATGG
TTGCAAATGGAACAGGACTGAGGAGACCGAAGGTGATTTCTGCAAACCTAAAGAG
ACAGGAACAGAAAACCCAGCAGCAGGAACAGGAGAGGGAGCTGCAGGAGCAAAT
ACGGAAACCAAAAAGTGCTCAGATAAGAAAACTGAAGGCGACTGCAAAGATGGAT
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GCAAATGGGATGGAAAAGAATGCAAAGATTCCTCTATTCTAGCAACCAAGAAATT
CGCCCTCACCGTGGTTTCTGCTGCATTTGTGGCCTTGCTTTTTTAA  
 
>VSG2WT 
MPSNQEARLFLAVLVLAQVLPILVDSAAEKGFKQAFWQPLCQVSEELDDQPKGALFT
LQAAASKIQKMRDAALRASIYAEINHGTNRAKAAVIVANHYAMKADSGLEALKQTLS
SQEVTATATASYLKGRIDEYLNLLLQTKESGTSGCMMDTSGTNTVTKAGGTIGGVPC
KLQLSPIQPKRPAATYLGKAGYVGLTRQADAANNFHDNDAECRLASGHNTNGLGKS
GQLSAAVTMAAGYVTVANSQTAVTVQALDALQEASGAAHQPWIDAWKAKKALTGA
ETAEFRNETAGIAGKTGVTKLVEEALLKKKDSEASEIQTELKKYFSGHENEQWTAIE
KLISEQPVAQNLVGDNQPTKLGELEGNAKLTTILAYYRMETAGKFEVLTQKHKPAES
QQQAAETEGSCNKKDQNECKSPCKWHNDAENKKCTLDKEEAKKVADETAKDGK
TGNTNTTGSSNSFVISKTPLWLAVLLF 
 
ATGCCTTCCAATCAGGAGGCCCGGCTTTTCCTCGCCGTCTTGGTCCTAGCCCAAGT
TCTTCCAATTCTTGTCGATTCGGCGGCTGAAAAAGGTTTCAAACAAGCTTTTTGGC
AACCTCTTTGCCAGGTCTCCGAGGAGCTAGACGACCAACCGAAGGGTGCGTTGTT
TACGCTGCAAGCAGCGGCGAGCAAAATCCAGAAAATGAGGGACGCGGCACTGCG
AGCAAGTATATACGCTGAAATAAATCACGGCACCAACAGGGCCAAGGCAGCCGTT
ATAGTCGCCAACCACTATGCCATGAAAGCTGATAGCGGCCTAGAGGCCCTAAAAC
AAACGTTAAGCAGCCAAGAGGTAACAGCTACTGCAACAGCGAGCTACCTAAAAGG
AAGAATAGACGAATACTTAAATCTCCTTCTACAAACAAAGGAGAGCGGCACCAGC
GGCTGCATGATGGACACCAGCGGAACAAACACGGTAACGAAGGCCGGCGGCACC
ATCGGAGGCGTTCCTTGCAAGCTGCAGTTGTCGCCGATACAGCCGAAGCGACCCG
CAGCGACCTACCTAGGTAAAGCGGGCTACGTAGGCCTAACACGACAAGCAGATGC
AGCCAACAATTTCCACGATAACGACGCCGAATGCAGGCTAGCCAGTGGGCACAAC
ACCAACGGCCTCGGCAAAAGCGGCCAGCTTTCTGCAGCGGTCACTATGGCGGCCG
GCTATGTCACAGTAGCGAACAGCCAAACAGCCGTCACGGTCCAGGCGCTCGATGC
ATTACAGGAAGCGAGCGGAGCAGCGCACCAACCGTGGATCGACGCCTGGAAGGC
CAAGAAAGCGCTAACAGGAGCAGAAACCGCTGAGTTCAGAAACGAAACAGCCGG
AATAGCTGGCAAAACAGGCGTTACCAAGCTTGTTGAAGAAGCTTTACTAAAGAAA
AAAGACTCAGAGGCCTCAGAAATACAAACAGAATTAAAAAAATACTTTAGCGGCCA
CGAAAATGAACAGTGGACAGCAATAGAAAAGCTCATATCCGAGCAGCCAGTGGCG
CAAAACCTGGTAGGCGACAACCAGCCAACCAAGCTAGGGGAACTGGAGGGCAAT
GCCAAGTTAACGACTATACTTGCCTATTACCGAATGGAAACAGCAGGGAAATTTG
AAGTTTTAACCCAGAAGCACAAGCCCGCTGAAAGCCAACAACAAGCAGCAGAAAC
AGAAGGCAGCTGCAACAAGAAGGACCAAAATGAGTGCAAATCCCCATGCAAATGG
CATAACGATGCGGAAAACAAAAAGTGCACATTGGATAAGGAGGAGGCAAAAAAG
GTAGCAGATGAGACTGCAAAAGATGGGAAAACTGGAAACACAAACACCACAGGA
AGCAGCAATTCTTTTGTCATTAGCAAGACCCCTCTTTGGCTTGCAGTTTTGCTTTTT
TAA 
 
>VSG3-congo 
MQAAALLLLVLRAITSIEAAADDVNPDDNKEDFAVLCALAALANLQTTVPSIDTSGLA
AYDNLQQLNLSLSSKEWKSLFNKAADSNGSPKQPPEGFQSDPTWRKQWPIWVTAAA
ALKAENKEAAVLARAGLTNAPEELRNRARLALIPLLAQAEQIRDRLSEIQKQNEDTTP
TAIAKALNKAVYGQDKETGAVYNSADCFSGNVADSTQNSCKAGNQASKATTVAATI
VCVCHKKNGGNDAANACGRLINHQSDAGANLATASSDFGDIIATCAARPPKPLTAAY
LDSALAAVSARIRFKNGNGYLGKFKATGCTGSASEGLCVEYTALTAATMQNFYKIPW
VKEISNVAEALKRTEKDAAESTLLSTWLKASENQGNSVAQKLIKERSSSTKVSGSPEG
DKGTTKTPISNGSLPINSSGVNRGKRLSAFSSYLLVIFA 
 



 131 

ATGCAAGCGGCAGCACTGCTTTTATTAGTTTTGCGCGCAATAACCAGCATCGAAGC
TGCAGCCGATGACGTCAATCCAGATGACAACAAGGAAGACTTTGCAGTCTTGTGC
GCACTAGCTGCGCTGGCCAACCTCCAGACCACGGTGCCCTCAATAGACACGTCAG
GACTTGCAGCCTACGACAACTTGCAACAGCTCAACCTAAGCCTAAGCAGCAAAGAA
TGGAAAAGCCTGTTCAACAAAGCGGCTGACTCAAACGGATCTCCCAAGCAGCCGC
CGGAAGGATTTCAATCGGACCCTACTTGGCGGAAGCAGTGGCCTATATGGGTAAC
AGCAGCAGCAGCATTAAAGGCCGAAAACAAAGAGGCAGCTGTCCTAGCGAGGGC
GGGACTAACAAACGCGCCAGAGGAACTCAGAAACAGGGCCCGGCTGGCGCTAAT
ACCCTTATTAGCCCAAGCCGAGCAAATCCGGGACCGGCTCAGTGAAATACAAAAAC
AAAACGAAGACACGACACCAACGGCAATAGCGAAGGCACTTAATAAAGCCGTCTA
CGGCCAGGACAAAGAAACGGGCGCGGTGTACAATTCAGCGGATTGCTTCAGCGG
TAACGTTGCAGACTCAACCCAAAACTCCTGCAAAGCCGGGAACCAAGCCTCCAAAG
CGACGACAGTAGCCGCAACGATAGTTTGTGTTTGCCACAAAAAAAACGGCGGCAA
CGACGCCGCAAACGCCTGCGGTAGACTGATTAATCACCAATCCGACGCTGGTGCC
AACCTAGCCACCGCCAGCTCAGACTTCGGCGACATAATTGCTACATGCGCAGCTCG
CCCGCCAAAACCATTGACCGCTGCCTATCTAGACAGCGCACTAGCCGCGGTGAGC
GCGAGGATAAGGTTCAAAAACGGCAACGGTTACCTGGGCAAATTCAAAGCGACA
GGCTGCACAGGCAGCGCAAGTGAAGGCTTATGTGTCGAATACACTGCCCTAACAG
CGGCAACGATGCAAAATTTTTACAAAATCCCGTGGGTAAAGGAGATCTCAAACGT
AGCGGAAGCCCTAAAGAGGACAGAAAAAGACGCAGCAGAATCAACACTGTTAAGC
ACTTGGCTTAAAGCCAGCGAAAACCAAGGAAATAGCGTCGCTCAGAAGCTTATAA
AGGAAAGAAGCAGCAGCACAAAAGTAAGCGGCAGCCCAGAAGGCGACAAAGGCA
CAACAAAAACACCAATAAGCAACGGCAGCCTACCAATAAACAGCAGCGGCGTAAA
CAGAGGCAAAAGACTAAGCGCATTCAGCAGCTACCTACTAGTAATATTCGCATAA 
 
>VSG3N-2C 
MQAAALLLLVLRAITSIEAAADDVNPDDNKEDFAVLCALAALANLQTTVPSIDTSGLA
AYDNLQQLNLSLSSKEWKSLFNKAADSNGSPKQPPEGFQSDPTWRKQWPIWVTAAA
ALKAENKEAAVLARAGLTNAPEELRNRARLALIPLLAQAEQIRDRLSEIQKQNEDTTP
TAIAKALNKAVYGQDKETGAVYNSADCFSGNVADSTQNSCKAGNQASKATTVAATI
VCVCHKKNGGNDAANACGRLINHQSDAGANLATASSDFGDIIATCAARPPKPLTAAY
LDSALAAVSARIRFKNGNGYLGKFKATGCTGSASEGLCVEYTALTAATMQNFYKIPW
VKEISNVAEALKRTEKDAAESTLLSTWLKASENQGNSVAQKLIKTQKHKPAESQQQA
AETEGSCNKKDQNECKSPCKWHNDAENKKCTLDKEEAKKVADETAKDGKTGNTN
TTGSSNSFVISKTPLWLAVLLF 
 
ATGCAAGCGGCAGCACTGCTTTTATTAGTTTTGCGCGCAATAACCAGCATCGAAGC
TGCAGCCGATGACGTCAATCCAGATGACAACAAGGAAGACTTTGCAGTCTTGTGC
GCACTAGCTGCGCTGGCCAACCTCCAGACCACGGTGCCCTCAATAGACACGTCAG
GACTTGCAGCCTACGACAACTTGCAACAGCTCAACCTAAGCCTAAGCAGCAAAGAA
TGGAAAAGCCTGTTCAACAAAGCGGCTGACTCAAACGGATCTCCCAAGCAGCCGC
CGGAAGGATTTCAATCGGACCCTACTTGGCGGAAGCAGTGGCCTATATGGGTAAC
AGCAGCAGCAGCATTAAAGGCCGAAAACAAAGAGGCAGCTGTCCTAGCGAGGGC
GGGACTAACAAACGCGCCAGAGGAACTCAGAAACAGGGCCCGGCTGGCGCTAAT
ACCCTTATTAGCCCAAGCCGAGCAAATCCGGGACCGGCTCAGTGAAATACAAAAAC
AAAACGAAGACACGACACCAACGGCAATAGCGAAGGCACTTAATAAAGCCGTCTA
CGGCCAGGACAAAGAAACGGGCGCGGTGTACAATTCAGCGGATTGCTTCAGCGG
TAACGTTGCAGACTCAACCCAAAACTCCTGCAAAGCCGGGAACCAAGCCTCCAAAG
CGACGACAGTAGCCGCAACGATAGTTTGTGTTTGCCACAAAAAAAACGGCGGCAA
CGACGCCGCAAACGCCTGCGGTAGACTGATTAATCACCAATCCGACGCTGGTGCC
AACCTAGCCACCGCCAGCTCAGACTTCGGCGACATAATTGCTACATGCGCAGCTCG
CCCGCCAAAACCATTGACCGCTGCCTATCTAGACAGCGCACTAGCCGCGGTGAGC
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GCGAGGATAAGGTTCAAAAACGGCAACGGTTACCTGGGCAAATTCAAAGCGACA
GGCTGCACAGGCAGCGCAAGTGAAGGCTTATGTGTCGAATACACTGCCCTAACAG
CGGCAACGATGCAAAATTTTTACAAAATCCCGTGGGTAAAGGAGATCTCAAACGT
AGCGGAAGCCCTAAAGAGGACAGAAAAAGACGCAGCAGAATCAACACTGTTAAGC
ACTTGGCTTAAAGCCAGCGAAAACCAAGGAAATAGCGTCGCTCAGAAGCTTATAA
AGACCCAGAAGCACAAGCCCGCTGAAAGCCAACAACAAGCAGCAGAAACAGAAGG
CAGCTGCAACAAGAAGGACCAAAATGAGTGCAAATCCCCATGCAAATGGCATAAC
GATGCGGAAAACAAAAAGTGCACATTGGATAAGGAGGAGGCAAAAAAGGTAGCA
GATGAGACTGCAAAAGATGGGAAAACTGGAAACACAAACACCACAGGAAGCAGC
AATTCTTTTGTCATTAGCAAGACCCCTCTTTGGCTTGCAGTTTTGCTTTTTTAA 
 
 
>VSG11 
MTSSVLAALLSVSIMLVQLRAEANIGTGDNVLHRAALCGIIELAGKRAKLETALPNFQN
ELNSILELNMTAAEPTWLDQFRDKDDRSKPRDLTKQPLPKDTNWADHWTAWAKAA
LPLLNDETHQAKLKEYKLAGLQPEKLERARNTIRRLTAEAVAKAQDPTVAESTADLT
TEEDLQKQINQAVYSKDTEPDDDFNGYTAFEGKASTNRQTICGSAVAGSKATNAMD
ALFCVCADDRTNGADAGKACVAGTAPGTGWNPGVTATPTGTMLQKVRKLCNTHG
KTTLSAAAIEGRLTAVGNLLTRGSATSILGSFLATDCSGDQGSGMCVAYTEVTDAKGT
PTKDIPWMQKLDSVRIKLQKHERAVEKLGKPQHDLKTILTLAKDPAYLQLASVGTRH
LETTKQRVSNEQGKTQQTQQTCEQYNNKKNDCVKTGVCKWEEKNETDGTCKLKD
GEGETNAGAGEAAAGATNSDAKKCSEKKKQEECKDGCKWENNACKDSSFLVSKQF
ALMVSSAFAALLF 
 
ATGACTAGTAGCGTATTAGCTGCATTATTGTCAGTATCCATCATGCTAGTTCAGCT
TCGCGCTGAAGCCAACATAGGAACTGGCGACAACGTGCTCCACAGAGCGGCGCTC
TGCGGAATAATCGAACTAGCAGGCAAAAGAGCCAAGCTGGAAACGGCATTACCAA
ACTTTCAAAACGAGCTAAACTCCATCCTAGAACTTAACATGACAGCCGCGGAGCCA
ACGTGGCTAGATCAATTCAGAGACAAGGATGACCGATCGAAACCAAGGGACTTAA
CGAAGCAGCCACTGCCAAAAGACACCAATTGGGCTGACCACTGGACAGCATGGGC
CAAAGCAGCGCTGCCTTTACTAAACGACGAAACGCACCAAGCGAAGCTAAAAGAA
TACAAGCTCGCGGGCCTGCAGCCAGAAAAATTAGAAAGAGCACGAAACACAATTC
GGCGGCTCACAGCGGAAGCTGTGGCAAAGGCACAAGACCCAACTGTTGCAGAGA
GCACCGCCGACCTCACAACGGAGGAGGACCTGCAAAAACAGATCAATCAAGCGGT
TTACAGTAAGGACACCGAACCAGACGACGATTTCAACGGATACACCGCGTTCGAA
GGCAAAGCAAGCACGAACCGACAAACAATCTGCGGGTCGGCGGTAGCAGGCAGC
AAAGCAACAAACGCAATGGACGCGCTGTTCTGCGTTTGCGCCGATGACAGAACGA
ACGGGGCAGATGCCGGTAAAGCATGCGTTGCAGGGACAGCGCCAGGAACCGGCT
GGAACCCTGGAGTAACGGCTACACCAACCGGCACCATGCTTCAAAAAGTTCGCAA
ACTATGCAATACACACGGAAAAACAACACTCTCAGCAGCGGCGATTGAAGGCAGA
TTAACAGCGGTAGGAAACCTGTTAACAAGAGGTTCAGCGACGTCCATACTAGGCA
GTTTCTTAGCAACTGACTGCAGCGGTGACCAAGGATCAGGCATGTGCGTGGCCTA
TACAGAGGTAACAGATGCAAAGGGCACCCCCACAAAAGACATACCGTGGATGCAA
AAGCTCGACAGTGTTCGGATAAAACTACAAAAACACGAACGGGCAGTAGAGAAGT
TGGGGAAGCCTCAACACGACTTAAAGACGATATTGACACTCGCAAAAGACCCAGC
ATACCTCCAGCTGGCGTCAGTGGGCACACGGCACCTGGAGACAACAAAACAGAGG
GTAAGTAACGAGCAGGGGAAAACTCAACAAACACAACAAACGTGCGAACAGTACA
ACAACAAAAAGAATGACTGCGTAAAAACAGGAGTGTGTAAATGGGAAGAAAAAA
ATGAAACAGATGGAACATGCAAACTTAAAGACGGAGAAGGAGAAACAAATGCAG
GAGCAGGAGAGGCAGCTGCAGGAGCAACAAACTCCGATGCCAAAAAGTGCTCTG
AAAAGAAAAAGCAAGAAGAATGCAAAGATGGATGCAAATGGGAAAATAATGCTT
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GCAAAGATTCCAGTTTTCTAGTAAGCAAACAATTCGCCCTAATGGTTTCTTCTGCAT
TTGCGGCCTTACTTTTTTAA 
 
>VSG11N-2C 
MTSSVLAALLSVSIMLVQLRAEANIGTGDNVLHRAALCGIIELAGKRAKLETALPNFQN
ELNSILELNMTAAEPTWLDQFRDKDDRSKPRDLTKQPLPKDTNWADHWTAWAKAA
LPLLNDETHQAKLKEYKLAGLQPEKLERARNTIRRLTAEAVAKAQDPTVAESTADLT
TEEDLQKQINQAVYSKDTEPDDDFNGYTAFEGKASTNRQTICGSAVAGSKATNAMD
ALFCVCADDRTNGADAGKACVAGTAPGTGWNPGVTATPTGTMLQKVRKLCNTHG
KTTLSAAAIEGRLTAVGNLLTRGSATSILGSFLATDCSGDQGSGMCVAYTEVTDAKGT
PTKDIPWMQKLDSVRIKLQKHERAVEKLGKPQHDLKTILTLAKDPAYLQLTQKHKP
AESQQQAAETEGSCNKKDQNECKSPCKWHNDAENKKCTLDKEEAKKVADETAKD
GKTGNTNTTGSSNSFVISKTPLWLAVLLF 
 
ATGACTAGTAGCGTATTAGCTGCATTATTGTCAGTATCCATCATGCTAGTTCAGCT
TCGCGCTGAAGCCAACATAGGAACTGGCGACAACGTGCTCCACAGAGCGGCGCTC
TGCGGAATAATCGAACTAGCAGGCAAAAGAGCCAAGCTGGAAACGGCATTACCAA
ACTTTCAAAACGAGCTAAACTCCATCCTAGAACTTAACATGACAGCCGCGGAGCCA
ACGTGGCTAGATCAATTCAGAGACAAGGATGACCGATCGAAACCAAGGGACTTAA
CGAAGCAGCCACTGCCAAAAGACACCAATTGGGCTGACCACTGGACAGCATGGGC
CAAAGCAGCGCTGCCTTTACTAAACGACGAAACGCACCAAGCGAAGCTAAAAGAA
TACAAGCTCGCGGGCCTGCAGCCAGAAAAATTAGAAAGAGCACGAAACACAATTC
GGCGGCTCACAGCGGAAGCTGTGGCAAAGGCACAAGACCCAACTGTTGCAGAGA
GCACCGCCGACCTCACAACGGAGGAGGACCTGCAAAAACAGATCAATCAAGCGGT
TTACAGTAAGGACACCGAACCAGACGACGATTTCAACGGATACACCGCGTTCGAA
GGCAAAGCAAGCACGAACCGACAAACAATCTGCGGGTCGGCGGTAGCAGGCAGC
AAAGCAACAAACGCAATGGACGCGCTGTTCTGCGTTTGCGCCGATGACAGAACGA
ACGGGGCAGATGCCGGTAAAGCATGCGTTGCAGGGACAGCGCCAGGAACCGGCT
GGAACCCTGGAGTAACGGCTACACCAACCGGCACCATGCTTCAAAAAGTTCGCAA
ACTATGCAATACACACGGAAAAACAACACTCTCAGCAGCGGCGATTGAAGGCAGA
TTAACAGCGGTAGGAAACCTGTTAACAAGAGGTTCAGCGACGTCCATACTAGGCA
GTTTCTTAGCAACTGACTGCAGCGGTGACCAAGGATCAGGCATGTGCGTGGCCTA
TACAGAGGTAACAGATGCAAAGGGCACCCCCACAAAAGACATACCGTGGATGCAA
AAGCTCGACAGTGTTCGGATAAAACTACAAAAACACGAACGGGCAGTAGAGAAGT
TGGGGAAGCCTCAACACGACTTAAAGACGATATTGACACTCGCAAAAGACCCAGC
ATACCTCCAGCTGACCCAGAAGCACAAGCCCGCTGAAAGCCAACAACAAGCAGCA
GAAACAGAAGGCAGCTGCAACAAGAAGGACCAAAATGAGTGCAAATCCCCATGCA
AATGGCATAACGATGCGGAAAACAAAAAGTGCACATTGGATAAGGAGGAGGCAA
AAAAGGTAGCAGATGAGACTGCAAAAGATGGGAAAACTGGAAACACAAACACCAC
AGGAAGCAGCAATTCTTTTGTCATTAGCAAGACCCCTCTTTGGCTTGCAGTTTTGC
TTTTTTAA 
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 Appendix C – Crystal screens 
  

SFig. 11.1. Wizard Classic Screen 1 and 2 (Rigaku). 
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   SFig. 11.2. Wizard Classic Screen 3 and 4 (Rigaku). 
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SFig. 11.3. The protein Complex Suite (Qiagen). 

 

SFig. 11.4. J. P. Zeelen “Homemade” Screen 
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 Appendix D – Crystallographic statistics 
 

Highest-resolution shell statistics are in parentheses.  
STable 12.1. VSG3WT and sugar-mutants crystallographic statistics. 

 
 
 
  

 VSG3WT VSG3S317A VSG3S319A VSG3SSAA 
Data Collection     
Beamline SLS X06DA (PXIII) SLS X06DA (PXIII) Diamond i03 SLS X06DA (PXIII) 
Processing software go.pi go.pi Xia2 Dials go.pi 
Wavelength (Å) 1.0  1.0 0.9763 1.0 
Resolution range (Å) 40.84-1.273 (1.318-1.273) 45.75  - 1.95 (2.02  - 1.95) 40.8  - 1.13 (1.17  - 1.13) 40.85  - 1.423 (1.474  - 1.423) 
Space group I 21 3 I 21 3 I 21 3 I 21 3 
Unit cell a, b, c (Å) 129.155 129.155 129.155 129.396 129.396 129.396  129.007 129.007 129.007  129.183 129.183 129.183  
Unit cell α, β, γ (°) 90 90 90 90 90 90 90 90 90 90 90 90 
Total reflections 1858461 (178155) 812357 (13521) 5167710 (373961) 1340137 (127475) 
Unique reflections 93285 (9281) 26348 (2584) 132433 (8709) 66947 (6654) 
Multiplicity 19.9 (19.1) 30.8 (5.2) 39.0 (28.4) 20.0 (19.1) 
Completeness (%) 99.94 (99.66) 99.89 (99.12) 96.60 (66.13) 99.95 (99.64) 
Mean I/sigma(I) 21.27 (1.28) 32.36 (1.67) 23.97 (0.42) 20.08 (1.19) 
Wilson B-factor 17.02 24.43 17.40 20.10 
R-merge 0.08937 (2.497) 0.1179 (0.8387) 0.07786 (6.968) 0.1164 (2.767) 
R-meas 0.0917 (2.565) 0.1198 (0.9312) 0.07886 (7.094) 0.1195 (2.843) 
R-pim 0.02045 (0.5849) 0.0209 (0.3875) 0.0125 (1.324) 0.02664 (0.6492) 
CC1/2 1 (0.513) 0.999 (0.614) 1 (0.169) 1 (0.455) 
CC* 1 (0.823) 1 (0.872) 1 (0.538) 1 (0.791) 
Refinement     
Refinement reflections 93232 (9276) 26341 (2581) 127939 (8709) 66920 (6653) 
R-free reflections  4662 (464) 1318 (129) 6420 (411) 3346 (333) 
R-work 0.1775 (0.3804) 0.1816 (0.2947) 0.1755 (0.3403) 0.1742 (0.2958) 
R-free 0.1983 (0.3865) 0.2190 (0.3349) 0.1981 (0.3482) 0.1928 (0.3273) 
CC(work) 0.479 (0.036) 0.955 (0.785) 0.966 (0.512) 0.961 (0.727) 
CC(free) 0.482 (-0.004) 0.927 (0.666) 0.963 (0.480) 0.953 (0.693) 
Number of non-hydrogen atoms 3013 2838 3177 2942 
  macromolecules 2622 2529 2597 2624 
  ligands 94 72 83 72 
  solvent 297 237 497 246 
Protein residues 361 361 363 366 
RMS(bonds) 0.017 0.010 0.018 0.006 
RMS(angles) 1.51 0.94 1.44 0.97 
Ramachandran favored (%) 98.03 97.16 97.73 97.46 
Ramachandran allowed (%) 1.97 2.84 2.27 2.26 
Ramachandran outliers (%) 0.00 0.00 0.00 0.28 
Rotamer outliers (%) 0.00 0.00 0.00 0.00 
Clashscore 0.19 0.00 0.57 0.57 
Average B-factor 22.25 24.60 24.11 24.97 
  macromolecules 21.45 23.97 22.30 24.28 
  ligands 24.21 34.39 29.19 28.91 
  solvent 28.76 28.39 32.75 31.18 
Number of TLS groups 6 4 6 6 
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Highest-resolution shell statistics are in parentheses.  

STable 12.2. VSG3-congo and VSG3N-2C crystallographic statistics. 
  

 VSG3-congo VSG3N-2C 
Data Collection   
Beamline SLS X06DA (PXIII) BESSY 14.1/14.2 
Processing software go.pi XDSAPP 
Wavelength (Å) 1.0  0.8-2-25 
Resolution range (Å) 46.16 -1.901(1.969 -1.901) 40.88-1.44(1.491-1.44) 
Space group I 21 3 I 21 3 
Unit cell a, b, c (Å) 130.548 130.548 130.548  129.265 129.265 129.265  
Unit cell α, β, γ (°) 90 90 90  90 90 90 
Total reflections 296011 (29868) 653264 (65720) 
Unique reflections 29241 (2349) 64738 (6440) 
Multiplicity 10.1 (10.3) 10.1 (10.2) 
Completeness (%) 98.00 (80.77) 99.96 (99.89) 
Mean I/sigma(I) 24.03 (6.08) 11.94 (0.75) 
Wilson B-factor 24.98 18.84 
R-merge 0.07646 (0.388) 0.1426 (2.794) 
R-meas 0.08056 (0.4085) 0.1502 (2.943) 
R-pim 0.02516 (0.1267) 0.04703 (0.9176) 
CC1/2 0.999 (0.956) 0.999 (0.341) 
CC* 1 (0.989) 1 (0.713) 
Refinement   
Refinement reflections 28667 (2343) 64727 (6439) 
R-free reflections  1434 (117) 2100 (209) 
R-work 0.1718 (0.2587) 0.1803 (0.3189) 
R-free 0.2044 (0.3067) 0.1997 (0.3279) 
CC(work) 0.370 (0.048) 0.961 (0.638) 
CC(free) 0.349 (-0.039) 0.955 (0.608) 
Number of non-hydrogen atoms 3053 3061 
  macromolecules 2619 2616 
  ligands 83 94 
  solvent 351 351 
Protein residues 365 364 
RMS(bonds) 0.009 0.007 
RMS(angles) 0.89 0.99 
Ramachandran favored (%) 97.19 97.75 
Ramachandran allowed (%) 2.81 1.97 
Ramachandran outliers (%) 0.00 0.28 
Rotamer outliers (%) 0.39 0.00 
Clashscore 1.51 2.82 
Average B-factor 30.42 23.99 
  macromolecules 29.57 22.69 
  ligands 49.33 27.44 
  solvent 32.30 32.71 
Number of TLS groups 7 7 
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Highest-resolution shell statistics are in parentheses.  
STable 12.3. VSG11WT and VSG11N-2C crystallographic statistics. 

 

 

 

 

 

 

 

 

 

 

 

  

 VSG11WT-oil VSG11WT-iodine VSG11N-2C 
Data Collection    
Beamline SLS X06DA (PXIII) SLS X06DA (PXIII) SLS X06DA (PXIII) 
Processing software go.pi go.pi go.pi 
Wavelength (Å) 1.0  1.0  1.0  
Resolution range (Å) 35.28-1.23(1.274-1.23) 41.26-1.27(1.315-1.27) 42.7-2.39(2.476-2.39) 
Space group P 3 2 1 P 3 2 1 I 21 3 
Unit cell a, b, c (Å) 74.862 74.862 105.611  75.426 75.426 106.441 135.043 135.043 135.043 
Unit cell α, β, γ (°) 90 90 120 90 90 120 90 90 90 
Total reflections 938886 (70182) 901512 (86366) 639376 (63996) 
Unique reflections 99721 (9827) 92763 (9185) 16359 (1610) 
Multiplicity 9.4 (7.1) 9.7 (9.4) 39.1 (39.7) 
Completeness (%) 99.91 (99.75) 99.96 (100.00) 96.12 (99.69) 
Mean I/sigma(I) 15.79 (0.98) 14.54 (1.27) 30.58 (1.57) 
Wilson B-factor 13.37 14.58 65.47 
R-merge 0.07538 (1.777) 0.09026 (1.683) 0.1172 (2.46) 
R-meas 0.07975 (1.918) 0.09536 (1.781) 0.1187 (2.491) 
R-pim 0.02575 (0.7099) 0.03044 (0.5777) 0.01905 (0.3941) 
CC1/2 0.999 (0.388) 0.999 (0.471) 1 (0.729) 
CC* 1 (0.748) 1 (0.8) 1 (0.918) 
Refinement    
Refinement reflections 99651 (9807) 92761 (9185) 15744 (1609) 
R-free reflections  4979 (489) 4639 (460) 787 (80) 
R-work 0.1599 (0.2827) 0.1814 (0.2681) 0.2381 (0.3436) 
R-free 0.1873 (0.3208) 0.2148 (0.3017) 0.2697 (0.4056) 
CC(work) 0.965 (0.664) 0.954 (0.743) 0.930 (0.624) 
CC(free) 0.959 (0.503) 0.942 (0.692) 0.946 (0.564) 
Number of non-hydrogen atoms 3305 3266 2676 
  macromolecules 2808 2717 2596 
  ligands 94 138 72 
  solvent 403 411 8 
Protein residues 374 367 367 
RMS(bonds) 0.017 0.013 0.013 
RMS(angles) 1.64 1.42 1.44 
Ramachandran favored (%) 97.81 96.70 95.05 
Ramachandran allowed (%) 2.19 3.02 3.85 
Ramachandran outliers (%) 0.00 0.27 1.10 
Rotamer outliers (%) 0.69 0.00 1.23 
Clashscore 2.08 4.30 5.11 
Average B-factor 20.47 22.43 93.97 
  macromolecules 18.73 21.18 93.50 
  ligands 29.82 31.54 113.86 
  solvent 30.43 27.66 68.52 
Number of TLS groups 7 7 7 
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 Appendix E – Antibody repertoires 
 

Nomenclature Heavy Chain Light Chain   
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TryM1VSG3PC004 004 VSG3WT 36-60.6.70 DSP2.2 JH2 ASIYYDYGYYFDY 0 IgM cr1 JK1 FQGSHVPPT 0 kappa   

TryM1VSG3PC006 006 VSG3WT J558.2.88 DFL16.1 JH3 ARSYYYGSSLAWFAY 0 IgM 19-23 JK5 QQYSSYPLT 0 kappa   

TryM1VSG3PC007 007 VSG3WT S107.1.42 DSP2.2 JH3 ARDAGDYAWFAY 0 IgM 23-43 JK4 QQSNSWPLT 0 kappa +  

TryM1VSG3PC009 009 VSG3WT J558.54.148 DFL16.1 JH2 ARNYGSSHYFDY 0 IgG2a 4-57 JK4 QQYSGYPLT 0 kappa   

TryM1VSG3PC011 011 VSG3WT VH10.3.91 DFL16.1 JH2 VRASEDYYGSTPDY 0 IgG2a if11 JK1 LQHSYLPWT 0 kappa   

TryM1VSG3PC012 012 VSG3WT J558.67.166 DFL16.1 JH3 ARDYYGTSFAY 0 IgG2a 21-5 JK4 QQSNEDPFT 0 kappa +  

TryM1VSG3PC013 013 VSG3WT Q52.3.8 DQ52-
BALB/c 

JH3 AKHELGRFAY 0 IgM 23-43 JK5 QQSNSWPLT 0 kappa +  

TryM1VSG3PC015 015 VSG3WT J558.16.106 DSP2.9 JH4 ARRYYLYYAMDY 0 IgM 12-46 JK1 QHFWGTPWT 0 kappa +  

TryM1VSG3PC019 019 VSG3WT J558.16.106 DSP2.x JH4 ARRSNYYAMDY 0 IgG2b 19-15 JK2 QQYNSYPLVY
T 

0 kappa +  

TryM1VSG3PC026 026 VSG3WT J558.26.116 DFL16.1 JH3 ARDYYGSSCAY 0 IgG2a ap4 JK5 QQRSSYPLT 0 kappa + + 

TryM1VSG3PC027 027 VSG3WT 36-60.8.74 DFL16.1 JH2 ARRGIYYYGSSYIFDY 0 IgG2a 21-4 JK2 QQSNEDPPT 0 kappa +  

TryM1VSG3PC028 028 VSG3WT J558.85.191 DST4-
C57BL/6 

JH3 ANLDSSGYGFAY 0 IgM 12-44 JK2 QHHYGTPYT 0 kappa   

TryM1VSG3PC029 029 VSG3WT J558.75.177 DSP2.5 JH1 AKSYGNYPYWYFDV 0 IgM RF JK5 QQHNEYPLT 0 kappa   

TryM1VSG3PC031 031 VSG3WT J558.4.93 DQ52-
C57BL/6 

JH4 ARLRLTGRAMDY 0 IgG2a bd2 JK2 WQGTHFPYT 0 kappa   

TryM1VSG3PC032 032 VSG3WT 36-60.8.74 DFL16.1 JH1 ARAASYYYGSSYWYFDV 0 IgG2b 21-4 JK1 QQSNEDPPT 0 kappa +  

TryM1VSG3PC039 039 VSG3WT Q52.7.18 DSP2.x JH3 ATHSNYGGFAY 0 IgM 23-43 JK2 QQSNSWPYT 0 kappa +  

TryM1VSG3PC042 042 VSG3WT J606.1.79 DFL16.1 JH3 TGYYGSPLFAY 0 IgG2a VL1 JL1 ALWYSNHWV 0 lambd
a 

  

TryM1VSG3PC044 044 VSG3WT J558.55.149 DFL16.3 JH4 ARKWDNYYAMDY 0 IgM kk4 JK1 QQWSSNPPT 0 kappa   

TryM1VSG3PC046 046 VSG3WT J558.12.102 DFL16.1 JH2 TRFYYGSSSDY 0 IgM ap4 JK2 QQRSSYLYT 0 kappa   

TryM1VSG3PC047 047 VSG3WT 3609.7.153 DFL16.1 JH2 ARIDITTVVFDY 0 IgG2a cw9 JK1 LQYASYPWT 0 kappa +  

TryM1VSG3PC048 048 VSG3WT Q52.2.4 DFL16.1 JH3 AGGAAWFAY 1 igM bv9 JK2 LQYASSPYT 0 kappa   

TryM1VSG3PC049 049 VSG3WT J558.54.148 DSP2.9 JH3 ARRGWLAWFAY 0 IgG2a bv9 JK5 LQYASSPPT 1 kappa   

TryM1VSG3PC053 053 VSG3WT SM7.1.44 DSP2.10 JH4 TNYNAMDY 0 IgG2a he24 JK2 AQNLELPYT 0 kappa   

TryM1VSG3PC056 056 VSG3WT J558.22.112 DFL16.1 JH2 ARDYYGSRFDY 2 IgG3 23-43 JK5 QQSNSWPLT 0 kappa +  

TryM1VSG3PC058 058 VSG3WT J558.50.143 DFL16.1 JH2 ARSYGSDLHFDY 0 IgG3 8-30 JK1 QQYYSYPRT 0 kappa   

TryM1VSG3PC059 059 VSG3WT 36-60.6.70 DSP2.2 JH3 AREGNDYDGGWFAY 0 IgG3 21-10 JK1 QQNNEDPPT 0 kappa +  

TryM1VSG3PC060 060 VSG3WT J558.4.93 DQ52-
C57BL/6 

JH4 ARLRLTGRAMDY 0 IgG3 bd2 JK2 WQGTHFPYT 0 kappa   

TryM1VSG3PC063 063 VSG3WT S107.3.62 DFL16.1 JH3 ARYGSSYQAWFAY 0 IgM 23-43 JK5 QQSNSWPLT 0 kappa +  

TryM1VSG3PC065 065 VSG3WT VH10.3.91 DFL16.1 JH1 VRDHYYGSRYFDV 0 IgM 23-48 JK5 QQSNSWPLT 0 kappa +  

TryM2VSG3PC196 196 VSG3WT J558.84.190 DSP2.9 JH3 ARGIYDGYYAWFAY 0 IgM 8-27 JK5 HQYLSSLT 0 kappa   

TryM2VSG3PC199 199 VSG3WT J558.52.145 DSP2.5 JH4 YGNPFYYAMDY 0 ND ce9 JK2 QQGNTLPPT 0 kappa +  

TryM2VSG3PC201 201 VSG3WT J558.18.108 DSP2.2 JH2 ARKFYDYDYFDY 0 IgG2a 8-30 JK2 QQYYSYYT 0 kappa   

TryM2VSG3PC203 203 VSG3WT Q52.3.8 DSP2.2 JH3 AGDWFAY 0 IgG2a bb1 JK1 SQSTHVPPT 0 kappa   

TryM2VSG3PC206 206 VSG3WT J558.16.106 DFL16.1 JH4 ARAYYGSSWGY 0 IgG2a ap4 JK4 QQRSSYPFT 0 kappa + + 

TryM2VSG3PC211 211 VSG3WT J558.26.116 DST4-
BALB/c 

JH4 ARRAGHYAMDY 0 IgG2a cw9 JK4 LQYASYPFT 0 kappa   

TryM2VSG3PC212 212 VSG3WT J558.52.145 DSP2.5 JH4 ATYGNPFYYAMDY 0 IgG2b ce9 JK2 QQGNTLPPT 0 kappa +  

TryM2VSG3PC214 214 VSG3WT 3609.7.153 DSP2.2 JH3 ARIDYYDYGPWFAY 0 IgG2b kf4 JK5 QQGSSIPLT 0 kappa +  

TryM2VSG3PC219 219 VSG3WT J558.55.149 DSP2.9 JH4 ARWLLRAMDY 0 IgG2a bt20 JK2 LQSDNLPYT 0 kappa +  

TryM2VSG3PC220 220 VSG3WT J558.22.112 DFL16.1 JH3 ARGGYYGSSLWFAY 0 IgM am4 JK1 QQWSSNPPMT 0 kappa   

TryM2VSG3PC221 221 VSG3WT Q52.2.4 DFL16.1 JH4 ARDATVVAFTMLWTT 0 IgG3 ce9 JK5 QQGNTLPPLT 0 kappa +  
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TryM2VSG3PC223 223 VSG3WT Q52.2.4 DSP2.5 JH2 NPRDYGNYGDY 1 IgG2a kf4 JK4 QQGSSIPFT 0 kappa   

TryM2VSG3PC224 224 VSG3WT 3609.7.153 DSP2.9 JH3 ARIVWDGYYVTY 0 IgG3 kk4 JK5 QQWSSNPPT 0 kappa +  

TryM2VSG3PC227 227 VSG3WT J558.26.116 DSP2.5 JH4 ARPPVGAMDY 3 IgG2a bt20 JK4 LQSDNLPFT 0 kappa +  

TryM2VSG3PC233 233 VSG3WT J558.12.102 DSP2.13 JH3 TRSGLWGPMGFAY 0 IgG2a 8-28 JK5 QNDHSYPPT 0 kappa   

TryM2VSG3PC236 236 VSG3WT 36-60.8.74 DFL16.1 JH1 ARNSPYYYGSSRVFDV 0 IgG2a 21-10 JK5 QQNNEDPLT 0 kappa +  

TryM2VSG3PC239 239 VSG3WT J558.52.145 DSP2.5 JH4 ATYGNPFYYAMDY 0 IgG2a ce9 JK2 QQGNTLPPT 0 kappa + + 

TryM2VSG3PC246 246 VSG3WT VH10.3.91 DSP2.9 JH1 VNGYDGYYEYFDV 0 IgG2a cf9 JK1 VQYAQFPWT 0 kappa +  

TryM2VSG3PC247 247 VSG3WT 36-60.8.74 DFL16.1 JH1 ARDYGSSDWYFDV 0 IgG2b am4 JK2 QQWSSNPPT 0 kappa +  

TryM2VSG3PC248 248 VSG3WT VH11.2.53 DSP2.5 JH1 YGNYWYFDV 0 IgM IgK9-
128 

JK4 LQHGESPFT 0 kappa   

TryM2VSG3PC250 250 VSG3WT J558.67.166 DST4-
BALB/c 

JH4 ARSGWAMDY 0 IgG3 gm33 JK1 QQYWSTPWT 0 kappa + + 

TryM2VSG3PC253 253 VSG3WT 7183.4.6 DQ52-
C57BL/6 

JH2 ARDLTGTYYFDY 0 IgM 8-27 JK5 HQYLSSLT 0 kappa   

TryM2VSG3PC257 257 VSG3WT J558.75.177 DQ52-
C57BL/6 

JH2 ARRGLTGPFDY 0 IgG2a bt20 JK4 LQSDNLPLT 0 kappa +  

TryM2VSG3PC258 258 VSG3WT J558.88.194 DSP2.2 JH4 ARGDYGLYAMDY 0 IgG2a gj38c JK1 LQYDNLWT 0 kappa   

TryM2VSG3PC259 259 VSG3WT 3609.7.153 DSP2.9 JH3 IAFYDGYGAY 0 IgG2a ac4 JK4 FQGSGYPFT 1 kappa +  

TryM2VSG3PC262 262 VSG3WT 3609.7.153 DSP2.x JH4 ARIENYSNYALYAMDY 0 IgG2a ce9 JK5 QQGNTLPLT 0 kappa +  

TryM2VSG3PC266 266 VSG3WT J558.9.99 DFL16.1 JH3 ARSYYGSSYGFAY 0 IgG2a 19-32 JK2 QQDYSSPYT 1 kappa   

TryM2VSG3PC267 267 VSG3WT J558.37.127 DSP2.5 JH4 ARDGNNPMDY 0 IgG3 am4 JK1 QQWSSNPRT 0 kappa   

TryM2VSG3PC268 268 VSG3WT 36-60.8.74 DFL16.1 JH1 ARRYGSSWYFDV 0 IgG2a bw20 JK5 LQSDNMPLT 0 kappa +  

TryM2VSG3PC273 273 VSG3WT J558.67.166 DST4-
BALB/c 

JH4 ARSGWAMDY 0 IgG3 gm33 JK1 QQYWSTPWT 0 kappa   

STable 13.1. VSG3WT plasma cell repertoire. 
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TryM1VSG3d21PC001 001 VSG3WTd21 J558.55.149 DSP2.2 JH3 ARSYYDFRFAY 1 IgG1 bd2 JK5 WQGTHFPLT 0 kappa 

TryM1VSG3d21PC003 003 VSG3wt-d21 J558.84.190 DSP2.3 JH4 AMVTTGIYYAMDY 0 IgM ce9 JK5 QQGNTLPT 0 kappa 

TryM1VSG3d21PC005 005 VSG3wt-d21 J558.88.194 DSP2.5 JH4 ARRGGNYGAMDY 4 IgA kb4 JK2 QQWNYPYT 5 kappa 

TryM1VSG3d21PC010 010 VSG3wt-d21 J558.55.149 DSP2.2 JH2 ARRESRMIPTLTT 0 IgG2a kh4 JK2 QQWSSYPLT 0 kappa 

TryM1VSG3d21PC011 011 VSG3wt-d21 J558.36.126 DSP2.2 JH3 AREGGLRRVWFAY 0 IgM 23-39 JK2 QNGHSFPRTR 0 kappa 

TryM1VSG3d21PC012 012 VSG3wt-d21 J558.53.146 DSP2.9 JH4 AREGFDGYQYYALDC 4 IgG2a 8-30 JK1 QQYYSYWT 3 kappa 

TryM1VSG3d21PC013 013 VSG3wt-d21 J606.4.82 DSP2.5 JH3 TGGNYVRFAY 0 IgM 19-25 JK2 QQHYSTPYT 0 kappa 

TryM1VSG3d21PC016 016 VSG3wt-d21 J558.85.191 DST4-
C57BL/6 JH4 ARSLQLRLHYYAMDY 0 IgM 23-48 JK5 QQSNSWPLT 0 kappa 

TryM1VSG3d21PC018 018 VSG3wt-d21 36-60.6.70 DFL16.1 JH2 GKYYYGSSYFDY 3 IgG1 gm33 JK1 QQYWSTPWT 0 kappa 

TryM1VSG3d21PC019 019 VSG3wt-d21 J558.26.116 DFL16.1j JH3 ARPADGIPFAY 6 IgA 23-43 JK4 QQSNSWPFT 2 kappa 

TryM1VSG3d21PC020 020 VSG3wt-d21 VH10.1.86 DFL16.1 JH2 VSEVYGGFDY 0 IgM 4-50 JK1 QQFTSSPSWT 0 kappa 

TryM1VSG3d21PC021 021 VSG3wt-d21 J558.61.157 DFL16.1 JH2 ARDYGSTLYYFDY 0 IgM cr1 JK5 FQGSHVPPT 0 kappa 

TryM1VSG3d21PC022 022 VSG3wt-d21 J558.84.190 DST4-
C57BL/6 JH2 ARVHSSGYEDYFDY 2 IgG2a gj38c JK5 LQYDNLLT 1 kappa 

TryM1VSG3d21PC024 024 VSG3wt-d21 36-60.6.70 DFL16.1 JH1 ARNYGISYYYYFDV 3 IgG2a 8-30 JK5 QQYYSYPLT 0 kappa 

TryM1VSG3d21PC025 025 VSG3wt-d21 36-60.6.70 DQ52-
BALB/c JH1 ARVILGGWYFDV 0 IgG1 ce9 JK1 QQGNTLPRT 0 kappa 

TryM1VSG3d21PC026 026 VSG3wt-d21 J558.50.143 DFL16.1 JH2 AGRDFDY 0 IgM kn4 JK1 HQRSSWT 2 kappa 

TryM1VSG3d21PC027 027 VSG3wt-d21 J558.26.116 DQ52-
C57BL/6 JH3 ALNWDRFAY 0 IgM bt20 JK2 LQSDNLPYT 0 kappa 

TryM1VSG3d21PC028 028 VSG3wt-d21 SM7.2.49 DSP2.9 JH3 ARGIYDGYSTFAY 0 ND bd2 JK1 WQGTHFPWT 0 kappa 

TryM1VSG3d21PC030 030 VSG3wt-d21 36-60.6.70 DSP2.2 JH4 ATNPYDYDGYYYAM
DY 1 IgM bw20 JK1 LQTNNMPLT 7 kappa 

TryM1VSG3d21PC031 031 VSG3wt-d21 J558.22.112 DFL16.1 JH1 ARNYYYGSSLSYWYF
DV 0 IgM 12-46 JK2 QHFWGTPYT 0 kappa 

TryM1VSG3d21PC032 032 VSG3wt-d21 J558.80.186 DQ52-
C57BL/6 JH3 ARTILTGTWFAY 0 IgM 23-43 JK5 QQSNSWPLT 0 kappa 

TryM1VSG3d21PC036 036 VSG3wt-d21 VH10.3.91 DST4-
C57BL/6 JH3 VLDTSGPFAY 4 IgG2a bb1 JK1 SQSTYVPWT 1 kappa 



 145 

TryM1VSG3d21PC038 038 VSG3wt-d21 VH11.2.53 DST4-
BALB/c JH2 MRYRGGY 3 IgG2a bd2 JK2 WQGTHFPHT 5 kappa 

TryM1VSG3d21PC039 039 VSG3wt-d21 Q52.8.22 DQ52-
C57BL/6 JH4 ARHRNWDVYYALDY 9 IgA ce9 JK5 HQGNKLPLT 5 kappa 

TryM1VSG3d21PC040 040 VSG3wt-d21 J558.67.166 DFL16.1 JH1 ARFYYYGSSYGGYFD
V 0 IgM 23-39 JK2 QNGHSFPYT 0 kappa 

TryM1VSG3d21PC043 043 VSG3wt-d21 J558.22.112 DFL16.1 JH4 ARSGYYGSSIMDY 0 IgG2a ce9 JK2 QQGNTYT 0 kappa 

TryM1VSG3d21PC044 044 VSG3wt-d21 J558.39.129 DSP2.9 JH4 AFGYYPSYAMDY 7 IgM RF JK5 QQHNEFPLT 2 kappa 

TryM1VSG3d21PC046 046 VSG3wt-d21 J558.54.148 DQ52-
BALB/c JH1 AREGDWDGYFDV 0 ND aq4 JK4 QQWSSNPFT 0 kappa 

TryM1VSG3d21PC048 048 VSG3wt-d21 J558.78.182 DFL16.3 JH4 AREAVVVTPYYAMDY 3 IgG2a ap4 JK2 QQRSSYPHT 2 kappa 

TryM1VSG3d21PC050 050 VSG3wt-d21 J558.84.190 DFL16.1 JH2 ATYYGSTYYFDY 3 IgG2b 19-23 JK5 QQYRSYPLT 4 kappa 

TryM1VSG3d21PC052 052 VSG3wt-d21 J558.54.148 DSP2.2 JH4 ARGGDYDTMDY 1 IgG2a ba9 JK1 LQYDEFPWT 1
0 kappa 

TryM1VSG3d21PC053 053 VSG3wt-d21 J558.42.132 DFL16.1 JH2 ARFGYYGSSYVGYFD
Y 1 IgM 21-10 JK1 QQNNEDPPT

WT 2 kappa 

TryM2VSG3d21PC195 195 VSG3wt-d21 36-60.6.70 DFL16.1 JH4 ARGTTVGAMDY 0 IgM cv1 JK2 FQSNYLYT 0 kappa 

TryM2VSG3d21PC197 197 VSG3wt-d21 VH11.2.53 DSP2.x JH1 MRYSNYWYFDV 0 IgM IgK9-
128 JK2 LQHGESPYT 0 kappa 

TryM2VSG3d21PC198 198 VSG3wt-d21 3609.7.153 DSP2.5 JH3 AHYGKYGFAY 5 IgG2a cr1 JK1 FQGSHVPWT 2 kappa 

TryM2VSG3d21PC199 199 VSG3wt-d21 36-60.6.70 DFL16.1 JH1 ASITTVVPCYFDV 4 IgG2a 8-30 JK5 QQYYNYPLT 2 kappa 

TryM2VSG3d21PC201 201 VSG3wt-d21 3609.12.174 DSP2.2 JH1 ARSVYYDYDYWYFDV 0 IgG2b ce9 JK5 QQGNTLPLT 0 kappa 

TryM2VSG3d21PC206 206 VSG3wt-d21 SM7.2.49 DSP2.2 JH3 AYDSPFAY 1 IgM gj38c JK1 LQYDNLWT 0 kappa 

TryM2VSG3d21PC208 208 VSG3wt-d21 Q52.13.40 DFL16.1 JH4 AKRGSSYAMDY 0 IgM kh4 JK4 QQWSSYPLT 0 kappa 

TryM2VSG3d21PC212 212 VSG3wt-d21 J558.69.170 DSP2.x JH2 AKYSNYFDY 0 IgM cw9 JK2 LQYASYPYT 0 kappa 

TryM2VSG3d21PC214 214 VSG3wt-d21 SM7.3.54 DSP2.5 JH4 ARYGNYAMDY 0 IgM bt20 JK2 LQSDNLPYT 0 kappa 

TryM2VSG3d21PC215 215 VSG3wt-d21 VH10.3.91 DFL16.1 JH2 VRGGGDTYVDFDY 3 IgG2b bd2 JK2 WQGKHFH 4 kappa 

TryM2VSG3d21PC216 216 VSG3wt-d21 J558.59.155 DFL16.1 JH3 ARVGHYYGSSPFAY 1 IgG2a bd2 JK5 WQGTHFPLT 2 kappa 

TryM2VSG3d21PC217 217 VSG3wt-d21 J558.83.189 DQ52-
BALB/c JH2 ARDWVYFDY 0 IgM bd2 JK1 WQGTHFPWT 0 kappa 

TryM2VSG3d21PC219 219 VSG3wt-d21 SM7.2.49 DFL16.1 JH2 AMGYYLKY 1 IgM 8-30 JK2 QQYYSYPYT 0 kappa 

TryM2VSG3d21PC220 220 VSG3wt-d21 J558.3.90 DFL16.1 JH3 TRTSGHYGSSYGFAY 0 IgG2a kk4 JK5 QQWSSNPPT 0 kappa 

TryM2VSG3d21PC222 222 VSG3wt-d21 J558.26.116 DFL16.1 JH1 ARDYYGSSWYFDV 0 IgM 12-46 JK1 QHFWGTPRT 2 kappa 

TryM2VSG3d21PC225 225 VSG3wt-d21 Q52.2.4 DSP2.2 JH4 STMTTRGMVCYGL 0 IgM bd2 JK5 WQGTHFPHT 0 kappa 

TryM2VSG3d21PC227 227 VSG3wt-d21 36-60.6.70 DST4.3 JH4 ARGREDIYPMDY 2 IgG2a km4 JK5 HQRSSST 1 kappa 

TryM2VSG3d21PC228 228 VSG3wt-d21 J558.16.106 DFL16.1 JH2 ARSGYYGIFDY 0 IgM 21-2 JK2 QQSKEVPYT 0 kappa 

TryM2VSG3d21PC229 229 VSG3wt-d21 J558.85.191 DSP2.9 JH1 ARFGYYGWYFDV 0 IgG2a cw9 JK2 LQYASYPYT 1 kappa 

TryM2VSG3d21PC230 230 VSG3wt-d21 SM7.4.63 DSP2.5, JH2 TTKGVSYGNFDY 0 ND 12-46 JK2 QHFWGTPYT 0 kappa 

TryM2VSG3d21PC231 231 VSG3wt-d21 J558.61.157 DQ52-
BALB/c JH1 ARHWDGGDWYFDV 4 IgM 12-41 JK4 QHFWSTPFT 2 kappa 

TryM2VSG3d21PC238 238 VSG3wt-d21 J558.55.149 DSP2.2 JH1 ALYYDYDRWYFDV 0 IgG2a 23-43 JK4 QQSNSWPFT 0 kappa 

TryM2VSG3d21PC241 241 VSG3wt-d21 J558.84.190 DQ52-
BALB/c JH2 ARSSTGTYFDY 0 IgM bv9 JK1 LQYASSPWT 1 kappa 

TryM2VSG3d21PC242 242 VSG3wt-d21 J558.6.96 DSP2.9 JH3 ARRWLLFGFTY 3 IgM 12-46 JK5 QHFWGTPLT 0 kappa 

TryM2VSG3d21PC244 244 VSG3wt-d21 VH10.1.86 DSP2.x JH1 VRHDSNYFYWYFDV 0 IgM cp9 JK1 QQYSKLPWT 0 kappa 

TryM2VSG3d21PC247 247 VSG3wt-d21 J558.42.132 DST4-
C57BL/6 JH3 AIGYWFAY 0 ND cr1 JK1 FQGSHVPWT 1 kappa 

TryM2VSG3d21PC249 249 VSG3wt-d21 36-60.6.70 DQ52-
BALB/c JH1 ARNWDEDWYFDV 2 IgM 12-46 JK1 QHFWGTPWT 3 kappa 

TryM2VSG3d21PC252 252 VSG3wt-d21 J558.50.143 DST4-
C57BL/6 JH3 AETGQATWFAY 1 IgM cp9 JK1 QQYSKLPWT 0 kappa 

STable 13.2. VSG3WT day 21 plasma cell repertoire. 
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TryM1S317AnbPC003 003 VSG3S317A J558.85.191 DFL16.1 JH3 ASRYGSSPDFAY 0 IgG2a bt20 JK2 LQSDNLPYT 0 kappa +  

TryM1S317AnbPC006 006 VSG3S317A 45.21.2 DFL16.1 JH2 ARGELRFRYYFDY 1 IgG2a gn33 JK2 QQYWSTPYT 1 kappa +  

TryM1S317AnbPC008 008 VSG3S317A J558.66.165 DSP2.10 JH3 AREGYTTRFAY 0 IgG2b bv9 JK1 LQYASSPWT 1 kappa +  

TryM1S317AnbPC015 015 VSG3S317A J558.72.173 DFL16.1 JH2 ARWNFDY 0 IgG2a 8-24 JK5 QQHYSTPLT 0 kappa +  

TryM1S317AnbPC020 020 VSG3S317A J558.55.149 DSP2.9 JH4 ARWLLRAMDY 0 IgG2a bt20 JK2 LQSDNLPYT 0 kappa   

TryM1S317AnbPC031 031 VSG3S317A J558.50.143 DFL16.1 JH3 ARGDYYGSSYPWFAY 0 IgG2a gr32 JK2 QQGQSYPYT 0 kappa   

TryM1S317AnbPC034 034 VSG3S317A J558.69.170 DSP2.2 JH4 ARDDYGYAMDY 0 IgG2b ap4 JK4 QQRSSYPPT 0 kappa   

TryM1S317AnbPC038 038 VSG3S317A J558.52.145 DSP2.9 JH1 AREGYYVGWYFDV 0 IgG2a hf24 JK2 MQHLEYPYT 0 kappa   

TryM2S317AnbPC199 199 VSG3S317A 36-60.6.70 DST4-
C57BL/6 JH3 ARDSSGYGGAY 1 IgG3 gn33 JK4 QQYWSTPFT 0 kappa +  

TryM2S317AnbPC201 201 VSG3S317A J558.6.96 DSP2.9 JH3 ARNFAY 0 IgG3 bd2 JK4 WQGTHFPFT 0 kappa +  

TryM2S317AnbPC206 206 VSG3S317A J558.61.157 DSP2.9 JH2 ARNYDGYDY 0 IgG2a 19-25 JK1 QQHYSTPWT 0 kappa +  

TryM2S317AnbPC207 207 VSG3S317A J558.26.116 DSP2.2 JH4 ARGDYDYGYAMDY 0 IgG2a gn33 JK5 QQYWSTPLT 0 kappa +  

TryM2S317AnbPC209 209 VSG3S317A J558.55.149 DSP2.9 JH3 ARNGYYEGMFAY 0 IgG2a gn33 JK4 QQYWSTPFT 0 kappa +  

TryM2S317AnbPC210 210 VSG3S317A J558.52.145 DSP2.11 JH3 ATYFAWFAY 0 IgG2b ae4 JK2 HQWSSYPYT 0 kappa   

TryM2S317AnbPC213 213 VSG3S317A J558.52.145 DSP2.9 JH3 RFAYAT 0 IgG2a VL1 JL1 ALWYSNHWV 1 lambda   

TryM2S317AnbPC214 214 VSG3S317A 36-60.6.70 DST4-
C57BL/6 JH2 ARGGSSGYDY 0 IgM gn33 JK2 QQYWSTPYT 0 kappa +  

TryM2S317AnbPC215 215 VSG3S317A 7183.12.20 DSP2.9 JH3 ARPLIYDGLFAY 0 IgG2b gn33 JK2 QQYWSTPYT 0 kappa +  

TryM2S317AnbPC221 221 VSG3S317A 36-60.6.70 DSP2.10 JH2 ARGGLGSY 0 IgG2a gn33 JK2 QQYWSTPYT 0 kappa +  

TryM2S317AnbPC222 222 VSG3S317A J558.53.146 DFL16.1 JH1 ATYGSSYVGYFDV 0 IgM gn33 JK4 QQYWSTPFT 0 kappa +  

TryM2S317AnbPC230 230 VSG3S317A J558.75.177 DQ52-
BALB/c JH2 ARDGTNY 0 IgG2a ap4 JK5 QQRSSYPLT 0 kappa +  

TryM1S317AbPC002 002 VSG3S317A J558.18.108 DFL16.1 JH4 ARSYYYGSSYAMDY 0 IgG2a kk4 JK4 QQWSSNPFT 0 kappa   

TryM1S317AbPC004 004 VSG3S317A J558.26.116 DSP2.3 JH1 ARKGLHYWYFDV 0 IgM gn33 JK2 QQYWSTPYT 0 kappa + + 

TryM1S317AbPC006 006 VSG3S317A J558.72.173 DFL16.1 JH4 ARSGSSDYAMDY 0 IgG2a RF JK1 QQHNEYPWT 0 kappa   

TryM1S317AbPC007 007 VSG3S317A J558.19.109 DSP2.x JH2 ARGDSNYGYYFDY 1 IgG2a gn33 JK5 QQYWSTALT 0 kappa + + 

TryM1S317AbPC020 020 VSG3S317A J558.81.187 DSP2.x JH3 GDSYYSNYRD 0 IgM am4 JK2 QQWSSNPPT 0 kappa   

TryM1S317AbPC021 021 VSG3S317A J558.75.177 DFL16.1 JH4 ARDYGSSYRVYYAMD
Y 0 IgG2a gn33 JK5 QQYWSTPLT 0 kappa + + 

TryM1S317AbPC022 022 VSG3S317A J558.12.102 DFL16.1 JH3 TWNYYGSSYRFAY 0 IgG2a ce9 JK2 QQGNTLPYT 0 kappa   

TryM1S317AbPC025 025 VSG3S317A J558.26.116 DFL16.1 JH4 ARGYYYGSSYAMDY 0 IgG2a am4 JK5 QQWSSNPLT 0 kappa + + 

TryM1S317AbPC028 028 VSG3S317A J558.16.106 DFL16.1 JH3 VPYYYGFAY 0 IgM ba9 JK2 LQYDEFPYT 0 kappa +  

TryM1S317AbPC032 032 VSG3S317A Q52.2.4 DSP2.3 JH1 ARNLGVTPYWYFDV 1 IgM an4 JK4 QQRSSYPFT 0 kappa   

TryM1S317AbPC037 037 VSG3S317A J558.49.141 DFL16.1 JH4 ARGGLITTVMDY 0 IgM gn33 JK5 QQYWSTPLT 0 kappa +  

TryM1S317AbPC038 038 VSG3S317A 36-60.6.70 DQ52-
C57BL/6 JH2 ARAVTGSDY 0 IgM gn33 JK1 QQYWSTPWT 0 kappa +  

TryM1S317AbPC042 042 VSG3S317A Q52.2.4 DSP2.11 JH4 ATSYYSHLDAMDY 0 IgG2b bw20 JK5 LQSDNMPLT 0 kappa   

TryM1S317AbPC044 044 VSG3S317A J558.83.189 DFL16.1 JH2 ASWRYYGSQYYFDY 0 IgG3 23-43 JK5 QQSNSWPLT 0 kappa   

TryM1S317AbPC045 045 VSG3S317A J558.6.96 DSP2.2 JH1 ARKGDYDWYFDV 0 IgM 21-5 JK5 QQSNEDPLT 0 kappa +  

TryM1S317AbPC046 046 VSG3S317A J558.37.127 DSP2.8 JH3 ARSAYGNPAWFAY 1 IgG2a RF JK5 QQHNEYPLT 0 kappa   

TryM1S317AbPC060 060 VSG3S317A Q52.2.4 DQ52-
BALB/c JH2 ARESSSGTGDY 0 IgG2a bt20 JK4 LQSDNLPLT 0 kappa +  

TryM1S317AbPC061 061 VSG3S317A 36-60.6.70 DSP2.3 JH3 ASYGYDVGWFAY 0 IgG2a gn33 JK2 QQYWSTPYT 0 kappa + + 

TryM1S317AbPC064 064 VSG3S317A Q52.2.4 DFL16.1 JH1 ARNWGSSPYWYFDV 1 IgM bt20 JK5 LQSDNLPLT 0 kappa   

TryM1S317AbPC065 065 VSG3S317A J558.55.149 DST4-
C57BL/6 JH4 ARSHSSGYVGAMDY 0 IgM 21-2 JK2 QQSKEVPYT 0 kappa +  

TryM1S317AbPC067 067 VSG3S317A J558.6.96 DFL16.1 JH2 ARRFLITTVVTTLTT 0 IgG2b 12-44 JK1 QHHYGTPWT 0 kappa +  

TryM1S317AbPC069 069 VSG3S317A 7183.4.6 DSP2.3 JH2 ARGDYGYLYYFDY 0 IgG2a ag4 JK5 QQWSGYPLT 0 kappa   

TryM1S317AbPC070 070 VSG3S317A J558.4.93 DSP2.3 JH2 ARRVYGYDGEDYFDY 1 IgG3 aa4 JK4 QQYHSYPFT 0 kappa   

TryM1S317AbPC071 071 VSG3S317A J558.55.149 DST4-
C57BL/6 JH4 ARSHSSGYVGAMDY 0 IgM 21-2 JK2 QQSKEVPYT 0 kappa +  
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TryM1S317AbPC073 073 VSG3S317A 7183.4.6 DSP2.2 JH3 ARELRRGFAY 0 IgG2b 23-43 JK5 QQSNSWPLT 0 kappa   

TryM1S317AbPC074 074 VSG3S317A J558.55.149 DST4-
C57BL/6 JH4 ARSHSSGYVGAMDY 0 IgM 21-2 JK2 QQSKEVPYT 0 kappa +  

TryM1S317AbPC075 075 VSG3S317A Q52.2.4 DFL16.1 JH1 ARNWGSSPYWYFDV 1 IgM bt20 JK5 LQSDNLPLT 0 kappa   

TryM1S317AbPC076 076 VSG3S317A 36-60.6.70 DQ52-
BALB/c JH3 ARPALGRGFAY 0 IgG2a bv9 JK1 LQYASSPPT 1 kappa +  

TryM1S317AbPC082 082 VSG3S317A 36-60.6.70 DSP2.x JH3 ASYYSNGAY 0 IgM gn33 JK2 QQYWSTPYT 0 kappa +  

TryM1S317AbPC084 084 VSG3S317A SM7.2.49 DQ52-
C57BL/6 JH2 ATNWEGGY 0 IgM 12-44 JK5 QHHYGTPLT 0 kappa   

TryM1S317AbPC086 086 VSG3S317A 7183.20.37 DFL16.1 JH2 ARDYYGSSYGN 0 IgM ap4 JK5 QQRSSYPLT 0 kappa   

TryM2S317AbPC193 193 VSG3S317A J558.6.96 DSP2.3 JH2 ARGVYYGYDS 0 ND kk4 JK1 QQWSSNPPT 0 kappa +  

TryM2S317AbPC194 194 VSG3S317A J558.22.112 DFL16.1 JH2 ARDYYGSSPTG 0 IgM bt20 JK4 LQSDNLPFT 0 kappa   

TryM2S317AbPC196 196 VSG3S317A J558.55.149 DSP2.9 JH4 ARSGDGYYGRMDY 0 IgM 19-15 JK2 QQYNSYPYT 0 kappa   

TryM2S317AbPC199 199 VSG3S317A J558.84.190 DFL16.1 JH4 AREGDYYAMDY 0 IgG2a bd2 JK1 WQGTHFPWT 0 kappa   

TryM2S317AbPC200 200 VSG3S317A 36-60.6.70 DST4-
C57BL/6 JH2 ARGGSSGYDY 0 IgM gn33 JK2 QQYWSTPYT 0 kappa +  

TryM2S317AbPC203 203 VSG3S317A J558.26.116 DFL16.1 JH3 ARDYYGSSSAY 1 IgM ap4 JK2 QQRSSYPYT 0 kappa + + 

TryM2S317AbPC207 207 VSG3S317A J558.72.173 DSP2.x JH2 ARGDSNYVYYFDY 0 IgG2a kk4 JK5 QQWSSNPLT 0 kappa   

TryM2S317AbPC213 213 VSG3S317A 36-60.6.70 DST4-
C57BL/6 JH2 ARQAQATDY 0 IgG2a cw9 JK2 LQYASYPYT 3 kappa   

TryM2S317AbPC216 216 VSG3S317A J558.16.106 DSP2.5 JH3 ARDYYGNSPFAY 0 IgG2a kf4 JK2 QQGSSIPYT 0 kappa   

TryM2S317AbPC224 224 VSG3S317A J558.78.182 DFL16.1 JH2 ARHYYGLDY 0 IgM 19-15 JK5 QQYNSYPLT 0 kappa   

TryM2S317AbPC227 227 VSG3S317A J558.83.189 DFL16.1 JH3 AKFFYGSSPFAY 0 IgG2a bb1 JK2 SQSTHVPYT 0 kappa   

TryM2S317AbPC231 231 VSG3S317A 36-60.8.74 DFL16.1 JH2 ARNYGSQYYFDY 0 IgM bw20 JK4 LQSDNMPLT 0 kappa   

TryM2S317AbPC232 232 VSG3S317A 36-60.6.70 DSP2.9 JH2 AIIYDGHY 0 IgM gn33 JK2 QQYWSTPYT 0 kappa +  

TryM2S317AbPC234 234 VSG3S317A J558.26.116 DSP2.2 JH1 ARVDYDYDVGYFDV 0 IgM gn33 JK5 QQYWSTPLT 0 kappa + + 

TryM2S317AbPC235 235 VSG3S317A J558.26.116 DSP2.2 JH3 VSPSTMITTKFAY 0 IgM gn33 JK5 QQYWSTPT 0 kappa +  

TryM2S317AbPC237 237 VSG3S317A 7183.20.37 DSP2.3 JH2 ARGGYEFLYYFDY 1 IgM gn33 JK2 QQYWSTPYT 0 kappa +  

TryM2S317AbPC239 239 VSG3S317A J558.55.149 DSP2.5 JH3 ASTLYGNYEGRFAY 0 IgM gn33 JK4 QQYWSTPFT 0 kappa +  

TryM2S317AbPC240 240 VSG3S317A 36-60.6.70 DFL16.1 JH4 ARGPVLAMDY 0 IgM gn33 JK5 QQYWSTPLT 0 kappa +  

TryM2S317AbPC261 261 VSG3S317A J558.67.166 DFL16.1 JH2 ARRGVVDYFDY 0 IgM gn33 JK4 QQYWSTPFT 0 kappa + + 

TryM2S317AbPC262 262 VSG3S317A J558.16.106 DSP2.x JH3 ARSGYSNPAWFAY 0 IgG2a gn33 JK4 QQYWSTPFT 0 kappa +  

TryM1S317AinfPC004 004 VSG3S317A J558.42.132 DSP2.2 JH1 ATYDYDWYFDV 0 IgM bd2 JK1 WQGTHFPRT 0 kappa   

TryM1S317AinfPC005 005 VSG3S317A 7183.9.15 DFL16.3 JH4 ARHNNYYAMDY 0 IgM gn33 JK2 QQYWSTPYT 0 kappa   

TryM1S317AinfPC007 007 VSG3S317A J558.51 DFL16.1 JH4 TPSGYYGSSYNYYAM
DY 1 IgM ce9 JK2 QQGNTLPYT 0 kappa   

TryM1S317AinfPC010 010 VSG3S317A J558.6.96 DQ52-
BALB/c JH2 ARLTPGRGFDF 4 IgM gn33 JK4 QQYWSTPFT 0 kappa   

TryM1S317AinfPC026 026 VSG3S317A J558.53.146 DFL16.1 JH2 ARGLTTVVGPLHY 0 IgM bw20 JK1 LQSDNMPWT 1 kappa   

TryM1S317AinfPC027 027 VSG3S317A J558.26.116 DSP2.5 JH2 ARKVFYGNYVDY 0 IgG2b ce9 JK5 QQGNTLPLT 0 kappa   

TryM1S317AinfPC029 029 VSG3S317A J558.75.177 DSP2.2 JH3 ARVADYGWFAY 0 IgM gn33 JK5 QQYWSTPT 0 kappa   

TryM1S317AinfPC030 030 VSG3S317A Q52.3.8 DSP2.10 JH3 AKDYKGFAY 0 IgM gn33 JK2 QQYWSTPYT 0 kappa   

TryM1S317AinfPC032 032 VSG3S317A 36-60.8.74 DSP2.5 JH4 APNLLW*LRYAMDY 0 IgM 23-43 JK4 QQSNSWPFT 0 kappa   

TryM1S317AinfPC033 033 VSG3S317A J558.79.184 DSP2.3 JH4 AREGLREDAMDY 0 IgM 12-44 JK1 QHHYGSPRT 3 kappa   

TryM1S317AinfPC034 034 VSG3S317A J558.22.112 N/A JH3 AGSRGGFAY 1 IgM kk4 JK2 QQWSSNPYT 0 kappa   

TryM1S317AinfPC035 035 VSG3S317A 36-60.6.70 DFL16.2 JH1 ARESTTANDV 1 IgM bt20 JK4 LQSDNLPLT 0 kappa   

TryM1S317AinfPC050 050 VSG3S317A J558.4.93 DFL16.1 JH4 ANYYYGSVDY 1 ND 19-15 JK5 QQYNSYPLT 0 kappa   

TryM1S317AinfPC052 052 VSG3S317A 36-60.6.70 DST4-
C57BL/6 JH3 ARGAQAKTY 0 IgM gn33 JK4 QQYWSTPFT 0 kappa   

TryM1S317AinfPC053 053 VSG3S317A J558.18.108 DFL16.1 JH3 ARDGSSFAY 1 IgM ba9 JK2 LQYDEFPYT 0 kappa   

TryM1S317AinfPC056 056 VSG3S317A J558.6.96 DSP2.2 JH4 ARKDDYGYAMDY 0 IgM gn33 JK4 QQYWSTPFT 0 kappa   

TryM1S317AinfPC057 057 VSG3S317A J558.84.190 DSP2.5 JH1 ARLVKGYFDV 0 IgM 23-43 JK2 QQSNSWPHT 0 kappa   

TryM1S317AinfPC073 073 VSG3S317A 7183.20.37 DFL16.1 JH4 ARPFITTVGGYAMDY 0 IgM 23-43 JK5 QQSNSWPLT 0 kappa   

TryM1S317AinfPC075 075 VSG3S317A S107.3.62 DSP2.2 JH3 ARYDDYDGVFAY 1 IgM bw20 JK5 LQSDNMPLT 0 kappa   

TryM1S317AinfPC078 078 VSG3S317A J558.55.149 DSP2.5 JH3 ARSLIYYGNWAY 0 IgM bd2 JK5 WQGTHFPLT 0 kappa   

TryM1S317AinfPC082 082 VSG3S317A J558.78.182 DFL16.1 JH2 ARDYYGSSYVG 0 ND ac4 JK2 FQGSGYPYT 0 kappa   

TryM1S317AinfPC083 083 VSG3S317A 36-60.6.70 DSP2.3 JH3 AIYGYDVEAWFAY 0 IgM gn33 JK2 QQYWSTPYT 0 kappa   
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TryM1S317AinfPC097 097 VSG3S317A J558.78.182 DQ52-
BALB/c JH2 ARSSLGLDY 1 IgM 19-15 JK2 QQYNSYPLT 0 kappa   

TryM1S317AinfPC099 099 VSG3S317A J558.26.116 DFL16.1 JH3 ARDYYGSSYGAY 0 IgM ap4 JK1 QQRSSYPRT 0 kappa   

TryM1S317AinfPC100 100 VSG3S317A J558.70pg.1
71 DFL16.1 JH2 ARDSITTVVAFDY 0 IgM am4 JK4 QQWSSNPLT 0 kappa   

TryM1S317AinfPC102 102 VSG3S317A 7183.20.37 DSP2.9 JH2 ARGTLIYDGCLFDY 0 IgM gn33 JK2 QQYWSTPYT 0 kappa   

TryM1S317AinfPC104 104 VSG3S317A J558.54.148 DFL16.1 JH4 ARGYYGSNAMDY 0 IgM bw20 JK1 LQSDNMPWT 0 kappa   

TryM1S317AinfPC106 106 VSG3S317A J558.16.106 DFL16.1 JH4 ARREEGLRGYAMDY 0 IgM bb1 JK1 SQSTHVPWT 0 kappa   

TryM1S317AinfPC107 107 VSG3S317A J558.53.146 DFL16.1 JH2 ARGLTTVVGPLHY 0 IgM bw20 JK1 LQSDNMPWT 0 kappa   

TryM1S317AinfPC108 108 VSG3S317A J558.52.145 DSP2.2 JH2 ARSDDYDGGYYFDY 0 IgM ce9 JK1 QQGNTLPWT 0 kappa   

TryM1S317AinfPC121 121 VSG3S317A J558.16.106 DSP2.5 JH2 ARRAYGNFYFDY 0 IgM 8-21 JK4 KQSYNLFT 0 kappa   

TryM1S317AinfPC122 122 VSG3S317A 36-60.6.70 N/A JH3 ARDVFFAY 1 IgM bd2 JK1 WQGTHFRT 0 kappa   

TryM1S317AinfPC123 123 VSG3S317A 36-60.6.70 DSP2.3 JH2 ARYGYDAAY 2 IgM gn33 JK2 QQYWSTPYT 0 kappa   

TryM1S317AinfPC126 126 VSG3S317A J558.22.112 N/A JH3 AGSRGGFAY 1 IgM kk4 JK2 QQWSSNPYT 0 kappa   

TryM1S317AinfPC127 127 VSG3S317A J558.52.145 DFL16.1 JH3 ARGGYGSSLWFAY 0 IgM bw20 JK5 LQSDNMPLT 0 kappa   

TryM1S317AinfPC129 129 VSG3S317A J558.16.106 N/A JH2 ARGGVFEGQFDY 0 IgM gn33 JK2 QQYWSTPYT 0 kappa   

TryM1S317AinfPC130 130 VSG3S317A J558.52.145 DSP2.2 JH2 ARDHYDYDGAYFDY 0 IgM gn33 JK1 QQYWSTPRT 0 kappa   

TryM1S317AinfPC132 132 VSG3S317A J558.6.96 DSP2.5 JH3 ARGPIYYGNYLAWFA
Y 2 IgM cr1 JK2 FQGSHVPYT 0 kappa   

TryM1S317AinfPC148 148 VSG3S317A 7183.4.6 DFL16.1 JH2 ARGDYGSSYYFDY 2 IgM IgK9-
128 JK5 LQHGESPLT 0 kappa   

TryM1S317AinfPC169 169 VSG3S317A J558.26.116 DFL16.1 JH3 AGVYYYGSSYEAY 0 IgM gn33 JK1 QQYWSTPRT 0 kappa   

TryM1S317AinfPC170 170 VSG3S317A S107.3.62 DSP2.2 JH3 ARYGDYDGLFAY 0 IgM gn33 JK2 QQYWSTPYT 0 kappa   

TryM1S317AinfPC171 171 VSG3S317A J558.54.148 DFL16.1 JH4 ARGYYGSNAMDY 0 IgM bw20 JK1 LQSDNMPWT 0 kappa   

TryM1S317AinfPC172 172 VSG3S317A 7183.4.6 DST4-
C57BL/6 JH2 ARDGTAQGHFDY 0 IgM gn33 JK2 QQYWSTPYT 1 kappa   

TryM1S317AinfPC179 179 VSG3S317A J558.64.162 DST4-
C57BL/6 JH3 ARHGPFDSSGLFAY 0 IgM RF JK2 QQHNEYPYT 0 kappa   

TryM1S317AinfPC180 180 VSG3S317A J558.12.102 DSP2.13 JH2 TRDYGGY 0 IgM am4 JK5 QQWSSNPLT 0 kappa   

TryM1S317AinfPC193 193 VSG3S317A J558.78.182 DFL16.1 JH2 ARDYYGSSYVG 0 IgM ac4 JK2 FQGSGYPYT 0 kappa   

TryM1S317AinfPC195 195 VSG3S317A VHQ52.a2.
4 DSP2.x JH2 ARNYPAYSNLDY 1 IgM bw20 JK1 LQSDNMPWT 0 kappa   

TryM1S317AinfPC196 196 VSG3S317A J558.26.116 DSP2.10 JH4 ARGARPMDY 1 IgM gn33 JK1 QQYWSTPRT 0 kappa   

TryM1S317AinfPC199 199 VSG3S317A J558.4.93 DFL16.1 JH3 ARYGSSFSLFAY 0 IgM 19-15 JK1 QQYNSYPLT 1 kappa   

TryM1S317AinfPC200 200 VSG3S317A Q52.7.18 DST4-
C57BL/6 JH4 ASSSGYLDY 0 IgM 19-23 JK4 QQYSSYPFT 0 kappa   

TryM1S317AinfPC201 201 VSG3S317A 7183.20.37 DSP2.5 JH3 ARPDGNYVGWFAY 0 IgG3 gn33 JK2 QQYWSTPYT 0 kappa   

TryM1S317AinfPC202 202 VSG3S317A J558.54.148 DSP2.2 JH3 ARGHDYTWFAY 1 IgM bw20 JK2 LQSDNMPYT 0 kappa   

TryM1S317AinfPC204 204 VSG3S317A Q52.13.40 DSP2.2 JH3 AKHGDYEGLFAY 0 IgM gn33 JK4 QQYWSTPFT 0 kappa   

TryM1S317AinfPC220 220 VSG3S317A J558.78.182 DQ52-
BALB/c JH2 ARWRWDVFDY 0 ND bd2 JK4 WQGTHFPHT 0 kappa   

TryM1S317AinfPC221 221 VSG3S317A 7183.20.37 DQ52-
BALB/c JH4 ARPGTTAMDY 0 IgM bt20 JK2 LQSDNLPYT 0 kappa   

TryM1S317AinfPC222 222 VSG3S317A 36-60.6.70 DFL16.1 JH2 ARGGYGSSFDY 0 IgM bt20 JK2 LQSDNLPYT 0 kappa   

TryM1S317AinfPC223 223 VSG3S317A J558.69.170 DSP2.x JH1 ATAYYSNYEGYFDV 0 IgM gn33 JK2 QQYWSTPYT 1 kappa   

TryM1S317AinfPC224 224 VSG3S317A 7183.4.6 DSP2.3 JH3 ARDRGVTGLFAY 0 IgG2a gn33 JK2 QQYWSTPYT 0 kappa   

TryM1S317AinfPC228 228 VSG3S317A Q52.2.4 DFL16.1 JH4 ARNPVVSSAMDY 1 IgM bw20 JK5 LQSDNMPLT 0 kappa   

TryM1S317AinfPC249 249 VSG3S317A J558.82pg.1
88 DSP2.3 JH2 ARRAIYYGYALRG 0 IgM gn33 JK1 QQYWSTPRT 0 kappa   

TryM2S317AinfPC014 014 VSG3S317A 7183.14.25 DSP2.5 JH4 TRDPYGNYAPYAMDY 0 IgM 23-48 JK5 QQSNSWPLT 0 kappa   

TryM2S317AinfPC017 017 VSG3S317A J558.6.96 DQ52-
BALB/c JH2 ARLTPGRGFDF 5 IgA bb1 JK2 SQSTHVPYT 0 kappa   

TryM2S317AinfPC020 020 VSG3S317A J558.83.189 DFL16.1 JH3 ARGLR**LPFAY 1 IgM bv9 JK1 LQYASSPWT 1 kappa   

TryM2S317AinfPC023 023 VSG3S317A X24.1pg.45 DQ52-
BALB/c JH3 ARNWDVGFAY 0 IgM ce9 JK1 QQGNTLPRT 0 kappa   

TryM2S317AinfPC038 038 VSG3S317A 7183.20.37 DFL16.1 JH2 ARDYYGSRTNYFDY 0 IgM 23-39 JK2 QNGHSFPYT 0 kappa   

TryM2S317AinfPC044 044 VSG3S317A J558.61.157 DFL16.1 JH3 ARSTDYYGSTWFAY 1 IgM bt20 JK4 LQSDNLPFT 0 kappa   

TryM2S317AinfPC046 046 VSG3S317A J558.70pg.1
71 DFL16.1 JH1 ARGITTVGWYFDV 0 IgM 21-4 JK1 QQSNEDPRT 0 kappa   

TryM2S317AinfPC061 061 VSG3S317A Q52.3.8 DFL16.1 JH4 ANYGSRYYYAMDY 0 IgM ce9 JK1 QQGNTLPPT 0 kappa   

TryM2S317AinfPC063 063 VSG3S317A J558.39.129 DFL16.1 JH3 ARTPSYGSAWFAY 0 IgM 23-48 JK5 QQSNSWPTT 0 kappa   

TryM2S317AinfPC065 065 VSG3S317A J558.26.116 N/A JH3 ARPFAY 0 IgM bw20 JK2 LQSDNMPYT 0 kappa   

TryM2S317AinfPC067 067 VSG3S317A 36-60.6.70 DQ52-
C57BL/6 JH2 ARGLTGTDY 0 ND kf4 JK4 QQGSSIPRT 0 kappa   
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TryM2S317AinfPC068 068 VSG3S317A J558.64.162 DSP2.9 JH2 ARHGSYDGYFDY 0 IgM gj38c JK1 LQYDNLLT 0 kappa   

TryM2S317AinfPC071 071 VSG3S317A SM7.3.54 DSP2.2 JH3 ARGYDYDGTFAY 0 IgM gn33 JK4 QQYWSTPFT 0 kappa   

TryM2S317AinfPC072 072 VSG3S317A SM7.3.54 DSP2.2 JH3 ARGYDYDGTFAY 0 IgM gn33 JK4 QQYWSTPFT 0 kappa   

TryM2S317AinfPC086 086 VSG3S317A J558.88.194 DST4-
BALB/c JH2 ARQGLREGYFDY 0 IgM gn33 JK5 QQYWSTPLT 0 kappa   

TryM2S317AinfPC088 088 VSG3S317A 7183.20.37 DQ52-
BALB/c JH1 ARSALNWDGYFDV 0 IgM gn33 JK2 QQYWSTPYT 0 kappa   

TryM2S317AinfPC090 090 VSG3S317A J558.70pg.1
71 N/A JH4 ATFYAMDY 0 IgM gn33 JK2 QQYWSTPYT 0 kappa   

TryM2S317AinfPC092 092 VSG3S317A J606.1.79 DQ52-
BALB/c JH3 TQFLNWDLIAY 0 IgG2a bb1 JK1 SQSTHVPWT 0 kappa   

TryM2S317AinfPC093 093 VSG3S317A Q52.3.8 DFL16.1 JH4 ANYGSRYYYAMDY 0 IgM ce9 JK1 QQGNTLPPT 0 kappa   

TryM2S317AinfPC096 096 VSG3S317A Q52.13.40 DFL16.1 JH4 AKHGIGSPYAMDY 0 IgM bt20 JK5 LQSDNLPLT 0 kappa   

TryM2S317AinfPC110 110 VSG3S317A VH10.1.86 DQ52-
BALB/c JH2 VNWDFDY 0 IgM ae4 JK4 HQWSSYPFT 0 kappa   

TryM2S317AinfPC111 111 VSG3S317A X24.1pg.45 DQ52-
C57BL/6 JH1 ASPNWDWYFDV 0 IgM bb1 JK1 SQSTHVPWT 0 kappa   

TryM2S317AinfPC113 113 VSG3S317A J558.16.106 DSP2.13 JH4 ASRLWNAMDY 0 IgM kf4 JK4 QQGSSIPFT 0 kappa   

TryM2S317AinfPC116 116 VSG3S317A SM7.2.49 DSP2.9 JH1 ARSGGYSWYFDV 0 IgM cr1 JK4 FQGSHVPFT 0 kappa   

TryM2S317AinfPC118 118 VSG3S317A J558.6.96 N/A JH1 ARRGWYFDV 1 IgM bt20 JK5 LQSDNLPLT 0 kappa   

TryM2S317AinfPC119 119 VSG3S317A S107.3.62 DQ52-
BALB/c JH2 ARSPNFYFDY 0 IgM VL2 JL2 ALWYSTHNYV 0 lambda   

TryM2S317AinfPC120 120 VSG3S317A 7183.20.37 DFL16.1 JH2 ARPGSNVFDY 0 IgM bw20 JK2 LQSDNMPYT 0 kappa   

TryM2S317AinfPC133 133 VSG3S317A J558.88.194 DFL16.1 JH2 ARYTTVVGIFDY 0 IgM kk4 JK5 QQWSSNPPT 0 kappa   

TryM2S317AinfPC134 134 VSG3S317A J558.83.189 DSP2.x JH4 ARPGYSNYHYYAMDY 0 IgM VL1 JL1 ALWYSNHLV 0 lambda   

TryM2S317AinfPC137 137 VSG3S317A Q52.2.4 DSP2.9 JH1 ARRDGYYEGYFDV 0 IgM gn33 JK2 QQYWSTPYT 0 kappa   

TryM2S317AinfPC141 141 VSG3S317A J558.70pg.1
71 N/A JH4 ATFYAMDY 0 IgM gn33 JK2 QQYWSTPYT 0 kappa   

TryM2S317AinfPC142 142 VSG3S317A J558.16.106 DFL16.1 JH1 ARRDYYGQVPWYFD
V 2 IgM 12-44 JK5 QHHYGTPPLT 1 kappa   

TryM2S317AinfPC157 157 VSG3S317A J558.22.112 DSP2.3 JH2 ASGEVTTNY 0 IgM gn33 JK2 QQYWSTPYT 0 kappa   

TryM2S317AinfPC159 159 VSG3S317A 7183.20.37 DQ52-
BALB/c  AREGSGTGFAY 1 IgM 23-43 JK2 QQSNSWPYT 0 kappa   

TryM2S317AinfPC164 164 VSG3S317A 7183.20.37 DSP2.2 JH3 ARAYDYGGFAY 0 IgM 4-57 JK5 QQYSGYPLT 0 kappa   

TryM2S317AinfPC165 165 VSG3S317A J558.55.149 DFL16.1 JH4 AKGSNYVGAMDY 0 IgM bt20 JK2 LQSDNLPYT 0 kappa   

TryM2S317AinfPC167 167 VSG3S317A J558.67.166 DST4-
C57BL/6 JH4 ARETEGYYAMDY 0 IgM kf4 JK5 QQGSSIPLT 0 kappa   

TryM2S317AinfPC168 168 VSG3S317A J558.39.129 DFL16.1 JH2 ARRRDLLR**NFDY 0 IgM bv9 JK1 LQYASSPWT 1 kappa   

TryM2S317AinfPC184 184 VSG3S317A J558.70pg.1
71 N/A JH2 ARGNREGFDY 0 ND gn33 JK2 QQYWSTPYT 0 kappa   

TryM2S317AinfPC185 185 VSG3S317A 7183.20.37 DSP2.2 JH2 ARPGDYDGRFDY 0 IgM gn33 JK2 QQYWSTPYT 0 kappa   

TryM2S317AinfPC186 186 VSG3S317A Q52.8.22 DST4-
C57BL/6 JH4 ARQAQATLNAMDY 0 IgM bw20 JK5 LQSDNMPLT 0 kappa   

TryM2S317AinfPC187 187 VSG3S317A J558.12.102 DFL16.1 JH4 TRGDYYGSSYVNAMD
Y 0 IgM ci12 JK2 QQLYSTPLT 0 kappa   

TryM2S317AinfPC192 192 VSG3S317A 36-60.8.74 DFL16.1 JH2 ARYYGSRYYFDY 0 IgG2a bw20 JK5 LQSDNMPLT 0 kappa   

TryM2S317AinfPC208 208 VSG3S317A VH11.2.53 DSP2.5 JH1 MRYGNYWYFDV 0 IgM IgK9-
128 JK4 LQHGESPFT 1 kappa   

TryM2S317AinfPC210 210 VSG3S317A 7183.20.37 DST4-
C57BL/6 JH2 ARRGSSGYDYFDY 0 IgM cp9 JK5 QQYSKLPLT 0 kappa   

TryM2S317AinfPC211 211 VSG3S317A J558.26.116 DSP2.10 JH3 ARESTTIRGWFAY 0 IgM kf4 JK5 QQGSSIPLT 0 kappa   

TryM2S317AinfPC213 213 VSG3S317A J558.70pg.1
71 N/A JH4 ATFYAMDY 0 IgM gn33 JK2 QQYWSTPYT 0 kappa   

TryM2S317AinfPC229 229 VSG3S317A J558.26.116 DFL16.1 JH2 ARGSSYRYYFDY 0 IgM 21-4 JK1 QQSNEDPWT 0 kappa   

TryM2S317AinfPC239 239 VSG3S317A 36-60.6.70 DQ52-
BALB/c JH2 ARVETGTDY 1 IgM gn33 JK4 QQYWSTPFT 0 kappa   

TryM2S317AinfPC254 254 VSG3S317A J558.16.106 DST4-
C57BL/6 JH3 ARTDSSGYVGWFAY 0 IgM gn33 JK1 QQYWSTPRT 0 kappa   

TryM2S317AinfPC259 259 VSG3S317A Q52.2.4 DFL16.1 JH4 ARFYYYGSSYDAMDY 0 IgG2a bw20 JK4 LQSDNMPFT 0 kappa   

TryM2S317AinfPC261 261 VSG3S317A J558.84.190 DFL16.1 JH1 ARQGYYGSSHWYFDV 0 IgM bv9 JK2 LQYASSPYT 1 kappa   

TryM2S317AinfPC264 264 VSG3S317A J558.49.141 DQ52-
BALB/c JH2 ARGELAFDY 0 IgM 19-13 JK2 QQYSSYPYT 0 kappa   

TryM2S317AinfPC280 280 VSG3S317A 36-60.8.74 N/A JH3 ARLVRGEPWFAY 0 IgM RF JK5 QQHNEYPIT 0 kappa   

TryM2S317AinfPC309 309 VSG3S317A J558.53.146 N/A JH2 AREASTDYFDY 0 IgM VL1 JL1 ALWYINHWL 0 lambda   

STable 13.3. VSG3S317A plasma cell repertoire from non-baited (nb) and baited (b) cells and naturally-
cleared infections (inf). 
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TryM1S317Ad21PC012 012 VSG3S317Ad21 VH124 (J558) DSP2.5 JH2 ARNYDNTCYY 14 ND ba9 JK2 LQYDDFPYT 5 kappa 

TryM1S317Ad21PC013 013 VSG3S317Ad21 36-60.1.46 DSP2.9 JH3 ARVR*WLQAWFAY 16 ND bd2 JK2 WQGTHFPYT 0 kappa 

TryM1S317Ad21PC014 014 VSG3S317Ad21 J558.6.96 DST4.3 JH3 ARESPGDREKFAY 0 IgM ap4 JK5 QQRSSYPLT 0 kappa 

TryM1S317Ad21PC016 016 VSG3S317Ad21 J558.64.162 DFL16.1 JH2 ARHGTTVVAYYFDY 0 IgM bb1 JK5 SQSTHVPLT 1 kappa 

TryM1S317Ad21PC019 019 VSG3S317Ad21 J558.53.146 DSP2.5 JH4 ARGIYYGNYVYYAMDY 0 IgM 21-1 JK1 QQSRKVPWT 0 kappa 

TryM1S317Ad21PC021 021 VSG3S317Ad21 J558.64.162 DQ52-
BALB/c JH3 ARHEGTGTFAY 0 IgM 12-44 JK5 QHHYGTPLT 6 kappa 

TryM1S317Ad21PC022 022 VSG3S317Ad21 J558.55.149 DFL16.1 JH2 HYYYGSSSYYFDY 0 IgM bw20 JK4 LQSDNMPFT 0 kappa 

TryM1S317Ad21PC034 034 VSG3S317Ad21 VH124 (J558) DFL16.1j JH2 ARSYDKTCDD 1 ND 8-19 JK4 QNDYSYPFT 3 kappa 

TryM1S317Ad21PC035 035 VSG3S317Ad21 36-60.8.74 DFL16.1 JH1 ARYYGSRHRYFDV 1 IgM 21-4 JK2 QQSNEDPYT 1 kappa 

TryM1S317Ad21PC036 036 VSG3S317Ad21 X24.1pg.45 DQ52-
C57BL/6 JH2 ASNWDVGFDY 0 IgM ce9 JK1 QQGNTLPRT 3 kappa 

TryM1S317Ad21PC042 042 VSG3S317Ad21 J558.72.173 DSP2.2 JH1 ARGDMRITAKWYFDV 8 IgG2a 23-48 JK5 QQSYSWPLT 3 kappa 

TryM1S317Ad21PC043 043 VSG3S317Ad21 36-60.6.70 DSP2.5 JH1 ATDYGNYLWYFNV 11 IgM ce9 JK2 QQGNTLYT 0 kappa 

TryM1S317Ad21PC047 047 VSG3S317Ad21 VH11.2.53 DSP2.5 JH1 MRYGNYWYFDV 0 IgM IgK9-
128 JK4 LQHGESPFT 2 kappa 

TryM1S317Ad21PC054 054 VSG3S317Ad21 J558.12.102 N/A JH2 TREDIDFDY 22 IgG2a ba9 JK2 LQYDEFPYT 9 kappa 

TryM1S317Ad21PC057 057 VSG3S317Ad21 Q52.2.4 DFL16.1j JH4 ARIDSSYFYYYAMDY 0 IgM ce9 JK1 QQGNTLPPT 2 kappa 

TryM1S317Ad21PC058 058 VSG3S317Ad21 J558.72.173 DSP2.2 JH2 ARGYDYVFDY 0 IgG2a RF JK1 QQHNEYPWT 0 kappa 

TryM1S317Ad21PC059 059 VSG3S317Ad21 J558.77.180 DFL16.1 JH3 AITYGSSYWFAY 0 IgM 19-23 JK5 QQYSSYPLT 2 kappa 

TryM1S317Ad21PC062 062 VSG3S317Ad21 J558.22.112 DSP2.9 JH1 ASLYRSMTGYFDV 0 IgM gn33 JK4 QQYWSTPFT 0 kappa 

TryM1S317Ad21PC063 063 VSG3S317Ad21 3609.7.153 DST4.3 JH4 ARIDGTGAMDY 2 IgM kk4 JK5 QQWSSNPLT 0 kappa 

TryM1S317Ad21PC075 075 VSG3S317Ad21 J558.85.191 DFL16.1 JH3 ARLGSSYGWFAY 2 IgG2a ba9 JK2 LQYDEFPYT 6 kappa 

TryM1S317Ad21PC076 076 VSG3S317Ad21 S107.3.62 N/A JH4 ARYAMDY 0 IgM bb1 JK1 SQSTHVPWT 0 kappa 

TryM1S317Ad21PC078 078 VSG3S317Ad21 J558.78.182 DFL16.3 JH2 ASGGNYFDY 0 IgM ap4 JK2 QQRSSYPYT 0 kappa 

TryM1S317Ad21PC080 080 VSG3S317Ad21 Q52.8.22 DSP2.2 JH1 ARQHYDYDGYFDV 0 IgM 8-27 JK1 HQYLSSWT 1 kappa 

TryM1S317Ad21PC109 109 VSG3S317Ad21 Q52.7.18 DFL16.1 JH4 AKNEGYYYGSSYAMDY 0 IgM VL1 JL1 ALWYINHWV 0 lambda 

TryM1S317Ad21PC112 112 VSG3S317Ad21 J558.69.170 DQ52-
C57BL/6 JH3 ARELTGTWFAY 0 IgM VL1 JL1 ALWYINLLL 0 lambda 

TryM2S317Ad21PC195 195 VSG3S317Ad21 7183.4.6 DFL16.1 JH2 ARDIDYYGSSFDY 0 IgM ba9 JK1 LQYDEFPRT 0 kappa 

TryM2S317Ad21PC203 203 VSG3S317Ad21 36-60.6.70 DSP2.5 JH3 AREGDGNPLAY 0 IgM gn33 JK1 QQYWSTPRT 0 kappa 

TryM2S317Ad21PC204 204 VSG3S317Ad21 J558.67.166 DFL16.1 JH3 ANYYGSSFWFAY 0 IgM 21-4 JK2 QQSNEDPCT 0 kappa 

TryM2S317Ad21PC205 205 VSG3S317Ad21 J558.75.177 N/A JH2 TRWPDY 11 IgA ba9 JK5 LQYDDFPLT 4 kappa 

TryM2S317Ad21PC208 208 VSG3S317Ad21 J558.53.146 DSP2.2 JH3 ARGADYDEFAY 0 IgM gn33 JK1 QQYWSTPRT 0 kappa 

TryM2S317Ad21PC211 211 VSG3S317Ad21 J558.53.146 DST4-
BALB/c JH2 ARLGLAYFDY 0 IgM cr1 JK1 FQGSHVPWT 0 kappa 

TryM2S317Ad21PC215 215 VSG3S317Ad21 36-60.6.70 DFL16.3 JH2 GSGTMYYFDY 0 IgM bb1 JK1 SQSTHVPWT 0 kappa 

TryM2S317Ad21PC218 218 VSG3S317Ad21 Q52.13.40 DFL16.1 JH3 AKRGVVASFAY 0 IgM 12-44 JK5 QHHYGTPLT 0 kappa 

TryM2S317Ad21PC220 220 VSG3S317Ad21 J558.26.116 DFL16.1 JH2 ARGITTVRYYFDY 0 IgM gn33 JK5 QQYWSTPLT 0 kappa 

TryM2S317Ad21PC222 222 VSG3S317Ad21 J558.84.190 DSP2.2 JH4 ARCHDYDYYAMDY 0 IgM 19-13 JK4 QQYSSYPLT 0 kappa 

TryM2S317Ad21PC223 223 VSG3S317Ad21 J558.81.187 DFL16.1 JH4 ARSVYYGSSGAMDY 0 IgG1 ap4 JK4 QQRSSYPFT 0 kappa 

TryM2S317Ad21PC224 224 VSG3S317Ad21 J558.26.116 DFL16.1 JH2 ARDYYGSSYVG 0 IgG2a ap4 JK4 QQRSSYPFT 0 kappa 

TryM2S317Ad21PC225 225 VSG3S317Ad21 J558.81.187 DFL16.1 JH4 ARSVYYGSSGAMDY 0 IgM ap4 JK4 QQRSSYPFT 0 kappa 

TryM2S317Ad21PC226 226 VSG3S317Ad21 J558.53.146 DSP2.3 JH3 ARVEFYGYGWFPY 9 IgA bb1 JK4 SQTTHVPFT 6 kappa 

TryM2S317Ad21PC230 230 VSG3S317Ad21 Q52.2.4 DFL16.1 JH4 ARNYGSSSYYAMDY 1 IgM bw20 JK5 LQSDNMPLT 1 kappa 

TryM2S317Ad21PC231 231 VSG3S317Ad21 36-60.5.67 DQ52-
BALB/c JH2 ARDQLGFDY 0 IgM gn33 JK1 QQYWSTPRT 0 kappa 

TryM2S317Ad21PC233 233 VSG3S317Ad21 J558.47.137 N/A JH3 ARGGFAY 0 IgM bb1 JK4 SQSTHVPFT 0 kappa 

TryM2S317Ad21PC234 234 VSG3S317Ad21 SM7.3.54 N/A JH4 ARAMDY 0 IgM bd2 JK1 WQGTHFPRT 0 kappa 

TryM2S317Ad21PC235 235 VSG3S317Ad21 J558.67.166 DFL16.1 JH2 ARGLLPHYFDY 0 IgM 23-43 JK4 QQSNSWPFT 0 kappa 
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TryM2S317Ad21PC236 236 VSG3S317Ad21 J558.6.96 DFL16.2 JH1 ARREDYYGPWYFDV 0 IgM ce9 JK1 QQGNTLPWT 0 kappa 

TryM2S317Ad21PC238 238 VSG3S317Ad21 J558.70pg.171 DFL16.1 JH2 ARSHILR**PLDY 0 IgG3 gn33 JK4 QQYWSTPFT 0 kappa 

TryM2S317Ad21PC239 239 VSG3S317Ad21 SM7.3.54 DFL16.1 JH1 ARFFITTVVATPHWYFD
V 0 IgM ba9 JK5 LQYDEFPLT 0 kappa 

TryM2S317Ad21PC240 240 VSG3S317Ad21 J558.6.96 DFL16.1 JH1 ARGYYGSSYWYFDV 1 IgG2a cr1 JK1 FQGSHVPPT 0 kappa 

TryM2S317Ad21PC245 245 VSG3S317Ad21 J558.16.106 DSP2.2 JH4 AREGDYDMAMDY 0 IgM gj38c JK2 LQYDNLYT 0 kappa 

TryM2S317Ad21PC246 246 VSG3S317Ad21 J558.26.116 DFL16.1 JH1 AYYYGSSYGYFDV 0 IgM gn33 JK1 QQYWSTPRT 0 kappa 

TryM2S317Ad21PC247 247 VSG3S317Ad21 J558.53.146 DSP2.5 JH2 ARSYYGNYYFDY 3 IgG2a ai4 JK5 HQYHRSPPT 3 kappa 

TryM2S317Ad21PC249 249 VSG3S317Ad21 J558.85.191 DFL16.1 JH2 ARWGYGSSYFDC 0 IgG2b 21-5 JK4 QQSNEDPFT 1 kappa 

TryM2S317Ad21PC255 255 VSG3S317Ad21 J558.81.187 DFL16.1 JH4 ARSVYYGSSGAMDY 0 IgA ap4 JK4 QQRSSYPFT 0 kappa 

TryM2S317Ad21PC256 256 VSG3S317Ad21 J606.4.82 N/A JH3 TRDAY 2 IgG1 ba9 JK2 LQYDEFPYT 5 kappa 

TryM2S317Ad21PC258 258 VSG3S317Ad21 J558.53.146 DFL16.1j JH3 ARDGFAY 0 IgM bb1 JK5 SQSTHVPT 0 kappa 

TryM2S317Ad21PC259 259 VSG3S317Ad21 J558.69.170 N/A JH4 ARGGAMDY 3 IgG1 ba9 JK1 LQYDEFPPT 1 kappa 

TryM2S317Ad21PC260 260 VSG3S317Ad21 36-60.6.70 DQ52-
BALB/c JH4 ADVGAMDY 0 IgM bd2 JK1 WQGTHFPWT 0 kappa 

TryM2S317Ad21PC262 262 VSG3S317Ad21 J558.67.166 DSP2.2 JH2 EDMITRGNYFDY 0 IgG1 ci12 JK2 QQLYSPPYT 2 kappa 

TryM2S317Ad21PC298 298 VSG3S317Ad21 J558.53.146 DFL16.1 JH2 ARDYYGSDY 2 IgM VL1 JL1 ALWYSNRWV 0 lambda 

TryM2S317Ad21PC326 326 VSG3S317Ad21 7183.20.37 DSP2.10 JH2 ANLYPFDY 0 IgM VL2 JL2 ALWYSTHYV 0 lambda 

TryM2S317Ad21PC330 330 VSG3S317Ad21 SM7.4.63 DFL16.1 JH2 TDYFY 0 IgM VL1 JL1 ALWYSNHLV 0 lambda 

STable 13.4. VSG3S317A day 21 plasma cell repertoire. 
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TryM1S319APC001 001 VSG3S319A J558.80.186 DSP2.5 JH4 ARYPFYGNYPSYAMDY 0 ND 12-44 JK2 QHHYGTPYT 0 kappa   

TryM1S319APC002 002 VSG3S319A 3609.12.174 DFL16.1 JH2 ARKDYGGGYFDY 1 IgG2a RF JK1 QQHNEYPWT 0 kappa   

TryM1S319APC003 003 VSG3S319A 7183.14.25 DFL16.1 JH4 TRDPSYYYGSSSYAMDY 0 IgM 19-17 JK1 QQHYSTPPWT 2 kappa   

TryM1S319APC004 004 VSG3S319A 7183.18.35 DFL16.1 JH1 ARVITTVGYFDV 1 IgM 23-48 JK1 QQSNSWPWT 4 kappa   

TryM1S319APC005 005 VSG3S319A J558.53.146 DSP2.2 JH2 ARQGDSYYDYTGGY 0 IgM kk4 JK5 QQWSSNPLT 0 kappa +  

TryM1S319APC006 006 VSG3S319A 7183.19.36 DSP2.3 JH3 AREESYGYDGPWFAY 0 IgG2a gr32 JK2 QQGQSYPYT 0 kappa   

TryM1S319APC007 007 VSG3S319A J558.4.93 DQ52-
BALB/c 

JH2 ARLGLALDY 0 IgG2a 19-23 JK2 QQYSSYPYT 0 kappa   

TryM1S319APC009 009 VSG3S319A VH12.1.78 DST4-
C57BL/6 

JH1 AGDSSGYWYFDV 0 IgM kf4 JK5 QQGSSIPRT 0 kappa   

TryM1S319APC010 010 VSG3S319A 7183.7.10 DST4-
C57BL/6 

JH3 ARQVTAQATWGWFAY 0 ND gm33 JK2 QQYWSTPYT 0 kappa   

TryM1S319APC018 018 VSG3S319A J558.84.190 DFL16.1 JH3 ARDYYGSSYEWFAY 0 IgG2a hf24 JK2 MQHLEYPYT 0 kappa   

TryM1S319APC020 020 VSG3S319A J558.26.116 DSP2.5 JH3 ARNYGNYLAWFAY 0 IgG2a aa4 JK2 QQYHSYPYT 0 kappa   

TryM1S319APC024 024 VSG3S319A J558.85.191 DSP2.x JH2 AREVAYYSNSLDYFDY 1 IgG3 19-23 JK4 QQYSSYPLT 0 kappa   

TryM1S319APC025 025 VSG3S319A J558.6.96 DSP2.11 JH1 ARKKTLLRYFDV 0 IgG2a gr32 JK1 QQGQSYPWT 1 kappa +  

TryM1S319APC026 026 VSG3S319A J558.4.93 DSP2.3 JH3 ARDGYVAWFAY 0 IgG2a bv9 JK4 LQYASSPFT 1 kappa   

TryM1S319APC027 027 VSG3S319A J558.53.146 DFL16.1 JH1 ARGGDYYGSTWDFDV 3 ND 23-43 JK4 QQSNSWPFT 0 kappa + + 

TryM1S319APC033 033 VSG3S319A J558.53.146 DFL16.1 JH3 SLRYYYGSSYVGFAY 0 IgM 19-17 JK5 QQHYSTPLT 1 kappa +  

TryM1S319APC035 035 VSG3S319A 7183.20.37 DSP2.x JH3 ARETYSNYGFAY 1 IgG2a kf4 JK5 QQGSSIPLT 0 kappa   

TryM1S319APC040 040 VSG3S319A J558.42.132 N/A JH4 ARGLLDY 0 IgG2a 23-45 JK2 QQSNNWPHT 2 kappa   

TryM1S319APC043 043 VSG3S319A J558.75.177 DSP2.x JH3 ARPYSNYRACFV* 0 ND 19-23 JK5 QQYSSYPLT 0 kappa   

TryM1S319APC044 044 VSG3S319A SM7.2.49 DFL16.1 JH1 ARYYYGSSYNWYFDV 0 IgG3 ce9 JK1 QKGNTLPWT 7 kappa +  

TryM1S319APC045 045 VSG3S319A J558.26.116 DQ52-
C57BL/6 

JH2 ARGANWDNYYFDY 0 IgG2a gr32 JK2 QQGQSYPYT 1 kappa +  

TryM1S319APC047 047 VSG3S319A 36-60.6.70 DFL16.1 JH2 ARVGYYGY 1 IgM IgK9-
128 

JK1 LQHGESPWT 0 kappa   

TryM1S319APC049 049 VSG3S319A 3609.7.153 DFL16.1 JH2 ARIDYYGSSYVDY 0 IgG2a ce9 JK1 QQGNTLPWT 0 kappa +  

TryM1S319APC050 050 VSG3S319A J558.12.102 DFL16.1 JH1 TRWRYYGSSWYFDV 0 IgG2a af4 JK5 HQWSSYPT 0 kappa   
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TryM1S319APC052 052 VSG3S319A J558.83.189 DFL16.1 JH4 AVHLGSSPYYAMDY 0 IgG2a cp9 JK2 QQYSKLPYT 1 kappa   

TryM1S319APC053 053 VSG3S319A 3609.12.174 DSP2.9 JH2 ARSNYDGYYLFDY 0 IgG2a ce9 JK1 QQGNTLPWT 2 kappa +  

TryM1S319APC055 055 VSG3S319A J558.26.116 DFL16.1 JH2 ARDYYGSSWSY 0 IgM ap4 JK5 QQRSSYPLT 0 kappa   

TryM1S319APC058 058 VSG3S319A J558.84.190 DFL16.1 JH1 ARHHYYGSSHWYFDV 0 IgG2a bv9 JK2 LQYASSPYT 1 kappa   

TryM1S319APC060 060 VSG3S319A 3609N.2.77 DSP2.2 JH1 SIDYDGLGYFDV 1 IgM gn33 JK5 QQYWSTPLT 0 kappa +  

TryM1S319APC061 061 VSG3S319A J558.6.96 DSP2.2 JH4 ARGGYDYSYAMDY 0 IgG3 kk4 JK5 QQWSSNPPT 2 kappa   

TryM1S319APC065 065 VSG3S319A 7183.9.15 DFL16.1 JH2 ASHTVVAAYYFDY 0 IgM cr1 JK1 FQGSHVPWT 1 kappa   

TryM1S319APC089 089 VSG3S319A SM7.4.63 DSP2.3 JH4 GGYGYDGYAMDY 0 IgG2a hf24 JK5 MQHLEYPFT 0 kappa   

TryM1S319APC115 115 VSG3S319A J558.54.148 DSP2.x JH3 ARWGYSNSFAY 0 IgG2a bv9 JK1 LQYASSPPT 1 kappa   

TryM1S319APC120 120 VSG3S319A VH10.1.86 DFL16.1 JH1 QNYGREYFDV 0 IgG2a 21-7 JK2 QHSWEIPYT 0 kappa +  

TryM1S319APC121 121 VSG3S319A J558.75.177 DSP2.9 JH2 ARWGDGYSYYFDY 0 IgG3 4-50 JK5 QQFTSSPLT 0 kappa   

TryM1S319APC143 143 VSG3S319A J558.16.106 DSP2.3 JH4 ARSRLPYAMDY 0 IgG2a ae4 JK1 HQWSSYPPT 0 kappa +  

TryM1S319APC144 144 VSG3S319A J558.18.108 DFL16.1 JH4 ARGYYGSTYYYAMDY 0 IgG2a gr32 JK1 QQGQSYPLT 0 kappa +  

TryM1S319APC152 152 VSG3S319A J558.12.102 DSP2.2 JH2 TRSRDYDVRGYFDY 0 IgG2a gm33 JK1 QQYWSTPWT 0 kappa +  

TryM1S319APC153 153 VSG3S319A J558.67.166 N/A JH4 ARVGWTMDY 1 IgG2a gm33 JK4 QQYWSTPFT 0 kappa + + 

TryM1S319APC158 158 VSG3S319A J558.16.106 DFL16.1 JH2 ARGNYYGSSYGYYFDY 0 IgG2a ba9 JK2 LQYDEFPYT 0 kappa +  

TryM1S319APC159 159 VSG3S319A J558.22.112 DFL16.1 JH2 ARPHYYGSSPYYFDY 0 IgG2a gj38c JK1 LQYDNLWT 0 kappa   

TryM1S319APC161 161 VSG3S319A 36-60.8.74 DFL16.1 JH2 ARYIDGSSPFDY 0 IgM 8-27 JK4 HQYLSSFT 0 kappa +  

TryM1S319APC163 163 VSG3S319A J558.53.146 DSP2.9 JH4 ARWLLRAMDY 0 IgG2a bw20 JK4 LQSDNMPFT 0 kappa +  

TryM1S319APC164 164 VSG3S319A J558.55.149 DFL16.1 JH4 ARYLLRAMDY 0 IgG2a bt20 JK5 LQSDNLPLT 1 kappa   

TryM1S319APC167 167 VSG3S319A VH10.3.91 DFL16.1 JH1 VTQGITTVVQGYFNV 1 ND kh4 JK5 QQWSSYPLT 0 kappa +  

TryM1S319APC169 169 VSG3S319A 36-60.8.74 DFL16.1 JH2 ARYPYYGSSYFDY 0 IgG2a RF JK1 QQHNEYPWT 0 kappa   

TryM1S319APC171 171 VSG3S319A J558.53.146 DSP2.9 JH4 ARWLLRAMDY 0 IgG2a bw20 JK2 LQSDDMPYT 3 kappa +  

TryM1S319APC173 173 VSG3S319A X24.1pg.45 DSP2.3 JH1 ATPGYYWYFYV 3 IgM bb1 JK1 SQSTHVPWT 3 kappa   

TryM1S319APC178 178 VSG3S319A J558.84.190 DSP2.2 JH1 ARWAGLRRYFDV 0 IgG2a IgK9-
128 

JK4 LQHGESPFT 0 kappa   

TryM1S319APC179 179 VSG3S319A J558.67.166 DFL16.1 JH2 ANYYGSSFDY 0 IgM gm33 JK2 QQYWSTPYT 2 kappa +  

TryM1S319APC180 180 VSG3S319A J558.84.190 DFL16.1 JH3 ARDYYGSSYEWFAY 0 IgG2a hf24 JK2 MQHLEYPYT 2 kappa   

TryM1S319APC181 181 VSG3S319A 36-60.1.46 DFL16.1 JH1 AREDYYGSSSFDV 0 IgM kk4 JK1 QQWSSNPRT 0 kappa   

TryM1S319APC189 189 VSG3S319A Q52.2.4 DFL16.1 JH4 AREGGHYYGSSPYAMD
Y 

1 IgM bt20 JK4 LQSDNLPFT 1 kappa   

TryM1S319APC192 192 VSG3S319A SM7.2.49 DSP2.9 JH3 ARYDGYSTWFAY 0 IgG2a cp9 JK2 QQYSKLPYT 1 kappa   

TryM2S319APC193 193 VSG3S319A J558.55.149 DSP2.3 JH4 ARRYGYAYAMDY 0 IgG2a 21-12 JK2 QHSRELPYT 0 kappa   

TryM2S319APC195 195 VSG3S319A 7183.12.20 DSP2.3 JH4 AAVVTTTGYAMNY 2 ND bw20 JK5 LQSDNMPLT 0 kappa +  

TryM2S319APC198 198 VSG3S319A J558.67.166 DSP2.2 JH3 AREKDDYDGWFAY 1 ND at4 JK5 QQWSSYPLT 0 kappa   

TryM2S319APC199 199 VSG3S319A J558.18.108 DSP2.5 JH3 ARYYGNYAWFAY 0 IgG2a 8-30 JK4 QQYYSYFT 0 kappa   

TryM2S319APC200 200 VSG3S319A 7183.14.25 DFL16.1 JH3 TRAEDYYGSSYSFAY 0 ND cb9 JK2 LQFYEFPYT 1 kappa   

TryM2S319APC202 202 VSG3S319A J558.12.102 DFL16.1 JH4 TRNYYGSSPNY 1 IgG2b 12-46 JK1 QHFWGTPWT 0 kappa   

TryM2S319APC205 205 VSG3S319A J558.19.109 DST4-
BALB/c 

JH2 ARGGYYYFDY 0 ND 8-27 JK2 HQYLSSYT 0 kappa +  

TryM2S319APC208 208 VSG3S319A J558.42.132 DQ52-
BALB/c 

JH2 ARGLGDY 0 ND bw20 JK5 LQSDNMPLT 0 kappa +  

TryM2S319APC209 209 VSG3S319A J558.58.154 DFL16.1 JH2 ARRAVVGYFDY 0 ND 21-5 JK4 QQSNEDPFT 0 kappa   

TryM2S319APC210 210 VSG3S319A J558.6.96 DFL16.1 JH3 YYGSSFAY 1 ND 21-2 JK1 QQSKEVPWT 1 kappa   

TryM2S319APC212 212 VSG3S319A Q52.13.40 DST4-
BALB/c 

JH1 AKRADWYFDV 0 ND 23-43 JK2 QQSNSWPYT 5 kappa +  

TryM2S319APC216 216 VSG3S319A J558.39.129 N/A JH4 ARGDYYAMDY 0 ND cp9 JK1 QQYSKLPRT 4 kappa   

TryM2S319APC217 217 VSG3S319A J558.4.93 DSP2.x JH2 REDYSIYYFDY 0 IgG2a ci12 JK5 QQLYSTPLT 0 kappa +  

TryM2S319APC218 218 VSG3S319A J558.72.173 DSP2.x JH1 ARSPYYSNYGYFDV 0 ND gr32 JK1 QQGQSYPWT 2 kappa +  

TryM2S319APC221 221 VSG3S319A J558.84.190 DFL16.1 JH2 ARLSPITTVVGDY 0 IgG2a bw20 JK4 LQSDNMPFT 0 kappa +  

TryM2S319APC226 226 VSG3S319A J558.6.96 DSP2.9 JH3 ALYDGYYVGFAY 2 ND bd2 JK1 WQGTHFPWT 1 kappa   

TryM2S319APC227 227 VSG3S319A 36-60.8.74 DFL16.1 JH1 ARAASYYYGSSWYFDV 0 IgG2a kh4 JK5 QQWSSYPLT 0 kappa   

TryM2S319APC233 233 VSG3S319A J558.16.106 DFL16.1 JH3 ARRHYYGSSGGFAY 0 ND 23-43 JK1 QQSNSWPRT 4 kappa +  

TryM2S319APC234 234 VSG3S319A 7183.14.25 DQ52-
C57BL/6 

JH2 TRERVLTAFDY 1 ND 21-7 JK2 QHSWEIPYT 1 kappa   
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TryM2S319APC237 237 VSG3S319A VH7183.a1psi.
1 

DST4-
C57BL/6 

JH2 LRQGEKAYYFDY 8 ND 21-2 JK1 QQSKEVPRT 0 kappa   

TryM2S319APC238 238 VSG3S319A VH10.1.86 DQ52-
BALB/c 

JH4 VRQNWDVLYAMDY 0 IgG2a kg4 JK5 QQWSGYQLT 0 kappa   

TryM2S319APC240 240 VSG3S319A J558.16.106 DFL16.1j JH1 ARGDGYRYFDV 0 IgG2a 21-2 JK1 QQSKEVPWT 0 kappa   

TryM2S319APC241 241 VSG3S319A SM7.1.44 DSP2.3 JH3 TTEVTTSFAY 0 IgG2a fl12 JK5 QNVLSTPLT 0 kappa   

TryM2S319APC242 242 VSG3S319A S107.1.42 DSP2.9 JH4 ARDPISRL*WLLRDYAM
DY 

0 ND kf4 JK4 QQGSSIPFT 0 kappa   

TryM2S319APC244 244 VSG3S319A Q52.3.8 DSP2.3 JH1 AKPGGLRRGYFDV 0 IgG2b 19-15 JK2 QQYNSYMYT 3 kappa   

TryM2S319APC245 245 VSG3S319A J558.53.146 DSP2.2 JH4 ARDYDYGLYYYAMDY 0 IgG3 21-2 JK4 QQSKEVPFT 0 kappa +  

TryM2S319APC246 246 VSG3S319A 7183.2.3 DSP2.9 JH4 ARHPSSMVTTLLCYGL 0 ND 21-10 JK1 QQNNEDPWT 0 kappa   

TryM2S319APC251 251 VSG3S319A J558.4.93 DSP2.x JH2 ARREDYSIYYFDY 0 IgG2b ci12 JK5 QQLYSTPLT 0 kappa +  

TryM2S319APC252 252 VSG3S319A J558.83.189 N/A JH2 ARGVEGYFDY 0 IgG2a ba9 JK2 LQYDELYT 0 kappa +  

TryM2S319APC254 254 VSG3S319A 7183.14.25 DSP2.x JH4 TRVHYSNYYAMDY 2 ND 19-23 JK5 QQYSSYPLT 0 kappa   

TryM2S319APC256 256 VSG3S319A VH7183.a1psi.
1 

DST4-
C57BL/6 

JH2 LRLGEKAYYFDY 1 ND 21-2 JK1 QQSKEVPRT 1 kappa   

TryM2S319APC257 257 VSG3S319A VH10.3.91 DSP2.9 JH3 VRGDDGYYFAWFAY 0 IgA ba9 JK2 LQYDELYT 0 kappa +  

TryM2S319APC259 259 VSG3S319A J558.55.149 DSP2.2 JH1 AREGGNDYDYWYFDV 0 ND bt20 JK5 LQSDNLPQLT 1 kappa   

TryM2S319APC261 261 VSG3S319A J558.83.189 DSP2.9 JH4 ARWLLRAMDY 0 ND bw20 JK5 LQSDNMPLT 4 kappa +  

TryM2S319APC262 262 VSG3S319A J558.26.116 DSP2.x JH2 ARSYYSNYGFDY 1 ND bw20 JK2 LQSDNMPYT 1 kappa +  

TryM2S319APC268 268 VSG3S319A 36-60.6.70 DFL16.1 JH1 ARRSSYGYFDV 0 IgM gj38c JK1 LQYDNLWT 2 kappa   

TryM2S319APC280 280 VSG3S319A J558.16.106 DFL16.1 JH1 ARRDYGSGYFDV 0 IgG2a gn33 JK5 QQYWSTPPT 0 kappa +  

TryM2S319APC285 285 VSG3S319A J558.42.132 N/A JH3 ARPFAY 0 IgG2a bt20 JK4 LQSDNLPFT 0 kappa   

TryM2S319APC287 287 VSG3S319A J558.72.173 DFL16.1 JH2 ARFYYGSSYFDY 0 IgG2a ce9 JK4 QQGNTLFT 0 kappa +  

TryM2S319APC293 293 VSG3S319A SM7.4.63 DSP2.2 JH3 TWDYGWFAY 0 IgG3 hf24 JK5 MQHLEYPFT 0 kappa +  

TryM2S319APC294 294 VSG3S319A SM7.4.63 DST4-
C57BL/6 

JH3 TTRDSSGHQAWFAY 0 IgG2a ba9 JK5 LQYDEFPLT 0 kappa   

TryM2S319APC298 298 VSG3S319A J558.42.132 DST4-
BALB/c 

JH2 ARGLFDY 0 IgG2a bw20 JK4 LQSDNMPFT 0 kappa +  

TryM2S319APC309 309 VSG3S319A J558.6.96 DFL16.1 JH4 ARGYYGSSYYYAMDY 0 IgG2b bd2 JK1 WQGTHFPRT 0 kappa   

TryM2S319APC310 310 VSG3S319A J558.19.109 DSP2.9 JH2 ARSEGYYYFDY 0 IgM 8-27 JK2 HQYLSSYT 1 kappa +  

TryM2S319APC313 313 VSG3S319A J558.59.155 DFL16.1 JH2 ARSHYGSSPFDY 0 IgM 23-43 JK1 QQSNSWPWT 0 kappa +  

TryM2S319APC314 314 VSG3S319A J558.83.189 DSP2.9 JH4 ARWLLRAMDY 0 IgG2a bt20 JK5 LQSDNLPLT 0 kappa   

TryM2S319APC327 327 VSG3S319A 36-60.6.70 DST4-
C57BL/6 

JH4 ARIDSSGVYAMDY 0 IgM kh4 JK5 QQWSSYPLT 0 kappa +  

TryM2S319APC328 328 VSG3S319A J558.80.186 DQ52-
BALB/c 

JH2 AKLGLDYFDY 0 IgG1 kk4 JK2 QQWSSNPPT 0 kappa   

TryM2S319APC332 332 VSG3S319A 7183.20.37 DFL16.1j JH3 ARPGWDDGAWFAY 0 IgG2a ce9 JK4 QQGNTLPFT 0 kappa +  

TryM2S319APC337 337 VSG3S319A 3609.7.153 DSP2.9 JH4 ARIPIYDGLYYAMDY 0 IgG3 ce9 JK1 QQGNTLPWT 0 kappa +  

TryM2S319APC340 340 VSG3S319A VH12.1.78 DSP2.9 JH1 AGDYDGYWYFDV 0 IgM kf4 JK2 QQGSSIPRT 0 kappa   

TryM2S319APC346 346 VSG3S319A 7183.7.10 DSP2.2 JH3 ARHKENDYLWFAY 0 IgG1 4-57 JK2 QQYSGYPYT 0 kappa   

TryM2S319APC347 347 VSG3S319A J558.18.108 DSP2.5 JH4 ARYGNYYFDYGMHC 0 ND 8-30 JK2 QQYYSYPYT 3 kappa   

TryM2S319APC348 348 VSG3S319A SM7.1.44 DFL16.1 JH1 TTWDYGSSYKDFDV 0 ND 8-30 JK5 QQYYSYLT 0 kappa   

TryM2S319APC358 358 VSG3S319A 36-60.8.74 DFL16.1 JH2 ARSSPYYYGSSYCFDY 0 ND 21-2 JK2 QQSKEVPYT 0 kappa +  

TryM2S319APC359 359 VSG3S319A J558.85.191 DFL16.1j JH4 ARVLLRGYYAMDY 0 ND ci12 JK5 QQLYSTPLT 1 kappa +  

TryM2S319APC367 367 VSG3S319A Q52.2.4 DFL16.1 JH2 ARYNLLLDY 0 ND ay4 JK4 QQGSSSPFT 1 kappa   

TryM2S319APC371 371 VSG3S319A 36-60.8.74 DFL16.1j JH4 ARYNGNYAMDY 0 ND 8-27 JK2 HQYLSSYT 0 kappa +  

TryM2S319APC374 374 VSG3S319A J558.69.170 DFL16.1j JH4 ARFLLRAMDY 0 ND bt20 JK5 LQSDNLPLT 5 kappa   

TryM2S319APC380 380 VSG3S319A 3609.7.153 DSP2.10 JH4 ARLLLNGYYAMDY 0 ND ce9 JK2 QQGNTLYT 2 kappa +  

TryM2S319APC381 381 VSG3S319A VH10.3.91 DSP2.x JH3 VRDGLYYSKLAY 0 ND ce9 JK1 QQGNTLPWT 0 kappa +  

TryM2S319APC384 384 VSG3S319A J558.18.108 DFL16.1 JH4 ARYLSSYAMDY 0 ND 8-27 JK1 HQYLSSWT 1 kappa +  

STable 13.5. VSG3S319A plasma cell repertoire. 
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TryM1SSAAPC004 004 VSGSSAA 36-60.8.74 DSP2.2 JH1 ARYHDYDWYFDV 1 IgM aj4 JK2 QQWSSSPPT 1 kappa +  

TryM1SSAAPC009 009 VSGSSAA Q52.3.8 DFL16.1 JH3 AKPVSFTVGGFAY 0 IgG2a ce9 JK1 QQGNTLPWT 0 kappa   

TryM1SSAAPC017 017 VSGSSAA J558.6.96 DST4-
C57BL/6 JH2 ARGSSGYDQYYFDY 0 IgM ci12 JK4 QQLYSTPLT 0 kappa +  

TryM1SSAAPC021 021 VSGSSAA J558.72.173 DSP2.9 JH2 ARRSIGGYYFDY 0 IgG2b 23-48 JK2 QQSNSWPYT 1 kappa   

TryM1SSAAPC026 026 VSGSSAA J558.4.93 N/A JH4 AREDHGAMDY 0 IgM gn33 JK1 QQYWSTPRT 0 kappa +  

TryM1SSAAPC030 030 VSGSSAA J558.16.106 DQ52-
C57BL/6 JH2 ARSGVANWAFDY 0 IgG3 ae4 JK5 HQWSSYPPT 0 kappa +  

TryM1SSAAPC032 032 VSGSSAA J558.53.146 DFL16.1 JH2 ARAYYYGSSYGY 0 IgG2a bw20 JK2 LQSDNMPYT 0 kappa   

TryM1SSAAPC043 043 VSGSSAA J558.6.96 DST4-
C57BL/6 JH4 AIDSSGPYAMDY 0 IgM bb1 JK1 SQSTHVPRT 1 kappa +  

TryM1SSAAPC048 048 VSGSSAA VH10.3.91 DSP2.2 JH2 VREGYDYDDYFDY 0 IgG3 bt20 JK2 LQSDNLPYT 0 kappa +  

TryM1SSAAPC050 050 VSGSSAA X24.1pg.45 DFL16.1 JH4 ARRGGSPYYYAMDY 0 IgM ci12 JK1 QQLYSTPLT 1 kappa +  

TryM1SSAAPC052 052 VSGSSAA 36-60.5.67 N/A JH4 ARDLYAMDY 0 IgG2a gn33 JK1 QQYWSTPT 0 kappa +  

TryM1SSAAPC060 060 VSGSSAA J558.16.106 DFL16.1 JH4 ARRYYYGSSYAMDY 0 IgG2a ce9 JK1 QQGNTLPWT 0 kappa + + 

TryM1SSAAPC068 068 VSGSSAA 36-60.6.70 DSP2.9 JH3 ARGGDGYYVVAWFAY 0 IgG2a 21-2 JK1 QQSKEVPWT 0 kappa +  

TryM1SSAAPC073 073 VSGSSAA J558.52.145 DSP2.x JH3 AREGAYYSNYGFAY 1 IgG2a af4 JK2 HQWSSYPYT 1 kappa   

TryM1SSAAPC075 075 VSGSSAA J558.84.190 DST4-
C57BL/6 JH2 AREGSGYYFDY 0 IgG2a 23-48 JK2 QQSNSWPMYT 0 kappa   

TryM1SSAAPC084 084 VSGSSAA 36-60.6.70 DSP2.10 JH3 ARDGGLP 0 IgM gn33 JK2 QQYWSTPYT 0 kappa +  

TryM1SSAAPC085 085 VSGSSAA J558.67.166 DSP2.9 JH2 ARWLLRSFDY 0 IgG2a bw20 JK2 LQSDNMPYT 0 kappa +  

TryM1SSAAPC086 086 VSGSSAA J558.3.90 DSP2.9 JH2 TRWLLRTLDY 0 IgG2a bt20 JK5 LQSDNLPLT 0 kappa   

TryM1SSAAPC091 091 VSGSSAA J558.66.165 DFL16.1 JH4 ARSGYYGSSLYAMDY 0 IgG2a 4-57 JK4 QQYSGYPFT 1 kappa   

TryM1SSAAPC092 092 VSGSSAA J558.75.177 DFL16.1 JH4 ARHYYGSSYGYFDY 0 IgG2a 19-17 JK2 QQHYSTPT 1 kappa   

TryM1SSAAPC098 098 VSGSSAA J558.78.182 DFL16.1 JH3 ARERDYSKD 0 IgG2a gn33 JK1 QQYWSTPRT 0 kappa +  

TryM1SSAAPC103 103 VSGSSAA J558.67.166 DSP2.2 JH2 AREDYDYDY 0 IgG2b gn33 JK1 QQYWSTPRT 0 kappa +  

TryM1SSAAPC104 104 VSGSSAA J558.6.96 DFL16.1 JH1 ARRYYGSSFYWYFDV 0 IgG2a 12-44 JK4 HHYGTPFT 0 kappa +  

TryM1SSAAPC110 110 VSGSSAA J558.3.90 DSP2.2 JH4 TSYDYAMDY 0 IgG2b bb1 JK4 SQSTHVPFT 0 kappa   

TryM1SSAAPC121 121 VSGSSAA J558.16.106 DFL16.1 JH1 ARNYGSSRFDV 0 ND kf4 JK4 QQGSSIPFT 0 kappa +  

TryM1SSAAPC122 122 VSGSSAA 36-60.6.70 DSP2.12 JH4 ARKDSFYYYAMDY 0 IgM gr32 JK2 QQGQSYPYT 1 kappa +  

TryM1SSAAPC124 124 VSGSSAA 36-60.6.70 DSP2.13 JH3 ASSTMGFAY 0 IgM bl1 JK5 LQVTHVPPT 2 kappa   

TryM1SSAAPC125 125 VSGSSAA J558.77.180 DFL16.1 JH1 AIDGSWYFDV 0 IgG2a ce9 JK2 QQGNTLPYT 2 kappa   

TryM1SSAAPC126 126 VSGSSAA 36-60.6.70 DSP2.x JH3 ARAFYYSNYVMFAY 0 IgG2a gn33 JK2 QQYWSTPYT 0 kappa   

TryM1SSAAPC131 131 VSGSSAA 36-60.6.70 DFL16.1 JH4 ARTTVVATGAMDY 0 IgM bw20 JK2 LQSDNMPYT 0 kappa   

TryM1SSAAPC134 134 VSGSSAA J558.81.187 DSP2.2 JH2 ARSNYDYDGPFDY 0 IgM 12-41 JK1 QHFWSTPWT 0 kappa   

TryM1SSAAPC137 137 VSGSSAA J558.84.190 DFL16.1 JH2 ARYRDYYGSSYFYYFDY 0 IgG2a kk4 JK2 QQWSSNPPT 0 kappa   

TryM1SSAAPC139 139 VSGSSAA 36-60.6.70 DST4-
BALB/c JH4 ARDEGSGVDY 1 IgM ci12 JK1 QQLYSTPLT 5 kappa   

TryM1SSAAPC141 141 VSGSSAA 36-60.8.74 DQ52-
BALB/c JH3 ARGWEWGFAY 0 IgG2a ci12 JK1 QQLYSTPWT 0 kappa   

TryM1SSAAPC144 144 VSGSSAA J558.67.166 DFL16.1 JH2 ARDTTGY 0 IgM gn33 JK1 QQYWSTPRT 1 kappa   

TryM1SSAAPC148 148 VSGSSAA J558.53.146 N/A JH4 AKGGDY 0 IgM hg24 JK5 QQLVEYPLT 1 kappa   

TryM1SSAAPC149 149 VSGSSAA J558.26.116 DFL16.1 JH2 ARPLIYYYGSSPLDS 0 IgG2a gn33 JK5 QQYWSTPLT 0 kappa   

TryM1SSAAPC150 150 VSGSSAA J558.72.173 DSP2.13 JH3 ARYGLGAWFAY 0 IgG2a kh4 JK4 QQWSSYPLT 0 kappa   

TryM1SSAAPC151 151 VSGSSAA J558.84.190 DFL16.1 JH1 ARHYYGSSYWYFDV 0 IgG3 bv9 JK4 LQYASSPFT 2 kappa   

TryM1SSAAPC153 153 VSGSSAA J558.88.194 DSP2.2 JH2 ARYGLRLDY 0 IgG2a VL1 JL1 ALWYSNHWL 1 lambda   

TryM1SSAAPC155 155 VSGSSAA Q52.2.4 DQ52-
C57BL/6 JH2 ARNGFNWSFDY 1 IgG2a gr32 JK2 QQGQSYPYT 0 kappa   

TryM1SSAAPC164 164 VSGSSAA J558.42.132 N/A JH4 AIVKGPMDY 0 IgG3 kk4 JK4 QQWSSNPFT 0 kappa   

TryM1SSAAPC173 173 VSGSSAA J558.26.116 DFL16.1 JH3 AREGSYVWFAY 0 IgG3 cr1 JK1 FQGSHVPRT 1 kappa   

TryM1SSAAPC174 174 VSGSSAA J558.4.93 DQ52-
BALB/c JH4 ARGAGTFAMDY 0 IgG2a 12-41 JK2 QHFWSTPYT 0 kappa   
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TryM1SSAAPC176 176 VSGSSAA J558.88.194 DSP2.3 JH4 ASRGLRGGYYYAMDY 0 IgG2a gn33 JK5 QQYWSTPLT 0 kappa   

TryM1SSAAPC178 178 VSGSSAA J558.6.96 DQ52-
C57BL/6 JH3 ARAGNWEVAY 0 IgG2b ci12 JK5 QQLYSTPLT 2 kappa   

TryM1SSAAPC179 179 VSGSSAA 36-60.6.70 DSP2.9 JH1 ARDGEDGYYGYFDV 0 IgM gn33 JK1 QQYWSTPRT 1
5 kappa   

TryM1SSAAPC186 186 VSGSSAA Q52.3.8 DSP2.3 JH2 AKYGYPWYFDY 0 IgM cr1 JK5 FQGSHVPLT 0 kappa   

TryM2SSAAPC194 194 VSGSSAA 36-60.8.74 DFL16.1j JH2 YPLYGGLDY 0 IgG3 ci12 JK1 QQLYSTPWT 0 kappa +  

TryM2SSAAPC196 196 VSGSSAA Q52.2.4 DST4-
BALB/c JH4 ASPSGAMDY 0 IgG2a kf4 JK5 QQGSSIPLT 0 kappa   

TryM2SSAAPC197 197 VSGSSAA J558.6.96 DSP2.2 JH2 ARKGVYYDYDGYFDY 1 IgM ci12 JK1 QQLYSTPLT 0 kappa +  

TryM2SSAAPC198 198 VSGSSAA 36-60.6.70 DFL16.1 JH3 ARDGSSYRFAY 0 IgG2a 21-12 JK1 QHSMELPWT 2 kappa +  

TryM2SSAAPC201 201 VSGSSAA J558.72.173 DSP2.3 JH1 ARRGGYYWYFDV 0 ND 12-44 JK4 QHHYGTPFT 0 kappa   

TryM2SSAAPC205 205 VSGSSAA 7183.7.10 DFL16.1 JH4 ARHGVTTVAMDY 0 ND 12-46 JK2 QHFWGTPYT 0 kappa   

TryM2SSAAPC213 213 VSGSSAA J558.4.93 DQ52-
BALB/c JH2 ARRDFYYFDY 0 IgG2a cr1 JK2 FQGSHVPYT 4 kappa   

TryM2SSAAPC214 214 VSGSSAA J558.26.116 DSP2.2 JH2 ARRGYYDYDVGYY 0 IgM ci12 JK5 QQLYSTPLT 0 kappa +  

TryM2SSAAPC215 215 VSGSSAA J558.18.108 N/A JH2 ARLAGSLDY 0 IgG2a kk4 JK2 QQWSSNPPT 0 kappa   

TryM2SSAAPC216 216 VSGSSAA Q52.2.4 DFL16.1 JH4 ARKGTTVVATDAMDY 1 IgM bw20 JK4 LQSDNMPLT 0 kappa   

TryM2SSAAPC217 217 VSGSSAA J558.64.162 DSP2.x JH2 ARHEYSNYYFDY 0 IgG3 23-39 JK5 QNGHSFPLT 0 kappa   

TryM2SSAAPC222 222 VSGSSAA J558.16.106 DFL16.1 JH2 ARLFYYGSSPYFDY 0 IgM aa4 JK2 QQYHSYPPT 0 kappa + + 

TryM2SSAAPC223 223 VSGSSAA J558.42.132 DFL16.1 JH1 ARSYGSWYFDV 0 IgG2a bw20 JK2 LQSDNMPYT 0 kappa   

TryM2SSAAPC225 225 VSGSSAA 36-60.4.66 DST4-
C57BL/6 JH4 ARGSSGYAMDY 0 IgM bt20 JK4 LQSDNLPLT 0 kappa +  

TryM2SSAAPC226 226 VSGSSAA J558.84.190 DSP2.3 JH2 AREGGYPYFDY 0 IgG2a 12-44 JK4 QHHYGTPFT 0 kappa +  

TryM2SSAAPC231 231 VSGSSAA J558.26.116 DSP2.3 JH3 AREDYGYSWFAY 0 ND 19-15 JK5 QYNSYPLT 0 kappa +  

TryM2SSAAPC235 235 VSGSSAA J606.4.82 DSP2.x JH2 TLSNYGDWEDY 0 IgG2a 8-21 JK1 KQSYNLRT 0 kappa   

TryM2SSAAPC241 241 VSGSSAA J558.16.106 DST4.2 JH2 ARGTSYYFDY 0 IgG2b ce9 JK1 QQGNTLPPT 0 kappa +  

TryM2SSAAPC242 242 VSGSSAA J558.26.116 DSP2.x JH3 ARDSNYAWFAY 0 IgM gn33 JK1 QQYWSTPRT 0 kappa +  

TryM2SSAAPC243 243 VSGSSAA J558.77.180 DQ52-
BALB/c JH2 AIVGLWDVGY 0 IgG2b 21-12 JK1 QHSRELPWT 0 kappa   

TryM2SSAAPC244 244 VSGSSAA VH11.2.53 DSP2.x JH1 MRSNYWYFDV 1 IgM IgK9-
128 JK2 LQHGESPYT 0 kappa   

TryM2SSAAPC245 245 VSGSSAA Q52.2.4 DSP2.9 JH4 ARNWWDGYPRAMDY 1 IgM 23-43 JK5 QQSNSWPLT 0 kappa   

TryM2SSAAPC246 246 VSGSSAA S107.3.62 DSP2.5 JH4 ARYKGNYPFYYAMDY 0 IgG2a bd2 JK2 WQGTHFPHT 0 kappa   

TryM2SSAAPC253 253 VSGSSAA Q52.13.40 DFL16.1 JH1 AKRGSSWYFDV 0 IgM ci12 JK1 QQLYSTPLT 0 kappa +  

TryM2SSAAPC256 256 VSGSSAA J558.55.149 DSP2.9 JH2 SLYDGYYGYFDY 0 IgM gn33 JK1 QQYWSTPRT 0 kappa +  

TryM2SSAAPC259 259 VSGSSAA J558.84.190 DSP2.3 JH4 ARWLRRSMDY 0 IgG2a bt20 JK2 LQSDNLPYT 0 kappa   

TryM2SSAAPC261 261 VSGSSAA J558.67.166 N/A JH4 AGHYAMDY 1 IgG2a aj4 JK4 QQWSSSPFT 0 kappa   

TryM2SSAAPC268 268 VSGSSAA J558.84.190 DSP2.5 JH2 ASIYYGNYAYYFDY 0 ND 8-30 JK1 QQYYSYPRT 0 kappa +  

TryM2SSAAPC269 269 VSGSSAA 36-60.1.46 DSP2.x JH3 AREKSNSGFAY 0 IgM ci12 JK5 QQLYSTPLT 1 kappa +  

TryM2SSAAPC276 276 VSGSSAA J558.22.112 DFL16.1 JH2 ARNTDYYGFYYFDY 0 IgM gn33 JK5 QQYWSTPLT 0 kappa   

TryM2SSAAPC277 277 VSGSSAA Q52.13.40 DFL16.1 JH4 AKHDYGSSYAMDY 0 IgG2b bw20 JK4 LQSDNMPFT 1 kappa   

TryM2SSAAPC285 285 VSGSSAA J558.26.116 DFL16.1 JH2 AFYYGSLDY 0 IgM kk4 JK1 QQWSSNPWT 0 kappa +  

TryM2SSAAPC290 290 VSGSSAA Q52.2.4 DFL16.1 JH3 ARNYYYGSSQALAY 1 IgM bw20 JK5 LQSDNMPLT 1 kappa   

TryM2SSAAPC295 295 VSGSSAA J558.22.112 DSP2.5 JH3 ARRGYYGNNGGFTY 4 IgA 12-44 JK5 QHHYGTPLT 0 kappa   

TryM2SSAAPC296 296 VSGSSAA J558.22.112 DSP2.9 JH4 ARKDWDGYYGYAMDY 0 IgG3 gm33 JK1 QQYWSTPWT 0 kappa   

TryM2SSAAPC299 299 VSGSSAA J558.67.166 DSP2.9 JH2 ARWLLRKFDY 0 IgG2a bt20 JK2 LQSDNLPYT 0 kappa +  

TryM2SSAAPC301 301 VSGSSAA 36-60.6.70 DQ52-
BALB/c JH2 ANWDY 0 IgM IgK9-

128 JK2 LQHGESPYT 0 kappa   

TryM2SSAAPC306 306 VSGSSAA SM7.3.54 DSP2.2 JH3 AKDYPWFAY 0 IgM 23-48 JK5 QQSNSWPLT 0 kappa   

TryM2SSAAPC307 307 VSGSSAA J558.26.116 DFL16.1 JH2 ARARLLRGYFDY 0 IgM gn33 JK2 QQYWSTPYT 0 kappa + + 

TryM2SSAAPC308 308 VSGSSAA 36-60.6.70 DSP2.9 JH2 EKDGYSFDY 0 IgM gn33 JK4 QQYWSTPFT 0 kappa   

TryM2SSAAPC311 311 VSGSSAA SM7.4.63 DSP2.9 JH1 TTPYDGYYVRYFDV 0 IgG2a ce9 JK5 QQGNTLPLT 0 kappa   

TryM2SSAAPC314 314 VSGSSAA Q52.9.29 DSP2.2 JH3 ARDYDYDGGAWFAY 0 IgM kf4 JK5 QQGSSIPRT 0 kappa   

TryM2SSAAPC315 315 VSGSSAA J558.34.124 DSP2.3 JH4 AGYDYAMDY 0 ND bb1 JK1 SQSTHVPWT 0 kappa   

TryM2SSAAPC316 316 VSGSSAA J558.55.149 DST4-
C57BL/6 JH3 ARGDSSGHFAY 0 IgM gn33 JK4 QQYWSTPFT 0 kappa   

TryM2SSAAPC317 317 VSGSSAA J558.75.177 DSP2.3 JH1 ARSSDGYDGWYFDV 1 IgG2a ci12 JK1 QQLYSTPLT 1 kappa   
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TryM2SSAAPC319 319 VSGSSAA J558.55.149 DFL16.1 JH4 ARGEDYYYGSSYYAMD
Y 0 IgG2a ci12 JK2 QQLYSTPLT 1 kappa   

TryM2SSAAPC321 321 VSGSSAA 7183.4.6 DFL16.1 JH4 ARDYYGSSYYAMDY 0 IgM ce9 JK1 QGNTLPRT 0 kappa   

TryM2SSAAPC323 323 VSGSSAA J558.52.145 N/A JH2 AREAAFYFDY 0 IgG2a cr1 JK1 FQGSHVPPT 0 kappa   

TryM2SSAAPC324 324 VSGSSAA J558.86.192 N/A JH1 ASPLF 0 IgG2a bb1 JK1 SQSTHVPWT 1 kappa   

TryM2SSAAPC325 325 VSGSSAA 36-60.6.70 DFL16.1 JH2 ARYGSSPDY 1 IgG2b gn33 JK2 QQYWSTPYT 0 kappa +  

TryM2SSAAPC329 329 VSGSSAA J558.58.154 N/A JH2 ARVGFDY 0 IgM bv9 JK1 LQYASSPWT 1 kappa   

TryM2SSAAPC331 331 VSGSSAA J558.55.149 DSP2.3 JH2 ARQGFYYGYDG 0 IgG2a at4 JK1 QQWSSYRT 0 kappa +  

TryM2SSAAPC333 333 VSGSSAA J558.54.148 DFL16.1 JH3 ARGGYYGRGAY 0 IgG2a bv9 JK2 LQYASSPYT 1 kappa   

TryM2SSAAPC334 334 VSGSSAA 7183.20.37 DQ52-
BALB/c JH1 ARALLGRWYFDV 0 IgG2a 19-15 JK4 QQYNSYPFT 1 kappa   

TryM2SSAAPC336 336 VSGSSAA 36-60.6.70 DSP2.2 JH4 ARDLFEGYYDYLPMGY 0 IgG2a kj4 JK5 QQWSGYPFT 0 kappa +  

TryM2SSAAPC338 338 VSGSSAA J558.26.116 DFL16.1 JH2 ARDYYGSSYGDY 0 IgM ap4 JK2 QQRSSYPYT 1 kappa +  

TryM2SSAAPC339 339 VSGSSAA VH10.1.86 DFL16.1 JH4 VRSNYYYAYYYAMDY 0 IgG2a ap4 JK5 QQRSSYPT 1 kappa   

TryM2SSAAPC341 341 VSGSSAA Q52.9.29 DFL16.1 JH2 ARNTYYGSSLFDY 0 IgM ce9 JK2 QQGNTLPYT 0 kappa   

TryM2SSAAPC367 367 VSGSSAA J558.88.194 DFL16.1 JH4 ARGYGSSSYYAMDY 0 IgG2a VL1 JL1 ALWYSNHLG 0 lambda   

STable 13.6. VSG3SSAA plasma cell repertoire. 
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TryM1congoPC001 001 VSG3-congo J558.84.190 DSP2.9 JH3 ARCLYDGYSFAY 0 IgG2a hf24 JK5 MQHLEYPFT 0 kappa 

TryM1congoPC007 007 VSG3-congo VH10.1.86 DFL16.1 JH3 VRPITTVVGGFAY 0 IgM bd2 JK1 WQGTHFPRT 0 kappa 

TryM1congoPC008 008 VSG3-congo J606.4.82 N/A JH2 TRLDY 0 IgM 12-44 JK1 QHHYGTPRT 0 kappa 

TryM1congoPC011 011 VSG3-congo S107.1.42 DFL16.1 JH1 DGGYYGSSYYFDV 0 IgM 23-43 JK5 QQSNSWPLT 0 kappa 

TryM1congoPC014 014 VSG3-congo 7183.7.10 DFL16.1 JH2 ARHGITTVVAVDFDY 0 IgG2a 8-30 JK5 QQYYSYPLT 0 kappa 

TryM1congoPC016 016 VSG3-congo J558.50.143 DFL16.1 JH3 ARAYGSPAY 0 IgG2a 8-27 JK1 HQYLSSWT 0 kappa 

TryM1congoPC017 017 VSG3-congo 36-60.6.70 DSP2.2 JH1 ARGADYDDWYFDV 0 IgM ce9 JK1 QQGNTLPWT 0 kappa 

TryM1congoPC019 019 VSG3-congo 3609.7.153 DSP2.x JH2 ARIDYSNSYYFDY 0 IgG2a bv9 JK5 LQYASSPLT 1 kappa 

TryM1congoPC021 021 VSG3-congo J558.18.108 DSP2.5 JH4 APIYYGNFSGAMDY 0 ND ce9 JK1 QQGNTLPPT 0 kappa 

TryM1congoPC026 026 VSG3-congo SM7.2.49 DFL16.1 JH2 ASLYYYGSRYFDY 0 IgG2a cp9 JK2 QQYSKLPYT 0 kappa 

TryM1congoPC041 041 VSG3-congo J558.84.190 DFL16.1 JH2 ARRTTVVATDY 0 IgG2a 12-46 JK1 QHFWGTPWT 0 kappa 

TryM1congoPC042 042 VSG3-congo J558.84.190 DSP2.2 JH3 ARENDYDGGPWFAY 0 IgG2a kf4 JK5 QQGSSIPLT 0 kappa 

TryM1congoPC047 047 VSG3-congo J558.75.177 DSP2.2 JH2 ARSLYDYDLGFDY 0 IgM ce9 JK1 QQGNTLPPT 0 kappa 

TryM1congoPC051 051 VSG3-congo J558.39.129 DFL16.1 JH2 ARTIYYGSSPVGDY 0 IgM ce9 JK1 QQGNTLPPT 0 kappa 

TryM1congoPC054 054 VSG3-congo J558.18.108 DFL16.1 JH2 ARTIYYGSSPVGDY 0 IgM 8-30 JK1 QQYYSYRT 0 kappa 

TryM1congoPC058 058 VSG3-congo J558.54.148 DSP2.2 JH2 ARWGYDIYFDY 0 IgG2a gj38c JK1 LQYDNLRT 0 kappa 

TryM1congoPC061 061 VSG3-congo 7183.12.20 DFL16.1 JH1 ARQGYYGSSYDWYFDV 0 IgG2a 19-23 JK5 QQYSSYPLT 0 kappa 

TryM1congoPC063 063 VSG3-congo J558.75.177 DQ52-
BALB/c JH3 ARPNWDWFAY 0 IgG2a 8-27 JK1 HQYLSSWT 0 kappa 

TryM1congoPC064 064 VSG3-congo 7183.7.10 DFL16.1 JH1 ARQITTVVAHWYFDV 0 IgG2a 21-4 JK1 QQSNEDPWT 0 kappa 

TryM1congoPC066 066 VSG3-congo 3609.7.153 DST4-
C57BL/6 JH2 ARIEELRLFDY 0 IgG2a kk4 JK5 QQWSSNPPT 0 kappa 

TryM1congoPC067 067 VSG3-congo J558.83.189 DFL16.1 JH1 ARKDGPYWYFDV 0 IgG2a kj4 JK2 QQWSGYPFT 0 kappa 

TryM1congoPC071 071 VSG3-congo J558.75.177 DFL16.1 JH4 ARSDYYGSSYVGYYAMDY 0 IgG2a fl12 JK1 QNVLSTPWT 0 kappa 

TryM1congoPC077 077 VSG3-congo SM7.2.49 DSP2.9 JH3 APNPL*WLLRRAY 0 IgM ap4 JK4 QQRSSYPPT 0 kappa 

TryM1congoPC078 078 VSG3-congo J558.26.116 DQ52-
BALB/c JH2 ARGTGRGY 0 IgM bv9 JK1 LQYASSPWT 1 kappa 

TryM1congoPC079 079 VSG3-congo J558.77.180 DSP2.2 JH3 AIPFYDYDWFAY 0 IgG3 gr32 JK5 QQGQSYPLT 0 kappa 

TryM1congoPC083 083 VSG3-congo 3609.7.153 DFL16. JH3 ARIAFNYPWFAY 0 IgG2a gn33 JK2 QQYWSTPYT 0 kappa 

TryM1congoPC087 087 VSG3-congo 7183_4_6 DSP2.9 JH2 ARDGYYDYFDY 0 IgG2a 8-27 JK2 HQYLSSRT 0 kappa 
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TryM1congoPC088 088 VSG3-congo J558.75.177 DFL16.2 JH2 ARIGWAFDY 0 IgG3 gm33 JK2 QQYWSTPYT 0 kappa 

TryM2congoPC193 193 VSG3-congo J558.85.191 DSP2.9 JH4 ARYWLLRDYAMDY 7 IgM ba9 JK2 LQYDEFPYT 0 kappa 

TryM2congoPC195 195 VSG3-congo Q52.5.13 DFL16.1 JH1 AKSYYGSSYVGYFDV 1 IgM 23-43 JK5 QQSNSWPLT 1 kappa 

TryM2congoPC199 199 VSG3-congo J558.50.143 DFL16.3 JH3 ARSGPWFAY 0 IgM he24 JK4 AQNLELPFT 2 kappa 

TryM2congoPC207 207 VSG3-congo J558.78.182 DFL16.1 JH2 ARDGSSFY 0 ND bd2 JK5 WQGTHFPLT 1 kappa 

TryM2congoPC209 209 VSG3-congo 7183.7.10 N/A JH4 ARHPPYAMDY 0 ND 23-43 JK2 QQSNSWPYT 0 kappa 

TryM2congoPC216 216 VSG3-congo VH10.3.91 DSP2.9 JH1 VRIYDGYYDWYFDV 0 IgM km4 JK1 HQRSSYPWT 4 kappa 

TryM2congoPC218 218 VSG3-congo J558.55.149 DFL16.1 JH4 ARSYYYGSSYAMDY 0 IgM fl12 JK1 QNVLSTPPT 0 kappa 

TryM2congoPC219 219 VSG3-congo J558.64.162 N/A JH2 ARHEEGFDY 0 ND 12-41 JK2 QHFWSTPYT 0 kappa 

TryM2congoPC220 220 VSG3-congo 36-60.4.66 N/A JH1 ARGTYWYFDV 0 ND VL1 JL3 ALWYSNQFI 0 lambda 

TryM2congoPC221 221 VSG3-congo J558.3.90 DSP2.3 JH4 LYYGYDYAMDY 2 IgG2a cw9 JK1 LQYASYPWT 0 kappa 

TryM2congoPC224 224 VSG3-congo J558.88.194 DFL16.1 JH4 ARRRGYGSRGYAMDY 0 IgG2b RF JK1 QQHNEYPWT 2 kappa 

TryM2congoPC226 226 VSG3-congo J558.3.90 DSP2.9 JH4 TRWLLRAMDY 0 ND bw20 JK2 LQSDNMPYT 0 kappa 

TryM2congoPC228 228 VSG3-congo VH12.1.78 DFL16.1 JH1 AGDRYGYWYFDV 0 ND kf4 JK4 QQGSSIPFT 1 kappa 

TryM2congoPC232 232 VSG3-congo J558.26.116 DFL16.1 JH1 ARRGLYYGSSLWYFDV 0 ND 23-43 JK5 QQSNSWPLT 3 kappa 

TryM2congoPC235 235 VSG3-congo J558.53.146 DFL16.1 JH2 ARHYGSSTGYFDY 0 ND 23-43 JK5 QQSNSWPLT 1 kappa 

TryM2congoPC242 242 VSG3-congo J558.36.126 DFL16.3 JH2 ATEWNY 1 ND 23-43 JK2 QQSNSWPYT 1 kappa 

TryM2congoPC247 247 VSG3-congo J558.53.146 DFL16.1 JH2 ARHYGSSTGYFDY 0 IgM 23-43 JK5 QQSNSWPLT 0 kappa 

TryM2congoPC248 248 VSG3-congo J558.67.166 DFL16.1 JH4 AKLLRYPYYAMDY 0 IgG2a hf24 JK5 MQHLQYPLT 4 kappa 

TryM2congoPC251 251 VSG3-congo J558.84.190 DFL16.1 JH1 ARSHYYGSSYWYFDV 1 IgG2a bv9 JK1 LQYASSPPT 2 kappa 

TryM2congoPC252 252 VSG3-congo J558.84.190 DSP2.5 JH3 ARYGNYVAY 1 ND gm33 JK1 QQYWSTPRT 2 kappa 

TryM2congoPC256 256 VSG3-congo J558.83.189 DSP2.10 JH2 ARDRFDY 0 IgG2a 21-12 JK4 QHSRELPPT 4 kappa 

TryM2congoPC266 266 VSG3-congo J558.22.112 DSP2.2 JH3 ARNDYAWFAY 0 IgM 23-43 JK1 QQSNSWPWT 2 kappa 

TryM2congoPC268 268 VSG3-congo 36-60.8.74 DFL16.1 JH1 AREGPYYYGSSWYFDV 1 ND am4 JK1 QQWSSNPPRT 0 kappa 

TryM2congoPC271 271 VSG3-congo Q52.2.4 DQ52-
BALB/c JH2 ARNAGTGYFDY 1 ND cr1 JK4 FQGSHVPFT 1 kappa 

TryM2congoPC273 273 VSG3-congo J558.39.129 DFL16.1 JH1 ARSGGSSYLWYFDV 1 ND ce9 JK4 QQGNTLPFT 0 kappa 

TryM2congoPC274 274 VSG3-congo J558.59.155 DSP2.2 JH2 ARYDDYDGYYFDY 1 IgG2a ac4 JK5 FQGSGYPLT 1 kappa 

TryM2congoPC278 278 VSG3-congo J558.53.146 DFL16.1 JH2 HYGSSTGYFDY 0 ND 23-43 JK5 QQSNSWPLT 1 kappa 

TryM2congoPC282 282 VSG3-congo J558.42.132 DFL16.1j JH2 ASDYEDY 0 IgM kk4 JK4 QQWSSNPFT 2 kappa 

TryM2congoPC283 283 VSG3-congo J558.36.126 DFL16.1 JH2 AREGGSSYNYFDY 0 IgM cp9 JK1 QQYSKLPRT 1 kappa 

TryM2congoPC285 285 VSG3-congo SM7.2.49 N/A JH2 ARGGFDY 0 ND bb1 JK5 SQSTHVPLT 3 kappa 

TryM2congoPC288 288 VSG3-congo Q52.13.40 DSP2.9 JH3 AKHDGYWIAY 0 ND 4-57 JK5 QQYTGYPLT 2 kappa 

TryM2congoPC289 289 VSG3-congo 3609.7.153 DFL16.1 JH2 ARMDYYGSSSDY 0 ND ce9 JK1 QQGNMLPWT 1 kappa 

TryM1congoPC001 001 VSG3-congo J558.84.190 DSP2.9 JH3 ARCLYDGYSFAY 0 IgG2a hf24 JK5 MQHLEYPFT 0 kappa 

TryM1congoPC007 007 VSG3-congo VH10.1.86 DFL16.1 JH3 VRPITTVVGGFAY 0 IgM bd2 JK1 WQGTHFPRT 0 kappa 

TryM1congoPC008 008 VSG3-congo J606.4.82 N/A JH2 TRLDY 0 IgM 12-44 JK1 QHHYGTPRT 0 kappa 

TryM1congoPC011 011 VSG3-congo S107.1.42 DFL16.1 JH1 DGGYYGSSYYFDV 0 IgM 23-43 JK5 QQSNSWPLT 0 kappa 

TryM1congoPC014 014 VSG3-congo 7183.7.10 DFL16.1 JH2 ARHGITTVVAVDFDY 0 IgG2a 8-30 JK5 QQYYSYPLT 0 kappa 

TryM1congoPC016 016 VSG3-congo J558.50.143 DFL16.1 JH3 ARAYGSPAY 0 IgG2a 8-27 JK1 HQYLSSWT 0 kappa 

TryM1congoPC017 017 VSG3-congo 36-60.6.70 DSP2.2 JH1 ARGADYDDWYFDV 0 IgM ce9 JK1 QQGNTLPWT 0 kappa 

TryM1congoPC019 019 VSG3-congo 3609.7.153 DSP2.x JH2 ARIDYSNSYYFDY 0 IgG2a bv9 JK5 LQYASSPLT 1 kappa 

TryM1congoPC021 021 VSG3-congo J558.18.108 DSP2.5 JH4 APIYYGNFSGAMDY 0 ND ce9 JK1 QQGNTLPPT 0 kappa 

TryM1congoPC026 026 VSG3-congo SM7.2.49 DFL16.1 JH2 ASLYYYGSRYFDY 0 IgG2a cp9 JK2 QQYSKLPYT 0 kappa 

TryM1congoPC041 041 VSG3-congo J558.84.190 DFL16.1 JH2 ARRTTVVATDY 0 IgG2a 12-46 JK1 QHFWGTPWT 0 kappa 

TryM1congoPC042 042 VSG3-congo J558.84.190 DSP2.2 JH3 ARENDYDGGPWFAY 0 IgG2a kf4 JK5 QQGSSIPLT 0 kappa 

TryM1congoPC047 047 VSG3-congo J558.75.177 DSP2.2 JH2 ARSLYDYDLGFDY 0 IgM ce9 JK1 QQGNTLPPT 0 kappa 

TryM1congoPC051 051 VSG3-congo J558.39.129 DFL16.1 JH2 ARTIYYGSSPVGDY 0 IgM ce9 JK1 QQGNTLPPT 0 kappa 

TryM1congoPC054 054 VSG3-congo J558.18.108 DFL16.1 JH2 ARTIYYGSSPVGDY 0 IgM 8-30 JK1 QQYYSYRT 0 kappa 

TryM1congoPC058 058 VSG3-congo J558.54.148 DSP2.2 JH2 ARWGYDIYFDY 0 IgG2a gj38c JK1 LQYDNLRT 0 kappa 
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TryM1congoPC061 061 VSG3-congo 7183.12.20 DFL16.1 JH1 ARQGYYGSSYDWYFDV 0 IgG2a 19-23 JK5 QQYSSYPLT 0 kappa 

TryM1congoPC063 063 VSG3-congo J558.75.177 DQ52-
BALB/c JH3 ARPNWDWFAY 0 IgG2a 8-27 JK1 HQYLSSWT 0 kappa 

TryM1congoPC064 064 VSG3-congo 7183.7.10 DFL16.1 JH1 ARQITTVVAHWYFDV 0 IgG2a 21-4 JK1 QQSNEDPWT 0 kappa 

TryM1congoPC066 066 VSG3-congo 3609.7.153 DST4-
C57BL/6 JH2 ARIEELRLFDY 0 IgG2a kk4 JK5 QQWSSNPPT 0 kappa 

TryM1congoPC067 067 VSG3-congo J558.83.189 DFL16.1 JH1 ARKDGPYWYFDV 0 IgG2a kj4 JK2 QQWSGYPFT 0 kappa 

TryM1congoPC071 071 VSG3-congo J558.75.177 DFL16.1 JH4 ARSDYYGSSYVGYYAMDY 0 IgG2a fl12 JK1 QNVLSTPWT 0 kappa 

TryM1congoPC077 077 VSG3-congo SM7.2.49 DSP2.9 JH3 APNPL*WLLRRAY 0 IgM ap4 JK4 QQRSSYPPT 0 kappa 

TryM1congoPC078 078 VSG3-congo J558.26.116 DQ52-
BALB/c JH2 ARGTGRGY 0 IgM bv9 JK1 LQYASSPWT 1 kappa 

TryM1congoPC079 079 VSG3-congo J558.77.180 DSP2.2 JH3 AIPFYDYDWFAY 0 IgG3 gr32 JK5 QQGQSYPLT 0 kappa 

TryM1congoPC083 083 VSG3-congo 3609.7.153 DFL16. JH3 ARIAFNYPWFAY 0 IgG2a gn33 JK2 QQYWSTPYT 0 kappa 

TryM1congoPC087 087 VSG3-congo 7183_4_6 DSP2.9 JH2 ARDGYYDYFDY 0 IgG2a 8-27 JK2 HQYLSSRT 0 kappa 

TryM1congoPC088 088 VSG3-congo J558.75.177 DFL16.2 JH2 ARIGWAFDY 0 IgG3 gm33 JK2 QQYWSTPYT 0 kappa 

TryM2congoPC193 193 VSG3-congo J558.85.191 DSP2.9 JH4 ARYWLLRDYAMDY 7 IgM ba9 JK2 LQYDEFPYT 0 kappa 

TryM2congoPC195 195 VSG3-congo Q52.5.13 DFL16.1 JH1 AKSYYGSSYVGYFDV 1 IgM 23-43 JK5 QQSNSWPLT 1 kappa 

TryM2congoPC199 199 VSG3-congo J558.50.143 DFL16.3 JH3 ARSGPWFAY 0 IgM he24 JK4 AQNLELPFT 2 kappa 

TryM2congoPC207 207 VSG3-congo J558.78.182 DFL16.1 JH2 ARDGSSFY 0 ND bd2 JK5 WQGTHFPLT 1 kappa 

TryM2congoPC209 209 VSG3-congo 7183.7.10 N/A JH4 ARHPPYAMDY 0 ND 23-43 JK2 QQSNSWPYT 0 kappa 

TryM2congoPC216 216 VSG3-congo VH10.3.91 DSP2.9 JH1 VRIYDGYYDWYFDV 0 IgM km4 JK1 HQRSSYPWT 4 kappa 

TryM2congoPC218 218 VSG3-congo J558.55.149 DFL16.1 JH4 ARSYYYGSSYAMDY 0 IgM fl12 JK1 QNVLSTPPT 0 kappa 

TryM2congoPC219 219 VSG3-congo J558.64.162 N/A JH2 ARHEEGFDY 0 ND 12-41 JK2 QHFWSTPYT 0 kappa 

TryM2congoPC220 220 VSG3-congo 36-60.4.66 N/A JH1 ARGTYWYFDV 0 ND VL1 JL3 ALWYSNQFI 0 lambda 

TryM2congoPC221 221 VSG3-congo J558.3.90 DSP2.3 JH4 LYYGYDYAMDY 2 IgG2a cw9 JK1 LQYASYPWT 0 kappa 

TryM2congoPC224 224 VSG3-congo J558.88.194 DFL16.1 JH4 ARRRGYGSRGYAMDY 0 IgG2b RF JK1 QQHNEYPWT 2 kappa 

TryM2congoPC226 226 VSG3-congo J558.3.90 DSP2.9 JH4 TRWLLRAMDY 0 ND bw20 JK2 LQSDNMPYT 0 kappa 

TryM2congoPC228 228 VSG3-congo VH12.1.78 DFL16.1 JH1 AGDRYGYWYFDV 0 ND kf4 JK4 QQGSSIPFT 1 kappa 

TryM2congoPC232 232 VSG3-congo J558.26.116 DFL16.1 JH1 ARRGLYYGSSLWYFDV 0 ND 23-43 JK5 QQSNSWPLT 3 kappa 

TryM2congoPC235 235 VSG3-congo J558.53.146 DFL16.1 JH2 ARHYGSSTGYFDY 0 ND 23-43 JK5 QQSNSWPLT 1 kappa 

TryM2congoPC242 242 VSG3-congo J558.36.126 DFL16.3 JH2 ATEWNY 1 ND 23-43 JK2 QQSNSWPYT 1 kappa 

TryM2congoPC247 247 VSG3-congo J558.53.146 DFL16.1 JH2 ARHYGSSTGYFDY 0 IgM 23-43 JK5 QQSNSWPLT 0 kappa 

TryM2congoPC248 248 VSG3-congo J558.67.166 DFL16.1 JH4 AKLLRYPYYAMDY 0 IgG2a hf24 JK5 MQHLQYPLT 4 kappa 

TryM2congoPC251 251 VSG3-congo J558.84.190 DFL16.1 JH1 ARSHYYGSSYWYFDV 1 IgG2a bv9 JK1 LQYASSPPT 2 kappa 

TryM2congoPC252 252 VSG3-congo J558.84.190 DSP2.5 JH3 ARYGNYVAY 1 ND gm33 JK1 QQYWSTPRT 2 kappa 

TryM2congoPC256 256 VSG3-congo J558.83.189 DSP2.10 JH2 ARDRFDY 0 IgG2a 21-12 JK4 QHSRELPPT 4 kappa 

TryM2congoPC266 266 VSG3-congo J558.22.112 DSP2.2 JH3 ARNDYAWFAY 0 IgM 23-43 JK1 QQSNSWPWT 2 kappa 

TryM2congoPC268 268 VSG3-congo 36-60.8.74 DFL16.1 JH1 AREGPYYYGSSWYFDV 1 ND am4 JK1 QQWSSNPPRT 0 kappa 

TryM2congoPC271 271 VSG3-congo Q52.2.4 DQ52-
BALB/c JH2 ARNAGTGYFDY 1 ND cr1 JK4 FQGSHVPFT 1 kappa 

TryM2congoPC273 273 VSG3-congo J558.39.129 DFL16.1 JH1 ARSGGSSYLWYFDV 1 ND ce9 JK4 QQGNTLPFT 0 kappa 

TryM2congoPC274 274 VSG3-congo J558.59.155 DSP2.2 JH2 ARYDDYDGYYFDY 1 IgG2a ac4 JK5 FQGSGYPLT 1 kappa 

TryM2congoPC278 278 VSG3-congo J558.53.146 DFL16.1 JH2 HYGSSTGYFDY 0 ND 23-43 JK5 QQSNSWPLT 1 kappa 

TryM2congoPC282 282 VSG3-congo J558.42.132 DFL16.1j JH2 ASDYEDY 0 IgM kk4 JK4 QQWSSNPFT 2 kappa 

TryM2congoPC283 283 VSG3-congo J558.36.126 DFL16.1 JH2 AREGGSSYNYFDY 0 IgM cp9 JK1 QQYSKLPRT 1 kappa 

TryM2congoPC285 285 VSG3-congo SM7.2.49 N/A JH2 ARGGFDY 0 ND bb1 JK5 SQSTHVPLT 3 kappa 

TryM2congoPC288 288 VSG3-congo Q52.13.40 DSP2.9 JH3 AKHDGYWIAY 0 ND 4-57 JK5 QQYTGYPLT 2 kappa 

TryM2congoPC289 289 VSG3-congo 3609.7.153 DFL16.1 JH2 ARMDYYGSSSDY 0 ND ce9 JK1 QQGNMLPWT 1 kappa 

STable 13.7. VSG3-congo plasma cell repertoire. 
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TryM1-3N2C-PC006 006 VSG3N-2C SM7.4.63 DFL16.1 JH1 TLYYYGSSPIV 0 IgG2a 8-19 JK5 QNDYSYPLT 0 kappa 

TryM1-3N2C-PC008 008 VSG3N-2C VH9.15 DSP2.2 JH2 ARGDDYDGY 0 IgM 8-30 JK1 QQYYSYRT 1 kappa 

TryM1-3N2C-PC010 010 VSG3N-2C J558.12.102 DSP2.x JH1 SYYSNYWYFDV 0 ND 19-32 JK1 QQDYSSPRT 0 kappa 

TryM1-3N2C-PC021 021 VSG3N-2C J558.55.149 DFL16.1 JH2 ARSRGYGSSYDY 0 ND ao4 JK1 HQWSSYPPR 0 kappa 

TryM1-3N2C-PC025 025 VSG3N-2C VH10.1.86 DFL16.1 JH4 VRPFMGDYYAMDY 0 IgM bb1 JK1 SQSTHVPPT 1 kappa 

TryM1-3N2C-PC029 029 VSG3N-2C J558.84.190 DFL16.1 JH3 AHYYGSSFPFAY 0 ND 8-27 JK1 HQYLSSRT 0 kappa 

TryM1-3N2C-PC037 037 VSG3N-2C VH10.3.91 DSP2.9 JH4 VRAYDGYYVSAMDY 0 IgM 23-39 JK5 QNGHSFPLT 0 kappa 

TryM1-3N2C-PC045 045 VSG3N-2C 36-60.8.74 DFL16.1 JH1 ARSPYYYGSSYGWYFDV 0 IgG2a ce9 JK1 QQGNTLPWT 0 kappa 

TryM1-3N2C-PC047 047 VSG3N-2C J558.50.143 DFL16.1 JH2 ARYYGSSYVDY 0 IgM bb1 JK2 SQSTHVPYT 1 kappa 

TryM1-3N2C-PC048 048 VSG3N-2C 7183.4.6 DFL16.1 JH3 ARPLITTVVAWFAY 0 IgM 23-43 JK5 QQSNSWPLT 0 kappa 

TryM1-3N2C-PC049 049 VSG3N-2C VH10.1.86 DSP2.2 JH3 VRPYDYDGIGFAY 0 IgM at4 JK5 QQWSSYPLT 0 kappa 

TryM1-3N2C-PC055 055 VSG3N-2C Q52.13.40 DFL16.1 JH4 AKSSYGAMDY 0 ND 23-43 JK2 QQSNSWPYT 0 kappa 

TryM1-3N2C-PC059 059 VSG3N-2C 36-60.6.70 DQ52-
BALB/c JH4 AREAGTRAMDY 0 IgG2a ce9 JK4 QQGNTLPFT 0 kappa 

TryM1-3N2C-PC061 061 VSG3N-2C J606.1.79 DQ52-
BALB/c JH2 TGLGLLTT 1 IgG2b ce9 JK1 QQGNTLPPT 0 kappa 

TryM1-3N2C-PC065 065 VSG3N-2C J558.53.146 DSP2.11 JH2 AAYYIFFDY 0 IgM cr1 JK2 FQGSHVPYT 0 kappa 

TryM1-3N2C-PC068 068 VSG3N-2C J558.55.149 DFL16.1j JH2 AREGGLLRGYFDY 0 ND bt20 JK4 LQSDNLPFT 0 kappa 

TryM1-3N2C-PC069 069 VSG3N-2C J558.81.187 N/A JH2 ARKYAMDY 0 IgM 23-48 JK4 QQSNSWPFT 0 kappa 

TryM1-3N2C-PC070 070 VSG3N-2C X24.1pg.45 DFL16.1 JH4 ANLHYYGRMDY 0 IgM kb4 JK5 QQWNYPLIT 0 kappa 

TryM1-3N2C-PC072 072 VSG3N-2C VH11.2.53 DSP2.x JH1 MRYSNYWYFDV 0 IgM IgK9-
128 JK2 LQHGESPYT 0 kappa 

TryM1-3N2C-PC084 084 VSG3N-2C VH10.3.91 DSP2.9 JH4 AYDGYYVSAMDY 0 IgM 23-39 JK5 QNGHSFPLT 0 kappa 

TryM1-3N2C-PC085 085 VSG3N-2C VH10.3.91 DSP2.9 JH4 VRIYDGYYLPAGDY 0 IgM kk4 JK1 QQWSSNPWT 0 kappa 

TryM1-3N2C-PC087 087 VSG3N-2C J558.53.146 DST4.3 JH2 ARGDSSYY 0 IgM cv1 JK2 FQSNYLPYT 0 kappa 

TryM1-3N2C-PC089 089 VSG3N-2C J558.2.88 DSP2.5 JH2 ARYGDGNYYFDY 0 IgM 23-48 JK5 QQSNSWPLT 0 kappa 

TryM1-3N2C-PC100 100 VSG3N-2C 7183.4.6 DSP2.3 JH2 ARDGYDYFDY 0 IgM ac4 JK2 FQGSGYPLT 0 kappa 

TryM1-3N2C-PC101 101 VSG3N-2C 36-60.8.74 DSP2.5 JH2 ARGGYYGNPFDY 0 IgM 8-27 JK2 HQYLSSYT 0 kappa 

TryM1-3N2C-PC106 106 VSG3N-2C 7183.2.3 DQ52-
C57BL/6 JH2 AILTGTVLL*L 1 IgM 23-43 JK2 QQSNSWPYT 0 kappa 

TryM1-3N2C-PC121 121 VSG3N-2C VH10.1.86 N/A JH1 VPYWYFDV 1 IgM 8-24 JK5 QQHYSTPLT 0 kappa 

TryM1-3N2C-PC128 128 VSG3N-2C 7183.20.37 DSP2.13 JH2 ARSYGYYFDY 0 ND bt20 JK5 LQSDNLPLT 1 kappa 

TryM1-3N2C-PC130 130 VSG3N-2C VH9.15 DFL16.1j JH4 ARGSYVYAMDY 0 IgM bd2 JK1 WQGTHFPWT 0 kappa 

TryM1-3N2C-PC134 134 VSG3N-2C J558.72.173 DST4-
C57BL/6 JH3 ARSGTAQATWAY 0 ND 12-46 JK5 QHFWGTPLT 0 kappa 

TryM2-3N2C-PC020 020 VSG3N-2C J558.88.194 N/A JH2 AREGGLYYFDY 1 IgG2a ap4 JK5 QQRSSYPLT 0 kappa 

TryM2-3N2C-PC024 024 VSG3N-2C 36-60.6.70 N/A JH2 AREQFPSFDY 0 IgM 19-15 JK2 QQYNSYPYT 1 kappa 

TryM2-3N2C-PC027 027 VSG3N-2C Q52.13.40 DFL16.1j JH1 AKHGDGPGYFDV 0 IgG3 kf4 JK2 QQGSSIPYT 0 kappa 

TryM2-3N2C-PC035 035 VSG3N-2C J558.83.189 DST4-
BALB/c JH4 ARLGYQNAMDY 0 IgG2a bb1 JK1 SQSTHVPWT 0 kappa 

TryM2-3N2C-PC037 037 VSG3N-2C J558.88.194 DQ52-
BALB/c JH2 ANQNWEGFDY 0 IgG2b ba9 JK2 LQYDEFPYT 0 kappa 

TryM2-3N2C-PC052 052 VSG3N-2C 36-60.6.70 DSP2.2 JH3 ARDRDYDWFAY 1 IgG2a aq4 JK1 QQWSSNPRT 0 kappa 

TryM2-3N2C-PC056 056 VSG3N-2C SM7.4.63 DSP2.x JH4 TTDYSNYGGKYAMDY 0 IgG1 gj38c JK2 LQYDNLLPT 0 kappa 

TryM2-3N2C-PC064 064 VSG3N-2C J558.22.112 DSP2.2 JH2 ARLTYYDYAYFDY 0 IgG2a 21-5 JK1 QQSNEDPRT 0 kappa 

TryM2-3N2C-PC065 065 VSG3N-2C 7183.19.36 DSP2.9 JH4 ARVFYDGYYVYAMDY 0 IgG2a ce9 JK1 QQGNTLPWT 0 kappa 

TryM2-3N2C-PC067 067 VSG3N-2C J558.67.166 DSP2.9 JH2 ARWLLRYFDY 0 IgG2a bw20 JK2 LQSDNMPYT 0 kappa 

TryM2-3N2C-PC088 088 VSG3N-2C VH10.3.91 DFL16.1 JH2 VGGSLFDY 0 IgG2a ap4 JK4 QRSSYPPT 0 kappa 

TryM2-3N2C-PC099 099 VSG3N-2C 3609N.2.77 DSP2.9 JH3 SRDGYYGWFAY 0 IgG2a bv9 JK2 LQYASSPYT 1 kappa 

TryM2-3N2C-PC113 113 VSG3N-2C J558.85.191 DFL16.1 JH1 ANYYGSSYDWYFDV 0 IgG1 19-17 JK1 QQHYSTPRT 0 kappa 

TryM2-3N2C-PC123 123 VSG3N-2C J558.6.96 DSP2.x JH4 YSNYDYAMDY 0 IgG1 bv9 JK2 LQYASSPYT 1 kappa 
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TryM2-3N2C-PC132 132 VSG3N-2C Q52.8.22 DSP2.x JH4 ARYSNYVGYAMDY 0 IgG3 19-17 JK1 QQHYSTPRT 1 kappa 

TryM2-3N2C-PC136 136 VSG3N-2C Q52.10.33 DQ52-
C57BL/6 JH3 ASLTGPFAY 0 IgG2a 19-23 JK2 QQYSSYPYT 0 kappa 

TryM2-3N2C-PC141 141 VSG3N-2C J558.79.184 DSP2.2 JH4 ARGDYDGYYAMDY 0 ND ba9 JK2 LQYDEFPYT 0 kappa 

TryM2-3N2C-PC145 145 VSG3N-2C VH10.3.91 N/A JH2 VRGKGDY 0 IgG2a bt20 JK2 LQSDNLPLT 0 kappa 

TryM2-3N2C-PC146 146 VSG3N-2C J558.67.166 DFL16.1 JH2 ARSFIYYYGTGYFDY 0 IgG2a bb1 JK1 SQSTHVPPWT 1 kappa 

TryM2-3N2C-PC150 150 VSG3N-2C J558.4.93 DFL16.1 JH1 ARGPITTVAHWYFDV 0 IgG2a 12-44 JK5 QHHYGTPLT 0 kappa 

TryM2-3N2C-PC151 151 VSG3N-2C VH10.1.86 DFL16.1j JH4 VRHGNYAMDY 0 IgM 19-13 JK5 QQYSSYPLT 0 kappa 

TryM2-3N2C-PC152 152 VSG3N-2C J558.53.146 DFL16.1 JH2 ARWLLRSLEK 1 IgG2a at4 JK1 QQWSSYPWT 0 kappa 

TryM2-3N2C-PC162 162 VSG3N-2C VH10.1.86 DQ52-
BALB/c JH2 VTGYYFDY 0 IgM cr1 JK2 FQGSHVPYT 0 kappa 

TryM2-3N2C-PC164 164 VSG3N-2C VH12.1.78 DSP2.8 JH3 AGDRSLEGFAY 0 IgG2a kk4 JK5 QQWSSNPLT 0 kappa 

TryM2-3N2C-PC165 165 VSG3N-2C J558.85.191 DFL16.1 JH1 ARETTVVADFDV 1 IgG1 bd2 JK5 WQGTHFLT 0 kappa 

TryM2-3N2C-PC172 172 VSG3N-2C 3609.7.153 DSP2.x JH1 ARYYSNIHWYFDV 0 IgG2a ce9 JK4 QQGNTLIFT 0 kappa 

TryM2-3N2C-PC173 173 VSG3N-2C VH10.1.86 DFL16.1 JH3 VRDYYGSTLFAY 0 IgM 23-43 JK4 QQSNSWPFT 0 kappa 

TryM2-3N2C-PC174 174 VSG3N-2C Q52.2.4 DSP2.x JH4 ARNGYSNYVGYYAMDY 1 IgG2a 23-43 JK5 QQSNSWPLT 0 kappa 

TryM1-3N2C-PC006 006 VSG3N-2C SM7.4.63 DFL16.1 JH1 TLYYYGSSPIV 0 IgG2a 8-19 JK5 QNDYSYPLT 0 kappa 

TryM1-3N2C-PC008 008 VSG3N-2C VH9.15 DSP2.2 JH2 ARGDDYDGY 0 IgM 8-30 JK1 QQYYSYRT 1 kappa 

TryM1-3N2C-PC010 010 VSG3N-2C J558.12.102 DSP2.x JH1 SYYSNYWYFDV 0 ND 19-32 JK1 QQDYSSPRT 0 kappa 

TryM1-3N2C-PC021 021 VSG3N-2C J558.55.149 DFL16.1 JH2 ARSRGYGSSYDY 0 ND ao4 JK1 HQWSSYPPR 0 kappa 

TryM1-3N2C-PC025 025 VSG3N-2C VH10.1.86 DFL16.1 JH4 VRPFMGDYYAMDY 0 IgM bb1 JK1 SQSTHVPPT 1 kappa 

TryM1-3N2C-PC029 029 VSG3N-2C J558.84.190 DFL16.1 JH3 AHYYGSSFPFAY 0 ND 8-27 JK1 HQYLSSRT 0 kappa 

TryM1-3N2C-PC037 037 VSG3N-2C VH10.3.91 DSP2.9 JH4 VRAYDGYYVSAMDY 0 IgM 23-39 JK5 QNGHSFPLT 0 kappa 

TryM1-3N2C-PC045 045 VSG3N-2C 36-60.8.74 DFL16.1 JH1 ARSPYYYGSSYGWYFDV 0 IgG2a ce9 JK1 QQGNTLPWT 0 kappa 

TryM1-3N2C-PC047 047 VSG3N-2C J558.50.143 DFL16.1 JH2 ARYYGSSYVDY 0 IgM bb1 JK2 SQSTHVPYT 1 kappa 

TryM1-3N2C-PC048 048 VSG3N-2C 7183.4.6 DFL16.1 JH3 ARPLITTVVAWFAY 0 IgM 23-43 JK5 QQSNSWPLT 0 kappa 

TryM1-3N2C-PC049 049 VSG3N-2C VH10.1.86 DSP2.2 JH3 VRPYDYDGIGFAY 0 IgM at4 JK5 QQWSSYPLT 0 kappa 

TryM1-3N2C-PC055 055 VSG3N-2C Q52.13.40 DFL16.1 JH4 AKSSYGAMDY 0 ND 23-43 JK2 QQSNSWPYT 0 kappa 

TryM1-3N2C-PC059 059 VSG3N-2C 36-60.6.70 DQ52-
BALB/c JH4 AREAGTRAMDY 0 IgG2a ce9 JK4 QQGNTLPFT 0 kappa 

TryM1-3N2C-PC061 061 VSG3N-2C J606.1.79 DQ52-
BALB/c JH2 TGLGLLTT 1 IgG2b ce9 JK1 QQGNTLPPT 0 kappa 

TryM1-3N2C-PC065 065 VSG3N-2C J558.53.146 DSP2.11 JH2 AAYYIFFDY 0 IgM cr1 JK2 FQGSHVPYT 0 kappa 

TryM1-3N2C-PC068 068 VSG3N-2C J558.55.149 DFL16.1j JH2 AREGGLLRGYFDY 0 ND bt20 JK4 LQSDNLPFT 0 kappa 

TryM1-3N2C-PC069 069 VSG3N-2C J558.81.187 N/A JH2 ARKYAMDY 0 IgM 23-48 JK4 QQSNSWPFT 0 kappa 

TryM1-3N2C-PC070 070 VSG3N-2C X24.1pg.45 DFL16.1 JH4 ANLHYYGRMDY 0 IgM kb4 JK5 QQWNYPLIT 0 kappa 

TryM1-3N2C-PC072 072 VSG3N-2C VH11.2.53 DSP2.x JH1 MRYSNYWYFDV 0 IgM IgK9-
128 JK2 LQHGESPYT 0 kappa 

TryM1-3N2C-PC084 084 VSG3N-2C VH10.3.91 DSP2.9 JH4 AYDGYYVSAMDY 0 IgM 23-39 JK5 QNGHSFPLT 0 kappa 

TryM1-3N2C-PC085 085 VSG3N-2C VH10.3.91 DSP2.9 JH4 VRIYDGYYLPAGDY 0 IgM kk4 JK1 QQWSSNPWT 0 kappa 

TryM1-3N2C-PC087 087 VSG3N-2C J558.53.146 DST4.3 JH2 ARGDSSYY 0 IgM cv1 JK2 FQSNYLPYT 0 kappa 

TryM1-3N2C-PC089 089 VSG3N-2C J558.2.88 DSP2.5 JH2 ARYGDGNYYFDY 0 IgM 23-48 JK5 QQSNSWPLT 0 kappa 

TryM1-3N2C-PC100 100 VSG3N-2C 7183.4.6 DSP2.3 JH2 ARDGYDYFDY 0 IgM ac4 JK2 FQGSGYPLT 0 kappa 

TryM1-3N2C-PC101 101 VSG3N-2C 36-60.8.74 DSP2.5 JH2 ARGGYYGNPFDY 0 IgM 8-27 JK2 HQYLSSYT 0 kappa 

TryM1-3N2C-PC106 106 VSG3N-2C 7183.2.3 DQ52-
C57BL/6 JH2 AILTGTVLL*L 1 IgM 23-43 JK2 QQSNSWPYT 0 kappa 

TryM1-3N2C-PC121 121 VSG3N-2C VH10.1.86 N/A JH1 VPYWYFDV 1 IgM 8-24 JK5 QQHYSTPLT 0 kappa 

TryM1-3N2C-PC128 128 VSG3N-2C 7183.20.37 DSP2.13 JH2 ARSYGYYFDY 0 ND bt20 JK5 LQSDNLPLT 1 kappa 

TryM1-3N2C-PC130 130 VSG3N-2C VH9.15 DFL16.1j JH4 ARGSYVYAMDY 0 IgM bd2 JK1 WQGTHFPWT 0 kappa 

TryM1-3N2C-PC134 134 VSG3N-2C J558.72.173 DST4-
C57BL/6 JH3 ARSGTAQATWAY 0 ND 12-46 JK5 QHFWGTPLT 0 kappa 

TryM2-3N2C-PC020 020 VSG3N-2C J558.88.194 N/A JH2 AREGGLYYFDY 1 IgG2a ap4 JK5 QQRSSYPLT 0 kappa 

TryM2-3N2C-PC024 024 VSG3N-2C 36-60.6.70 N/A JH2 AREQFPSFDY 0 IgM 19-15 JK2 QQYNSYPYT 1 kappa 

TryM2-3N2C-PC027 027 VSG3N-2C Q52.13.40 DFL16.1j JH1 AKHGDGPGYFDV 0 IgG3 kf4 JK2 QQGSSIPYT 0 kappa 

TryM2-3N2C-PC035 035 VSG3N-2C J558.83.189 DST4-
BALB/c JH4 ARLGYQNAMDY 0 IgG2a bb1 JK1 SQSTHVPWT 0 kappa 

TryM2-3N2C-PC037 037 VSG3N-2C J558.88.194 DQ52-
BALB/c JH2 ANQNWEGFDY 0 IgG2b ba9 JK2 LQYDEFPYT 0 kappa 
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TryM2-3N2C-PC052 052 VSG3N-2C 36-60.6.70 DSP2.2 JH3 ARDRDYDWFAY 1 IgG2a aq4 JK1 QQWSSNPRT 0 kappa 

TryM2-3N2C-PC056 056 VSG3N-2C SM7.4.63 DSP2.x JH4 TTDYSNYGGKYAMDY 0 IgG1 gj38c JK2 LQYDNLLPT 0 kappa 

TryM2-3N2C-PC064 064 VSG3N-2C J558.22.112 DSP2.2 JH2 ARLTYYDYAYFDY 0 IgG2a 21-5 JK1 QQSNEDPRT 0 kappa 

TryM2-3N2C-PC065 065 VSG3N-2C 7183.19.36 DSP2.9 JH4 ARVFYDGYYVYAMDY 0 IgG2a ce9 JK1 QQGNTLPWT 0 kappa 

TryM2-3N2C-PC067 067 VSG3N-2C J558.67.166 DSP2.9 JH2 ARWLLRYFDY 0 IgG2a bw20 JK2 LQSDNMPYT 0 kappa 

TryM2-3N2C-PC088 088 VSG3N-2C VH10.3.91 DFL16.1 JH2 VGGSLFDY 0 IgG2a ap4 JK4 QRSSYPPT 0 kappa 

TryM2-3N2C-PC099 099 VSG3N-2C 3609N.2.77 DSP2.9 JH3 SRDGYYGWFAY 0 IgG2a bv9 JK2 LQYASSPYT 1 kappa 

TryM2-3N2C-PC113 113 VSG3N-2C J558.85.191 DFL16.1 JH1 ANYYGSSYDWYFDV 0 IgG1 19-17 JK1 QQHYSTPRT 0 kappa 

TryM2-3N2C-PC123 123 VSG3N-2C J558.6.96 DSP2.x JH4 YSNYDYAMDY 0 IgG1 bv9 JK2 LQYASSPYT 1 kappa 

TryM2-3N2C-PC132 132 VSG3N-2C Q52.8.22 DSP2.x JH4 ARYSNYVGYAMDY 0 IgG3 19-17 JK1 QQHYSTPRT 1 kappa 

TryM2-3N2C-PC136 136 VSG3N-2C Q52.10.33 DQ52-
C57BL/6 JH3 ASLTGPFAY 0 IgG2a 19-23 JK2 QQYSSYPYT 0 kappa 

TryM2-3N2C-PC141 141 VSG3N-2C J558.79.184 DSP2.2 JH4 ARGDYDGYYAMDY 0 ND ba9 JK2 LQYDEFPYT 0 kappa 

TryM2-3N2C-PC145 145 VSG3N-2C VH10.3.91 N/A JH2 VRGKGDY 0 IgG2a bt20 JK2 LQSDNLPLT 0 kappa 

TryM2-3N2C-PC146 146 VSG3N-2C J558.67.166 DFL16.1 JH2 ARSFIYYYGTGYFDY 0 IgG2a bb1 JK1 SQSTHVPPWT 1 kappa 

TryM2-3N2C-PC150 150 VSG3N-2C J558.4.93 DFL16.1 JH1 ARGPITTVAHWYFDV 0 IgG2a 12-44 JK5 QHHYGTPLT 0 kappa 

TryM2-3N2C-PC151 151 VSG3N-2C VH10.1.86 DFL16.1j JH4 VRHGNYAMDY 0 IgM 19-13 JK5 QQYSSYPLT 0 kappa 

TryM2-3N2C-PC152 152 VSG3N-2C J558.53.146 DFL16.1 JH2 ARWLLRSLEK 1 IgG2a at4 JK1 QQWSSYPWT 0 kappa 

TryM2-3N2C-PC162 162 VSG3N-2C VH10.1.86 DQ52-
BALB/c JH2 VTGYYFDY 0 IgM cr1 JK2 FQGSHVPYT 0 kappa 

TryM2-3N2C-PC164 164 VSG3N-2C VH12.1.78 DSP2.8 JH3 AGDRSLEGFAY 0 IgG2a kk4 JK5 QQWSSNPLT 0 kappa 

TryM2-3N2C-PC165 165 VSG3N-2C J558.85.191 DFL16.1 JH1 ARETTVVADFDV 1 IgG1 bd2 JK5 WQGTHFLT 0 kappa 

TryM2-3N2C-PC172 172 VSG3N-2C 3609.7.153 DSP2.x JH1 ARYYSNIHWYFDV 0 IgG2a ce9 JK4 QQGNTLIFT 0 kappa 

TryM2-3N2C-PC173 173 VSG3N-2C VH10.1.86 DFL16.1 JH3 VRDYYGSTLFAY 0 IgM 23-43 JK4 QQSNSWPFT 0 kappa 

TryM2-3N2C-PC174 174 VSG3N-2C Q52.2.4 DSP2.x JH4 ARNGYSNYVGYYAMDY 1 IgG2a 23-43 JK5 QQSNSWPLT 0 kappa 

STable 13.8. VSG3N-2C plasma cell repertoire. 
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 Appendix F – Trials for the identification 
of the O-glycosyltransferase (RNAi) 
 
 After the discovery of the novel O-glycosylation on VSG3WT (77), one of the initial aims 

of my thesis was to identify the enzyme responsible for this modification. To characterize the O-

glycosylation pathway, I focused first on identifying the O-glycosyltransferase (OGT) via inducible 

gene knockdown by RNAi. The aim was to produce double-stranded RNAs (dsRNAs), after 

tetracycline induction, from a template flanked by opposing T7 promoters (282, 283) that were 

regulated by tetracycline operators (284). For this purpose, a small, custom RNAi library was 

formed, after searching against a database called dbCAN (web server and database for automated 

carbohydrate - active enzyme annotation), using HMMER3 (hmmscan) and selecting 24 EC 2.4.1 

candidates (Hexosyltransferases), which represented the glycosyltransferase of interest (SFig. 14.1). 

The plasmids containing the different genes, were transfected individually in 2T1/224 cells (VSG3-

expressing cells), clones were collected after 5-6 days and RNAi was induced for 5 days. After the 

induction and when not lethal, FACS analysis using the monoclonal VSG3WT antibody (80) 

determined if the candidate was the possible OGT, based on the observed shift in antibody binding 

between glycosylated and non-glycosylated VSG3 (77). In other words, if the OGT was successfully 

knocked down, the antibody would bind better to the knockdown cell line and a higher main 

fluorescence intensity would be recorded. The success of the knockdown was validated in each 

case by Northern Blot. 

 Two gene-candidates, Tb927.5.2350 and Tb927.3.4630, showed the most promise as the 

desired antibody binding shift could be seen for 3/8 clones of Tb927.5.2350 and 1/1 clone of 

Tb927.3.4630. The next step was to perform gene knock out experiments, either by utilizing 

CRISPR/Cas9 or by replacing the gene of interest with a selection drug. Some preliminary trials 

were conducted, but were unsuccessful (data not shown). A potential reason for this could that the 

genes are not significantly expressed as concluded by ribosome profiling, with reads 0.5 RPKM 
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(reads per kb per million) for 5.2350 and 2 RPKM for 2.4630. Hence, I did not proceed further 

with this part of the project. 

SFig. 14.1. Glycosyltransferase phylogenetic tree showing the 24 candidates. The different 
GT families are shown in distinct colors as indicated by the label. The gray star illustrates which of 
the genes were selected for RNAi. 
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