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Zusammenfassung

Seit der Entdeckung des HI Virus in den friilhen 1§80Jahren, spiegelt die von ihm ausgel6ste
AIDS Pandemie mit mehr als 30 Millionen Toten wadiiveine der ernstzunehmensten
Krankheiten unserer Zeit wieder. Trotz intensivesrdehung und der stetig wachsenden
Kenntnis des HIV Lebenszyklus ist heutzutage nosmeér kein sicherer und preventiver HIV
Impfstoff verfligbar. Die hohe Diverstat von HIV kepfiziert die Herstellung eines universellen
Impfstoffes gegen verschiedene Subtypen. Ein Ansatzder HIV Impfstoffentwicklung
konzentriert sich daher auf die Induzierung breitredisierender Antikbrper gegen stark
konservierte Bereiche des HI Virus. Zwei dieserithesitralisierenden Antikérper, 2F5 und
4E10, richten sich gegen Epitope in der Membramxipralen Region (MPER) des viralen
transmembranen Hullproteins gp41 und gehdren ziimzieeinem Neutralisationspotential von
95% gegen die meist verbreitenden HIV Stdmme zu mteentesten breitneutralisierenden
Antikorper. Jedoch blieb die Induzierung derartigekntikbrper durch klassische
Vakzinierungsstrategien bislang erfolglos. Als mélgt Grinde stehen die hohe konformelle
Flexibilitdt des Zielepitops, dessen geringe Imrtitnsowie Immuntoleranzmechanismen zur
Diskussion. In dieser Masterarbeit soll mit Hilfeepgtkations-kompetenter Foamyviren eine
neue Strategie der Antigenprasentation verfolgtderey um durch eine erhdéhte Immunogenitat
der Antigene und dessen kontinuierlichen Prasemtgedie Induktion neutralisierender 2F5 und
4E10 ahnlicher Antikérper zu ermdoglichen. Fir dasfilgen der HIV Domanen soll das
akzessorische Bet Protein des Foamyvirus verwendeden. Es konnte gezeigt werden, dass
Bet im hohen Mal3e von infizierten Zellen exprimiartd an seine Umgebung sekretiert wird
und somit als ideales Tragerprotein zur Antigensaatbng dient. Im Gegensatz zu anderen
vorherigen Strategien sollen die 2F5 und 4E10 peitdurch eine zweite Domane, die auf dem
entgegengesetzt gelegenen N-Terminus des gp4ldiekalist, stabilisiert werden. In friiheren
Studien wurde gezeigt, dass es durch die Stabuistedieser zweiten Doméne zu einer erhdhten
Bindungsstéarke von 2F5 an sein Epitop kommt. Didiegende Masterarbeit befasst sich daher
mit der Herstellung rekombinanter Bet/HIV-1 Hybndigenen, die die 2F5 und 4E10 Epitope
sowie die Epitop-stabilisierende Domane beinhaliase Hybride werden auf ihre Antigenitét
sowie ihre Immunogenitat in Immunisierungsstudiemtetsucht um festzustellen, ob HIV-
spezifische Antikorper nach Verabreichung der HiybHde induziert wurden und ob diese
Antikdrper womadglich bereits auch ohne die Pragemtader Antigen durch das Foamyvirus
neutralisierend auf HIV wirken. Die Untersuchungagaben, dass alle Antigene, die die 2F5
und 4E10 Epitope enthielten, sowohl unter denatemigen als auch unter physiologischen

Bedingungen von den HIV-neutralisierenden Antikénpeerkannt wurden und somit als



funktionsfahige Antigen charakterisiert werden kimmn Die Immunisierungsstudien zeigten
eine hohe Immunogenitat fir das Bet-Fusionsprotias,eine Induzierung hoher Antikorpertiter
gegen das vollstandige Immunogen bewirkte. Auchfukeonierten HIV-Domanen wurden von
dem Immunsystem erkannt und gp4l-spezifische s@#8- und 4E10-Epitop-spezifische
Antikdrper wurden gebildet. Diese Antikdrper erkenrzwar ihre nattrlichen Epitope, jedoch
wiesen sie keine Neutralisierungsaktivitat gegenialeen HI Virus auf, was in einem Indikator-
Zelllinien basierten Neutralisations-Assay gezeigtrde. Zusammengefasst zeigt diese
Masterarbeit die Eignung Bet Proteins als hoch imogenen Fusionspartner fir die
Prasentation der HIV-Doméanen. Aufgrund der vorliretgn Daten kann die hier vorgestellte
Strategie weiter verfolgt und die Présentation démtigene mit Hilfe wvon
Replikationskompetenten Foamyviren getestet werden



Abstract

AIDS is with more than 33 million deaths worldwidaee of the most serious diseases of our
time. Despite intensive research, 30 years aftgtdidcovery no preventive vaccine is available.
In regard to vaccine development, the broadly rdising antibodies 2F5 and 4E10 have since
been from particular interest. These antibodiegetaepitopes in the membrane proximal region
of the transmembrane envelope protein gp41 of HAARA are able to neutralise up to 95% of all
major HIV-1 strains. However, although these ardibs were isolated from naturally infected
individuals, all attempts to induce such antibodigsvaccination failed so far. As reasons, the
conformational variablity of the target epitopes lbw immunogenicity as well as immune
tolerance mechanisms are discussed. This thesigmbedded in a project that aims to deliver
the 2F5 and 4E10 epitopes by a novel approach usplgcation competent foamy viruses to
increase antigen immunogenicity. In contrast toeotstrategies, the 2F5 and 4E10 epitopes
should hereby be stabilised by a second domairvetkifirom the opposite N-terminal part of
gp41 which has been shown to result in increasédppbinding of 2F5. The HIV domain shall
fused with the accessory Bet protein of foamy \esuhich is highly expressed in infected cells
and secreted to the environment representing aal wherier protein for immune stimulation.
The aim of this thesis was to investigate whetlieh$Bet fusion proteins with HIV-1 inserts are
accessible for monoclonal antibodies 2F5 and 4BMh@ther they are immunogenic when used
in immunisation studies and, whether HIV specifauitmalsising antibodies can be induced. For
this, recombinant Bet and Bet/HIV proteins wereduaed inE. coli and based on refolding
protocols purified to homogeneity. All proteins taining the 2F5 and 4E10 epitopes were
recognised by these antibodies under denaturingedisas under physiological conditions. By
immunisation of rats with these proteins it wasnduhat the Bet carrier protein is a highly
immunogenic fusion partner inducing high levelsaatibodies in all rats. Importantly, also the
fused HIV domains were recognised by the immunéesysand gp41 as well as 2F5 and 4E10
epitope specific antibodies generated. Howevepitiethe fact that these antibodies targeted the
HIV epitopes, they were not able to prevent HIVeition in an indicator cell line based
neutralisation assay. In summary, this work dematest the suitability of Bet as highly
immunogenic fusion partner for antigen delivery grdvides promising data for testing the

transfer of these Bet/HIV hybrid domains into regtion competent vectors.
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Introduction

1. Introduction

1.1. The human immunodeficiency virus (HI1V)
1.1.1 HIV- alethal disease

Since its discovery in the early 1980s [1], HIVaafion has become a serious global
epidemic with more than 30 million deaths due t®8lor AIDS related diseases and thus
developed to one of the greatest challenges foranuhealth [2]. According to the last
survey made in 2009 by the World Health Organisa{MyHO) 33.3 million people are
currently living with HIV and 2.6 million were newlinfected this year (http://www.who.
int/hiv/data/en/index.html). The most devastatingisequences of this disease have been
seen in developing nations like Sub-Saharan Afwb&ch alone accounts for 68% of all
HIV infections worldwide and which has with 1.8 hah the highest rate of new
infections (Figure 1 and http://www.who.int/hiv/d&n/index.html). However due to its
high prevalence also in the developed nations relsea control HIV and prevent new
infections has highest priority [3]. Despite gr@abgress in the understanding of HIV’s
biology and the successful development of anti-Hhédications like highly active
antiretroviral therapy (HAART), the currently awatle treatments achieve only a life-
extending effect and are suffering from poor loagxt efficiency and high costs [4, 5]. A
protection against AIDS by an effective and saveciree for several subtypes to stem the

global epidemic is therefore of fundamental inteeag®l urgently needed [6].

Western & Eastern Europe
Central Europe & Central Asia
1.4 million
North America [720000 =910 000] - [1-3 milion — 1.6 million]
1.5 million East Asia
[1.2 million — 2.0 million]
Middle East & North Africa [560 000—1.0 millien]
czat{gab%aon [400 000 — 530 000]
B South & South-East Asia
[220 000 - 270 000] 4.1 million
Sub-Saharan Africa [3:7 million —4.6 million]
Central & 22.5 million 2
South America [20.9 million — 24.2 million] Oceania
1.4 million
[1.2 million = 1.6 million] [50 000 - 64,000]

Total: 33.3 million [31.4 million — 35.3 million]

Figure 1: Estimations of adults and children livingwith HIV worldwide
(http://www.who.int/hiv/data/en/index.html)
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Introduction

1.1.2 Classification and origin of HIV

The HIV subtypes 1 and 2 belong to the genus ofehtviruses and are a member of the
Retroviridaefamily. Retroviruses are characterised by a diofgrositive single stranded
RNA as genome which is reverse transcribed intoNtsRfter infection [7, 8]. In contrast
to other retroviruses, HIV possesses as a lensiyihie ability to infect non-dividing cells
and causes a prolonged and slow process of anatéiynfatal diseases [4]. HIV-1 is
worldwide the predominant virus type with the gesatdiversity whereas occurrence of
type 2 is mainly restricted to the area around VWdsta [4]. By phylogenetical analysis,
HIV-1 can be grouped into four major groups: Mdim),( Outlier (O), New (N), and the
recently identified group P [9]. The most commonV/HI group M is further divided into
nine distinct subtypes or clades named by leti&y$8B( C, D, F, G, H, J and K) and sub-
subtypes denoted with numbers (Al, A2, A3, A4, kil &5) which exhibit a less genetic
distance between each other and arose from a distubtype. Additionally there exist
numerous circulating recombinant forms which refolin co-infection of individuals with

various subtypes and further increase the complexitlassification [4, 10-12].

A B and CRFOI_AE
CRF02_AG and other recombinant forms
B A, B, and AB recombinant form
B and BF recombinant form
C E @ B, C,and BC recombinant form
F, G, H, J, K, and CRFO1 and other recombinant forms
D Insufficient data

Figure 2: Current global distribution of HIV-1 M su btypes and recombinant forms [12]

The earliest HIV-1 infection can be traced baclk fouman blood sample from 1959 taken
in the area near the Congo River [13]. With theesdiof molecular sequencing techniques

researchers’ recognised that HIV-1 has extreme hmygdo a simian immunodeficiency
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virus (SIVcpz), isolated from a subspecies of clangeePan troglodytes troglodytes
living in West Central Africa [11, 12]. These chiarnzees harbour viruses with about 85%
sequence identity to the virus found in humansaedherefore thought to be the reservoir
of a HIV-1 progenitor that was transmitted to husaasulting in a zoonosis [12, 14].
Moreover, strains related to the M and N group ha&lge been found later in many species
of chimpanzees, further confirming this thesis [12]

1.1.3 Genomic organisation of HIV-1 and virion structure

HIV-1 belongs to the group of complex retrovirusasd encodes in addition to the
canonical Gag, Pol and Env proteins several acoggsoteins such as Rev, Nef, Tat, Vif,
Vpr and Vpu (Figure 3). Gag is the major structysegcursor protein, which is further
processed into the matrix (MA, pl7), capsid (CAApand nucleocapsid (NC, p7)
proteins. Thepol gene codes the viral enzymes protease (PR), eewensscriptase (RT)
and integrase (IN) which have important functionsmg viral replication [7, 15]. Thenv
gene codes the gp160 precursor protein that iseteby a furin-like host protease into the
surface protein (SU, gp120) and the transmembrarmel@pe protein (TM, gp41) which
together form the viral spike on the virion surfgté]. Further important proteins during
virus infection are the accessory proteins Rev, Neaf, Vif, Vpr and Vpu whose functions

are summarised in Table 1.

rev ]

_'I- .l

120 41
P1 7 P24 P7 p1 1 P66/51 p32 A o
MA- CA NC pr RT IN

Figure 3: Genomic organisation of HIV-1 and viral proteins [4]

Two long term repeat sites (LTR) enclose the thnaén genes Gag (processed to matrix (MA, p17),idaps
(CA, p24) and nucleocapsid (NC, p7) proteins), (Rother processed to protease (PR), reverse tiatesse
(RT) and integrase (IN) and Env (processed to tifase protein (SU, gp120) and the transmembrane
envelope protein (TM, gp41). Furthermore encodedtlae accessory proteins Vif, Vpr, Vpu, Nef, Red an
Tat.
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Table 1: Overview of the functions of the accessomroteins of HIV-1

Viral accessory protein Function Reference

Supports the sequence specific transport of
Rev unspliced and incompletly spliced viral mMRNA
(regulator of expression from the nucleus into the cytoplasm. For thj&7]
of virion proteins) Rev binds specifically to the “Rev-resporse

element (RRE) on the viral RNA

Enhances transcriptional elongation of viral
Tat MmRNA by binding to the trans-activatirgxtls]
(transactivating factor) response element (TAR) of the stem-loop site

on the newly synthesised mRNA

Important for achieving and maintaining high

viral loads. Enhances viral

replication and

(l\:]eef ative factor) stimulates a reduction of CD4 receptors on |tfi9, 20],
g surface of infected cells to prevent
superinfection after budding
Seems to have a function during virus assembly

Vif
(viral infectifity factor)

and maturation

Avoids the packaging of cellular apolipoprote
B mRNA editing enzyme catalytic polypepti
3 (APOBEC) proteins into the virus partic
which would catalyses RNA mutations.

il
le

Vor Binds on the cellular nuclear complex and
(vFi)raI rotein R) supports the transport of the prd22]
b integrationcomplex into the nucleus
Vou Protects newly synthesised gpl60 Envelppe
b molecules from binding to newly synthesiggd@3], [24]

(Viral protein U)

CD4 receptors in the endoplamatic reticulum|.

The HIV-1 virion (Figure 4) exhibits a size of albdl00 to 120 nm in diameter and is

surrounded by a lipid bilayer membrane derived ftbminfected host cell which includes

major histocompatibility complex antigens, actindambiquitin [4, 7, 25]. In this lipid

bilayer the viral receptor of the HI virus build Iymers of the envelope glycoprotein

(Env, gpl160) is embedded. The Env protein consistsvo subunits, an extensively N-

glycosylated surface protein (SU, gpl120) and thenbrane anchored transmembrane

envelope protein (TM or gp4l) [26, 27]. The centdr the particle harbours the

approximately 9.7 kb large genome of the virus Whiontains two copies of unspliced

single stranded RNAs, stabilised as a ribonuclgeprcomplex with about 2000 copies of

the nucleocapsid protein p7 (NC), and the threeomapzymes protease (PR), integrase
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(IN) and reverse transcriptase (RT). These elemaetsurrounded by a core unit which is
build by the capsid protein (CA, p24) followed bysacond shell consisting of the
structural matrix protein p17 (MA) [4, 7, 20, 28].

gpdl p17 matrix

ey

o
\-"M Viral membrane e
Y mw“”ﬂ’ _,.‘-/w.

i I

i
o L
i

gp41 trimer

HIV-1 gp120 trimer

Cell membrane

Figure 4: Schematic illustration of the HIV-1 virion [29] and the HIV-1 trimeric envelope spike [5]
Structure of the HIV virion with its proteins andrpmic RNA content. Trimeric gp120 (shown in blpale
blue and violet) interacting with CD4 receptor @mgand a co-receptor CCR5 (turquoise) on a targjetin
yellow is demonstrated the gp41 trimer.

1.1.4 Natural infection and replication cycle

The target cells for a HIV-1 infection are predoaritly human CD4T cells and cells of
the macrophages and monocytes lineage [15, 30;TB&]entry process is catalysed by the
interaction of the highly glycoolysated gp120 soefgrotein of the trimeric Env spike
with a CD4 receptor which is presented on a tacgit(Figure 4) [5, 32, 33]. The binding
on the CD4 molecule triggers a conformational cleaofythe gp120 trimer molecule that
exposes the co-receptor binding site. This co-tecebinding site is specific for the
chemokine receptors CCR5 or CXCR4. [34]. Its presebesides the CD4 receptor is
essential to allow virus entry into the target .c&le interaction between the gp120 co-
receptor binding site and the co-receptor catalgssscond very complex conformational
change. Thereby, the gp4l trimer undergoes a stalcrearrangement, where the
hydrophobic N-terminal fusion peptide intercalate® the cellular host membrane and
forms an extended “prehairpin intermediate” thairexts both bilayers. The intermediate
stage maintained for minutes, however ultimatety @terminal helical region (CHR) and
the N- terminal helical region (NHR) of each gp4bmamer collapse to form a hairpin
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structure. The CHR and NHR domains can now intenaitt each other and adopt a six
helix bundle formation that brings both membrameslose proximity and promotes lipid
mixture and the fusion between the viral and th& heembrane [34-37] (Figure 5).

gp120
4 conformational
< |
"4

T~ gpi20
] change
"\ ’Lmln

, Coreceptor
binding

CD4 —g) =
CCRS or binding /

- e :

prehairpin-Intermediate

Six-helix-bundle

D E

] ‘ C-helical // ‘

region |/
RER J, Two Env
S8 gp4at Membrane | ¢ Trimers

conformational ‘ fusion N
| &N \3\
N-helical \
region

Figure 5: HIV-1 entry pathway [38]

The gp120 surface protein binds to the CD4 recef®aand B) following by a conformational changettha
allows the interaction between the co-receptoribmdite of gp120 and the chemokine co-receptor EGR
CXCR4 (C). The next step is a second rearrangemdrdre the N-terminal fusion peptide anchoresfitsel
into the host cellular membrane (D) and mediatesvttus entry by a six helix bundle formation (E).

After fusion of both membranes, the release ofvina capsid occurs into the cytosol of
the host cell through a pH-dependent fusion prof@3s Following entry the poorly stable
capsid shell disrupts by a process called “uncgatamd releases the viral genome as well
as the viral enzymes [40]. The viral enzyme revérsescriptase recognises the genome
and converts the positive sense RNAs in a compteggss into cDNA using a cellular
lysine tRNA molecule as initiating primer [20, 41his reverse transcriptase is highly
error prone because it lacks proof-reading activapmd exhibits a nucleotide
misincorporation rate of 5.9 x o 5.3 x 10 mutations per bp and cycle [42-45]. The
nuclease activity of the reverse transcriptase atkzg the RNA template and forms in a

second step the complementary strand of the cDNA thie help of polypurine tracts [15,
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46]. The genome of HIV-1 contains two such puriieh rsections, a central polypurine
(cPPT) and a 3’polypurine tract (3'PPT). The 3'P&dps the cleavage of RNase H and
allows the revealed DNA overhang to serve as prifoerthe second strand synthesis
resulting in a completely synthesized viral DNA [41B]. Once generated, virus DNA is
packaged in a preintegration complex composed oA Ddépsid protein, vpr, matrix and
the enzyme integrase and then transported througlcliear pore to the nucleus [22, 40,
49]. After transport, the catalytic active enzymeegrase induces the covalent integration
of the viral DNA within the host cell chromatin. &hntegrated viral DNA forms the
provirus which serves a template for RNA synthd28]. Human RNA polymerase
transcribes the viral DNA and resulting spliced amgpliced viral mMRNA are shuttled
from the nucleus to the ribosomes for translatio the viral proteins [4]. The envelope
protein gpl160 is synthesized in the endoplasmiculetm and subsequently cleaved into
gp120 and gp41 subunits during the transport thrabhg Golgi apparatus before arriving
on the cell surface [28]. The two synthesized prsmuproteins Gag and Gag-Pol enclose
two single stranded copies of unspliced RNAs tonfer new virion. This immature virion
assembles at the cell surface where the producedlioge proteins are located and
budding occurs. In this process, the non-infectiousiature virion disengages itself from
the host cell as an independent particle. The &sp in virus replication is the
reorganisation of the immature virion where thedhiiral enzyme, the protease, becomes
active. It cleaves the Gag and Gag-Pol precursoigraduce the independent enzymes
protease (PR), reverse transcriptase (RT) and regeg(IN) as well as the structural
proteins for matrix (MA), capsid (CA) and nucleosep(NC). In its mature form the HI-

virus is a infectious particle and can initiateeavrcycle of infection [4, 50] (Figure 6).




Introduction

HIV virion containing
2 copies of RNA genome

HIV env protein binds to CD4+ Budding of virus from
and chemokine co-receptors cell and maturation

G\ on cell surface o
JE—— \\?
/ Virion processing

and assembly

\

Chemokine Gag and Gag-Pol <
receptor OV\
Translation of
viral proteins g
AV AN 4
Fusion: ‘ ﬁ
viral core i

Viral genomic RNA

Reverse Nuclear import

transcription of

. Nucleus
viral genony“@m T\
\
\ ER

@RNA Golgi gp41\

phdy,, >
Ly PN P A\V/A\Q AVAN .
N A VAY/ Integrati &
gration of Transcripti
J ; ption
& proviral DNA into of viral BNA
\ host genomic DNA '

Uncoating W D /
\ 5LTR Provirus 31 TR

Hostcell /
\ 4

inserts
into cell

Figure 6: Replication cycle of HIV-1 [51]

Schematic presentation of the HIV life cycle. Thelication starts with the attachment of gp12ths €D4
receptor and a co-receptor. The viral genome igasgld into the cytosol of the host cell followed by
conversion of the ssSRNA into dsDNA by reverse tcaipsase. The resulting dsDNA is transported ifte t
nucleus where the integration into the chromatithef human host cell catalysed by the enzyme iasegr
takes place. This integrated provirus serves asnplate DNA for transcription. Viral mRNAS geneiciigy
human polymerase can now be transcribed on theaihes to generate new virus proteins. The env gp160
precursor is synthesized in the endoplasmatic uleic and cleaved into gpl120 and gp4l in the Golgi
apparatus and transportet to the cell surfacel ¥n@eins and two unspliced RNAs assemble at titase

of the host cell and become independent as an inmnairion by a process called budding. In a léesp sthe
enzyme protease generates by cleavage of the pogsuGag and Gag-Pol the enzymes and structural
proteins to generate a fully infectious particle.

1.2. HIV vaccines

1.2.1 Vaccines for induction of neutralising antibodieggmast HIV

Induction of neutralising antibodies by immunisatibas been successfully applied for
most pathogens and therefore is also one of then mategies for HIV vaccine
development [52]. This approach is based on theryhe¢hat the presence of such
antibodies could eliminate the virus before inseriof the viral genome into the target cell
and thus prevent establishment of a productivectite. During natural HIV-1 infection,

neutralising antibodies develop as soon as 84 dfs infection, however, since the time
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frame between B cell priming and occurrence ofbanies in the blood usually takes
several weeks in which HIV produces various eseapmnts, the clinical benefit of these
antibodies is relatively low [53, 54]. More effeati broadly neutralising antibodies which
target epitopes that can not be altered withoutramense loss of viral fithess were found
in about 20-25% of the infected individuals whehney arise after a prolonged time of
host-virus interaction (Table 2) and predominantlypatients with high plasma viral loads
[30].

Table 2: Env specific antibody response in HIV-1 ifected human [30]

Antibody specificity Time of onset after transmission (days)
gp4l 23
gp120 38

Non-neutralising to CD4-binding site,
MPER and CD4-inducible epotopes

Autologous-virus neutralising antibodies Earliest ~ 84

40-70

Broad-specificity and neutralising to CD4 Not usually made, but when they arise ~
binding site, carbohydrate and MPER 30 months after transmission in chronic
infection

gp, glycoprotein; MPER, membrane proximal exteragion

The HIV-1 Env is thereby the main target for theselecules and several monoclonal
broadly neutralising antibodies such as 2F5, 48, b12, 447-52D and 2G12 were
isolated from infected individuals [55, 56]. Thdseadly neutralising antibodies recognise
epitopes located in distinct Env regions: 2F5, 4ah@ Z13 target the gp41l MPER, b12
the gpl120 CD4 binding site, 447-52D a quaternariM@32oop epitope and 2G12 gpl120
carbohydrates (Figure 7), each representing a pakearget for antibody based vaccine
design. Importantly, these monoclonal antibodiesvigle efficient protection from HIV

infection when administered by passive transfeéndlividuals and are therefore thought to
be highly advantageous for vaccine purposes. Homvedespite the evidence that the
human immune system is capable of generating allyroeeutralising antibody response,
to date the induction of such antibodies by vadmnahas been achieved only with limited

success [57].
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Viral membrane

Figure 7: Model of the envelope spike of HIV-1 [55]
Schematical presentation of the envelope spike
containing the three subunits of gp120 (blue) gmtlg
(green). This figure shows the location of epitoftes

are recognized by monoclonal broadly neutralising
antibodies. On the MPER region of the gp4l trimer
are presented the epitopes for the antibodies 4E10
(yellow) and 2F5 (red). On the gpl120 subunit
monoclonal antibodies recognise conserved epitopes
in the CD4 binding site (b12 in yellow/red) and a
cluster of oligomannose residues (2G12 shown in
grey). Last location shown in purple, are recogtize
by V3 loop specific antibodies like 447-52D.

One reason commonly discussed is the complex ateuaif the trimeric HIV-1 Env
protein which has been found to be difficult toaestitute by recombinantly produced
antigens. Moreover, the trimeric spike undergoessitierable conformational changes
during cell infection and to date it is not cleahigh of them is responsible for the
induction of neutralising antibodies. The HIV Envotin also hides most of the
vulnerable target epitopes through protein-protetaractions within the trimer or masks
them by glycosylation [5]. Next to the problems asated with antigen design,
immunological hurdles seem to be met. Almost althef broadly neutralising antibodies
that have been isolated so far are characterisedrdyyerties not usually found in the
antibody population. They have a high degree ofatmmmutation, carry prolonged heavy
chain complementary determining regions (HCDR3s}ognise their targets through
domain swap and in some cases show poly- or satftivety [58]. There are indications
that in some cases self reactivity is associatel megative B cell selection preventing
expansion of such B cell populations by naturarahce mechanisms [56, 59]. Together
with the late occurrence of these antibodies duniatyiral infection this suggests that such
broadly neutralising antibodies are a result ofyverre B cell activation pathways and
intensive affinity maturation. As a result, altetima strategies for a sustained HIV antigen
delivery might also be necessary to induce them.
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1.2.2 The MPER of gp41 as target for neutralising antiies and vaccine

As outlined above, the envelope protein of HIV-1the main target of the neutralising
antibody response and therefore both envelope #isbtime gp120 SU protein as well as
the gp41l TM protein are of particular interest ¥@iccine development. The TM protein
exhibits more conserved sequences than its gpldftapart and is in contrast to the
gp120 subunit not protected with an enormous glyslaield. Furthermore, it has been
demonstrated that gp41 elicits a stronger immugepamse in infected persons with titers
up to 625 fold higher than anti gp120 titers [6@].6The TM protein can be divided into
three major regions referred to as ectodomain gegtiular domain), membrane spanning
domain (MSD) and cytoplasmatic tail (intracellul&T), (Figure 8). The ectodomain is the
active part which undergoes conformational chamgeg virus entry and consists of the
fusion peptide (FP), the fusion peptide proximaioa (FPPR), the N-terminal helical
region (NHR), the immunosuppressive domain (ishg Cys-Cys-loop (C-C), the C-
terminal helical region (CHR) and closely to viraembrane the membrane proximal
external region (MPER). The MSD anchors the ectaomwithin the lipid membrane and
is followed by the relatively long CT located inetlinside of the HIV-1 particle. The
function of the CT is not well understood and isught to be associated with a variety of
controversial functions like involving Env incor@ion into the virus or interaction with
cellular proteins [60, 62, 63]. The MPER containgo thighly conserved epitopes
recognised by the broadly neutralising antibodies @nd 4E10 (Figure 8) [31, 64].

c-C CT
H,N{ FP m NHR MSD COOH

QEKNEQELLELDKWASLWNWFENITNWLW

2F5 4E10

Figure 8: Schematic presentation of gp41 [4, 26]

The gp41 molecular structure of HIV-1 contains fihgion peptide (FP), the fusion peptide proximajioa
(FPPR), a N-terminal helical region (NHR), a Cyss@yop (C-C), a C-terminal helical region (CHR)eth
membrane proximal external region (MPER), the m@mérspanning domain (MSD) and a cytoplasmic tail
(CT). The epitopes that are recognised from th&raksing antibodies 2F5 and 4E10 are locatechn t
MPER.
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Experimental studies have shown that these anglsatte able to neutralise up to 100 % of
a cross-clade panel of 90 HIV-1 strains in casdBi0 and up to 67% in case of 2F5
(Table 3) [60, 65]. Because of their high neutrafjspotential, the 2F5 and 4E10 epitopes
contained in the so called E2 domain (QEKNEQELLEMYKSLWN WFENITNWLW) of

the MPER were on the main focus of this masterishes

Table 3: Cross neutralising properties of 2F5 andB10 to HIV (a) [55]

Virus 2F5 4E10
Clade B (total = 30) 24 (80%) 30 (100%)
All clades (total = 90) 60 (67 %) 90 (100%)

(a) Neutralisation was considered positive if 50%utralisation was
achieved at a mAb concentration of less thanu§0nl (half-maximal
inhibitory dose of less than 5@/ml) in a relatively sensitive pseudovirus
neutralisation assay.

1.2.3 Influence of the presence of the HIV-1 FPPR domain

All retroviruses infections follow a similar primpge and therefore also the functional
domains of the envelope proteins are highly coresenit has been demonstrated for
gammaretroviruses such as the porcine endogenawsvires (PERV), the feline
leukaemia virus (FeLV) and the koala retrovirus KA, that neutralising antibodies can
be easily induced by immunisation with the TM pnotef these viruses [66-69]. These
antisera recognise similar to the HIV-1 neutratismonoclonal antibodies 2F5 and 4E10
an epitope in the MPER (E2, Figure 9A) and showpileshe evolutionary divergence
between gammaretroviruses and HIV-1, a sequencelogyof three amino acids in the
4E10 epitope. Interestingly, these sera also rasegnsecond epitope located in the FPPR
(E1, Figure 9A). This E1 domain is not recognisgdhe known antibodies 2F5 and 4E10,
however, the presence of an HIV FPPR derived Eligeepas been found to increase 2F5
binding to its MPER epitope (Figure 9B, [60, 73}y a result of these experiments it was
hypothesised that the interaction of the E1 andd&®ains induces a conformation that
increases the binding of the 2F5 epitope and tberedintigens containing both domains
might promote the induction of neutralising antilesdwhereas immunogens containing
the E2 domain only do not. Construction of suchgams was thus another aim of this

thesis.
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Figure 9: Immunogenic epitopes in the TM protein ofgammaretroviruses or HIV-1 and reactivity of

2F5 in the presence of E2 and FPPR derived peptid§&0]

(A) Localisation of E1 and E2 epitopes in the PERV BallV TM proteins recognised by neutralising sera

and epitopes of HIV-1 broadly neutralising antiledPF5 and 4E10 and the FPPR domain in HIV-1 (light

grey).(B) ELISA binding of 2F5 to the E2 peptide in the gnese of various gp120/gp41 peptides. 100 ng of
synthetic E2 peptide were coated with 100 ng of 2Y&rlapping peptides corresponding to the entire
gp120/gp41 sequence of HIV-1. Strength of bindifighe monoclonal antibody 2F5 was measured under
different urea concentrations. Strongest bindin®26%5 was obtained when the E2 peptide was coated in
presence of the E1 peptide of HIV-1.

1.3.Félinefoamy virus (FFV)
1.3.1 Hybrid foamy viruses as HIV-1 vaccine carrier

Foamy Viruses (FV), are complex retroviruses andorae to the subfamily of
Spumaretrovirinaavhich is a genus of theetroviridiaefamily [71, 72]. FV are found in a
wide breadth of mammalians species including pmsiatats, cattle and horses [73, 74].
Humans do not belong to the natural hosts of F\igvwade prevalence about 2%) but can
be infected by primate FVs resulting in a lifelopgysistent infection [71, 73, 74]. Several
cases of accidental transmission of primate foamyses to humans have been described
for persons with intensive contact to infected aalsrlike zookeepers or bushman which
were bitten or scratched by such animals. Howevéansfer from human to human could
not be detected even after years of follow up [f/&, Importantly, despite a strong virus-
specific immune response and the presence of tharps in nearly all organs, the infected
host exhibits no pathogenic course of diseaseqZ.177, 78]. This is thought to be a result
of intensive evolutionary adoption of host and gisince first FV infections in non-human

primates occurred over 30 million years ago [74)]. &e genetically stable and have a
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proviral genome of over 13 kb [78]. Since most bé tgenetical information can be
supplemented itrans they are able to harbour up to 9.2 kb of additig®metic material

what makes them interesting shuttle vectors foregi@rerapy purposes [79]. Due to its
apathogenicity, the induction of a continuous statiaon of the immune system, low
prevalence in humans and a high packaging capdéWg, are also attractive for the
utilization as a safe and effective vector systemn Vaccine applications. The use of
replication competent FVs containing HIV-1 Env immoegens is in this regard from
particular interest since this approach would supo cell affinity maturation to the

delivered antigens just as in natural HIV-1 infentiIn this work hybrid constructs based
on the feline FV (FFV) were generated with the lgmokind that after transfer of the
applied strategy into infectious molecular clores;h hybrid FFV/HIV-1 vectors could be
tested alsan vivoin a small animal system. For this purpose, esstaddl FFV vectors such
as pCF7 are available and will allow an effectiediveery of HIV-1 antigens into the host’'s

genome [77] (Figure 10).

FFV clone pCF-7

Interner
Promotor
> i
CMVHE| R | U5| §a§| | env | |be|4| U3 R U5
| pol | bel 1

Figure 10: Schematic presentation of the genome tife infectious FFV clone pCF-7 [77]

Besides the retroviral genes Gag, Pol and Envi-thgenome encodes the three accessory proteinbdieit,
and bel 2 between the Env and the long terminaaefl. TR). On the 3’ end of the env gene is a sécon
promoter that induces a basal expression of thesaocy Bet and Bel 1 proteins. To assure high level
transcription the original U3 region of the 5'LTRa® replaced with a strong cytomegalovirus (CMV)

promoter CMV-IE = cytomegalovirus immediate early promot&l3 = unique sequence at the 3’end of
genome, U5 = unique sequence at the 5’end of gen@meepeat sequence.

1.3.2 The FFV Bet protein as carrier for HIV-1 epitopes

In this project, the delivery of HIV-1 E1 and E2mains should be performed by using the
FFV accessory Bet as carrier protein. Bet is a Ba lprotein and plays a regulatory
function during viral replication and in counteniagt cellular APOBECs [80, 81]. Bet
exhibits several features making it an ideal fugpartner for vaccine purposes. It has been
found to be highly expressed in infected targesaghich is a requirement for quantitative

presentation on the cell surface by MHC molecules.line with this it has been
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demonstrated that Bet causes a strong humoral immesponse in infected cats and
primates and antibodies against Bet are readilgatigble by ELISA techniques (Figure

11A) [82, 83]. Furthermore, Bet is secreted frorfeated to neighbouring cells which

allows self-distribution of the fused antigens twiaer range of cells. Since the secreted
protein remains unprocessed by the proteasomeoroafional epitopes fused to the Bet
protein stay intact and thus can be presentedrieging B- and T-cells in a native way

(Figure 11B) [84].
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Figure 11: lllustration of ELISA reactivity [83] an d secretion of the Bet protein [84]

(A) Dot-plot presentation of ELISA reactivity agaifisamy virus Gag, Bet and Env antigens a serological
study using 99 FFV infected cat se(B) Distribution of Bet in the cytoplasm (c) and theclei (n) of Bet
transfected and co-cultivated recipient cells. Ggtiz expressed lactate dehydrogenase (LDH) seaged
technical control for correct separation of cytgphéc and nuclear fractions.

1.4.Aim of thiswork

In this project the strategy of using the FFV Bedtgin as carrier for HIV-1 epitopes
should be evaluated and the antigenicity and immenity of such constructs and in
particular of the introduced HIV fusion parts shiblde studied. Next to the classical
approach of inserting the 2F5 and 4E10 epitopeg, @ohstructs should be generated that
allow the simultaneous presentation of the FPPRve@rEl domain of HIV-1 to
investigate if these constructs show any benefitegard to antigen- or immunogenicity
compared to the single domain antigens. Furthermbwe obtained antisera should be
analysed for any neutralising potential. Since potidn of milligram amounts of protein
as needed for the intended immunisation studiesrig elaborate in the eukaryotic system,
these proteins should be expressed and purifiethotmogeneity by use of E. coli.

Therefore it was necessary to
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— generate prokaryotic expression plasmids foraistructs by molecular cloning

— establish and optimise expression and purificgpiatocols for all proteins

— characterise the binding properties for monoclamibodies 2F5 and 4E10

— use the prepared proteins for immunisation stuidigats

— characterise the immune response in resultingenatiby immunological and cell

culture based methods

The workflow of this project is summarised schegsly in 1.5

1.5. Workflow

Generation of prokaryotic expression plasmids for FV
Bet and HIV-1 hybrid constructs

4

Optimisation of protein expression and purification
protocols

¢

Characterisation of generated HIV-1 chimaeric proténs

¢

Immunisation of rats with the HIV-1 hybrid antigens

Characterisation of the antisera
(titration, fusion partner specificity, neutralisin g
activity)
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2. Material and methods

2.1.Materials

2.1.1 Equipment and consumables

Akta Explorer FLPC

Cell culture flasks

Cell culture plates

- 6 Well plates

- 96 Well plates

Cell scraper

Centrifuge 5415D

Centrifuge 5805R

Centrifuge tubes (15 ml, 50 ml)

COy-Incubator MCO-20AIC

Columns

« HisTrap 1 ml, 5 ml

Resource Q

Dialysis tubing (MWCO 12.000-14.000)

Diluting loop

ECL X-Posure Film

ELISA-Reader

ELISA washer

ELISA 96 well plates

Elispot reader

Developer machine (Curix 60)

Eppendorf tubes (1,5 ml, 2 ml)

Microscope

Mastercycle pro S

NanoDropND-1000 Spectrophotometer

Parafilm M

Pasteur pipettes

Pipettes (2 ml, 5 ml, 10 ml, 25 ml, 50 ml)

- Glas pipettes

- serological

Pipette, multichanel

Pipette boy, Accu Jet

pH meter

PFVD membrane (0.2 pm)

SDS electrophoresis chamber

Semi dry transfer cell

Shaker device Duomax 1030

SterilGARD Class Il TypeA/B3

Stepper, multistep

Sterile filter (Stericup-Filter 0.22 pm, 0.45 pum)

Sonificator

Thermomixer 5436

GE Healthcare

TTP

TPP

TPP

TPP

TPP

Eppendorf

Eppendorf
TPP

Sanyo

GE Healthcare
GE Healthcare
Serva
GeHealthcare
Thermo Scientific
Tecan
Tecan
Corning
AID
AGFA
Eppendorf
Leica
Eppendorf
PQELab
Pechiney
Volac

Hirschmann
TPP
Eppendorf
Neolab
IKAMAG RET
Millipore
CBS Scientific
Biorad
Heidolph Instruments
Thermo Scientific
Eppendorf
Millipore
Branson
Eppendorf
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ThermoStat plus (1.5 ml tubes)
Thermomixer (2.0 ml tubes)
Vortexer

Vivaspin

Water bath

2.1.2 Chemicals and Kits

Acryalmide (Rotiphorese Gel 30)
Adenosin triphosphate (ATP)
Agarose

Ammoniumpersulfat (APS)
Ampicillin

Amylose Resin

Benzonase
n-octyl-beta-D-glucopyranoside (Beta OG)
Big Dye

Brijj 35

Chaps

Coomassie Brilliant blue G-250
ECL (Enhanced Chemiluminescence)
Dodedcyl-maltoside (DDM)
Dithiothreitol (DTT)

EDTA

Ethanol

Ethidium bromide

Fetal Calf Serum (FCS)

Glacial acetic acid

Glucose

L-Glutamin

Glycerin

Glycin

HEPES

Guanidine hydrochloride
Imidazole

IPTG

Isopropanol

Hydrogen peroxide
Hydrochloric acid

Kanamycin sulfate

L-arginine

Lysozyme

Maltose

2-mercaptoethanol

Methanol

Non-fat dry milk powder
MSB®Spin PCRapace (500)
Nonidet P-40 (NP-40)

Eppendorf
Eppendorf
Heidolph
Sartorius
Memert

Roth
Fermentas
Roth
Roth
Roth
New England Biolabs
Novagen
Qiagen
ABI
Sigma-Aldrich
Sigma-Aldrich
Roth
Thermo Scientifi
Roth
Roth
Serva,
Roth
Sigma-Aldrich
Biochrom
Roth
Roth
Invitrogen
Roth
Roth
Biochrom
Roth
Roth
Roth
Roth
Merck
Roth
Fluka
Sigma-Aldrich
Sigma-Aldrich
Roth
Roth
Roth
Sucofin
Invitek
Sigma-Aldrich
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Polyethylenimine (PEI) Sigma-Aldrich
Plasmid Midi/MaxiKit Qiagen
Nuclease Free Water Promega
Saponin Roth
Spin Plasmid Mini Kit Two Invitek
Sodium dihydrogenphosphate monohydrate Roth
Sodium chloride Roth
Sodium hydroxid Roth
O'Gene Rule™, DNA Ladder Mix, Fermentas
Ready-to-use (0,1 pg/ul)
o-phenylendiamine dichloride (OPD) Sigma
Orange G (DNA Sample Buffer) Roth
Paraformaldehyde Roth
Potassium acetate Roth
Potassium hexacynaoferrate Ill Roth
Potassium hexacyanoferrate Il 3-hydrate Roth
Sodium dodecyl sulfate (SDS) Roth
Tetramethylethylenediamine (TEMED) Roth
Terralin Schulke
Tricin Roth
Tris Roth
Tris-HCL Roth
Triton X-100 Roth
Trypsin Invitrogen
Tween-20 Roth
Urea Roth
X-Gal Promega
2.1.3 Buffers

Buffers for preparation competefatcoli
Name Recipe
TEB | 100 mM RDbCI, 50 mM MnGl| 30 mM potassium acetate,

15% Glycerol, pH 5.8

TFB I 10 mM MOPS, 10 mM RbC, 15% Glycerol, pH 6.8

Both buffers were sterile filtrated before use.
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SDS-PAGE and Western Blotting

Name

Recipe

2 x SDS Sample Buffer

Gel Buffer
Anode Buffer
Cathode Buffer

Transferbuffer

Stripping Buffer

50 mM Tris-HCL, 12% Glycerol, 4% SDS, 5% 2-
Mercaptoethanol, 0.01% Coomassie Brilliant Blue %8-2

3 M Tris, 0.3% SDS, pH 8.4
0.2 M Tris, pH 8.9
0.1 M Tris, 0.1 M Tricine

48 mM Tris, 39 mM Glycine, 20% Metiog 0.03% SDS

62.5 mM Tris-HCL pH 6.7, 2% SDS, 100 uM 2-
mercapthoethanol, 92% de®

Solutions forCoomassie Blue Staining

Name

Recipe

Coomassie staining

solution

Destaining solution

1 g/L Coomassie Brilliant Blue G-250, 40% Metharidl%

Glacial acetic acid

10% Glacial acetic acid, 45%iid@ol, 45% ddkD

Solutions for X-Gal staining

Name

Recipe

Fixation solution

X-Gal staining solution

2 % Paraformaldehyde, 0,2 % Ghltehyde

5 mM K3[Fe(CN)], 5 mM K4Fe(CN)], 2 mM MgClb,
4 mg/ml X-Gal diluted in PBS
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Denaturing purification

Buffers for Ni-NTA chromatography

Name

Recipe

GUHCL Lysis Buffer

Wash Buffer D

Elution Buffer D

100 mM NaHPQy, 10 mM Tris-HCL;
6M GuHCL, 300 mM NacCl, pH 8.0

100 mM NaHPGQO,, 10 mM Tris-HCL, 8 M Urea, 300 mM
NaCl, 10 mM Imidazole, pH 8.0

100 mM NaHPGQO,, 10 mM Tris-HCL, 8 M Urea, 300 mM
NaCl, 500 mM Imidazole, pH 8.0

Non-denaturing purification

Name

Recipe

Wash Buffer N

Elution Buffer N

50 mM NapPQ,, 10 mM Imidazole, 300 mM NaCl, pH 8.0

50 mM NakPQ,, 500 mM Imidazole, 300 mM NaCl, pH 8.0

Buffers for protein purification using amylose resi

Name

Recipe

Column Buffer

Elution Buffer

20 mM Tris-HCL, 200 mM NaCl, 1 mM EDTA, 1 mM DTT
pH 8.0

20 mM Tris-HCL, 1 mM EDTA, 1 mM DTT, 10 mM Maltose
pH 8.0

Buffers for anion exchange chromatography

Name

Recipe

Start Buffer

Elution Buffer

20 mM Tris-HCL, pH 8.0

20 mM Tris-HCL, 1 M NaCl, pH 8.0
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Buffers for protein refolding

Name

Recipe

Rapid dilution - testing | 50 mM NaAc, pH 5.0, 50 mM HEPES, pH 7.0, 50 mM Tris
for best buffer conditions pH 9.0

Rapid dilution

(preparative)

Dialysis Buffer

50 mM HEPES, 100 mM L-arginine, 300 mM NacCl, pH 8.0

50 mM NakPOy, 300 mM NaCl, 10 mM Imidozole, pH 8.0

Buffers for agarose gelelectrophoresis

Name

Recipe

Tris-acetate-EDTA
(TAE, 50x)

2 M Tris, 50 mM EDTA, 1 M acetate

2.1.4 Media for bacteria culture

All media were autoclaved prior use.

Media Recipe
LB 10 g/L Tryptone, 5 g/L Yeast extract, 100 mM NagH, 7,0
NT 16 g/L Tryptone, 10 g/L Yeast extract, 100 mM Ng&H, 7,0
12 g/L Tryptone, 24 g/L Yeast extract, 4 ml/L Glyale add 100mL
B 170 mM Potassium dihydrogene phosphate after aaog
20 g/L Tryptone, 5 g/L Yeast extract, 8.6 mM NaZh mM KClI,
SOC

20 mM MgSQ, 20 mM Glucose, pH 7,0
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2.1.5 Media for cell culture

Dulbecco’s Modefied Eagle Medium (DMEM)
DMEM was used for cultivating HEK 293-T and TZM-t#ll lines. Prior use media were
supplemented with 10% [v/v] FCS, 2 mM L-Glutamirid) mM HEPES and 5 mM

Penicillin/Streptomycin.

2.1.6 Bacteria strains

Strain Genotype Vendor

F- mcrAA(mrr-hsdRMS-mcrBCp80lacZAM15 AlacX74
E.coliTop10 deoR recAl endAl ard 39 A(ara,leu)7697 galU galk Invitrogen
rpsL(StrR) nupG

F- 980lacZAM15 A([llacZYA-argF)U169recAl endAl

E.coliDHS | hoR17(;", m ) phoa supE4dthi-1 gyrA96 relAl & Stratagene

E.coliSCS1 recAl endAl gyrA96 thi-1 hsdR1&{mk+) supE44 relAl Stratagene [85

F’ lac, pro, lacR / A(ara-leu)7697 araD139 fhuA2 lacZ::T7
geneld(phoA)Pvull phoR ahpC* galE (or U) galK

E.coli T7-Shuffle | att::pNEB3-r1-cDsbQSpe&, lacl®) trxB rpsL150(St) NEB
Agor A(malF)3

E.coli C43 (DE3) F —ompT hsdSB (rB- mB-) gal dqiDE3) Lucigen

E coliRosetta 2 | F ompT hsds{rs’ mg) gal dcmpRARE2 (Carf)) Novagen

el4- (McrA-), recAl, endAl, gyrA96, thi-1, hsdR{EK-
E.coliK12 ,MK+), supE44, relAl, D(lac-proAB), [F', traD360AB, NEB
laclq ZDM15]
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2.1.7 Celllines

HEK 293T cells

The adherent cell line descended from human embrykidney cells and exhibits an

epithelial morphology. 293T is an easily transfbladerivate of 293 cells and stably
expresses the large T-antigen of SV40. The ce# lvas purchased from the ATCC
(Catalog Number: CRL-11268).

TZM-bl cells

The parental HeLa cell line was generated from J53one 13 and stably expresses
large amounts of CD4 receptor and CCR5 co-recegpiar makes the cell line highly
sensitive to infection with diverse isolates of H1V Luciferase and [3-galactosidase were
integrated as reporter genes under the controll'¢fIHLTR promoter and therefore allow
simple and quantitative analysis of virus infectiom measurement of luciferase or 3-
galactosidase activity. The cell line was obtairfesm the NIH AIDS Research &
Reference Reagent Program (Catalog Number: 8129).

2.1.8 Animals

Immunisations experiments were performed in twelesks old female Wistar rats with
220-250 g body weight which were purchased fromrléba&River. Each group contained 4

animals.

2.1.9 Antibiotics

Antibiotic Working concentration Vendor
Ampicillin 100 pg/ml Roth
Cloramphenicol 34 pg/ml Roth
Penicillin/Streptomycin 100 U/ml, 100 pg/ml PAA
Kanamycin 25 pg/mi Fluka
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2.1.10 Plasmids

Plasmid Description Vendor

Prokaryotic expression vector featuring IPTG
controlled T5 promoter expression, a Factor Xa
pQE-Xa-30 protease cleavage site, a N-terminal His tag samjen Qiagen
a Col E1 origin of replication, a ampicillin regsisce
gene (Ampicillin)

Cloning vector containing HIV-1 E1 and E2
pCL1 sequences modified by Dr. J. Kreuzberger (RKI, GeneArt
Berlin)

CMV driven, eukaryotic expression vector encodingProf. Martin Lochelt

pBC12-Bet the full length FFV Bet protein. (DKFZ Heidelberg)

Proprietary GeneArt cloning vector containing HIV|
pMAT El-loop-E2 sequence. Carries the ampicillin GeneArt
resistance gene and a Col E1 origin of replication.

Prokaryotic expression vector encoding the maltose
binding protein gene (malE) under control of the tg
promotor (Ptac) for expression of maltose binding
pMal p5x protein fusion proteins in the periplasm of E. coli NEB
Further encodes the lac repressor genejlaa|
Factor Xa protease cleavage site and the ampicillin
resistance gene.

Full length molecular infectious clone of HIV-1

pNL4-3 ONLA-3, NIH
2.1.11 Antibodies
Primary Antibodies
Antibody Application Source Vendor
Penta His Western Blot Mouse Qiagen
monoclonal
2F5 Western Blot, Human Polymun scientific
monoclonal
4E10 Western Blot Human Polymun scientific
monoclonal
anti E1 serum Western Blot Rat J. Kreutzberger, RKI
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Secondary Antibodies

All secondary antibodies were purchased from Dakbh8.

Antibody Application Source

ﬁg:arﬂgﬂzg Western Blot Rabbit Polyclonal
ﬁrF]et:Dhl?nrﬂgg Western Blot Rabbit Polyclonal
nggllﬁite d ELISA Rabbit Polyclonal

2.1.12 Restriction enzymes

Restriction enzymes for molecular cloning were pased from Fermentas Life Science as

“Fast Digest” enzymes.

Restriction enzyme Recognition sequence 53’ t(lenn?;gzrietlitzrr]e
Hindlll 5. A AGCTT..3 37°C
Nad 5.GCC"GGC.3 37°C
Mly! 5.GAGTC(N...3" 37°C
Pdm = Xmn 5...GAANNNNTTC...3 37°C
Bglll 5. A"\GATCT....3 37°C
BanHl 5.G"GATCC..3 37°C
St 5.AGGMCCT..Z3 37°C
Pvu 5..CGATMCGI 37°C
2.1.13 Other enzymes
Enzyme Vendor
Lysozyme Sigma
(from chicken egg white, 20.000 U/mg)
Benzonase (25 U/ul) Novagen
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Shrimp alkaline phosphatase (SAP) (1 U/ul) Fermenta
T4 DNA-Ligase (5 Udl) Fermentas
Polymerases

» Hot Start DNA-Polymerase (1 [u) Sengenetic

* PlatinumPfx DNA Polymerase (1 U/ul) Invitrogen

* Firefly DNA Polymerase (1 U/ul)

Steinbrenner
GmbH

2.1.14 Primer

All primers have been synthesized from eurofins nopgron and resuspended to yield a

concentration of 100 uM. All primers were dilutedat working concentration of 10 uM.

Primer sequence 553’ GC Tm AT
FFV Bet_fwd atggcttcaaaatacccggaagaaggacca 46.7p60  .0°(B3 62°C
FFV Bet_rev tcatctgactctgaagctggtgcagccggctag 57.6% 67.7°C 62°C
FFV Bet E1_fwd tcaggttcagctggtgctggcgcaggtggaggegcageaggt 64.7% 75.8°C 56°C

agcaccatg
FFV Bet E1_rev tataagctttagctcagcagctgacgtgc 44.8% 60.4°C 56°C
FFV Bet E2_fwd tcaggttcagctggtgctggcgcaggtggaggccaggagaaass.1% 74.3°C 56°C
aacgaacaggaactgctggaactggat

FFV Bet E2_rev tataagctttaccacagccagttggtaatatt 4984, 57.9°C 56°C
1.2_fwd caagaaaagaatgaacaagaattattgga 27.00% 55.p°C 5°C
1.2_rev ttccattgcatccagctc 50.0% 56.2°C 54°Q
2.1 fwd gaattacaggccctggaggce 60.0% 61.4°C 53°C
2.1 rev agacaataattgtctggcctgtac 41.7% 59.39C 53°C
FFV BetSeql_fwd cgccgctacacttactaaaac 47.6% 53.7°C 52°C
FFV BetSeql_rev cccaaaggggatcatgttcag 52.4% 55.8°C 52°C
FFV BetSeq2_fwd gactctgaagctggtgca 55.6% 54.8°C Ch2°
005_fwd aaaatttatttgctttgtgagcg 30.4% 51.2°C 50°C
006_rev ccagatggagttctgaggtca 52.4% 56.0°C 50-52°C
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2.1.15 Software and online tools

Name

Function

DNASTAR Lasergene
GelDoc 2000

Oligo Analyzer

Expasy translate tool

SDSC Biological Workbench

Generation of plasmid maps, analysis of sequenting, restriction site
analysis

Biorad gel documentation system

Primer design (http://eu.idtdna.candlyzer/Applications/OligoAnalyzer/)
Translation of nucleotide into protein sequences
(http://web.expasy.org/translate/)

Nucleotide, protein translation and alignment tool
(http://workbench.sdsc.edu/)
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2.2. Molecular biological methods

2.2.1 lIsolation of plasmid DNA

Isolation of plasmid DNA was performed with the istawb Spin Plasmid Mini Kit Two
(Invitek, Germany), the Plasmid Midi Kit (Qiagen.efany) or with the Endo Free
Plasmid Maxi Kit (Qiagen, Germany) dependent on d@hgount of DNA needed. The
principle of these kits is based on the alkalirsdyf transformed bacteria and subsequent
binding of plasmid DNA to anion exchange columnsey, 2-250 ml ofE.coli overnight
cultures grown in LB medium with antibiotics werentrifuged and the pellets were
resuspended in lysis buffer. After removal of cdébris by centrifugation, plasmid
containing supernatants were loaded under lowcsaltlitions onto the column either by
centrifugation (mini-prep) or by gravity flow (midind maxi-prep). After washing and
removal of residual ethanol, purified plasmid DNAswdirectly eluted using 50 pl dg®l

in case of the spin column protocol. DNA from madid maxi preparations was first eluted
under high salt conditions and then precipitatecdgition of 0.7 volumes of isopropanol
and centrifugation. Resulting DNA pellets were sggmnded in approximately 70-150 ul

ddH,O dependent on pellet size and intended conceontrati

2.2.2 Estimation of concentration and purity of plasrBiNA

DNA concentration as well as purity was measureztispmetrically using a NanoDrop
device. Therefore, the photometer was calibratetlt dilHO and then 1.5 pl of sample
applied. For estimation of plasmid DNA concentrattbe assumption that an absorption
of 1 at 260 nm corresponds to %@/ml dsDNA was used [86]. Potential protein
contaminations were detected by evaluation of tis®gtion quotient at 260 and 280 nm.
Samples having values between 1.8 and 2 were aasido be highly purified plasmid
DNA. When samples were to dilute or contained sarixsts interfering with spectrometric

detection, DNA concentration was estimated by agagel electrophoresis.

2.2.3 Agarose gel electrophoresis

DNA samples were separated according to their kebgtagarose gel electrophoresis. For

standard separations, 1% agarose gels were usethispurpose agarose was mixed with
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1 x TAE buffer and boiled until the agarose was pltately dissolved. Ethidium bromide
at a concentration of 0,001% (v/v) was added tcathgrose gel solution to visualize DNA
fragments subsequently. The liquid agarose soluvas poured in an electrophoresis
chamber and incubated until polymerisation. Afteacmg the gel in an electrophoresis
chamber (Biorad, USA) with TAE buffer, DNA samplegre mixed with sample buffer,
loaded and separated at a voltage of 120 V. Gele w®cumented using a UV
transilluminator system and software (Biorad, USAp analyse the size of DNA
fragments, a commercial DNA Ladder (O’GeneRuler, ADNadder Mix ready-to-use,

Fermentas) was run in parallel.

2.2.4 DNA fragment purification from agarose gels

For isolation of DNA fragments from agarose gel®yDbands with the intended size
were excised from the gel with a scalpel under Xgosure. Since long wave UV light
exposure can damage DNA and introduce mutatiorsstap was performed as quickly as
possible. Afterwards DNA fragments were purifiedttwihe Invisorb Spin DNA gel

extraction kit (Invitek, Germany) according to tmanufacture’s instructions. Gel purified

fragments were eluted at least in 20 pl of gdHB7].

2.2.5 Restriction digestion

Prokaryotic restriction endonucleases cleave destoésnded DNA sequence-specifically,
with a palindromic sequence as recognition sitsulteng in 5’- and 3’-overhangs (sticky
ends) or blunt ends that can be used for ligatungh Sragments to compatible foreign
DNA [88]. For analytical digestions, 1 pg of DNA svancubated with the restriction
enzyme in a 20 pl restriction mixture for 0.5 h3t°C. For cloning purposes, DNA
templates were digested in preparative restriatdxtures of 100 ul and incubated longer
(2 h at 37°C) to assure complete digestion. Incaes mixtures were provided with
sufficient amounts of restriction enzyme (5 U/pgANand filled up with ddHO to obtain

a DNA concentration of 0.05 pg/ul (Table 4).
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Table 4: Set-up of analytical and preparative restiction digestions

analytical preparative
Plasmid-DNA 1ug 5ug
10x Fast Digest Green Buffer 2 ul 10 pl
Fast Digest Enzym@0 U/ul) 0.5 ul 2.5 ul
ddH,O ad 20 pl ad 100 pl

2.2.6 Dephosphorylation and phosphorylation of DNA fragns

Religation of linearised vector DNA is a common lgeon during blunt-ended or non-
directional cloning and reduces the efficiencyigéation with DNA inserts [88]. To avoid
this, preparative DNA digestions were treated vathimp alkaline phosphatase (SAP,
Fermentas, Germany) to remove 5’ phosphate res@utt® ends of the linearised vector.
For that, after enzymatic digestion the mixture wagplied with 2 pl of SAP (1 U/ul) for
additional 30 min at 37 °C. To increase the efficieof insert integration of blunt-ended
PCR inserts, 5 pug insert DNA was phosphorylatedgu3i4 Polynukleotid Kinase (PNK,
Fermentas, Germany) in a 20 pl reaction mixturg¢aioimg 2 pl 10 x T4 PNK buffer A, 1
mM ATP and ddHO. After 1 h incubation at 37°C, phosphorylationswstopped by
heating the samples for 10 min at 75 °C. To remmyer components and enzyme, the
mixture was purified using the MSB Spin PCRapacé (knvitek, Germany) as

recommended by the manufacturer.

2.2.7 Primer

Sense- and antisense primers for PCR were desigitbdthe computer programme
OligoAnalyzer (IDT Technology, Germany) assurindgeagth of 15 to 30 base pairs, a
moderate GC content of 40-50% and a calculatedadingetemperature between 50 and
65°C. Additionally, if possible, both primers watesigned to have a melting temperature
difference ATy) of not more than 2°C to ensure a similar hybeaten kinetic in their

annealing phase [89]. In several cases mutagemte® were used that introduced new
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restriction sites to allow subcloning, introducevn@mino acids or also mutations. These

primers are described separately at the respgmbisiion in the results part.

2.2.8 PCR Cloning

The expression plasmids were generated by PCRngjomherefore amplification of FFV
Bet as well as HIV E1, E2 and El-loop-E2 sequeneas necessary. As polymerase for
this approach the Platinum Pfx DNA polymerase (Hfem Invitrogen was used. The
Platinum Pfx polymerase is a hot start polymerabe&hvpossesses 3'-5’ proof reading
activity and fast chain extension capability [9Q]standard PCR reaction for amplification
of FFV Bet and HIV E1 and E2 sequences was seflTapl¢ 5, Table 6). For successful
amplification of HIV E1 and E2 sequences, DMSO agnihg enhancer solution included
in the Pfx Kit had to be added to increase prinpexcgicity, avoid primer dimer formation
and break up secondary structures of the GC riciplete. Obtained PCR products were
then separated by agarose gel electrophoresis saated for further experiments as
described (2.2.7).

Table 5: Master mix for amplification of FFV Bet Cycler conditions

Total S0l conég]rzlitlration .

10 x buffer 5 ul 1 x 94°C, 10 min

MgSO; (50mM) 1 pl 1 mM 94°C, 40 s~ Denaturing
dNTP’s (10mM) 1.5 pl 0.3mM 62°C, 20s — Annealing | X 25
3'-Primer (10uM) 1.5yl 0.3 uM 68°C, 30 s— Elongation
5'-Primer (10pM) 1.5l 0.3 uM 68°C, 2 min

DNA (0.62 pg/pl) 1l 12.4 ng | 04°C,00

gg%o/m)nerase 0.4 pl 0.016 U/l

ddH,0 38.1 pl
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Table 6: Master mix for amplification of HIV E1 and E2

Total 60 ul conég]rilration
10 x buffer 6 ul 1x
MgSO, (50mM) 0.8 pul 0.6 mM
dNTP’s (10mM) 1.8 pl 0.3 mM
3’-Primer (10uM) 1.8 pl 0.3 uM
5’-Primer (10uM) 1.8l 0.3 uM
DNA (0,43 pg/ul) 1.2 pl 8.6 ng
(F’Zf”;%‘)/h’g‘erase 0.48 pl 0.02 U/pl
10 x Enhancer 6 ul 1x
ddH,O 34.12 pl

2.2.9 Mutagenesis PCR

Cycler conditions

94°C, 10 min

94°C, 40 s~ Denaturing
56°C, 20s — Annealing |x 35
68°C, 30 s— Elongation
68°C, 2 min

04°C,00

To obtain truncated variants of E1l-loop-E2 congtuthe GeneArt synthesized plasmid

PMAT was mutated by full-plasmid mutagenesis PCR. allow direct ligation of the

amplified products, primers were phosphorylatedmpto use (Table 7). Samples were
incubated for 1 h at 37°C and inactivated by hga&ih75°C for 10 min. Phosphorylated

primers were then directly used for PCR amplifizativithout a further purification step.

Table 8 describes the setup of a standard PCR ntix phosphorylated primers for

amplification of HIV-1 E1-loop-E2 constructs.

Table 7: Mixture for primer phosphorylation

Primer (100 pmol/ul)
10 x T4 PNK buffer A

10 mM ATP
T4 PNK
ddH,O

0,9 ul
0,9 ul
0,9 ul
0,8 ul
5,5 ul
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Table 8: Master mix for mutation of pMA-T vector Cycler conditions

Tow oo conciienrilration

10 x buffer 6 pl 1x 94°C, 10 min

MgSO; (50mM) 2.64 pl 22 mM 94°C, 40 s— Denaturing
dNTP’s (10mM) 1.98 l 0,33 MM 53°C, 20s — Annealing | X 35
3-Primer-P (10pM) 1.98 pl 0.33 UM 68°C, 30 s— Elongation
5'-Primer-P (10pM) 1.98ul 0.33 uM 68°C, 2 min

DNA (0.056 pg/ul) 1.5 ul 1.4 ng 04°C,00

(F)Zf?;%o/m;‘erase 0.53 i 0,2 Ul

ddH,0 43.39 pl

2.2.10 Ligation

Insertion of foreign DNA fragments into an expressvector or self circularization of a
linear PCR insert is called ligation. During ligati the enzyme ligase catalyses the
formation of a phosphodiester bond between thehbsphates and the 3’-hydroxy group
of two DNA strands in the presence of ATP [91]chse of vector self circulation as used
for mutated E1l-loop-E2 constructs, the 5’-phospliateds with the 3’-hydroxy group of
the same DNA strand and forms a closed circle gpid)s The setup of a classical ligation
reaction mixture and one used for vector relegatiom given below. All mixtures were

incubated 1 h at room temperature prior to tramsédion in competent bacteria.

Ligation of PCR insert with vector DNA Self circularization of linear DNA
Vector DNA 50-100 ng DNA 10-20 ng
PCR insert 10-100 ng 10 x ligase buffer ul2
10 x ligase buffer 1l T4 ligase (5U/ul) 1l

T4 ligase (5U/ul) 1l dga 12 ul
ddH,O 5,5 ul Total 20 pul
Total 10 pl
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2.2.11 Transformation of competent bacteria

The delivery of plasmids for DNA amplification oxgession irE. coliwas performed by

use of chemical competent bacteria by heat shaockietail, 1-10 ng plasmid DNA was

incubated with 50 pl of competent cells for 30 mmice. After incubation, cells were heat
pulsed for 40 sec at 42°C to permeate cell membramel allow incorporation of the

expression plasmids into bacteria. Afterwards samplere placed on ice for two minutes
so that the membrane pores are able to close. 3J0@pl SOC- or LB-media was added to
the bacteria solution and the mixture incubate@878C and 350 rpm. Time of incubation
depended on the antibiotic resistance gene encoddte backbone of the plasmid and
took 15 min for ampicillin and up to 1 h for chlamghenicol or kanamycin resistant
bacteria. For selection of positive transformedté@a cells were plated on agar plates

containing the appropriate antibiotic and incubated@7°C until the next day.

2.2.12 Preparation of chemical competent cells

For preparation of chemical competent cells, b&ctarere spread on LB-agar plates
without antibiotics and incubated overnight at 37@De single bacterial colony was then
transferred to 5 ml LB medium and cells grown agaiarnight at 37°C and 220 rpm. 100
ml pre-warmed LB medium were inoculated with 1 mémight culture and incubated at
37°C under shaking until the bacterial suspenseathied an Of3y value of 0.5. Then
bacterial suspension was chilled on ice for 5 md aentrifuged at low speed (5 min,
4000 x g, 4°C). The supernatant was carefully ddexh while keeping the collected cells
constantly on ice. In the next step, cells werespended in 30 ml ice cold TFB | buffer.
Cell suspension was kept on ice for further 90 emd afterwards centrifuged again for 5
min at 4000 x g and 4°C. After discarding the soptant carefully, the cell pellet was
resuspended in 4 ml ice cold TFB Il buffer. 50 filresuspended competent cells were
aliquoted in sterile microcentrifuge tubes and sfapen in liquid nitrogen. Chemical
competenk.coli cells were stored at -80°C until use.
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2.2.13 Colony PCR

To identify positive clones in transformed bactecalony PCR was used. Therefore single
colonies were directly taken from agar plates asptate material and mixed with the

Master Mix for colony PCR containing appropriateners (Table 9).

Table 9: Master mix for Colony PCR Cycler conditions

Total 154l congg]rilration .

Firefly buffer (10 x) 1.5l 1x 95°C, 10 min

MgCl (25 mM) 2 ul 333 mM 95°C, 30 s~ Denaturing
dNTP's (10 mM) 0.63 pl 0.42 MM see 2.1.14» Annealing | x 25
3'-Primer (10 uM) 0.3l 0.2 mM 72°C, 30 s— Elongation
5’-Primer (10 pM) 0.3ul 0.2 mM 72°C, 2 min

DNA 1 colony 1 colony 04°C,00

Firefly polymerase
(2,5U/ul)

ddH,0 10.07 pl

02ul  0.033 U/l

2.2.14 Preparation of glycerine stocks for long term sige of bacteria

Bacteria clones containing the desired plasmid wstoged long term in a glycerol
solution. 600 pl of 50% sterile filtrated glycersblution were mixed with 900 pl of
bacteria overnight culture. After snap freezing thecteria samples in liquid nitrogen

clones were subsequently stored in a 1.5 ml tub&@C.

2.2.15 Sequencing of constructed plasmids

Plasmid DNA of constructs yielding a positive résal the colony PCR screening were
isolated (see 2.2.1) and sequenced by a fluoresdesmed cycling sequencing using Big
Dye 3.1 to ensure integrity of cloned plasmids. #os purpose following protocol was
used (Table 10).

-36-



Materials and methods

Table 10: Master mix for sequencing Cycler conditions

Total 10l congg]rilration :

ABI buffer (5 x) 2 ul 1x 96°C, 1,5 min

BigDye 0.4l 96°C, 10 s — Denaturin
Primer (10 uM) 0.6 pl 0.6 UM see 2.1.14 — Annealing | x 35
Plasmid DNA 20ul  10-20 ng 60°C, 4 min— Elongation
ddH,0 10 pl 04°C,0

2.3. Proteinchemical methods
2.3.1 SDS-PAGE

Extraced proteins can be separated electrophdigtioa a denaturing acrylamide gel
according to their molecular weight. SDS-PAGE basedhe protocol of Schéagger and
Jagow [92] was performed using 10% separation gets4% stacking gels (Table 11).
Protein samples were mixed with 2 x sample buféertaining 3-mercaptoethanol and than
loaded into the gel. Protein separation was perdrat 100 - 120 V for 45 min along with
a protein ladder (PageRulerTM, Fermentas) as mddtedetermination of protein size.
Proteins were visualized by staining either by Cassie Brilliant Blue or by antibodies

after transfer to PVDF membranes.

Table 11: Mixture fort wo SDS-Gels

4% stacking gel 10% separation gel
SDS-Gelbuffer 2ml 5mi
Aqua dest. 3.2ml 5ml
Rotiphorese (30) 0,8 mi 5ml
APS 100 pl 100 pl
Temed 10 pl 10 pl

2.3.1.1. Coomassie staining

For Coomassie staining SDS-gels were incubated3amin in a 1% Coomassie brilliant
Blue solution under permanent shaking followed & temoval using destaining solution
until the bands were clearly visible. For removilast traces of background colour, gels

were placed in distilled water.
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2.3.2 Expression screening and solubility testing

To find suitable expression conditions for the mited proteins expression screening in 96
deep well plates was performed. For this, the mEspme expression plasmid was
transformed into the fouE.coli expression strains SCS-1, T7-Shuffle, C43 and Roge
that are protease deficient and avoids the dedeoedat the produced target protein. A
single transformant of these bacteria was pickeddoulate overnight cultures. 100 pl of
these overnight cultures were then transferred intol of LB, 2YT, TB or SOC medium
prepared in 96 deep well plates and grown for 83vVaC to reach the exponential growing
phase. Protein production was induced by addingr@MLor 0.5 mM IPTG along with a
non induced control and then samples grown fortemtdil 3 h at two different growing
temperatures of 30°C and 20°C. Subsequently, eadi®e pelleted by centrifugation at
3700 rpm for 10 min. Medium was discarded and pellets were resuspended with 200
ul of lysis buffer (PBS + 0,1 mg/ml lysozyme), ibated on ice for 10 min and then
further disrupted by sonification using 5 pulsesutifasound at a duty cycle of 40%.
About 60 ul from total lysates were saved for latealysis of total protein expression by
SDS-PAGE. The remaining material was subjectedetadrdugation (16.000 g, 20 min,
4°C) to analyse expression in the soluble fractignSDS-PAGE and Western blot. A
schematical figure of the plate layout used is giveFigure 12.

1 2 & 4 5 6 4 @ 9 10 11 12

Al 0 i e

i | SCS1
B : : s
¢ | 8 5 |,

; ! T7-Shuffle
D | -
E| | |,

| C43
F | -
. -

Rosetta 2

H : . B .

i oy
LB —= 2NT

Figure 12: Layout of the 96 deep well plate used f@emall scale expression optimisation.

Four bacteria strains SCS1, T7-Shuffle, C43 anceRa2 containing the respective expression plasveie

inoculated in LB, 2YT, TB or SOC medium and grovan 8h at 37°C. Protein expression was induced with

0.1 or 0.5 mM IPTG, along with non-induced cellscasitrols (c) and incubated at two different gragvin

temperatures 20 and 30°C before pelleting and.lysis
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2.3.3 Time course expression analysis

Bacteria growth and protein expression changesnehly during prolonged culture and
directly influences the level and quality of th@guced recombinant protein. To determine
protein toxicity and the best time point for hatved soluble protein, time course
expression analysis for FFV Bet was performed. Amroight culture of pQE-Bet
transformed intoE. coli strains SCS-1 and T7-Shuffle were inoculated i@ 2G TB
medium for SCS-1 and 2YT medium for growing of Thu8lle. Media were additionally
supplied with 0.4% glucose to inhibit basal proteixpression. After 2 h, Qfgy was
measured and non-induced samplgstéken as control. Protein production was induced
with 0.1 mM and 0.5 mM IPTG and cells further inatdx at 20°C. Additional samples
were taken in a range of 1 h till 24 h after indorctin time intervals as indicated and
ODsgoo Was measured. After 24 h, all samples were Iysd®BS + 0.1 mg/ml lysozyme and
soluble and insoluble fractions separated by degition (16.000 g, 4°C, 20 min). The
presence of FFV Bet was analysed in all fraction9S-PAGE and Coomassie blue

staining as well as Western blot using anti-Histeties.

2.3.4 Solubilisation test with non-ionic detergents

To increase the amount of proteins available far-denaturing purification, various mild
non-ionic detergents were tested for their abii@tysolubilise the target protein. For this
purpose, the protocol to extract the soluble profeaction was used, but additionally,
several non-ionic detergents (Table 12) were addetthe lysis buffer (PBS, 0.1 mg/ml
lysozyme) in a concentration of 1 x or 5 x of theitical micelle concentration (CMC).
After separation of soluble and insoluble matebwl centrifugation (16.000 g, 20 min,
4°C) the soluble protein fractions were analysedbgmassie staining and Western blot.

Table 12: Used non-ionic detergents, CMC = criticainicelle concentration

Detergent CMC % [wiv] Detergent CMC % [wiv]
NP40 0.0179 DDM 0.0090
Triton-X 100 0.0155 Chaps 0.4900
Triton-X 114 0.0133 Brij 35 0.1130
Tween 20 0.0700 Saponin 0.1000
beta OG 0.7000
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2.3.5 Large scale protein expression

For preparative protein purification a large scalgpression was performed using the
conditions found in previous small scale expressicieenings (Table 13). In general, two
litres pre-warmed medium as indicated was inocdlatgh 75 ml of a bacterial overnight
culture grown in LB medium to obtain an @pof 0.1. The suspension was then incubated
at 37°C on a shaker for 2-3 h until the bactenspension reached an @pof 0.8-1.0.
Protein expression was induced by addition of IPfoBowed by additional growth at
either 30°C or at 20°C as indicated (Table 13)alyncells were pelleted in four fractions
of 500 ml pellets by centrifugation at 10.000 rpon £0 min. Supernatants were discarded
and cell pellets stored at -20°C until protein pcaition.

Table 13: Optimised expression conditions for genated constructs

Expression IPTG Growing Growing | Growing o
Construct ] ] ) Purification
strain conc. temperature time media
non-
pQE-Bet SCS-1 0.5 mM 20°C 2 B )
denaturing
pQE-Bet SCS-1 0.5 mMm 37°C 3h 2YT denaturing
pQE-Bet-E1
PQE-Bet-E2 SCS-1 0.5 mM 37°C 3h 2YT denaturing

pQE-Bet-E1-Loop-E2

non-

pMal Rosetta 2 0.5 mM 20°C 2-3h LB )
denaturing

non-

pMal-E1-Loop-E2 Rosetta 2 0.5 mMm 20°C 2-3h LB )
denaturing

2.3.6 Purification of His-tagged proteins

For purification of His tagged proteins under n@amaturing conditions, cell pellets were
resuspended as 10x concentrate with lysis buffédPBIS and 0.1 mg/ml lysozyme) and
incubated for 10 min on ice. After sonification20 cycles at 60% duty cycle) cells were
centrifuged at 10.000 rpm for 20 min and 4 °C tpasate soluble and insoluble proteins.
Expressed recombinant proteins possess a His-TdagemnN-terminus forming chelates
with bivalent Nf* cations that are immobilised on Ni-NTA columns ][93his allows
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protein purification by Ni-NTA chromatography by erof the procedures described

below.

2.3.6.1.  Purification under non-denaturing conditions

Supernatants were taken to analyse the solubleiprisaction by affinity chromatography
on 1 or 5 ml Ni-NTA columns (HisTrap FF Crude Cru@E Healthcare) installed in an
Akta Explorer 10 s FPLC System. Before applying slas) the column was equilibrated
with wash buffer N (50 mM Na#PO,, 300 mM NaCl, 10 mM imidazol, pH 8.0). Lysate
was loaded onto the column with the help of a sanppimp at flow rates of 1-2 ml/min
and then washed with wash buffer N until the JgDdecreased below 0.01 absorption
units. Bound material was recovered by applyingi@ubuffer N (50 mM NakPO,, 300
mM NaCl, 500 mM imidazol, pH 8.0) as a linear geadi of 20 column volumes and

fractions collected automatically in 96 deep wédites.

2.3.6.2. Purification under denaturing conditions

For purification under denaturing conditions, teenaining insoluble fraction was lysed in
buffer D (100 mM NakPQ,, 10 mM TrisCl, 6 M GuHCL, 300 mM NaCl, 10 mM
imidazol, pH 8.0) and extracted for 2 h under sloantinual rotation at 4°C. Non-
solubilised material was separated from solubilisedatured protein by centrifugation
(20.000 rpm, 20 min, 4°C) and the resulting supmtataken for protein purification by
Ni-NTA columns equilibrated with wash buffer D (166M NaHPQy, 10 mM TrisCl, 8 M

urea, 300 mM NaCl, 10 mM imidazol, pH 8.0). Afteratding, unbound material was
removed with wash buffer D and proteins releasetth &i linear gradient of 20 column
volumes elution buffer D (100 mM NaRQy, 10 mM TrisCl, 8 M urea, 300 mM Nacl,
500 mM imidazol, pH 8.0). As mentioned above eluticactions were collected in 96

deep well plates in 1.5 ml fractions.

2.3.7 Purification of MBP-tagged proteins

The expressed proteins of the pMal-p5x vector ¢éoraaVIBP fusion protein on their N-
terminus with a tight affinity to amylose matrixrfaffinity purification (NEB, Germany).
For purification of soluble expressed MBP E1-lodh-E00 ml pellets were resuspended in
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20 ml column buffer (20 mM TrisHCI, 200 mM NaCl,miM EDTA, 1 mM DTT)
followed by three rounds of sonification on ice (2@cles each, duty cycle 40%).
Homogenised cell lysate was centrifuged (10.00R@,min, 4°C) and the resulting
supernatants diluted in column buffer to a finalumee of 50 ml. For protein purification,
100 ml of crude extract were loaded on a columrepwdquilibrated 4 ml amylose column
with the Akta Explorer FPLC System. The loaded ooiuvas washed intensively with 20
column volumes and the target protein recovered aliition buffer (20 mM TrisCL, 200
mM NaCl, 1 mM EDTA, 1 mM DTT, 10 mM maltose) by ngia 50 % gradient over 10
column volumes. Finally, the column was washed Wiil8% elution buffer with a 5 fold
column volume to remove any residual material. iBfufractions were collected in a 96

deep well plate in a volume of 1.5 ml for each fi@t

2.3.8 lon exchange chromatography

During purification of MBP E1-loop-E2, MBP and tireended MBP fusion protein were
eluted as a mixture from the amylose resin. Tosepdoth species, elution fractions from
affinity chromatography were pooled and diluted th2lecrease salt concentration in the
sample to 100 mM NaCl. The solution was then suégecto ion exchange
chromatography using a 1 ml Resource Q column (@BltHcare, Germany) which is a
strong anion exchanger based on quaternary ammdigands (DEAE). The Resource Q
column was equilibrated with start buffer (20 mMsl, pH 8.0) and diluted samples
loaded with a pump. Unbound material was removedwaghing with five column
volumes of start buffer and samples subsequentite@lin 1 ml fractions using a 50%
linear gradient of elution buffer (20 mM Tris, 1 N&Cl, pH 8.0) over 20 column volumes.

2.3.9 Estimation of protein concentration by @pmeasurement

The yield of protein in the elution fractions wedentified applying computer evaluation
software of the Akta Explorer system after purifica. Therefore, amount of expressed
target protein were calculated by peak area an@ttiaction coefficient of the respective
protein. The molecular chemical properties of gatezt and purified target proteins are
summarised in Table 14.
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Table 14: Molecular chemical properties of purifiedproteins

Molecular weight pl Ext. coefficient
FFV Bet 45.6 5.33 1.61
FFV Bet-E1 49.0 5.86 1.48
FFV Bet-E2 49.8 5.57 1.97
FFV Bet-E1-Loop-E2 54.4 5.34 1.80
MBP 47.2 5.24 1.40
MBP-E1-Loop-E2 53.8 4.97 1.74

2.3.10 Screening for suitable refolding conditions

To establish a suitable refolding protocol for demed proteins a screening protocol
described by Vincentelly et al., 2004, [94] was [@ed. This method is based on the fact
that the optical density of precipitated proteinsreases at wavelengths of 340-400 nm
where soluble proteins usually do not absorb (Feidl8). Comparison of the ratio of the
protein absorbance at 370 nm of a soluble (or dideld) protein compared to the
absorbance of the same protein in a different bullews thus to estimate its impact on
protein stability and aggregation. Vincentelly ¢t [4] used this observation to find
suitable conditions for refolding of denatured pims$ by screening for buffers that allow
removal of detergents without increasing precitat Denatured protein obtained from
affinity chromatography was therefore concentrated mg/ml and reduced by incubation
with 20 mM beta-mercaptoethanol for at least threers. Subsequently protein was mixed
by 1:20 dilution in various refolding buffers (Tabl5). Refolding mixtures were prepared
in triplicates in a 96 microtiter plate and incumiafor 24 h at 4°C in the respective buffers.
Absorbance of the diluted and the reference safsplebilised protein in 8 M urea) were
analysed at 370 nm. Additionally a control platehaut protein was run in parallel to
examine potential self absorbance of the individuaffers. Results were expressed as
percentage difference to the absorbance of thékspldenatured FFV Bet protein in 8 M

urea
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Figure 13: Absorbance spectra of precipitated andauble forms of a protein [94]

Table 15: Buffer conditions for refolding optimisation

Buffer conditions

50 mM NaAc, pH5; 50 mM HEPES, pH 7,

Buffer / pH 50 mM Tris, pH 9

lonic strength 100 mM NacCl, 300 mM NaCl

Thiol reagent 10 mM R3-mercaptoethanol

Additives L-Arginine, Glycerin, PEG 4000, Sucrose and

combinations

2.3.11 Preparative refolding of denatured proteins

Purified denatured proteins were refolded by rapidtion in a suitable refolding buffer

identified in 2.3.10. As in small scale experimepitsteins were reduced with 20 mM 3—
mercaptoethanol for three hours and then concedtrtd 2 mg/ml. Denaturant was
removed by rapidly pipetting the protein solutiortoi stirring refolding buffer (50 mM

HEPES, 100 mM L-arginine and 300 mM NacCl, pH 9%89lutions were then incubated
overnight at RT. To remove the refolding buffemteins were dialysed against a 100-fold
excess of phosphate buffer (50 mM NBEy, 300 mM NaCl, pH 8.0) overnight at 4°C
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and then concentrated by Ni-NTA chromatography wrmi®-denaturing conditions as
described in 2.3.6.1

2.4.lmmunological methods

2.4.1.1. Western blot analysis

For detection of proteins by antibodies, samplgsusged by SDS-PAGE were transferred
onto a PVDF membrane (Millipore) by semi-dry elebtotting. For this purpose PVDF
membranes were first activated in methanol and expently equilibrated in Transfer
Buffer for a few seconds. To build the blotting damch, one thick filter paper was pre-
soaked with Transfer Buffer and placed onto thedwmotof the blot chamber (anode).
Then, the pre-wetted PVDF membrane, the SDS-Gebaratiditional layer of filter paper
which was also incubated in Transfer Buffer wasealddlhe top cover of the blotting
chamber functioned as cathode in this setting. Sfesrwas performed at a voltage of 20 V
for 30 min. After transfer, the membrane was receddrom the sandwich and unspecific
binding sites blocked by incubation with 5% [w/v]lknpowder diluted in PBS-Tween
(PBS / 0.05% [v/v] Tween 20) for 1 h. PVDF membiameere then incubated for 1 h at
room temperature or at 4°C overnight with the fasstibody diluted in 1% milk powder in
PBS-T. To remove unbound antibodies, membranes waséed three times with PBS-T
(PBS / 0.05% [v/v] Tween 20) for 5 min. Subsequentin appropriate secondary,
horseradish peroxidase (HRP) conjugated antibodg agplied for 30 min at room
temperature in a dilution as indicated followed3y 5 min washing steps in PBS-T. For
protein detection Enhanced Chemiluminescence (EIjtion and light sensitive films

were used.

2.4.2 Membrane stripping

Membrane stripping was performed to remove antd®drom an already developed
PVDF membrane to allow analysis by further primaagd secondary antibodies.
Therefore, membranes were activated with methag@haand then incubated in stripping
buffer for 1 h at 60 °C. Membranes were washed3min with PBS-T and finally blocked
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with 5% milk powder in PBS-T followed by incubatiavith antibodies as described in
Fehler! Verweisquelle konnte nicht gefunden werden.

2.4.3 Immunisation

Wistar rats in groups of four were immunised thiigees at intervals of three weeks with
250 pg of antigen per rat and immunisation. Antggemulsified in Freund’s adjuvant
were injected either subcutaneously {fjection) or subcutaneously and intramuscularly
(2" and & injection) at several sites of the animal. Bloodsviaken from these animals
before experimentation (pre-immune sera, Pl), tagsdoefore boost injections and three
weeks after the last boost (serum 1, 2 and 3, ctisply) (Figure 14). The immunisation
studies for Bet-E1-loop-E2 and MBP-E1-loop-E2 piridevere performed identically but
with a two weeks immunisation intervakiqure 15). The immunisation protocols are

provided in the appendix for detailed information.

1. Immunisation 2. Immunisation 3. Immunisation
Pl 1. Bleeding 2. Bleeding 3. Bleeding
l 214 l R 21d l . 214 l .
- - — days after
| 19 | 30 | 51 1. Immunisation
(20.06°11) (11.07°11) (01.08°11)
0 21 42
(01.06°11) (22.06°11) (13.07°11)
Figure 14: Immunisation schedule for Bet-E1, Bet-Eand Bet-E1/Bet-E2 experiments
1. Immunisation 2. Immunisation 3. Immunisation
Pl 1. Bleeding 2. Bleeding 3. Bleeding
| 13d 14d . 14 d .
—» days after
| 11 25 | 39 1. Immunisation
(19.09°11) (03.10°11) (17.10°11)
0 13 27
(08.09°11) (21.09'11) (05.10"11)

Figure 15: Immunisation schedule for Bet-E1-loop-Ezand MBP-E1-loop-E2 experiments
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2.4.4 Serum preparation

Serum from immunised animals was obtained by intagpdlood samples after bleeding

for 2 h at room temperature and inducing coagulakip gently stirring with a glass bar

before further storage overnight at 4°C. The irdéoa between thrombocytes and the
negatively charged surface of the glass bar aetsvitctor XIl and XI which induces the

coagulation cascade [91]. Clotted blood was ceamgetl for 10 min at 2000 rpm and 4°C.
Resulting supernatant was transferred in new tdblésved by a second centrifugation

step (10000 rpm, 4 min, 4°C). Supernatants wene #gain transferred in new tubes and
heated to 56°C for 30 min in a water bath. Aftecaaplementation, sera were centrifuged
a third time and supernatant stored in fresh tabhe80°C until use.

2.4.5 Enzyme linked immunosorbent assay (ELISA)

ELISA was used to analyse immune sera for the poesef antibodies against the
administered antigens as well as HIV peptides. BLjpgates were coated by diluting the
antigen in water to a final concentration of 4 nglpd then applying 50 ul (200 ng/ul) of
this solution to each well. Plates were dried owigthat 37°C. To prevent unspecific
binding of serum antibodies the plates were blooked 5% [w/v] BSA diluted in PBS-
Tween (PBS / 0.05% [v/v] Tween 20) for 1 h at 37F0r each serum a tenfold dilution
series in 1% BSA with PBS-T was prepared in thgeaof 16 to 1F. Plates were washed
three times with PBS-T to remove the blocking dolutand subsequently incubated with
the diluted serum samples for 1 h at 37°C. Pla®washed again three times followed
by incubation with a secondary anti-rat 1IgG - HRRilzody diluted 1:3000 in 1% BSA
with PBS-T for 30 min at 37°C. Excessive antibodiese removed by final six washing
steps with PBS-T. To develop the ELISA a colorinteproceeding was used. Therefore,
an OPD-tablet (o-phenylendiamine dichloride, 30 mvgp dissolved in 30 ml PBS with
200 pl HO, and 40 ul of this solution was applied to eachl.widter an incubation time
of 10 min, the reaction was stopped by adding ofit#86N H,SO, and the absorbance of

each well measured in an ELISA reader at an OD®a8frdm.
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2.4.5.1. Calculation of antibody endpoint titer

For calculation of antibody endpoint titers an EAISut off was defined for each animal
using the mean absorbance of the pre-immune selusrthree standard deviations. After
calculation of this threshold the absorbance meastor immune sera at every dilution
step in a tenfold dilution series was plotted agiaihe dilution step and a logarithmic
regression curve fitted to that data with the ladiMicrosoft Excel (Figure 10, black line).
The obtained regression function (Figure 16, redle) was solved by insertion of the
calculated cut off as x-value (Figure 16, insef)e Bolution of this equation (Figure 10,
inset and orange circle) represents the highestrsalilution that gives a signal about

noise and was defined as endpoint titer.

Calculation of antibody endpoint titer
Serum rat 364-2

¢ 364-2

=-0,9124Ln(x) +2,6179 — Regression (364-2)

\ 3 R =0,9442 Cut off

log 10 serum dilution
O R, N WAL O N ®

0OD492nm
0.0 0.2 0.4 0.6 0.8 1.0

antibody titer
y =-0,9124*In(0.112) — 2,6170 => y=932*104

Figure 16: Exemplary diagram for endpoint titer determination.

2.5. Cdll culture methods

2.5.1 General cell culture conditions

All cell lines were cultivated in DMEM medium in 3 °C incubator supplying 5% GO
atmospherePrior use media was supplemented with 10% [v/iVEF@mM L-Glutamine,
10mM HEPES and 5 mM Penicillin/Streptomycin.

-48-



Materials and methods

2.5.2 Freezing and thawing of cells

Cells were stored for long term in liquid nitrogesing freezing medium which contains
90% FCS and 10% DMSO. To avoid the toxic side ¢fteddMSO thawing of cells was
performed as fast as possible. Therefore, the @bgotvas placed in a 37°C water bath
until a little piece of ice was still visible. Cedluspension was transferred to and gently
mixed in pre-warmed cell culture media to dilute B®I to a non toxic concentration and
placed into cell culture flasks. After cells wehared to the bottom of the culture vessel,

culture media was replaced to remove residual DMSO.

2.5.3 Passaging of adherent cell lines

To split cells, confluence was analysed microsafyiaand DMEM of 80-90% confluent
cells was removed and cells were washed once mIBBS. After aspirating PBS, 1 ml of
a Trypsin/EDTA solution was added to the cells armibated at 37°C until most of the
cells were completely detached. Trypsin digestiaas wtopped with fresh DMEM and

after resuspending, cells were split in a ratid:d0 into new media.

2.5.4 Transfection of cells

For delivery of plasmids into HEK-293T cells forwevirus preparation, cells were
transfected with polyethylenimine (PEI). This meathbased on a condensation of
negatively charged plasmid DNA into positively dped particles of PEI that form
spontaneously under physiological conditions. Thesticles are able to interact with the
surface of cells followed by endocytosis of thetiohes [95]. For transfection 1 x 1@ells
were seeded in 3 ml into each well of a 6 well calture plate and incubated overnight at
37°C. For every well 3 ug plamid DNA and 150 mM Na@re mixed with 300 pl fresh
medium (1:10 of cell culture volume). PEI solutiaras pre-warmed at 60°C until the
cloudy solution became clear and then 3 pl (1 gl pg plasmid DNA) added to the
DNA/NaCl mixture. After incubation for 15 min at om temperature, 300 ul of the

mixture were pipetted to cells in the 6 well plate.
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2.5.5 Preparation of viral supernatants

To produce viral particles HEK293T cells were tfanted with an infectious molecular
clone of HIV-1 pNL4.3 as described above. Two dafger transfection virus containing
medium was collected and centrifuged for 10 miri®@0 rpm to pellet cells. Resulting
supernatants were then additionally filtered thioad.22 pum filter to remove any residual
cell debris. Virus containing supernatant was atqd and snap-frozen in liquid nitrogen

prior to storage at -80°C.

2.5.6 Determination of virus titer with TZM-bl cells

The TZM-bl cells are engineered indicator cellst tharmit easy determination of virus
infection by X-Gal staining. They contain an int&gd reporter gene for R-galactosidase
under the control of the HIV-1 LTR. Infection ofliseby HIV-1 results in the expression
of the tat transactivator protein which in turnsiates reporter gene expression (ATCC,
Catalog Number: CRL-11286). To determine virusrsitelx1G of TZM-bl cells were
resuspended with DMEM and seeded into a 96 well @dture plate one day before
starting the assay. Virus was titrated by seridthtidin of supernatants in cell culture
medium and transfer of 50 ul of each dilution orR98B%6 confluent TZM-bl cells. After
incubation for two days at 37°C cells were analylsg&-Gal staining for the presence of
integrated virus. Therefore supernatants were aggirand cells were washed gently with
150 ul PBS to avoid detaching of the cells. Fixatiwas performed with 45 pl/well
fixation solution and incubation for 10 minutesrabm temperature. Cells were washed
again with 200 pl PBS and subsequently stained @thul/well of an X-Gal containing
staining solution for 1-2 hours at 37°C. Positivelsc which show distinct blue nuclear
staining when infected were counted with an ELISRi@Vice and viral titers calculated

with the equation given below.

Viral titer [IU}/mI = infected cells x dilution x1000

volume used for infection
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2.5.7 Neutralisation-Assay (NT-Assay)

TZM-bl indicator cells were seeded at a densityL of 1¢ cells per well in a 96 well cell
culture plate. On the next day rat sera (2.4.4)ewkluted with culture media 1:20 in a
separate 96 well plate and 50 ul of the serumidiypipetted into the wells of the dilution
plate to yield triplicates. Then 200 infectioustarof titrated virus supernatant in a volume
of 50 ul were added to each serum dilution. Sena weubated with the virus for 30 min
at 37°C and then the whole serum-virus mixture agded to the cells. As controls, cells
that were incubated with virus and the monoclomtibady 2F5 in dilutions as indicated,
non-infected cells as well as an infection contvbich was incubated only with virus was
run in parallel. Whether cells were infected oraseeutralised was analysed 48 h after
serum-virus treatment by washing, fixing and stagrthe cells as described above (2.5.6).
Identically, spots were counted with help of thel&#2OT reader. Neutralisation was
defined as the reduction of viral infection by mdinan 50% when sera from immunised
animals and their respective pre-immune serum wemgared.
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3. Results

3.1. Expression and purification of FFV Bet
3.1.1 Generation of the FFV-Bet expression plasmid

In order to produce recombinant FFV Bet/HIV-1 hgbproteins and to examine their
immunogenicity and in particular to characterise #mtibody response generated against
the introduced HIV-1 fusion parts, the prokaryoégpression plasmid pQE-Bet was
constructed that built the molecular basis for shbsequent cloning of Bet/HIV-1 fusion
constructs connected by a 15 aa spacer but alsah#orestablishment for suitable
expression and purification protocols. The pareptakaryotic expression vector pQE-30-
Xa (Figure 17) was lineraised with the restricterzymesStd andBanHl|. The full length
FFV-Bet sequence was amplified from the eukaryekpression plasmid pBC12-Bet by
proof-reading PCR with primer FFV Bet_fwd contamia 5’ blunt end and primer FFV
Bet_rev introducing a four amino acid spacer fokovof the restriction sitBglll which is
compatible withBanHI overhangs. Both digestion mixtures were sepdrbieagarose gel
electrophoresis for gel extraction and subsequienirng. The purifed vector DNA had a
size of 3493 bp and the FFV-Bet insert 1179 bpr aéistriction digestion (Figure 17B).

A

Stop Codons

S |4 1179 bp
e —_

Figure 17: Parental expression vector pQE-30-Xa angurification of vector and inserts for cloning.

(A) The parental expression vector pQE-30-Xa encodath rieatures. PT5 - T5 promotor, lac O — lac
operon, RBS - ribosome binding site, ATG — stadarg 6xHis, N-terminal His-tag, FXa, factor Xa mase
cleavage site, MCS — multiple cloning site with que restriction sites(B) Purification of Stu/BanH]
digested pQE-30 Xa vector (lane 1) d@glll digested FFV Bet PCR insert (lane 2), M-markihe sizes of
both fragments are indicated.
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Both fragments were ligated using T4 ligase andlitjgion mixture transformed into
chemical competeri.coli. Grown colonies were picked and analysed by co@R with
the primers 005_fwd and 006_rev that recognizeddaguences flanking the pQE vector
multiple cloning site and therefore can be usescteen for the successful insertion of the
FFV-Bet sequence. About 92% of the picked clonedained the FFV Bet insert and thus
resulted in the amplification of a 1149 bp insé&ig(re 18).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 1C|0ne
-
- e S A S S R A W WA W e e e (1449 bp

- - e -

M + + TTROTT R ER N GRS ST - P RIS B NP R o R

Figure 18: Colony PCR for screening of positive clees
15 ul of Colony PCR mixtures were analysed by asmigel electrophoresis. Clones that containeduthe f

length FFV-Bet insert gave a signal at 1449 bmdgated.

Plasmid DNA of those clones that gave a positigaaliin colony PCR were isolated and
sequenced with pQE and FFV-Bet specific primers 5(®60d, 006 rev, FFV
BetSeql fwd) to ensure insert integrity. By aligmehobtained sequencing results with
the published reference sequence (Uniprot Acc. 8i8336) clone pQE-Bet 10 was found
to be completely identical and in frame with the@ied N-terminal 6xHis-tag and the
factor Xa cleavage site (not shown). The plasmidp nod the generated pQE-Bet
expression plasmid shows the genes and restristies, a schematic presentation of the
resulting FFV-Bet protein (45.6 kDa) containing this tag and the factor Xa cleavage site
(Figure 19).

Factor Xa 4 amino acid linker
Expression ! N 1
pQE-Bet — His Bet -
4673 bp § FFV-Bet

(as recombinant protein)

Figure 19: Plasmid map of pQE-Bet vector and resuiihg recombinant FFV-Bet.
The pQE-Bet vector and recombinant FFV-Bet prosgiar expression which is tagged with His residoes
its N-terminus and a four amino acid linker on tBeterminus for subsequent connection with HIV-1

sequences.
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3.1.2 Screening for best expression conditions for p@E-B

Protein expression and solubility is strongly iefheed by the genetic background of the
bacteria used and the culture environment undectwpiotein production takes place. To
quickly establish parameters for high level overesgpion, the expression plasmid pQE-
Bet was transformed into the four speciali&edoli expression strains SCS-1, T7-Shuffle,
C43 and Rosetta 2 to examine which bacteria segimesses the recombinant Bet protein
best. Furthermore four culture media, different gematures, and inducer concentrations

were tested in parallel to determine their influma bacteria behaviour (Table 16).

Table 16: Tested conditions to determine best proie expression parameters

Bacteria strains Temperature IPTG concentration idMed
SCS-1, T7-Shuffle, 20°C 0.1 mM LB, 2YT,
C43, Rosetta 2 30°C 0.5 mM TB, SOC

Induced cells grown under the various conditionsewgsed with lysis buffer (PBS, 0.1
mg/ml lysozyme, benzonase) and further disrupteddnyfication. The soluble fraction
was separated from total lysates by centrifugatod both fractions were analysed by

SDS-PAGE and Western blot analysis (Figure 20).

Best protein expression was achieved in the bacstrain SCS-1 followed by a low-level
expression in T7-Shuffle with highest amounts aft@in produced in enriched media like
2YT, TB and SOC (black circles in Figure 20).Hrcoli strains C43 and Rosetta 2 there
was no obvious expression detectable. Neither IPd@hcentration nor growing
temperature seemed to influence amounts of prodi®ed protein in total lysates

remarkably (Figure 20).
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pQE-Bet at 30°C
SCS1 T7-Shuffle C43 Rosetta2

45 kDA [« pQE-Bet

[4Lysozyme

Figure 20: Bet protein expression screening in totdysates

100 pl of an overnight culture of SCS1, ShuffleCA3 and Rosetta 2 containing the expression plasmid
pQE-Bet were added to 1 ml LB, 2YT, TB or SOC mediand grown for 3h at 37°C. Protein expression
was induced by addition of no (c, control) 0.1 ds M IPTG (grey bars) and further growing for drest

3h at two different temperatures (20°C and 30°QGderdvards cells were collected by centrifugatiorl dime
medium was discarded. Pellets were resuspendeddin |2 lysis buffer (PBS, 0.1 mg/ml lysozyme,
benzonase) and further disrupted by sonificatidhu® of total lysates were analysed by SDS-PAGE and

Coomassie staining.

For the functionality of proteins it is necessasyptroduce them in a soluble and possibly
native form. Therefore, the soluble protein fracicof the performed expression screen
were analysed for the presence of FFV-Bet. In corspa to the results with total lysates,

it was not possible to detect the FFV-Bet protaithie soluble fraction by Coomassie blue
staining (Figure 21). However, expression was detkanalysing the soluble Bet fractions
by Western blot Figure 21). Best expression wasgeael in the SCS-1 and the T7-Shuffle
host at a growth temperature of 20°C in compariso@43 which exhibited a rather low

level of Bet expression at the same temperaturgu(€i21). In Rosetta 2, no apparent
expression at 20°C as well as for 30°C was meakuraiderlining the importance for

selection of a suitable bacterial host for sucegss{pression. Notably, in all four bacteria
strains an increased expression of soluble FFVaB&wer temperature in contrast to the

higher growth temperature was detectable.
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Media that aided soluble Bet expression dependestlynon the individual bacteria strain.
SCS-1 produced increased amounts of soluble B&Birand SOC media while for T7-
Shuffle 2YT was the most efficient medium. Idenflic#o total lysates, the use of different
IPTG concentrations had no influence on solublggimoproduction. In contrast, rather a
quite high level of basal promoter activity (‘leaess’) was found that could only be
eliminated in presence of glucose (see lanes of 8@@Gium in Figure 21). As a result
subsequent expression experiments were perforntédmicose supplied media.

PQE-Bet at 30°C
SCS1 T7-Shuffle C43 Rosetta2

45 kDA | pQE-Bet

Lysozyme
45 kDA 4 pQE-Bet

¢ ip16 ||° P16 [|© wpTG || PTG | | ipTG ||° PTG || PTG ||° IPTG 116 ||© 1p16 ||¢ PG || IPTG € 1p1G || PTG || PTG || IPTG

2YT 1B SocC LB 2YT 1B soc LB 2T TB Moo LB 2YT 1B SocC

pQE-Bet at 20°C
scs1 T7-Shuffle 43 Rosetta2

45 kDA>
IPTG IPTG IPTG IPTG IPTG IPTG PTG IPTG IPTG IPTG IPTG IPTG IPTG IPT
2YT soc 2YT soc 2YT socC 2YT soc

Figure 21: Analysis of expressed FFV Bet in the sdile fraction

After protein expression as described in Figurer@aining total lysate were centrifuged (16.008°g;, 20
min) and 20 ul of supernatants were analysed byn@gesie blue staining and 6 ul were examined by
Western blot using Penta-His as primary antibodyqQ0) and anti-mouse as secondary antibody (1)5000

Taken together, this expression screening revealédble expression conditions for high
level expression of FFV Bet but that the majorifytlois protein was expressed in an
insoluble form and only minor amounts of solublet Beotein were produced. Since the
presence of soluble protein was only detectableWmsstern blot yields from a non-
denaturing purification were expected to be vemy.ldo increase the amount of soluble
Bet protein, further optimisation was performedhutie best Bet expression strains SCS-1
and T7-Shuffle under conditions found as a redulhig expression screen
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3.1.3 Time course analysis of Bet expression

The overall expression of a recombinant proteia prokaryotic host is a balance between
soluble and insoluble forms and strongly dependtherprotein that is expressed. Factors
like temperature, time point of induction and thegyigbe of protein induction regulated by
IPTG strongly influences this balance. Some pratare only expressed in its soluble
form until a certain time point and afterwards stbias inclusion bodies. Higher IPTG
concentrations and temperatures result in fastymtomh of the target protein but correlate
with inclusion body formation [93]. Also, it is psible that an expressed protein has a
toxic effect on bacteria leading to its fast pret@aal degradation or even death of cells.
Systematic analysis of these parameters is thusriamt to obtain recombinant proteins
with higher yields and quality. To investigatehktFFV Bet protein is toxic and to find an
optimal time point for harvesting maximal amounfssoluble FFV Bet, a time course
experiment was performed. Therefore, transformadfehT7 in 2YT medium and SCS1
bacteria in TB medium were induced with 0.1 andr@Md IPTG at a mild temperature of
20°C and optical density as well as FFV Bet protexpression in the soluble and
insoluble fraction monitored by SDS-PAGE and Waestblot. Growth curves of both
expression strains showed that the expressed Baiprdid not influence SCS-1 and T7-
Shuffle health (Figure 22). SCS-1 exhibited a begg@wth rate in comparison to T7-
Shuffle, however, both strains were growing witligar rates and increased steadily.

Growing kinetics of pQE-Bet

3
s 3¢
A A +
2 'S -
o A g "
154 A % X
© Yy
§ X
P y X
H 7 & T7-Shuffle, 0.1mM IPTG
S = T7-Shuffle, 0.5mM IPTG
—a SCS1,0.1mM IPTG
—=— SCS1,0.5mM IPTG
0 ]
0 2 4 6 8 10

time (h)

Figure 22 Growth kinetics of pQE-Bet transformed inSCS-1 and T7-Shuffle
SCS-1 and T7-Shuffle bacteria cultures were indugigd low and high IPTG concentrations as indicated
and OQ,o monitored for the given intervals.
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Protein induction with lower IPTG concentrationsl(hM IPTG) had a positive influence

on bacteria growth and this effect was much mom@n@unced in the case of SCS-1
compared to T7-Shuffle (Figure 22). However sincacteria growth does not

automatically correlate with the expression of bt@uproteins, samples from every time
point along with non-induced control were lysed asuluble and insoluble fractions

analysed. As in the previous experiment, Bet pnoteas easily detected in the insoluble
fractions by Coomassie staining as early as 1 lfter induction but not in the soluble

compartment (Figure 23). Western blot analysis atacethat a weak expression of soluble
Bet peaked at the first two hours after inductiath®.1 mM as well as 0.5 mM IPTG but

at later time points Bet was stored in inclusiordibs. As a result of this experiment,
subsequent large scale expressions for purificatimer non-denaturing conditions were
performed in the SCS-1 bacterial strain inducedh\Wi5& mM IPTG and grown for 2 h at

20°C.

Soluble Fraction |1 Insoluble Fraction Soluble Fraction | Insoluble Fraction II
] ] I 1

et

= ---0-&- o< pQE-Bet

— e b s

;-...-.n-n;u -

213IE
FE IR
2 i

Lysozyme

-0.1mM IPTG- -0.5mM IPTG-

T7-Shuffle
| Soluble Fraction | Insoluble Fraction Soluble Fraction |

to ti to ti |

= B |
45 kDA* pQE-Bet
t0 |t [t2 |t3 [t4 |t6 |t8 |t10[t24 t0 |t1 |t2 [t3 |t4 |t6 |8 [t10|t24 t0 [t1 [t2 |3 |t4 [t6 |t8 [t10|t24| [t0 [t1 [t2 [t3 [t4 [t6 |8 |t10|t24]

Figure 23: Soluble and insoluble Bet expression iBCS-1 and T7-Shuffle over 24 h

Overnight cultures of SCS-1 and T7-Shuffle werecidated into 200 ml fresh media TB or 2YT medium to
yield an ORy of ~0.1 and grown at 37°C until QR increased to 0.6. Non-induced samples were taken (
and protein expression was induced with 0.1 mM@&BdnM IPTG. Bacteria were than incubated for ferth
24 h at 20°C and samples collected at the indictiteel points. After 24 h samples were lysed andidel
fractions separated from insoluble material. Evyangtein fraction was analysed by Coomassie blueista
(15 pl of sample) and Western blot (6 pl of sampléh Penta-His primary antibody (1:5000) and anti-
mouse secondary antibody (1:5000).

Insoluble Fraction |
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3.1.4 Testing solubility of pQE-Bet with non-ionic defents

Due to their amphipathic nature, non-ionic detetgesre able to solubilise proteins
aggregates which are a result of hydrophobic iotemas and therefore precipitate into the
insoluble fraction. Importantly, non-ionic detergeiare thereby mild solubiliser and thus
allow maintaining the soluble structure of the pm{96]. In the following experiment, the
ability to solubilise insoluble expressed Bet piotby several non-ionic detergents was
tested. Therefore, induced cells were lysed under-denaturing conditions and two
concentrations of the indicated detergent at 1x Baf the detergent specific critical
micelle concentration (CMC) were added to the miedtfter mixing and short incubation
soluble and insoluble fractions were separated bgtridugation and analysed by
Coomassie blue staining and Western blot (Figujel84all cases an intensive band of Bet
protein was detected in the insoluble fraction bot in the soluble supernatant by
Coomassie blue staining (Figure 24). To determingeiak amounts of soluble Bet were
contained in the soluble protein fraction a Westdot was performed. However, Western
blot analysis confirmed that none of the selected-ionic detergents could efficiently

solubilise the Bet protein into the supernatant.

1xCMC 5x CMC
| | 1
=} mom = £ - = -+
- v — — - — -
45 kDA™ w..wW W . w.w w0 U W O - W W O W«QE-Bet
)
*ﬂ-—--.—-.--".-.—.—.—. .- W e Lysozyme

[s ps p[ls »Js p[s p]s »[[s e]s e]s pfs p] [s efs p]s ps es p]s p[s p[s e[s ﬂ
9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

1xCMC 5xCMC
| 1 [ |
45 kDA (A 8 w8 B PQE-Bet
s pfls pfls pfs pfs pfs pfs pfs pls pfs ] [s efls p]s p]s p[s p[s ep]s p]s ps »
o 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

Figure 24: Detergent screen with non-ionic deterges to solubilise FFV-Bet

Several non-ionic detergents were added in a cérate&m of 1 x CMC and 5 x CMC to lysis buffer dugi
bacterial lysis to determine their solubilisatiatgntial. Supernatant (S) and pellet (P) were st¢pdrand 18

pl of each sample were analysed by Coomassie bdirgirgy and 6 pl by Western blot using Penta-His as
primary antibody (1:5000) and anti-mouse as seagndatibody (1:5000). c=control without detergents,
1=NP40, 2=Triton X 100, 3=Tween 20, 4=beta OG, 55BMCHAPS, 7=Brij 35, 8=Saponin, 9= Tween 80.
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3.1.5 Subcloning of FFV-Bet into pMal vector for an ieased solubility

The cytoplasmic expression of insoluble protein® cdten be increased when the
insoluble target protein is fused to a highly sééuinision partner. Maltose binding protein,
NusA, Glutathione-S-transferase, the Calmodulirdiig protein, thioredoxin and others
are used for that purpose. From all of these coniynged tags, the MBP protein has been
found to be particularly effective in pulling fusigroteins into solution by simultaneously
allowing affinity purification [97]. To test thispproach for FFV Bet, an expression
construct was generated that fuses the Bet sequereesignal peptide containing MBP
protein that promotes expression in the periplabi. @oli and therefore also formation of
disulfide bridges. Additionally, a His-tag was fds® the Bet protein by PCR to allow
purification of the protein after cleavage from thege MPB fusion partner. The FFV Bet
sequence was amplified from the pBC12-Bet vectar mserted into theXmn/BanHI
digested pMal-p5x vector multiple cloning site (fig 25A and B). Positive clones were
identified by colony PCR resulting a PCR insert 87 bp (Figure 25C) and after
sequencing this construct was subjected to an sgjore optimisation screening as
described for the pQE-Bet construct (see 3.2). IThtsates and supernatants were

analysed by Coomassie blue staining and Westetn blo

mcCs
B T1T2 C
—
malE
bla 12 3 456 7 8 9101112 13 1415161718 19 [dclone

I~
-
Ptac A H ewmeee ww W wwee 34787 bp
-
/pBRori M- + + + + + + - + + - + - + + + + - +
lacl
B Xmnl Nddel Neol Notl EcoRY  Sall  BamHl  EcoRl Soft

| || || | | | | | |
malE..ATC GAG GGA AGG ATT TCA CAT ATG TCC ATG GGC GGC CGC GAT ATC GTC GAC GGA TCC GAA TTC CCT GCA GGT AAT TAA ATAA

I £ 6 R T § H M § M 6 G R D I V D GG S E F P A G N *
{ Factor Xa

cleavage site

Figure 25: Cloning of the MBP-Bet expression plasmli

(A) Plasmid map and main features of the parentalesspn vector pMal-5px and its multiple cloningesit
(B). The amplified His-Bet sequence was introduced the Xmn/BanH]I sites of the vector(C) Colony
PCR of transformants to identify positive clones.
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Results showed that the best conditions for exmressf the 90 kDa MBP Bet protein in
total lysates was achieved in tBecoli strain Rosetta 2 growing in TB medium and to
some extend also in LB, 2YT and TB media with SC@ihure 26A). Bacteria strains
C43 and T7-Shuffle exhibited no obvious MBP-Bet r@x@ression at any condition (not
shown). Analysing the soluble fraction it was naisgible to detect any MBP-Bet
expression at the expected size of 90 kDa neith204C nor 30°C by Coomassie staining
(Figure 26, B). Western blots performed with a Bdiis primary antibody detected the
His tagged Bet protein as a double band migrating3akDa, however the full length
protein with 90 kDa was not recognised. These tesulggested that although quite well
expressed, fusing Bet to the potent MBP protein i@adbenefit for protein solubility and

that the translated fusion product is obviouslyhhygnstable.
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Figure 26: Screening of MBP-Bet expression
(A) Overall expression of the 90 kDa MBP-Bet at 20iGatal lysates of producing bacteria strains Raset

2 and SCS-1(B) Expression of MBP-Bet in the soluble fraction of tame bacteria as in A, either at 20°C
or 30°C (upper and lower panel). Western blot ustegta-His antibody (1:5000) detected expressioa as
double band at 43 kDa but not at the expecteddditee full length protein at 90 kDa (hot shown).
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3.1.6 Purification of FFV Bet under non-denaturing catiais

Since attempts to increase the yield of soluble HH€V protein by any of the above
mentioned methods were not successful, it was sdogéstimate the amount of soluble
protein that can be recovered when optimised egmeparameters for soluble expression
(see 3.1.3) are applied. Therefore, a 500 ml peflehduced cells was lysed under non-
denaturing conditions and supernatants were taierPLC-assisted purification by Ni-
NTA affinity chromatography. After loading the sbla cell lysate onto the column
unbound material was washed away and Bet proteitectlwith an imidazol gradient.
Elution fractions were collected in a 96 deep wéite and concentrations were calculated
by peak integration with the help of the Akta Explo Unicorn Software. With this
approach approximately 2 mg protein were elutethftbe column (Figure 27A). Elution
fractions were analysed by Coomassie blue staiamy\Western blot (Figure 27B). Both
methods showed that only minimal amounts of Bettginowere eluted under these
conditions and that several unrelated proteins withigher molecular weight than for Bet
were co-purified with this approach (Figure 27B)dditionally, Western blot analysis
demonstrated a highly degraded Bet protein (Fift#B) in each elution fraction. In
consequence, attempts to purify Bet under non-dengt conditions were stopped here
and further experiments focused on the establishofes denaturing purification strategy
with subsequent refolding.

A B
mAU
3000 [kDa] = eluted peak fractions
1 2 34 47 5 6
2500 72 —
55 — < Bet
43 —
35—
2000
26 —
1500 17—
1000 Bet 55 —
s
peak fractions 43— -‘ .’ )
500 35— © .. | penta-His
2
r /| purified FFV Bet

0 20 40 60 80 100 120 140 ml

Figure 27: Purification of FFV-Bet protein under non-denaruring conditions.

(A) A 500 ml pellet containing expressed FFV-Bet wasuspended in lysis buffer N (PBS, 0.1 mg/ml
lysozyme) and supernatant purified under non-demagiconditions using a 5 ml Ni-NTA column installe

in an Akta Explorer system. After intensive washipgptein was eluted using an imidazol gradient%00
mM). Yields were calculated by peak area (2 nig). Coomassie blue staining and Penta-His Western blot
analysis (1:5000) of elution fractions. The expddize of FFV Bet and molecular weights are indidat
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3.1.7 Purification of FFV-Bet under denaturing conditions

To assess the large amounts of FFV-Bet which wened as inclusion bodies and to
avoid the degradation side effect, purificatiorF&6V-Bet was performed under denaturing
conditions using the insoluble fraction. A 500 rdllpt of induced cells grown under
conditions for maximal protein expression (seeZ2}.ivere lysed under non-denaturing
conditions to remove cytosolic proteins and thdeped fraction extracted with GuHCI
buffer. This suspension was centrifuged again teore non-solubilised material and the
supernatant used for purification on the Akta FPEytem. After washing, proteins were
eluted with an imidazol gradient as before but ontcast to purification under non-
denaturing conditions all buffers were suppliedhw& M urea as solubilising agent.
Amounts of protein were calculated with the Aktdtware and collected elution samples
of the peak fractions were analysed by Coomassie $aining and Western blot (Figure
28). The Akta diagram showed that about 7-fold bigyields of FFV-Bet can be obtained
by this means in comparison to the non-denaturimgfipation procedure (Figure 28A).
Moreover the protein was already sufficiently parel did not degrade as demonstrated by

Coomassie gel and Western blot analysis (Figure.28B
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Figure 28: Purification of FFV-Bet under denaturing conditions

(A) The insoluble fraction of a 500 ml induced FBét pellet was extracted with 6 M GUuHCL for 2 hhel
lysate was centrifuged and supernatant which cositaolubilised denatured FFV-Bet was loaded on the
Akta using a 5 ml Ni-NTA column. After washing wighM urea containing buffer, protein was elutedw@t

M urea buffer and an imidazol gradient from 10 ndv600 mM. Yield of FFV-Bet was calculated by peak
integration. (B) Eluted fractions were analyseddmpmassie blue staining and Western blot analysiga
primary antibody against the His tag (dilution 108D Molecular weights and the expected size of Bev

are indicated.
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3.1.8 Establishment of a refolding protocol for FFV Bet

In a next step, denaturants from the previous jeatibn protocol had to be removed to
physiological buffers to allow renaturation of tieetiary structure of Bet. Since the protein
was precipitating when simply dialysed against PBi®, more comprehensive protocol
was necessary. To test conditions that allow heytell renaturation a 96 well refolding
protocol adopted from the screening method destribe Vincentelly et aJ 2004, [94]
was used. In this denatured FFV-Bet protein wasaed and concentrated to 2 mg/ml and
then diluted 1:20 in various refolding buffers. &f24 hours, precipitation was assessed by
measuring the optical density of the samples atr8@&Gubtracted by the blank absorbance
obtained with the individual buffer only. Resultene expressed as percentage difference
to the absorbance of the solublised denatured FE\pBtein in 8 M urea. The analysis of
this refolding screening experiment showed a stqegipitation of FFV-Bet at an acidic
pH of 5.0 but not at higher pH values (Figure Z9pm all additives tested sucrose and in
particular L-arginine had the strongest influence pseventing protein aggregation and
were therefore obviously suitable additives for manting protein refolding. Salt
concentrations of NaCl as well as reducing agexiksbéed no significant influence on

protein aggregation in this assay (Figure 29B).
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Figure 29: Microtiter plate screening to find suiteble refolding conditions for FFV Bet.

Denatured FFV-Bet protein concentrated to 2 mg/mak wiluted 1:20 in different refolding buffers to
examine the most efficient refolding conditions a&ting pH, salt concentration, reducing agent and
additives like sucrose, L-arginine, glycerine, PBGd, and combination of those. After 24 h protein
aggregation was measured by readingsfgDalues of the samples. Results are presented rasnpage
differences to the absorbance of solubilised Betgim in 8 M urea. 3-Me = 2-mercaptoethanol.
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As result of this screening, a refolding buffer @oaning 50 mM HEPES, 300 mM NacCl,
100 mM L-arginine, pH 9.0 was selected for prepeeatefolding in the subsequent

experiments.

3.1.9 Large scale refolding with denatured FFV Bet

For preparative refolding of FFV Bet the conditicestablished in microtiter plates were
scaled up accordingly. For this purpose, sevetdiasl fractions of denatured Bet (~5 mg
protein) were pooled, reduced and concentratednig/inl protein followed by rapid 1:20
dilution in stirring refolding buffer and furthengubation for 24 h at room temperature. In
comparison to the small scale conditions, some mahtevas precipitating during this
dilution step, probably due to differences in thing speed and thus detergent removal
kinetics in that larger volume. Due to the resgjtimgh dilution of Bet, the protein should
be concentrated again by affinity chromatographingisative buffer conditions. L-
arginine, which is incompatible with Ni-NTA chronogiraphy, was therefore removed by
dialysis against a 100-fold excess of phosphatéebfbr 24 hours at room temperature.
After removal of any precipitated material by céotration and filtration, the solution was
loaded onto Ni-NTA columns using the dialysis buffeipplied with imidazol. Bound
renatured proteins were eluted with an imidazoldgnat as described for the non-
denaturing purification. Elution fractions were bisad by Coomassie blue staining which
confirmed the presence of highly pure renaturedaBéte expected size of 45 kDa (Figure

30).
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Figure 30: Concentration of the renatured FFV-Bet potein )

After refolding and dialysis of the renatured FF¥tBrotein, it was subsequently concentrated orAltta
using a 1 ml HisTrap column and native buffer ctinds. Fractions were anlysed by Coomassie blue
staining.
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3.2. Expression and purification of Bet/HIV-1 hybrid proteins
3.2.1 Construction of FFV Bet-E1 and Bet-E2 expressiasmpids

To generate constructs containing HIV-1 domainserathe establishment of suitable
expression, purification and refolding protocols tiee FFV Bet protein, the HIV-1 E1 and
E2 sequences were inserted into pQE Bet expressidor. This way recombinant Bet-E1
and Bet-E2 hybrid proteins were obtained (Figure B1V E1 and E2 sequences including
an 11 amino acid linker sequence were amplifiethfrdasmid pCL1 with primer pairs

FFV Bet-E1_fwd and FFV Bet-E1_rev or FFV Bet-E2_fand FFV Bet_rev, respectively
(Figure 32A). Primers were modified so that the R&2&ducts contained a 5’ blunt and 3’
Hindlll restriction site to introduce them into tidad and Hindlll linearised pQE-Bet

vector (Figure 32B). Positive clones were identifiey colony PCR with FFV Bet and E1
or E2 specific primers which revealed the expe&€dR products of 892 bp (E1) and 913
bp (E2) in almost all colonies (Figure 32C). PlasmNA of positive clones was isolated
and the integrity of the inserts was confirmed kBguencing. Plasmids were then

transformed into the SCS-1 bacterial strain forreggion.

Bet-E1
Factor Xa 15 amino acid linker sequence
His et
! pQE-Bet | AAGSTMGAASVTLTVQARQLLS
4673 bp
Bet-E2
Factor Xa 15 amino acid linker sequence
His et

| QEKNEQELLELDKWASLWNWFEFNITNWLW |

Figure 31: Schematical illustration of the pQE-Befplasmid map and of Bet-E1 and Bet-E2
The pQE-Bet vector was used as basis for the ingeof the FFV Bet/HIV-1 expression plasmids. The E1
or the E2 sequence is connected by a 15 aa linkéetFFV Bet protein.
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44625 bp

L1t
~

T — (05DD M- (128 bp | =

digest pQE-Bet

12 3 45 6 7 8 9101112 13 1415 16 dclone 12 3 45 6 7 8 910111213 1415 4 clone

i ————————— - w4 892bp -.-‘“m.@l%p

-

M o b R R R + + + + + + + + + + + + + + + M

pQE-Bet-E1 pQE-Bet-E2

Figure 32 (A) Molecular cloning of FFV Bet E1 and Bet E2 expession plasmids. (A)Separation of PCR
products of E1 and E2 with the expected insert sfZ85 bp and of 128 bp for purificatio(B) Purification

of Nad andHindlll digested expression vector pQE-Bet for moleculaniclg with E1 and E2 sequences.
(C) Colony PCR on colonies obtained after transforomatising the primers FFV-Bet-Seq_fwd and FFV-
Bet-E1 _rev for E1 and FFV Bet-Seq_fwd and FFV Betiev for E2. Positive and negative clones (+/e) ar
indicated, M, marker.

3.2.2 Generation of FFV Bet and MBP E1-loop-E2 hybridteins

Since it was not clear whether the introduced HIydrts of FFV Bet-E1 and Bet-E2
expressed on two independent proteins can realy &ach other when administered
together or the interaction of the relatively sniadlerts might be prevented by the 45 kDa
large FFV Bet fusion partner, an additional hykr@hstruct was prepared that stabilises
the E1 and E2 interaction. For this second apprahehplasmid pMA-T was synthesized
by GeneArt that contains the E1 and E2 sequence®ected by a extended loop (

Figure 33, [98]).

Xmnl(2333) — ISMBGU
Xhol(384

Sacl(385)

Scal(2214) —

Pwi(2104 E1loor E2| B [ 17 amino acid linker sequence  Loop
AmpR

1114569_E1_loop_E2_pMA-T
2648 bp

HindllI(649 *
Kpnl(665.

-\smesm

—Col E1 origin

11 amino acid linker sequence

*
AAGSTMGAASVTLTVQARQLLS MEKeVXRI e VNSHINYIl QEKNEQELLELDKWASLWNWFNITNWLW
E1 il i E2 |

I loop

Figure 33: Plasmid map of the pMA-T vector and theencoded E1-loop-E2 construct.
The pMA-T vector contains the E1-loop-E2 sequendagish are connected by a flexible loop. The pMA-T
vector was used for digestion of the E1l-loop-Eisege for following cloning steps.
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The length of the loop sequence in this constrsicriicial for the presentation of the E1
and E2 domains in a way that allows increased 2R8irg as seen for the free peptides
[60, 70]. Therefore, primers for the pMA-T vectoeme designed that allow truncation of
the E1-loop-E2 sequence by single amino acidsh@rgeneration of various sub-variants.
Nine truncated pMAT expression clones were genérdiging this work and are currently
investigated in a separate project. In this thebis,focus was concentrated on one loop
construct that was deleted by one amino acid omNtterminal and the C-terminal part of
the loop enclosed sequences. This construct wasmnsho an alpha helical wheel
projection to present both HIV domains as demotedran the gp41 crystal structure [99]
and thus was one of the favoured constructs (Migtleal. unpublished data). For
generation of this loop construct, two rounds oftagenesis PCR had to be performed
(Figure 34). In the first round an E1 reverse prif2et_rev) and a mutated forward primer
(2.1_fwd) with a single truncated amino acid theatagnised the N-terminal domain of the
enclosed loop sequence was used to eliminate réteafnino acid on the N-terminus. All
primers were phosphorylated prior use, so thatrésalting amplicon could directly be
religated to a full plasmid after PCR. This newntrated plasmid was taken for a second
PCR amplification step using an E2 forward primgR2(fwd) and a truncated reverse
primer (1.2_rev) that annealed on the C-termingiare of the loop sequence and reduced
it by one amino acid on the C-terminus.

First round of PCR amplification

deleted aa
f

PVACIV[CRVASAA R AVe LU INRS \E) | QALEARGTDSNAELRAME [eIS =@l M E= Rl QU7 RTINS N g NG RGY

2.1_fwd

PCR and
religation to
a plasmid

Second round of PCR amplification deleted aa

4
AAGSTMGAASVTLTVQARQLLS MESIARIN ey Inls|\VNSMZINVA{=IN QEKNEQELLELDKWASLWNWFENITNWLW
12_rev fENpTY

l PCR and
religation to
a plasmid
Final deleted E1-loop-E2 sequence in pMA-T

AAGSTMGAASVTLTVQARQLLS MEeINNFNIEeR I\ /NIANZINN QEKNEQELLELDKWASLWNWFNITNWLW

Figure 34: Mutagenesis PCR of pMA-T to truncate theloop enclosed sequence for one single aa on
each terminus. lllustration shows the PCR products that were oletdiafter amplification with mutated
primers. In the first round of amplification thesfi aa on the 5’ end of the loop sequence wasetkleting
the primers 2.1_rev and 2.1_fwd following of agalion of the vector and a second PCR. Therebythano
aa on the 3’ end of the loop was deleted with ttmegrs 1.2 _rev and 1.2_fwd.
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The truncated El-loop-E2 insert was then isolatgatlbavage of the modified pMA-T
vector with the restriction enzymetindlll and Mlyl (blunt end) for subsequent cloning
(Figure 35A). As in 3.2.1 the insert was ligatetbithe Nad/Hindlll linearised pQE-Bet
vector to obtain the pQE-Bet-El-loop-E2 expressoammstruct. Positive clones were
identified as described for the two single domaet/BIV-1 hybrid constructs (see 3.2.1
and Figure 35B) and verified by sequencing. To ralg the possibility that the
denaturation process during Bet purification mighaversibly destroy the conformation
formed by the HIV-1 El-loop-E2 fusion part or tlsignformation will not be completely
restored after refolding, the same insert was flsed to the MBP fusion protein in the
pMal vector to obtain a soluble expressed proteihicv can be purified under
physiological conditions. Therefore the pMal veocwas digested wittKmn and Hindll
and the loop insert was introduced. Positive pMElldop-E2 constructs were identified
by enzymatic digestion withlindlll andBglll because no compatible primers for colony
PCR were available (Figure 35C). Plasmid maps efetkpression vectors as well as the

resulting recombinant proteins are given in Figise

A B C
E < & 1. 24 3 Saeac o] 4 clone 1 2 3 4 5 |clone
— i —— — e —
o - > 3
— - — 41152 bp
= - .S b e e 41054 bp
———— s
e e 4216 bp
- - + + + + + M = + + + +
digest pMA-T pQE-Bet-E1-loop-E2 PMAL-E1-loop-E2

Figure 35: Molecular cloning of E1-loop E2 construts.

(A) Mlyl andHindlIl digestion of the pMA-T vector containing thautrcated E1-Loop-E2 sequence with an
expected size of 216 bp which was used for subsgalening into pQE-Bet and pMal vecto(8) Colony
PCR of transformants using the primer FFV Bet-Sed _&nd FFV Bet-E2_rev. Positive clones result an
PCR product of 1152 bp. The smaller PCR product lsana result of unspecific primer bindin¢)
Enzymatic control digestion of pMal-E1l-loop-E2 adenwith the restriction enzymdsindill and Bglll
resulting in a cleavage product of 1054 bp for fpasiclones. Negative clones exhibited a cleavage af
870 bp. +/- positive and negative clones, M-marker.
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Factor Xa Linker sequence Loop
;" pQE-Bet-E1-loop-E2 | Expression , - _TE£E
4889 bp > 1S

Linker sequence Loop

(? pMal-E1-loop-E2 - 2IACEL > MBP LE&E
KSQSObp

Figure 36: Schematically presentation of pQE-Bet-Eloop-E2 and pMal-E1-loop-E2 vectors and the
resulting recombinant proteins after expressionThe prokaryotic expression vectors allow the pidighn

of the FFV Bet-E1-loop-E2 protein that containsitiddally a His tag and a Factor Xa cleavage sitate

N-terminus and the MBP-E1-loop-E2 protein.

3.2.3 Purification of Bet/HIV-1 hybrid proteins

The established FFV-Bet protocols were appliedpimduction of the Bet/HIV-1 fusion
proteins. First, the insoluble fractions of FFV Het, Bet-E2 and Bet-E1-loop-E2 induced
cells were taken for purification under denaturic@nditions as described (see 3.1.7).
Eluted peak fractions of all three hybrid constsushhowed a sufficiently pure protein for
all generated antigens with yields in a range aB1t 14.4 mg protein (Figure 37A-C).
Purity of the eluted peak fractions of all thred/B#&/-1 fusion proteins were analysed by
Coomassie staining (Figure 37A-C).

-70-



Results

3000

2500

2000

1500

1000

500

11.3 mg/ml

Bet-E1

2500

2000

1500

1000

500

peak fractions

14.2 mg/ml

Bet-E2

mAU

3000

2500

2000

1500

1000

500

peak fractions

14.34 mg/ml

Bet-E1-loop-E2

100 150 ml

Da]

[kDa]
72—
55—

43 =
35—

26 —

17—

|— eluted peak fractions ——

1 2 3% L4 5

6

<« Bet-E1

Bet-E1 after denaturing purification

[kDa]

eluted peak fractions

72—
55—

43—
35—

26 —

17 —|

™G 20530 B2 S5="R6)

-— - —

/s

<« Bet-E2

Bet-E2 after denaturing purification

eluted peak fractions

1
72 —|

2% BSE J4a JoR JM6) 17

) e

55—l Al A s i « Bet E1-loop-E2

43 —|

35—

26 —|

17—

Bet-E1-loop-E2 after denaturing purification

Figure 37: Purification of Bet/HIV-1 hybrid protein s under denaturing conditions
The insoluble fractions of 500 ml pellet of eactuned(A) FFV-Bet-E1,(B) Bet-E2 andC) Bet-E1-loop-

E2 cells were extracted with 6 M GuHCI for 2 h. Tlyeates were centrifuged and supernatants which
contained solubilised proteins were used for peatfon on the Akta FLPC system. After washing of
unbound material, proteins were eluted with an anal gradient of 10 mM to 500 mM. Yields of FFV-

Bet/HIV-1 hybrid proteins were calculated by thetdlsoftware and eluted peak fractions analysed by
Coomassie staining (20 ul).
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3.2.4 Renaturation of the FFV Bet/HIV-1 hybrid proteins

As for the FFV Bet protein, the three denatured AB&t/HIV-1 hybrid proteins were
renatured by rapid dilution in refolding buffer aafferwards subjected to a dialysis step as
decribed in chapter 3.1.9. After dialysis, Bet-EHBet-E2 and Bet-E2-loop-E1 were
concentrated by loading onto NiNTA-columns usingsblogical buffer conditions (also
see 3.1.9). Eluted peak fractions of the renatdied Bet/HIV-1 hybrid proteins were
analysed by Coomassie staining to determine tkegity and purity of the target proteins.
Results revealed proteins with a purity of morentB8% with expected molecular weights
of 49 kDa, 49.8 kDa and 54 kDa for Bet-E1, Bet-E®l 8et-E2-loop-E1, respectively
(Figure 38A-C). For immunisation all three antigemsre concentrated to 0.5 mg/ml,
aliquoted and then stored at -20°C. For short teiorage proteins were kept at 4°C until

needed.
A B _
AU peak fractions AU peak fractions
FAW
300 [kpa] |- eluted peak fractions kpal[— eluted peak fractions —|
BT L 502 B 6 P LRI 5 O 2 g Bet-E2
250 Z: l Bet 1 Bet-E1 j:: - « Bet E2
35— 35—
300
200
26— 26
150 174 200 17—
renatured Bet-E1
100 renatured Bet-E2
100
50
o '\»—,—/M
0 X X X 1 . " "
0 50 100 150 200 250 300 ml & =Y — i 2Ly 250 mi
C
peak fractions
mAU (—A—\
350
Bet-E1-loop-E2
300 eluted peak fractions
ko3l 5% 56 78 810
724
TR oo Figure 38: Concentration of renatured Bet fusion
ol B proteins after dialysis
26 Renatured Bet-E1, Bet-E2 and Bet-E1-loop-E2 were
150 renatured Bet-E1-lo0p-E2 concentrated after dialysis on the Akta using al5 m
o HisTrap column. Figuréd shows the elution trend of
Bet-E, B concentration of Bet-E2 and the Bet-E1-
50 loop-E2 construct. Moreover 20 pl of each fraction
m was analysed by Coomassie blue staining.
0
0 ‘ 50 § 100 150 T ml
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3.2.5 Expression and purification of the MBP-E1-loop-EBtpin

In contrast to expression conditions found suitdbleBet containing proteins, the MBP
fusion protein was not expressed under these dongdit To maximise production, an
expression screen for the pMal loop construct wasopmed and the soluble protein
fraction was analysed in analogy to 3.1.5. Thisreggion screen revealed that best protein
production for soluble MBP-E1-loop-E2 protein colie achieved in the Rosetta 2 strain
growing at 20 °C for 3 h after 0.5 mM IPTG inductifdata not shown). After expression
under these optimised conditions pellets of indup&thl-E1-loop-E2 cells were lysed
under non-denaturing conditions as described abéfter centrifugation to remove the
insoluble material, the crude extract was loadedroamylose column to isolate the MBP
fusion protein from cytosoliE. coli proteins. Bound proteins were washed and elutéd wi
a 10 mM maltose gradient resulting in yields of § protein per litre expression culture
(Figure 39A). Similar to the pMal-Bet construct ire 263.1.5), the produced MBP-E1-
loop-E2 protein was instable and dissociated tauaB0% of full length protein and 70%
pure MBP (Figure 39B). However, next to this degtamh problem a soluble protein with
extremely high purity was obtained (Figure 39B).

A B

2500
[kDa] }— eluted peak fractions
1 2 3

4 5 6 7

eak fractions
2000 e 72 —

55— <« MBP-E1-loop-E2
- e e <MBP

1500 MBP+ 43 —|

MBP-E1-loop-E2

35—

1000

26 —

500 - )
& MBP and MBP-E1-loop-E2

|

0 50 100 150 200 250 ml

Figure 39: Native purification of MBP and MBP-E1-loop-E2

(A) Crude extract containing the target MBP fusiortgires were purified using 4 ml amylose resin. MBP
and MBP fusion proteins were eluted at the same bisnuse of a 10 mM maltose gradigB) 25 pl of each
eluted peak fraction was analysed by SDS-PAGE arair@ssie blue staining.

To separate the dissociated MBP species from thdefigth MBP hybrid protein, the
amylose elution peak fractions were pooled, 1:8tdd to decrease salt concentration and
loaded on a Resource Q column (see 2.3.8). WhéneddBP protein was eluted at a salt
concentration of 100 mM NacCl, the MBP-E1l-loop-E2swealuted at 220 mM NacCl
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resulting in two clearly separated peaks in theowtatogram (Figure 40A). SDS-PAGE
analysis of the eluted peak fractions confirmed shecessful separation of these two
protein species resulting in a highly pure MBP/HI\ybrid protein (Figure 40B).

A B

peak fractions

mAU|

600 MBP

kDa] | eluted peak fractions

500 q
peak fractions 72 — 1 2 3 q 2

«MBP-E1-loop-E2
55w Wiy e <MBP

43 —|

400

300
35—
200

100 26 —

MBP and MBP-E1-loop-E2

0

62 64 66 68 70 72 74 76 ml

Figure 40: Separation of MBP and MBP-E1-loop-E2 byon exchange chromatography

(A) After purification by amylose column, eluted pdedkctions were pooled and MBP were separated from
the MBP full length fusion protein using an Res@u€Z anion exchange colum(®) 35 ul of the eluted peak
fractions of the Resource Q run were examined hyn@&ssie blue staining.

3.3.Characterisation of antigenicity of produced proteins

3.3.1. Antigenicity of recombinant proteinsin Western blot

To assure protein integrity and to examine thetngc of the produced antigens with
HIV broadly neutralising antibodies, equal amourftsefolded proteins were separated by
SDS-PAGE or transferred to PVDF membranes (Figdw d@nd B). Western blots were
probed with 2F5 and 4E10 to check for the presehaetroduced HIV MPER domains as
well as with a FPPR specific rat antiserum produoegrevious immunisation studies (rat
334-1). This rat serum recognises the core epitdg@IHgp41l aa 541 TLTVQARQL 570
what was analysed by epitop mapping (J. KreuzberBétl, unpublished data). As
expected, the monoclonal antibodies 2F5 and witleaker extent also 4E10 reacted with
all antigens containing the MPER epitope but nahwhe unmodified Bet or the Bet E1
protein (Figure 41B). Interestingly, the refoldedtBoop construct seemed to react with
these antibodies with lower intensity and this @ff@as even more pronounced for the
soluble expressed MBP loop construct resulting deereased Western blot signal (Figure
41B). In case of the FPPR specific antiserum, @alystructs containing the E1 epitope
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were recognised, but not the Bet or the Bet E2epnafFigure 41). Similar to the findings
above, reactivity to the constructs containing hétk' epitopes connected by a loop was

decreased compared to the protein containing thepidpe alone.
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Figure 41: Recognition of produced proteins by mondonal antibodies 2F5 and 4E10 and a FPPR
specific antiserum. (A) 2 pg of produced recombinant proteins were lodde®DS-PAGE and analysed
by Coomassie stainingB) 150 ng of the same proteins were transferred arRyDF membrane and tested
with the primary antibodies 2F5 (1:30000), 4E1A.0000) and an anti-E1 rat serum (1:800) to conflm
presence of the introduced HIV-1 domains. As seapndntibody an anti-human IgG antibody in case of
2F5 and 4E10 and an anti-rat IgG antibody for thté&1 serum (1:3000) was used.

3.3.2. Antigenicity of recombinant proteinsin ELISA

The antigenicity of the HIV MPER domain has beemnid to be sensitive to the
conformational status in which it is presented ntkendies. It has been demonstrated that
denatured gp4l is generally better recognised ftben antibody 2F5 whereas 4E10
reactivity decreases [64]. In the experiment B1Bthe binding of monoclonal antibodies
to the antigens reduced and denatured by SDS-PA&E investigated. To analyse the
situation when antigens were presented in a noatdesd form, all antigens were coated
with equivalent amounts on ELISA plates and bindignonoclonal antibodies 2F5 and
4E10 was investigated. To allow an estimation efdtrength of the reactivity, antibodies
were serially diluted. Results showed that in azs2F5 only minor differences in binding
were detected between the individual constructsH2eas well as the combination of Bet-
E2 with Bet-E1 was recognised to a similar extertih a minimal stronger signal for the
combination of both antigens at lower antibody tibas (Figure 42). Next, the MPB loop
construct and Bet loop construct were detected Fy ®ith an only slightly decreased
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intensity compared to Bet-E2 and the combinatioBetf-E2 with Bet-E1. This situation
looked quite different when 4E10 binding was anadydere, the Bet E1-loop-E2 antigen
reacted with about threefold higher intensity wiiB10 than the single domain Bet-E2
construct. Then with decreasing reactivity the coration of the Bet-E1 and Bet-E2 and
the MBP E1-loop E2 antigen followed (Figure 42)sbmmary, these results showed that
all produced antigens were full length proteinstaoring the intended HIV-1 fusion part,
although the constructs were recognised with diffeintensity by the broadly neutralising
antibodies. Importantly, the presence of the E1 alorseemed to be highly beneficial for

the presentation of the 4E10 epitope and increbseling about threefold.

2F5 4E10
16 | —=— Bet E1 1.0 4 —=—Bet E1
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Figure 42: Equal amounts of antigen (100 ng/well, filled up2@0 ng/well with recombinant Bet protein
except for Bet E1 and Bet E2 antigens) were coate&LISA plates and incubated with serially diluted
monoclonal antibodies 2F5 (11,3 pg/ul) or 4E1091dg/ul) as indicated. Bound antibodies were detect
with an anti human IgG-HRP antibody diluted 1:3@®@ OD492 measured in a microplate reader.

3.4. Immunisation with the Bet and MBP HIV-1 hybrid proteins

The hybrid proteins Bet-E1, Bet-E2, Ber-E1-loop-&#l MBP-E1-loop-E2 were used for
immunisation studies of rats to investigate th@miunogenicity. For that, two independent
immunisation studies were performed. The first immation was done with the FFV Bet-
E1l and FFV Bet-E2 antigens in three different maugs with the number 364, 365 and
366. Rat group 364 was immunised with the antigext-EBL. The group 365 was
immunised with FFV Bet-E2 and the group 366 witlthbeingle domain antigens. Rat
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groups 365 and 366 that were vaccinated with ettireBet-E2 domain or a mixture of the

Bet-E2 domain and Bet-El. In the second immunisasitudy, two rat groups (374 and
375) were used. These rats were immunised withBeéteand the MBP HIV-1 hybrid

protein containing the E1 and E2 domain and the I@@ble 17). For every injection 500

pl of antigen with a concentration of 0.5 mg/ml @enixed with an equal volume of

Freund’s adjuvant and 1 ml of this mixture was ugedrat and immunisation in case of
all FFV Bet/HIV-1 hybrid constructs. The amount afiministered MBP-E1 loop-E2

antigen was lower because of technical difficuliiegproducing this protein due to the

instability already mentioned.

Table 17: Overview of performed immunisations withthe Bet- and MBP-HIV hybrid antigens

Number Amount of
Rat group of Immunised antigen antigen per Remarks
animals injection
s Bet = Rat 1 died after the first
364 4 250 ug Bet-E1
FFV Bet-E1 boost
365 4 S— - 250 jg Bet-E2 -
FFV Bet-E2
CIET—r 250 ug Bet-E1,
366 4 -
n— Bet H 250 Hg Bet-EZ
FFV Bet-E1 and Bet-E2
—— Rat 1 died before
Viop o F1 W D | ~150
374 4 Mo immunisation, Rat 2
MBP-E1-loop-E2 ) )
MBP-E1-loop-E2 died after the first boost
- —-a-a 250 pg Rat 2 died after the
375 4

FFV Bet-E1-loop-E2

Bet-E1-loop-E2

second boost
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3.5. Characterisation of immune sera
3.5.1 Immune response against administered antigens

To investigate to which level immunised animalsdueed antibodies specific for the
immunogen they were vaccinated with, sera of a# fiat groups were first titrated against
the administered antigen by ELISA. For that, codedSA plates were probed with sera
serially diluted from 1:1810° and antibody endpoint titers calculated with measu®D
values. Results showed that all antigens inducstiomg immune response and antibody
titers rised qickly to 1910° already after the first immunisation (Figure 4®)almost all
animals the immune response was strongest aftersébhend immunisation and then
remained at this level or in some cases was sjigiicreasing (Figure 43A-F). The
antibody titers of group 364 which were immunisethvBet-E1 peaked after the second
immunisation at a level of 2@Figure 43A). A similar result was seen for semnfrrat
group 365 when these were tested against the Betrigen (Figure 43B). Here, the
endpoint titers increased to values of (gure 43B). In case of sera from rat group 366
immunised with both single domain antigens, ant-Be titres also reached levels 010
and 16 for the FFV Bet-E2 antigen (Figure 43C and D). kmknown reasons, the
immune response of rat number three in this groap guite weak against Bet-E1 as well
as Bet-E2 (Figure 43C and D). The sera of the HIMep antigens MBP-E1-loop-E2 and
FFV Bet-El-loop-E2 also exhibited a strong sigmatteir immunogen with the highest
titers ranging from 10to 1@ after the first injection and increasing up td tDcase of rat
375-1 immunised with the FFV Bet-E1-loop-E2 (Figd®E and F). Notably, the immune
response in group 375 was quite variable and adyilticers differed by three magnitudes
between the individual rats. Taken together, alVHl hybrid antigens were highly

immunogenic and induced high levels of antibodsrsiteven after the first injection.
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Figure 43: Antibody endpoint titers of the antiseratitrated against their specific immunogen.
Sera of immunised rats were diluted in PBS contairfi% BSA and 0.05% Tween 20 in a range of th0

10% and applied on ELISA plates coated with 200 ng/wkthe HIV-1 hybrid antigen indicated in brackets
After washing, a HRP conjugated anti-rat antibath3Q00) and OPD was used for development of thepla
and absorbance of individual wells measured in BISE reader at 492 nm. Diagrams show the antibody
enpoint titers of rat sera to the given immuno@&ngroup 364 against FFV Bet-EB) group 365 against
FFV Bet-E2 (C-D) group 366 against both independent FFV Bet/HIVybrid antigens(E) group 374
against MBP-E1-loop-E2 an(F) group 375 against FFV Bet-El-loop-E2. PI = preaume, 1 = first
immunisation, 2 = second immunisation, 3 = thirariomisation
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3.5.2 Immune response to fused HIV epitopes and gp41

To analyse the antisera for the presence of anébatirected against the intended HIV E1
and E2 domains and to test if these antibodieslae able to recognise gp41, sera were
titrated against synthetic E1 and E2 peptides dt agerecombinantly produced gp41l
(Beherndt et al., unpublished data). The ELISA @rot was as described in 3.5.1, but this
time sera were diluted tenfold to a final dilutioh1:1C only since antibody titres to the
smaller HIV-1 domains were expected to be remagkbier. In all cases the generated
antisera contained antibodies that recognised @bpective peptides as well as the gp41
antigen but with varying intensity (Figure 44 aridute 45).

Rat group 364 vaccinated with the FFV Bet-E1 imnmgeroshowed a uniform immune

responses against the E1 epitope in a range %£f0with a slight decrease of antibody

titers after the third immunisation (Figure 44A).line with E1 reactivity, these sera also
had antibodies binding to gp41, although this proteas recognised to a weaker extent
(Figure 44A). One rat developed an extremely strisngiune response to gp4l with a
permanent increase of its antibody titer from ftingt to the last boost and reached a final
titer of 10 (Figure 44A).

Rat group 365 which was immunised with the FFV-B2tantigen steadily increased
antibody titers against the E2 peptide as welhasgp41 protein from £up to 19 until
the second immunisation (Figure 45B). Surprisingfter the third boost antibody titers
against the E2 peptide decreased dramaticallyterstdf 18-10° in two of these four rats
(Figure 44B). However, similar to what was obseriredat group 364, titers against gp41
were obviously not affected and further increaseth the third immunisation (Figure
44B).
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Figure 44: Specificity of antisera to HIV-1 epitops in the HIV-1 single domain vaccination study.

Sera from immunised rats were serialy diluted irarge of 16to 17 and applied on ELISA plates coated
with 200 ng of either E1 or E2 peptides or gp4igmnt. After washing, a HRP conjugated anti-rattaody
(1:3000) and OPD was used for development of taeepland absorbance of individual wells measureghin
ELISA reader at 492 nm. Diagrams show the antibaeypoint titers of (A) rat group 364 titrated agaiBl
peptide and gp41 and (B) rat group 365 titratedrsg&2 peptide and gp41.

Similar to what was found for the previous anima, groups 366, 374 and 375 which
were immunised with a mixture of both single domaiV Bet/HIV-1 hybrid antigens
(group 366) or with one of the HIV-1 hybrid looptaens (group 374 and 375) showed in
all cases an approximately 2 to 2.5 log higher imentesponse against the E1 compared
to the E2 domain (Figure 45). From these animasgroup 366 developed the highest
antibody response against the E2 peptide withstitgr to 16 after the second injection
(Figure 45A-C). However, this response decreasastidally to titers of 1bafter the third

immunisation (Figure 44A) similar to what was obhsel for two rats of group 365.
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Figure 45: Specificity of antibodies to HIV-1 epitpes after HIVV-1 double domain vaccination.

Sera from immunised rats were serialy diluted ramge of 16to 1¢ and applied on ELISA plates coated
with 200 ng of either E1 or E2 peptides or gp4igmnt. After washing, a HRP conjugated anti-rattzody
(1:3000) and OPD was used for development of thtepland absorbance of individual wells measureahin
ELISA reader at 492 nm. Diagrams show the antibetypoint titers against the E1 and E2 peptide dis we
as against gp41 ¢A) rat group 366(B) rat group 374 an{C) rat group 375.
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Table 18: Antibody endpoint titers of antisera titrated against their immunogen (Figure 43)

Tested antigen Rat No. 1st injection 2nd injection 3rd injection
Bet-E1 364-1 1.77 x f0 n.a n.a
364-2 9.32x 10 1.81x 16 1.64 x 16
364-3 1.03x 10 3.41x16 3,19x 16
364-5 9.45x 10 3.08 x 16 2.09 x 16
Mean 1.17 x 16 2.76 x 16 2.31x16
Bet-E2 365-1 4.43x fo 6.08 x 10 1.96 x 10
365-2 8.85x 10 9.77 x 10 1.78 x 16
365-3 7.14x10 1.77 x 10 1.06 x 10
365-4 2.88x 10 5.65 x 16 6.10 x 16
Mean 3.83x 16 9.81x 16 5.10 x 16
Bet-E1 366-1 1.32x fo 3.20x 16 2.30x 16
366-2 1.17 x 10 4.96 x 16 3.83x16
366-3 8.89 x 19 2.64 x 10 2.51x10
366-4 5.35 x 10 1.35x 16 7.28 x 10
Mean 7.61x10 2.38x 10 1.56 x 10
Bet-E2 366-1 8.73 x fo 2.90 x 10 3.25x 10
366-2 1.10 x 10 3.81x10 1.86 x 10
366-3 1.13 x 10 3.78x 10 3.80 x 10
366-4 1.18 x 10 3.62x10 2.01x 10
Mean 7.89x 16 2.58 x 10 1.78 x 10
MBP-E1-loop-E2 374-1 3.84x10 5.65x 16 2.80x 20
374-2 7.81x10 n.a n.a
374-3 7.27x10 2.44x 10 2.41x16
374-4 n.a n.a n.a
Mean 1.66 x 10 2.94x16 2.61x16
Bet-El-loop-E2 375-1 4.30x10 3.49x 10 1.84 x 10
375-2 2.32x10 1.06 x 10 n.a
375-3 1.32 x 10 1.01 x 10 4.07x16
375-4 598 x 10 8.34x 10 6.84 x 10
Mean 1.43 x 10 1.17 x 10 7.72x16
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Table 19: Antibody endpoint titers of antisera titrated against the specific HIV-1 domains and recombant gp41 (Figure 44 and Figure 45)

i E1 peptide E2 peptide gp4l
1% injection 2" injection 3 injection 1% injection 2" injection 3 injection 1% injection 2" injection 3 injection
364-1 1.12x 10 n.a n.a - - - 5.02 x £0 n.a n.a
364-2 471x10 3.97x16 3.72x16 - - - 8.67 x 16 2.24x10 7.65x 18
364-3 8.78 x 10 9.15x 16 2.03x16 - - - 6.47 x 16 6.37 x 16 1.81x 108
364-5 1.54x19 2.37x16 4.19x16 - - - 2.37x18 1.30x 14 5.34x 16
Mean 2.06 x 16 1.71x16 3.31x16 - - - 2.51x10 2.14x16 6.03 x 10
365-1 - - - 7.63x 10 1.04x 16 3.51x10 1.83x 16 6.18 x 16 8.10 x 16
365-2 - - - 3.91x10 1.69 x 18 1.00 x 16 8.85x 10 1.61 x 16 1.84 x 18
365-3 - - - 7.12x10 2.19x16 1.40 x 16 1.61x 16 4.15x10 2.98x10
365-4 - - - 2.64 x 10 5.02 x 10 7.34x10 2.35x10 6.00 x 10 2.43x16
Mean - - - 2.84 x 18 1.61 x 10 2.72x 10 1.14 x 18 2.73x1d 7.07 x 1d
366-1 1.07 x 10 1.37x 16 4.33x10 6.54 x 16 1.47 x 18 1.00 x 10 1.83 x 14 459 x 106 9.47 x 16
366-2 8.68 x 10 1.05x 18 2.55x16 9.58 x 10 157 x 18 1.00 x 16 3.36 x 10 8.47 x 16 7.28x10
366-3 2.75x1b 4.02 x10 211x16 8.36 x 10 1.97 x 18 1.00 x 16 4.05x 10 1.78 x 16 1.33x 18
366-4 1.24x10 8.06 x 10 3.57x16 2.27x16 1.67 x 18 2.13 x 16 3.56 x 10 2.63x10 1.15x 18
Mean 8.65 x 1d 9.06 x 10 3.14x16 1.18 x 16 1.67 x 16 1.28 x 10 2.20 x 1 2.12x16 1.82 x 10
374-1 8.20 x 10 9.12 x 16 9.36 x 16 1.00 x 18 9.97 x 16 7.88x10 1.66 x 10 1.38 x 16 1.34 x 18
374-2 3.34x 19 n.a n.a 8.82 x 10 n.a n.a 1.97 x 0 n.a n.a
374-3 7.02x1b 1.90 x 14 6.63x 10 2.53x10 4.60 x 10 1.11x 16 1.60 x 16 9.55x 10 1.70 x 18
374-4 n.a n.a n.a n.a n.a n.a n.a n.a n.a
Mean 1.41 x 18 1.41 x 10 8.00 x 16 3.82x10 2.80x 10 9.47 x 10 7.65 x 10 1.17 x 16 8.49 x 10
375-1 2.11x1d 2.88x 10 1.51x14 3.22x10 1.00 x 18 7.00x 10 1.08 x 16 2.37x16 8.44x 10
375-2 1.73x 10 2.43x10 n.a 8.19x1b 1.17 x 18 n.a 1.22 x 10 3.12x16 n.a
375-3 8.27x1d 2.46 x 10 6.93x 16 1.00 x 18 1.08 x 18 9.33x16 8.82x10 2.14x10 1.78 x 16
375-4 3.04x1d 4.62x10 1.71x 16 1.00 x 18 1.00 x 18 2.54x16 2.40 x 16 1.65 x 16 2.60x 16
Mean 3.40 x 16 6.16 x 16 2.32x16 2.90 x 10 2.99 x 16 4,19 x 16 1.40 x 16 7.13x 16 9.60 x 16
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3.5.3 Neutralisation potential of generated antisera ttv/H

To examine whether the generated antisera exhibiI\&1 neutralising activity a
neutralisation assay was performed. A standardialiluwf 1:20 for all sera was chosen,
and these prediluted sera were incubated with aralegplume of virus supernatants
containing 200 infectious particles of the HIV-Dbré pNL-4.3. Sera were considered as
neutralising when they were able to reduce infecbhy 50 % in comparison to the pre-
immune control. In parallel 2F5 was diluted in aaga of 50 pg/ul to 6.25 pg/ul as
neutralisation positive control and cells infectedh the virus without serum only to
assure virus integrity. All samples were testedriplicates. None of the sera of rats that
were vaccinated with one of the FFV Bet/HIV-1 hgbE1 or E2 antigen (Figure 46A) or
the sera produced by immunisation with both doméifigure 46B) were able to inhibit

virus infection with regard to the mentioned ciider
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Figure 46: Neutralisation assay with antisera of sigle or double domain immunisations

1:20 diluted antisera were incubated for 30 miB&IC with 200 particles of HIV-1 pNL-4.3 prior appig

the serum-virus mixture onto 2 x1&dherent TZM-bl cells. In parallel, 2F5 as positoontrol was used in a
concentration of 50, 25, 12.5 and 6.25 ug/ul (ftefoto right) and a negative “infection” controitiv virus
only. Infected cells were visualised by X-Gal sbagn48 h after infection. Positive cells which shdistinct
blue nuclear staining when infected were countetth @h ELISPOT device. Diagrams show the amount of
infected cells after two days further culture forat group 364 and 368 rat group 366, 374 and 375 as
well as the negative and positive control.
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4. Discussion

4.1. Neutralising antibodies against the MPER of gp41

Induction of HIV-1 broadly neutralising antibodikas been a major goal for HIV vaccine
development and potential neutralsising antibodissh as 2F5 and 4E10 and their
epitopes in MPER are of particular interest. Irsttiiesis an approach to deliver the less
immunogenic MPER domains with the immunogenic foanmgl Bet protein was tested
and antigenicity and immunogenicity of such recamabi hybrid fusion proteins
characterised. The approach aimed to elicit 2F54&iD like antibodies with antigens that
mimic the prefusion state of gp41 in which the FFPRand MPER E2 domains are in
close proximity to each other in order to preséet MPER epitope in a conformation that
differs from the structure this domain assemble®mwipresented alone [70, 99]. The
observation of FPPR and MPER interaction and tfieence of the FPPR residues on the
MPER structure has been confirmed by other resegnaips [99, 100]. Indirect evidence
that this conformation is linked to neutralisatiwas provided by Binley et al., 2004, [65]
who investigated the interaction of 2F5 and 4El@badies with the gp4l fusion
intermediate. In this report the group developeW® IHutants expressing mutated gp160
Env in which gp120 and gp41 were tethered togdilgea disulfide bridge. These mutants
can attach to CD4 but the fusion could only talacelafter removing the disulfide bridge
with DTT. Based on this system Binley et al. [6E¢ated an assay to determine on which
stage 2F5 and 4E10 are able to bind and neutrilezgirus. Results showed that 2F5 and
4E10 efficiently neutralise in the postattachmessag in which the monoclonal antibodies
can bind to the virus after receptor binding. Hoarewa relatively poor neutralisation was
seen in the preattachment assay in which the monakkntibodies bound to the virus
before attachment to the target cell. These obSengssuggest that the rearrangement and
an interaction between the domains of the gp4lnaoessary to expose the neutralising
epitope which probably also induces these antilsodMdthough in this work one antigen
was produced that successfully increased the kgnfdinthe potential neutralising antibody
4E10 to its epitope, this construct was not ableinguce neutralising antibodies in
iImmunisation studies. Potential reasons for th& tafcneutralisation of the sera obtained
until now are (1) the difficult reconstruction ofiet trimeric Env spike to allow the
presentation of conformational epitopes and thatation of 2F5 and 4E10 like antibodies

that are able to bind to their epitopes how theym@mesented on the virus. In addition the
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MPER undergoes drastically conformational changesd cell attachment and infection

that complicates the reconstruction of the epita@iesparticular time point and to date it is
not clear which conformation is responsible for ithguction of neutralising antibodies [5,

60], (2) the HIV Env protein masks vulnerable epéds through protein-protein

interactions or by glycosylation [5], (3) other i@odies against gp4l may mask the
epitope in the MPER [60] or (4) they represent emboune antibodies [54, 101, 102].

4.2. Optimisation of expression and purification

For the performed immunisation studies, severaligraims of all recombinant proteins
were needed. The use of bacteria, in compariseakaryotic systems associated with low
expression levels [103] allows to produce suchdaounts in an easy and cost effective
way. Therefore, this system is commonly used faeaech purposes but also the
production of therapeutic proteins like human imsur interferon [103-105]. As a first
step of this project prokaryotic FFV Bet and BeWHl expression plasmids were
therefore generated. The FFV Bet protein was useektablish suitable expression and
purification protocols. Next to this rather praeticeason, the Bet protein itself is from
interest for the characterisation of the molecutachanisms by which it counteracts
cellular antiviral immunity and APOBEC proteins. ellavailability of large amounts of
this protein is thereby a prerequisite for suchyamigand could be achieved by this means
in parallel. Additionally, the Bet protein has bdennd useful for serological screening to
determine feline foamy virus infections by ELISA3[8 Since no purification protocols
were available until now, this ELISA assay reliesmon-purified GST-Bet protein coupled
to glutathione plates by incubation with inducecctbaal lysates [83]. An increased
sensitivity and specificity of this assay when gspurified Bet instead of wholE. coli

lysates might be expected and could be testedumef@xperiments.

During initial optimisation experiments, the FFV tBexpression screen revealed that the
engineered SCS-1 and T7-Shuffle expression striaroduced the highest amounts of
recombinant protein in enriched media in contrasdlt other strains (Figure 20) SCS-1 as
well as T7-Shuffle encode the laclq repressor gbat inhibits leaky protein expression

prior IPTG induction for protection of bacteriagase of toxic proteins [85]. Although no

influence on bacterial growth could be detectedyffé 22) reducing basal expression
seemed to be beneficial. Furthermore, in contmaatltother bacteria that are derivatives of
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the E. coli BL21 lineage, the SCS-1 strain hasreetie background from E. coli K12 and
supports the expression of eukaryotic t-RNAs foe tipeneration larger amounts of
eukaryotic proteins by avoiding codon-usage problewhat might explain SCS-1's
superiority in overexpressing FFV Bet. Sufficiemetexpression of a target proteins is
essential for successful purification but oftenrelates with inclusion body formation
[106]. Similar result was experienced here for i@/ Bet protein (Figure 20 and Figure
21). Whereas the insoluble protein was well exm@sonly minor amounts were
detectable in the supernatant by Western blot (Bi@lD). All attempts to increase the
levels of soluble Bet protein by varying growingnigeratures and IPTG concentrations to
down regulate expression rates and avoid protegfoiding, adding non-ionic detergents
as mild solubilisers during protein extraction asihg Bet to the maltose binding protein
(MBP) as a highly soluble fusion partner were ifisignt (Figure 24 and Figure 26). A
potential reason for this extreme insolubility abble that the 45 kDa large modified FFV
Bet protein contains thirteen cysteines which fadiaulfide bonds for intramolecular
stability. The natural reducing environment in thecterial cytosol of E. coli inhibits the
formation of disulfide bridges resulting in non4wat inter- and intramolecular cross-
linking of expressed proteins and thereby fac#sgattheir aggregation [107]. The
insufficient yields and the degradation problemcemtered with the soluble FFV Bet
prompted the purification of the target protein e@ndenaturing conditions from inclusion
bodies. Inclusion body proteins are devoid of dsirtertiary structure and establishing
protocols for their solubilisation, purification damefolding to recover their structure and
functionality are usually very elaborate to estthliOn the other hand purifying proteins
from inclusion bodies has also several advantageshasy separation of the particles from
residual cell material due to their high densitighhconcentrations of the target protein in
the aggregates and increased resistance to pritedbBgradation [103, 105, 107-109].
Indeed, FFV Bet inclusion bodies purified under atening conditions were better
protected from proteolytic degradation and couldobé&ined as a stable and more pure
protein with much higher yields compared to itsubté counterpart (Figure 27 and Figure
28). After the isolation of FFV Bet inclusion bodjghey were solubilised by 6M GuHCI.
High concentrations of chaotropic agents such all@or urea are able to solubilise
aggregates by disruption the inter- and intramdécinteractions of the secondary
structure, leading to their denaturation and sdikdtion [108]. GUHCI is compared to urea
a stronger denaturant and allows the efficient lsbdation of extremely aggregated

inclusion bodies. [105]. Since the interaction besw the fused N-terminal His tag of the

-88-



Discussion

recombinant proteins does not depend on tertianyctsires, FFV Bet as well as FFV
Bet/HIV-1 hybrid proteins could be successfullyipad in their denatured form resulting
in high yields up to 28 mg/L and purity of moreth@0% (Figure 28 and Figure 37). This
purity is comparable with purity precondition neéd®er the generation of therapeutic

proteins.

4.3. Renaturation of denatured antigens

In this work, the main challenge for protein prodloie was the transfer of the denatured
proteins into a non-denaturing environment thaovedl reconstitution of their soluble
structure. This was a crucial step for the genemadif the FFV Bet/HIV-1 hybrid antigens
because the more the antigen resemble the struzfdine epitope on the virus the higher
would be the probability to elicit antibodies thegcognise complex conformational
epitopes as they exist on gp4l which are then #bleind to the target with high
efficiency. Since Anfinsen demonstrated in 1973 dpentaneoum vitro refolding of the
enzyme ribonuclease A it is well known that refolgliafter denaturing purification is
possible and has become an important tool for réawent protein production [110].
Although there exist some general rules, hundretiftérent techniques and conditions for
protein renaturing are described in the literatarel a refolding protocol has to be
individually established for every new protein. @enient methods for protein refolding
are direct dilution, membrane controlled denaturserhoval and chromatographic or
matrix-assisted methods. An effective refolding tpcol is hard to find and usually
includes testing of various combinations of methadd conditions such as temperature,
pH, ionic strength and additives like sugars, plalysalts and amino acids as supporters of
protein folding [106]. The simplest way and onelw most used methods is to dilute the
concentrated protein-denaturant solution by addingpulses or continuously in refolding
buffer. Such protocols have been successfully agpior the production of the human
prourokinase, salmon growth factor, human angiogemd the arginine deaminase to
mention only a few [105, 111-115]. Suitable refalgliconditions for FFV Bet were also
found by rapid dilution in presence of differenfffieu conditions and further incubation for
24 h (see 2.3.10). Successful refolding was aclievith 50 mM HEPES, 300 mM NacCl,
100 mM L-arginine at a pH of 9.0 (Figure 29). Theosg aggregation suppressing
potential of L-arginine is well known and was attgaused for the refolding of several
therapeutic proteins like the human tissue typsrpiaogen activator (t-PA), Fab antibody
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fragments and the interleukin-6 receptor [116-1T8je guanidine head group of arginine
interacts with tryptophan residues of proteins shi@lds hydrophobic regions of partially
folded chains what positively influences the sditypiand stability of proteins during
refolding [105, 119]. The presence of NaCl stabsdisprotein folding by preventing
nonspecific electrostatic interactions betweenginst due to an increase in the interfacial
tension between the protein surface and the so[l&&]. Proteins with multiple disulfide
bonds like the FFV Bet protein are found diffictdtrefold because only correctly folded
disulfide bonds yield a stable and non-aggregatedem. The pre-incubation of the
protein-denaturant mixture with the reducing agdhmercaptoethanol allows the
disruption of interchain and non-native disulfidends formed during expression and
finally completely linearises the protein. Thisasequirement for efficient formation of
native disulfide bridges during oxidation of thedrcysteines by molecular oxygen in the
refolding buffer. The best conditions for refoldirgf disulfide bonds is commonly
achieved at alkaline pH what correlated with theuls obtained in the refolding screen
(Figure 29) [105]. Based on this data efficientteing of FFV Bet was performed at a pH
of 9.0. Furthermore, HEPES serves as buffer toigeoa stable pH optimum. After release
of the protein from refolding conditions by dialysonly minor precipitates were obvious
which were removed by centrifugation and filtratidie resulting supernatant contained
high concentrations of soluble FFV Bet proteins. IBier replacement of the molecular
oxygen/thiol redox system to reduced and oxidideththione and switching to stepwise
dialysis instead of rapid dilution, non-aggregatet protein with defined secondary
structure that specifically interacts with felind@BEC could be obtained. Moreover an
analysis of the crystal structure of this new pcoted refolded Bet is in preparation to
provide a successful reconstitution of the FFV gettein (publication in preparation). In
summary, protocols for expression, purification arefolding for the generation

recombinant FFV Bet and FFV Bet/HIV-1 proteins weuecessfully established.

4.4. Characterisation of the antigenicity of produced antigens

When the integrity of the produced proteins weralgsed using E1 and E2 specific
antibodies in Western blot (Figure 41), all antigeontaining the MPER or FPPR epitope
were recognised by 2F5 and 4E10 or an E1 specifiseaum. For all antigens, the single
domain antigens were recognised with the highensity by the HIV neutralising

antibodies followed by a weaker reactivity to tHevFBet-E1-loop-E2 antigen and a very
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low recognition of the MBP E1-loop-E2 protein ireti/estern blot analysis (Figure 41B).
In Western blot the proteins are denatured anchtised because of the environmental
conditions. Therefore, not correctly folded confatianal epitopes in the protein structure
of the generated antigens could not explain thgilte However, the FFV Bet loop

constructs exhibit a higher molecular weight (55akEhan the FFV Bet-E2 and Bet E1
antigens with a size of 49.9 kDa and 49 kDa. Sexpeal amounts of protein were loaded
onto the gel but not equimolar amounts of the ohiced epitopes, this effect might be a
result of less antigen presented to the antibodgase of the loop constructs. This size
difference results in about 10% less E2 epitoptenlarger proteins, what correlates well
with the observed intensity difference (Figure 41B)e even lower intensity in which the

MBP loop construct was recognised is probably aultesf antigen dissociation as

mentioned earlier. In all cases, the monoclonabady 2F5 recognised its epitope in the
E2 sequence much stronger compared to the 4EIdughhboth epitopes are located in the
MPER (QEKNEQELLELDKWAS3 WNWENITNWLW). One explanation for this might

be that 2F5 binds to the ELDKWA sequence even @plsilinear peptide, whereas the
4E10 epitope WENITNWLW forms an ordered helical o structure which is sensitive

to denaturation [55]. In line with this, Zwick et.,a2001 and 2005, also showed in a

previous study that the affinity of 4E10 to denaturrecombinant gp4l is strongly
decreased compared to native gp41 and the reveessmmena was seen for 2F5 [64, 120].
One rationale to use Bet as carrier protein in fpaimuses was its ability to be secreted
from infected cells and present introduced epitdpethe immune system. An important
guestion was therefore if the HIV epitopes fusethtoBet protein were surface exposed or
hidden within the generated antigens under phygicé conditions. Therefore binding of
antibodies was also investigated with antigensgmiesl in solution in an ELISA setting.
In this experiment 2F5 recognised all antigens sinailar pattern as in the Western blot
but with slight background reactivity to the Bet [iotein. However, 4E10 bound in
contrast to the Western blot experiment with anualtbreefold stronger intensity to the
Bet loop antigen when compared to the single doniBsh E2. This suggests that the
presence of the FPPR domain in this construct glyoimproves binding of 4E10 and
might be a result of altered MPER confirmation as been anticipated during design of
this protein. The construction of the loop antigeras a consequence of the apprehension
that Bet E1 and Bet E2 antigens might not allowirdaraction of both domains due to

sterical constraints caused by the large Bet fup@mner. In line with this, no increased

-91-



Discussion

interaction to monoclonal antibodies could be detkavhen both antigens were applied
together in this assay.

45. Antisera characterisation

When the immunogenicity of produced antigens, amdisvere analysed for antibodies to
their immunogen and HIV epitopes by ELISA titratioesults showed that all antigens
seemed to be highly immunogenic and induced tittes range of 10up to 10 (Figure
43). In a next step, the level of antibodies speddr the HIV E1 or E2 domains was
analysed. Therefore sera were titrated againstlemmaunts of a synthetic E1 or E2
peptide as well as gp4l coated on ELISA platesufeigd4 and Figure 45). These
experiments revealed that antibodies against ttiedaced HIV parts are generated with
moderate titres and that the E1 domain is more inoganic than the E2 domain resulting
in 2 to 2.5 logs higher EL1 titres. This finding idates with the low immunogenicity of the
MPER domain described in the literature [26]. Thghkr immunogenicity of the E1
domain could be an explanation for the lower amtjpboesponse induced against the E2
peptide in rats that were immunised with both sndbmain antigens and the loop
constructs compared to rats that were immuniseti wie FFV Bet-E2 antigen only.
Notably, in all groups that developed high antibaities to E2 the immune response to
this epitope decreased drastically for two ratgrmiup 365 and for all rats in group 366
that were immunised with a mixture of FFV Bet-EldadBet-E2, but not for the loop
constructs. The E2 response induced by HIV-1 loafigans with titers of 10 for
MBP/HIV-1 loop and 18 or FFV Bet/HIV-1 loop antigen were extremely Idwt showed
no reduction in antibody titers during the cour§énamunisation compared to animals of
group 365 and 366 with high E2 titers even after first immunisation (Figure 44B and
Figure 45). Some authors reported that the indoctib 2F5 and 4E10 like antibodies
might be prevented by the immune system since Hreyself-reactive and represent
autoimmune antibodies which will be deleted by inmmlogic tolerance mechanisms [102,
121]. It could be hypothesised that such a dowratign of E2 specific B cells is also the
reason for the reduction in antibody titres in thentioned rat groups. By ELISA using
recombinant gp41 it could be confirmed that theegated antibodies were not just able to
recognise the synthetic peptides but also reacttédtheir epitopes when presented in the
whole molecule context. Interestingly, gp41 titefsat group 365 and 366 were obviously
not affected by the decreased course of E2 titads farther increased with the third
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immunisation (Figure 44B and Figure 45A). Dependemtthe immunised antigen, the
gp41 response reached mean enpoint titers witle tbgs difference in a range from*t6
10° (Figure 44 and Figure 45). The highest gp41 titvese induced by vaccination with
the FFV Bet-E1 single domain antigen with mearrgitep to 18 what can be a result of
the higher immunogenic potential of the E1 dom&igyre 44A). For the double domain
vaccination highest gp41 titers were achivied & #mimals were immunised with both
FFV Bet/HIV-1 single domain antigefiBigure 45A). The lowest gp41 antibody titer was
obtained for the FFV Bet E1l-loop-E2 antigen (gr@#5) with an average value of 40
(Figure 45C). In the group 374 which was immuniaéth the MBP/HIV-1 hybrid antigen,
average titers were in the range of 5 X (fdgure 45B). In case of rat group 364 (FFV Bet-
El), 366 (FFV Bet-E1 and FFV Bet-E2) and 374 (MBR}&op-E2) one rat developed an
incredible increased immune response against gp#iltiters of 16 up to 18. However
this high gp41l immune response did not correlatd \&i higher E1 or E2 response. A
reason therfore can be that the produced antibodieshese animals recognise

conformational epitopes on the recombinant gp4Inbtibn the linear E1 or E2 peptide.

In conclusion, these ELISA experiments showed #hsd the produced FFV Bet-E1 and
FFV Bet-E2 antigens as well as the loop construtkiced antibodies against their
respective immunogen and also with specificity e tntroduced HIV-1 domains with

moderate titers.

Preliminary data from immunofluorescence experimestt HIV-1 infected cells further

showed that these sera also recognise gp41l wheenteel as native trimeric gp160 env
molecule on the cell surface (Mihle et al. unpintgésdata). Further analysis to investigate
the binding of serum antibodies also to viral e by electron microscopy is currently

in preparation.

4.6. Neutralising potential of generated antisera

Antisera were also examined for their neutralistagacity by challenge with HIV-1 pNL-
4.3 in a TZM-bl based neutralisation assay (Figlée Despite the fact that produced sera
strongly recognised their immunogen and containéd-HE2 specific antibodies they
were not able to prevent HIV-1 infection. Since HESA experiments were performed
with the full length E2 domain, it is unclear to iafn exact amino acids antibodies were
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generated against. It would be interesting to seepitope mapping if this sera recognise
the intended ELDKWAS and WNWENITLW epitopes anadt or only partially, might
explain the lack of neutralisation. The antigeryidata obtained in this study showed that
the FFV Bet loop construct is able to increase limaling of 4E10, suggesting that a
beneficial conformation for epitope presentatioprssent in this antigen. However, in this
most promising construct the titres of induced B2bamdies was relatively low (mean titre
3-4x10). The lack of neutralisation might therefore beansequence of insufficient
amounts of E2 specific antibodies. It is currentlyestigated if concentration of MPER
specific antibodies by affinity chromatography wikhllow virus neutralisation.
Interestingly, Wang et al.,, 2011, reported receritlg elicitation of MPER specific
neutralising antibodies with a similar loop constrihey developed three trimeric antigen
consisting of the HIV gp41l NHR and CHR domains @wted by a loop in which the
CHR domain has a protruding MPER domain. One antwas modified by a deletion of
two single amino acids, one in the NHR and the rotn¢he recognition epitope of 4E10
located in the MPER. These deletions have been showallow a better exposure of the
conserved neutralising epitopes of 2F5 and 4E10eahdnce immunogenicity. They also
observed no neutralisation when they analysed #rgisera or IgGs affinity purified with
the immunised immunogen. However, when they isdlatee MPER specific antibody
population, these IgGs showed inhibitory activitgamst HIV-1 mediated syncytium
formation and infection with an HIV-1 pseudovirus well as some primary HIV-1
isolates [122]. Introducing such mutations miglgoabe an interesting improvement for
the Bet loop antigens created in this work. Nextits, it also shows that minor changes in
these domains can have a dramatic influence ogeamtity and immunogenicity. In this
regard, expression ig. coli and the applied denaturing purification strategghhalso
influence the outcome of the immunisation studye Tuse of a replication competent
foamy virus would circumvent this problem becausedntigen would be produced by the
host after integration of the provirus into the ge® and guarantee a correctly folded
antigen. The combination of a better exposed nksitrg epitope and the use of a
replication competent virus to deliver such a ratantigen permanently to the immune
system to allow affinity maturation of B-cells wide a useful approach for the generating
of an effective vaccine. The results of this thésereby support the strategy of using the

foamy viral Bet protein for this purpose.
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