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Abstract
Developing an effective HIV-1 vaccine seems to be far from reality, due to the
exceptional ability of the virus to elude the existing treatment methods, that convert
this disease from a devastating killer into an underlying chronic illness. As HIV1/AIDS represents a major public health issue, limitations of treatment have
motivated the search for a vaccine against HIV-1.
The HIV-1 envelope glycoprotein (Env) trimer binds to host cell receptors, CD4 and
CCR5/CXCR4, and mediates the entry of the virus into the target cell.
Understanding the structure of Env in order to find epitopes that can be targeted by
vaccine-elicited antibodies is an important component of rational vaccine design.
Here we show how different naturally-occurring mutations introduced in various
positions in the sequence of the HIV-1 Env, dictate the phenotype expressed in
response to a number of HIV-entry inhibitors and to cold inactivation, individually or
in combination with other mutations. Moreover, we also evaluated phenotypes
associated with these Env changes in terms of Env processing and subunit
association. Indeed, we demonstrate how mutations of the viral envelope like
Q567K and Q114E which have a strong State 1 phenotype expressed by high
resistance to neutralization by the CD4 mimetic compound BNM-III-170, sCD4 and
cold, also exhibit a good cleavage and high gp120 association to the Env trimer
when the allosteric blocker BMS-806 is added to the lysis solution, thus stabilizing
the State 1 once Env is solubilized. However, mutations like E560A exhibited
sensibility to these compounds and poor cleavage related to an Env in State 2. By
analysing more and more mutant phenotypes, we would be able to find positions on
the viral Env that could be targeted by antibodies against the viral HIV-1 envelope.
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III

Table of Contents

Acknowledgements ...............................................................................................II
Abstract .................................................................................................................III
Table of Contents ................................................................................................. IV
List of Figures and Illustrations ......................................................................... VI
List of Tables ....................................................................................................... VII
List of Abbreviations and Lexicon ................................................................... VIII
1 The human immunodeficiency virus (HIV) .......................................................1
1.1 Genome .................................................................................................................... 1
1.2 Classification ........................................................................................................... 2
1.3 Transmission, symptoms and incidence .............................................................. 3
1.4 Mechanism of cellular HIV entry ............................................................................ 4
1.5 Virus escape ............................................................................................................ 5
1.6 Entry inhibitors ........................................................................................................ 6

2 Workflow ..............................................................................................................8
3 Materials and methods .......................................................................................8
3.1 Primers design, site-directed mutagenesis and PCR .......................................... 8
3.1.1 Digestion with Dpn I ....................................................................................................... 10

3.2 Transformation ...................................................................................................... 10
3.3 Miniprep and purification protocol ...................................................................... 11
3.3.1 Resuspension ................................................................................................................ 11
3.3.2 Lysis ............................................................................................................................... 11
3.3.3 Neutralization ................................................................................................................. 11
3.3.4 Washing ........................................................................................................................ 12
3.3.5 Elution ........................................................................................................................... 12

3.4 Plasmid verification via agarose gel .................................................................... 12

IV

3.5 Retransformation ................................................................................................... 12
3.6 Midiprep and plasmid yield determination .......................................................... 13
3.6.1 Preparation of starter culture ......................................................................................... 13
3.6.2 Resuspension ................................................................................................................ 13
3.6.3 Cell lysis ......................................................................................................................... 13
3.6.4 Equilibration ................................................................................................................... 13
3.6.5 Neutralization ................................................................................................................. 14
3.6.6 Clarification and loading................................................................................................. 14
3.6.7 1st Wash ........................................................................................................................ 14
3.6.8 Filter removal and 2nd Wash ......................................................................................... 14
3.6.9 Elution ............................................................................................................................ 14
3.6.10 Precipitation ................................................................................................................. 14
3.6.11 Washing and drying ..................................................................................................... 15
3.6.12 Reconstitution .............................................................................................................. 15

3.7 Protein studies ....................................................................................................... 15
3.7.1 Transfection of HOS cells .............................................................................................. 15
3.7.2 Ni-NTA Pulldown assay ................................................................................................. 16
3.7.3 Western Blot .................................................................................................................. 17

3.8 Virus Neutralization & Cold Sensitivity Assay .................................................... 18
3.8.1 Transfection of HEK293T cells ...................................................................................... 18
3.8.2 Infection of Cf2-CD4/CCR5 cells ................................................................................... 19
3.8.3 Cold sensitivity assay..................................................................................................... 19
3.8.4 Luciferase measurement ............................................................................................... 19

3 Results ...............................................................................................................20
3.1 Neutralization assay and cold sensitivity ........................................................... 20
3.2 Ni-NTA pulldown assay and western blotting .................................................... 27

5 Discussion .........................................................................................................29
6 References .........................................................................................................33
7 Appendices ........................................................................................................37

V

List of Figures and Illustrations
Figure 1: Diagram of the HIV-1 genome showing the reading frames that encode genes for
the HIV-1 structural and regulatory proteins. ....................................................................... 2
Figure 2: Schematic representation of HIV-1 structure....................................................... 4
Figure 3: Mechanism of HIV-1 entry. .................................................................................. 5
Figure 4: Mechanism of HIV-1 inhibition by CD4-mimetic compounds............................... 7
Figure 5: The pSVIII AD8 (+) FL vector used for the site-directed mutagenesis. ............... 9
Figure 6: Sensitivity of HIV-1 (AQ set) variants of the gp41 ectodomain to neutralization by
antibody, virus-entry inhibitors or cold.. ............................................................................. 21
Figure 7: Sensitivity of HIV-1 (First set) variants of the gp41 ectodomain to neutralization
by antibody, virus-entry inhibitors or cold.. ........................................................................ 23
Figure 8: Sensitivity of HIV-1 (Second set) variants of the gp41 ectodomain to neutralization
by antibody, virus-entry inhibitors or cold.. ........................................................................ 24
Figure 9: Sensitivity of HIV-1 (Third set) variants of the gp41 ectodomain to neutralization
by antibody, virus-entry inhibitors or cold.. ........................................................................ 26
Figure 10: Effect of BMS-806 on gp120-gp41 interaction via the Ni-NTA pulldown assay in
HOS cells........................................................................................................................... 28

VI

List of Tables
Table 1: Reagents and volumes used for the PCR preparation.......................................... 9
Table 2: Program selected for the gene amplification. ...................................................... 10
Table 3: Reagents and volumes used for the transfection of HOS cells.. ......................... 16
Table 4: Reagents and volumes used for the transfection of HEK293T cells. .................. 18

VII

List of Abbreviations and Lexicon
approx.

approximately

°C

Celsius

DNA

Deoxyribonucleic acid

ddH20

distilled water

DMEM

Dulbecco’s modified Eagle Medium

DFCI

Dana-Farber Cancer Institute

Env

envelope

EDTA

Ethylenediaminetetraacetic acid

FBS

Fetal bovine Serum

gp

glycoprotein

HIV

Human Immunodeficiency Virus

HIV-1

Human Immunodeficiency Virus type 1

HIV-2

Human Immunodeficiency Virus type 2

HR1

trimeric heptad repeats domains HR1

kb

kilobases

LB

Lysogeny broth

mg

milligrams

min

minute

ON

overnight

PCR

polymerase chain reaction

PrEP

Pre-Exposure Prophylaxis

pmol

picomole

ppm

part per million

rpm

revolutions per minute

RNaseA

ribonuclease A

RT

room temperature

sCD4

soluble CD4

TAE

Tris-acetate-EDTA

VIII

1 The human immunodeficiency virus (HIV)
The human immunodeficiency virus (HIV) is a Lentivirus from the Retroviridiae
family that infects lymphocytes that express CD4 receptor on their surface, such as
T cells, macrophages and dendritic cells. Since it cannot replicate on its own, the
virus leans on these cells, which are vital in the fight against infections and diseases,
to rapidly diffuse through all the organism and weaken the immune system. If
untreated, HIV infection leads to AIDS (acquired immune deficiency syndrome)
(Weiss, 1993), which favors the development of death-dealing infections and
cancers due to a gradual failure of the immune system (Douek, Roederer, & Koup,
2009).

1.1 Genome
Retroviruses replicate inside target cells by integrating a copy of their viral DNA
(cDNA) into the nuclear genome of the host cell. The HIV-1 capsid contains two
identical single-stranded RNA molecules that make up the HIV DNA which is flanked
by one LTR (long-terminal repeat) sequence at both ends. Three structural genes
(gag, pol, and env), necessary for the viral invasion and replication, are encoded in
the HIV genome: starting with the 5’LTR region which encodes the promotor
required for viral genes transcription, we find the gag (group-specific antigen) gene
reading frame, which is crucial for the maturation and assembly of the virion
(Gottlinger, 2001) as it expresses different proteins that can be found in the structure
of the HIV virus, for example in the outer core membrane (MA, matrix protein), in
the capsid of the virus (CA, capsid protein) but also in the nucleocapsid (NC protein)
and a smaller protein that stabilize the nucleic acid of the virus (TF, trans-frame
protein) (German Advisory Committee Blood, 2016). Following gag, there is the pol
(polymerase) reading frame from which three enzymes are derived: protease (PR),
which degrades peptide bonds to separate newly synthesized proteins, reverse
transcriptase (RT), which mediates the reverse-transcription of viral RNA into DNA
before its entry in the host cell’s nucleus and integrase (IN) that is essential for the
integration of viral cDNA in the target cells’ chromosomes (Nisole & Saib, 2004).
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Last but not least, there is the env (envelope) gene which codes for a surface and
a transmembrane envelope glycoprotein, named gop120 and gp41 respectively,
that are found in the coat of the virus’ exterior. Additionally, the HIV-1 genome
encoded four accessory proteins, Vpu (viral protein U), Vif (viral infectivity factor),
Vpr (viral protein R), Nef (negative regulatory factor), which play a role in viral
replication, pathogenesis and budding, and two regulatory proteins, Rev (RNA
splicing-regulator) and Tat (transcription trans-activator protein), that allow the
initiation of HIV replication (Figure 1) (Sauter et al., 2012).

Figure 1: Diagram of the HIV-1 genome showing the reading frames that encode genes for the HIV-1 structural and
regulatory proteins. The HIV-1 genome consists of approximately 9700 nucleotides. The arrows point to proteins
expressed by each specific gene while the dashed lines correspond to RNA splicing. The molecular weight of each protein
product is represented by the number in parenthesis. Figure by courtesy of (Nkeze, Li, Benko, Li, & Zhao, 2015).

1.2 Classification
According to differences in genetic characteristics and viral antigens, HIV can be
classified into two subtypes, HIV type 1 (HIV-1) and HIV type 2 (HIV-2). They differ
with respect to their transmission rate and virulence, with HIV-1 being more virulent
between the two, as it account for approximately 98% of the HIV infections in the
world (Nyamweya et al., 2013). The reason for this reduced virulence is due to the
presence of the Vpx (virus protein x) in HIV-2 instead of Vpu (Vicenzi & Poli, 2013).
Furthermore, HIV-1 strains notably vary in the genetic sequence, in fact they are
classified into three main groups, M (which is consequently divided into the subtypes
A-D, F-H, J and K), N and O group (Keele et al., 2006).
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1.3 Transmission, symptoms and incidence
While AIDS cannot be transmitted from a person to another, the HIV virus can be
transmitted both sexually and non-sexually. Sexual transmission can occur by
sexual acts and by contact with semen and vaginal fluids. Non sexual transmission
happens by different routes, the most known being by, blood transfusion but also by
sharing needles and from an infected mother to her child during pregnancy or
breastfeeding (Mabuka, Nduati, Odem-Davis, Peterson, & Overbaugh, 2012; Shaw
& Hunter, 2012). Once infected, an individual may or may not notice any symptoms
at all. Typically, a brief period of illness related to influenza-like symptoms can be
perceived and if the infection progresses, it gradually weakens the immune system,
enhancing the susceptibility to develop many opportunistic infections and tumours,
that would not otherwise be present in people with a normal immune response. If
untreated, HIV infection leads to AIDS and in worst case scenario, to death.
Common symptoms of AIDS include recurring fever, long-lasting diarrhea,
pneumonia, rapid weight loss that result in wasting, dysphagia and extreme and
unexplained tiredness (Lee et al., 2009; Lloyd, 1996). By the end of 2018, 37.9
million people were living with HIV, plus 770 000 people died from AIDS-related
illnesses and, despite the current availability of means for the prevention of the viral
transmission and infection, like condoms or Pre-Exposure Prophylaxis (PrEP), 1.7
million people became newly infected (Buchbinder, 2018; UNAIDS, 2019). This is
to indicate that HIV incidence remains high even with the existence of different antiretroviral agents that, when combined, have the ability to slow the intercourse of the
infection, known as Highly Active Anti-Retroviral Therapy (HAART). Inter alia, these
treatments are extremely expensive therefore not accessible to all social classes,
and they are often accompanied by many side effects like vomit, nausea and
negative interactions with other drugs (Montessori, Press, Harris, Akagi, &
Montaner, 2004). Part of the challenge in finding an effective vaccine against HIV is
due to the high mutation rate of the HIV-1 Env that allows the virus escape from
neutralizing antibodies and anti-HIV drugs and the establishment of a reservoir of
latently infected cells, that can remain dormant for years until they infect the body
again (Kwong, Mascola, & Nabel, 2013; Tomaras et al., 2008).
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1.4 Mechanism of cellular HIV entry
HIV-1 entry process is mediated by the envelope glycoprotein (Env) spike, which
binds the target cells receptors CD4 and the coreceptors CCR5 or CXCR4. This
kind of receptor is found on a population of CD+ T cells, known as helper T cells
which help the immune system to fight cells identified as foreign (Allan et al., 1985;
Robey et al., 1985; Wyatt & Sodroski, 1998). The Env trimer consists of three gp120
exterior subunits and three gp41 transmembrane subunits, where the heptad
repeats HR1 and HR2 regions contribute the binding of gp120 to gp41 (Figure 2).
These non-covalently bonded glycoproteins result from the proteolytic cleavage of
the gp160 Env precursor inside HIV-1-infected cells. As the only virus-specific
protein on the viral surface, Env serves as a target for host neutralizing antibodies
(Fauci, 2016; Haynes et al., 2016; Hoxie, 2010; Karlsson Hedestam et al., 2008).

Figure 2: Schematic representation of HIV-1 structure. The figure shows the structure of the HIV-1 virus with his capsid
containing structural enzymes like reverse transcriptase and the genetic material (RNA) and also the glycoproteins (gp120
and gp41) which are essential in the virus entry. Figure by courtesy of (Dawany, 2020).

Prior to virus entry, the HIV-1 Env trimer can potentially sample three conformations:
an unliganded “closed” conformation (State 1), an intermediate “partially open”
conformation (State 2) and finally, a “open” CD4-bound conformation (State 3)
(Herschhorn et al., 2016; Munro et al., 2014). These conformations can be sampled
either spontaneously or in response to receptor binding. The mechanism of viral
entry starts with the binding of the Env trimer to the host cell receptor CD4 which
causes conformational changes that allow the subsequent coreceptor binding,
CCR5 or CXCR4. The choice of the chemokine receptor is dictated by the V1/V2
and V3 variable loops of gp120, which allow subsequent conformational changes to
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drive the Env trimer to the final step of the viral entry, that is, the fusion of the viral
and host membranes (Figure 3) (Trkola et al., 1996).
STATE 1

STATE 2

STATE 3

Figure 3: Mechanism of HIV-1 entry. The figure shows the main steps that drive the Env through the three conformations
that culminates with the fusion of the host and virus membranes. Modified figure by courtesy of (Wilen, Tilton, & Doms,
2012a)

In most primary HIV-1, high activation barriers separate State 1 from the
downstream states (State 2 and State 3) on the entry pathway, thus, primary HIV-1
Envs typically exist in a local lower-energy (State 1) conformation, which is resists
the binding of potentially neutralizing antibodies (Haim et al., 2011; Herschhorn et
al., 2016; Munro et al., 2014; Wei et al., 2003). CD4 receptor binding lowers the
activation barriers between State 1 and downstream conformations, driving Env
initially into State 2 and then into State 3, also known as prehairpin intermediate
conformation (Furuta, Wild, Weng, & Weiss, 1998; He et al., 2003; Herschhorn et
al., 2016; Koshiba & Chan, 2003; Munro et al., 2014). Binding of this prehairpin
intermediate to the CCR5 or CXCR4 coreceptor is thought to induce the formation
of the gp41 six-helix bundle that mediates virus-cell membrane fusion (Chan, Fass,
Berger, & Kim, 1997; Kuhmann, Platt, Kozak, & Kabat, 2000; Lu, Blacklow, & Kim,
1995; Melikyan et al., 2000; Weissenhorn, Dessen, Harrison, Skehel, & Wiley, 1997;
Wilen, Tilton, & Doms, 2012b).

1.5 Virus escape
It is well known that the glycoprotein gp120 is one of the most glycosylated proteins
found in nature, permitting the virus to be protected by a sugar coat, referred to as
‘shield of glycosylations’, that covers the virus and allows its escape from the
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immune system and the recognition by antibodies (Wei et al., 2003; Wyatt et al.,
1998). These strain-restricted neutralizing antibodies produced in the first months
of HIV-1 infection, target gp41 and gp120 variables regions but mutational evolution
of the HIV-1 Env allows the virus escape from these antibodies (Tomaras et al.,
2008). Even with the production of more broadly reactive antibodies after several
years (Mascola & Montefiori, 2010), HIV-1 infection is not suppressed due to the
continuous escape of the virus from autologous antibodies, allowing a continued
high-level replication of virus that leads to the total destruction of CD4+ cells and to
the development of AIDS (Deeks et al., 2006).

1.6 Entry inhibitors
The mechanism of natural HIV-1 entry depends upon receptor triggering of State 1
Env, therefore HIV-1 is rendered susceptible to multiple modes of entry inhibition.
For example, allosteric blockers, such as BMS-806 (Herschhorn et al., 2014), which
is a low-molecular-weight molecule, interfere with CD4-induced Env conformational
changes that result in the formation/exposure of the gp41 HR1 coiled coil
(Herschhorn et al., 2014; Munro et al., 2014; Si et al., 2004). Thus, in the presence
of these allosteric blockers, the State 1 Env binds the CD4 receptor but cannot form
the pre-hairpin intermediate (State 3). At high concentrations, BMS-806 inhibits Env
transitions from State 1 and decreases the efficiency of CD4 binding. A second
group of gp120-directed HIV-1 entry inhibitors are the CD4-mimetic compounds
(CD4mc), which disrupt HIV-1 entry by binding gp120, directly competing with CD4
but also prematurely triggering the Env (Haim et al., 2009; Schon et al., 2006; Zhao
et al., 2005). In this way, CD4mc drive the State 1 Env trimer to downstream
conformations (States 2 and 3) that, in the absence of a coreceptor-expressing
target cell, are short-lived as they apparently decay into inactive, dead-end
conformations (Figure 2) (Haim et al., 2009; Madani et al., 2017; Munro et al., 2014).
It is noteworthy that all major classes of HIV-1 entry inhibitors bind within a spatially
limited region on gp120, reflecting the reduced amount of conserved Env surface
that HIV-1 exposes to achieve CD4 binding, while avoiding the host antibody
response. In fact, both allosteric blockers and CD4mc bind to adjacent wellconserved pockets on gp120 near the CD4-binding site (Madani et al., 2004).
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Figure 4: Mechanism of HIV-1 inhibition by CD4-mimetic compounds. CD4-mimetic compounds bind the gp120 envelope
glycoprotein and block binding to the CD4 receptor. Additionally, they also induce conformational changes that irreversibly
activate Env and render it susceptible to neutralization or antibody-dependent cell cytotoxicity (ADCC).

Changes in particular amino acid residues in gp120 or gp41 (herein referred to as
restraining residues) give rise to HIV-1 Env mutants that spontaneously sample
States 2 and 3 more than wild-type Env (Bradley et al., 2016; Li et al., 2012;
O'Rourke et al., 2012; Ringe & Bhattacharya, 2012). Accordingly, single-molecule
Fluorescence Resonance Energy Transfer (smFRET) studies of several of these
mutants indicate that these amino acid changes lower the activation energy barrier
between State 1 and States 2/3, therefore promoting the subsequent fusion of the
host and virus membranes (Haim et al., 2011; Herschhorn et al., 2016). HIV-1
mutants with altered Env restraining residues spontaneously assume Env
conformations (States 2 and 3) normally induced only after CD4 binding. Of interest,
these mutants are more sensitive to soluble CD4 and CD4mc, and are less sensitive
to allosteric conformational blockers, relative to the wild-type parent (Herschhorn et
al., 2016; Madani et al., 2017).
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2 Workflow
The following flowchart gives a brief overview on the methods applied in this
bachelor paper.
Primers design and PCR for each desired mutation
Transformation in bacteria
Plasmid DNA extraction and purification

HOS Transfection

HEK293T Transfection

(protein studies)

(virus production)

Ni-NTA

Neutralization assay

Western Blot

Cold sensitivity

3 Materials and methods
Key reagents for the approach proposed above are closely related mutants of a
primary HIV-1 strain. Preliminary studies have identified polymorphic Env residues,
changes in which influence the functional Env conformational states. Multiple amino
acid changes were introduced into these residues, as well as potentially nearby
residues. The phenotypes of these Env mutants were characterized, as described
below.

3.1 Primers design, site-directed mutagenesis and PCR
Individual Env mutations were introduced into the pSVIII plasmid expressing the
HIV-1 AD8 Env (Figure 5) (ATCC) using the QuickChange II Site-Directed
Mutagenesis Kit (Agilent technologies) following the manufacturer instructions.
Primers are so designed in order to induce the desired mutation and therefore
express different phenotypes. For each pair of primers (Forward and Reverse
primer), two individual PCR reactions were performed (25 μL each) in two sets of
PCR tubes to obtain the mutagenized Env-expressing plasmids. The used
components, amounts and program to run the PCR reaction are described in the
tables below:
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Figure 5: The pSVIII AD8 (+) FL vector used for the site-directed mutagenesis. The vector is 7909 bp long and contains the
full-length sequence (FL) of the HIV-1 AD8 strain. The plus (+) sign indicates that it can be cleaved into gp41 and gp120.
The reference strain is HXB2 which is the subtype B HIV-1 isolate used as reference for aligning and numbering HIV-1
sequences.

Table 1: Reagents and volumes used for the PCR preparation. The QuickChange II Site-Directed Mutagenesis Kit provides
the Pfu Ultra II buffer, dNTPs and PFu Ultra II polymerase which are necessary for an efficient single site mutagenesis. The
volumes indicated in the table correspond to the amount used for one reaction (one individual Env mutation). Author’s
table.
Reagents

Manufacturer

Volume

DFCI

20.25 μL

Pfu Ultra II buffer (10x)

Agilent technologies

2.5 μL

dNTPs (100mM)

Agilent technologies

0.25 μL

DFCI

0.4 μL

Agilent technologies

0.5 μL

ddH20

Template-Q567K (100 ng/μL)
Pfu Ultra II polymerase
TOTAL VOLUME (w/o primers)
Primers Forward or Reverse (20pmol/μL)
TOTAL VOLUME (w primers)
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Table 2: Program selected for the gene amplification. After all steps are completed, the PCR mixture is left to cool down
at 4°C until further use. Author’s table.
Step nr.

Degrees (°C)

Time

1

95°C

1 min

2

95°C

50 sec

3

55°C

1 min

4

68°C

5 min

Repeat steps 2-4 for 7 cycles
5

68°C

4 min

6

4°C

hold

Upon completion, the two sets of PCR tubes were added together by combining
each corresponding Reverse and Forward primers (total volume 50 μL). The same
PCR program was run as before by repeating steps 2-4 for 15 cycles.
3.1.1 Digestion with Dpn I
After the PCR product was cooled down to 4°C for several minutes, it was digested
with 1 μL Dpn I (Agilent technologies) and incubated in a 37°C water bath for 1h.

3.2 Transformation
After the incubation, transformation was performed in XL10 Gold bacteria
(Stratagene/Agilent). 2 μL of a 1:20 dilution of each PCR product was added into
corresponding pre-aliquoted Eppendorf tubes containing 25 μL of cells. Cells were
transformed using a heat-shock transformation protocol: they were incubated for 20
min on ice, heat-shocked for 30 sec at 42°C in Thermomixer R (Eppendorf) with
shaking and immediately transferred to ice for 2 min. Afterwards, 50 μL of S.O.C
medium (Invitrogen) were added to each tube and all content was plated on
Ampicillin-containing agarose plates (1ppm ampicillin) and incubate ON at 37°C
upside-down to let the bacteria grow.
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3.3 Miniprep and purification protocol
The day after single colonies were used to inoculate 6 ml LB+amp cultures (LB
medium (Powder)+ 1 ppm ampicillin; MP Biomedicals, LLC, France) and incubated
with shaking at 37°C overnight. To prepare high-quality plasmid DNA, the GeneJET
Plasmid Miniprep Kit (Thermo Scientific) was used to extract and purify the plasmid
DNA from the recombinant cultures, following the manufacturer instructions of
Protocol A: Plasmid DNA purification using centrifuges. All the buffers used during
the minipreparation and purification are supplied by the kit mentioned above, if not
otherwise indicated.
3.3.1 Resuspension
Cells were harvested by centrifugation at 3000 rpm 10 min at 4°C and resuspended
in 250 μL Resuspension Solution (RES buffer) containing RNase A. The cell
suspension was transferred to a microcentrifuge tube and resuspended completely
by pipetting up and down until all clumps were dissolved.
3.3.2 Lysis
The suspension was subsequently lysed under alkaline conditions by adding 250
μL of Lysis Buffer (LYS) and by inverting the tube 4-6 times until it became slightly
clear.
3.3.3 Neutralization
Afterwards, 350 μL of Neutralization buffer (NEU) were added to the tube which was
immediately inverted 4-6 times to mix the content and centrifuged at 14000 rpm to
precipitate and pellet bacterial cell debris and chromosomal DNA. The supernatant
was transferred to the supplied GeneJET spin column by pipetting and subsequently
centrifuged for 1 min at 14000 rpm. The flow-through was discarded and the column
was placed back into the same collection tube.
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3.3.4 Washing
The column was then washed with 500 μL Wash Buffer (WASH; 5-20% Ethanol) by
centrifuging it for 1 min. The flow-through was subsequently discarded and the
column was placed back into the same collection tube. This washing step (step 4)
was repeated one more time as described. The tube was then centrifuged for 1 min
to remove residual Wash Solution to avoid the presence of ethanol’s traces in the
plasmid preps.
3.3.5 Elution
The GeneJET spin column was transferred into a fresh 1.5 mL microcentrifuge tube
in which 50 μL of ddH20 were added to elute the plasmid DNA. The eluted DNA was
incubated for 2 min at room temperature and subsequently centrifuged for 2 min.

3.4 Plasmid verification via agarose gel
To identify the plasmid DNA of the correct size (approx. 7000 kb), 5 μL of each
sample pre-mixed with 1 μL of 6X Purple Gel Loading dye (New England BioLabs
inc.) were run for 30 min at 120 V in 1X DNA Typing Grade TAE Buffer (50X; Gibco)
on a 1% agarose gel (UltraPureTM Agarose, Invitrogen, life technologies) containing
4 μL of Ethidium Bromide (Invitrogen). 5 μL of Quick-Load Purple 1 kb DNA Ladder
(New England BioLabs inc) were used as a marker. The bands were analysed under
the gel doc and PCR fragments were sequenced by the Sanger method to verify
that the primers produced the correct mutation in the correct position.

3.5 Retransformation
Transformation was carried out into 25 μL of Subcloning EfficiencyTM DH5αTM
cells/sample (Invitrogen by Thermo Fisher Scientific) using 0.5 μL of plasmid DNA
containing the correct mutation. The method is the same applied for the point 1.3
Transformation. The product was subsequently plated on Ampicillin-containing
agarose plates and incubated ON at 37°C.
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3.6 Midiprep and plasmid yield determination
NucleoBond® Xtra plasmid purification Kit was used to extract and purify high
quantities of the correct plasmid DNA following the manufacturer instructions of
High-copy plasmid purification (Midi).
3.6.1 Preparation of starter culture
Single colonies of bacteria were picked with a pipette tip and placed into volumetric
flasks containing 250 ml of LB+amp medium (25g of LB medium (Powder) per 1L
ddH20, autoclaved 15 min 121°C, + 1 ppm ampicillin; MP Biomedicals, LLC,
France). The flasks were incubated ON at 37°C with shaking at 300 rpm. The
following day, the liquid was poured in bottles and centrifuged 15 min 6000 rpm at
4°C.
3.6.2 Resuspension
The supernatant was discarded by pouring while the cell pellet was resuspended in
8 ml Resuspension Buffer RES + RNase A by pipetting the pellet up and down until
no cell clumps were visible.
3.6.3 Cell lysis
8 ml Lysis Buffer LYS were added to the suspension and gently mixed by inversion
5 times. The mixture was then incubated at room temperature (18-25 °C) for 5 min.
3.6.4 Equilibration
During the incubation period, a NucleoBond® Xtra Column was equilibrated
together with the inserted column filter by applying 12 ml Equilibration Buffer EQU
onto the entire rim of the column filter.
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3.6.5 Neutralization
After the 5 min incubation, 8 ml Neutralization Buffer NEU were added to the tube
and immediately mixed by inversion until the blue sample turned completely
colourless.
3.6.6 Clarification and loading
After the column was emptied by gravity flow, the viscous lysate was poured into
the equilibrated NucleoBond® Xtra Column Filter.
3.6.7 1st Wash
The NucleoBond® Xtra Filter and Column were washed by applying 5 ml
Equilibration Buffer EQU onto the entire rim of the column filter to remove all the
lysate which is remaining in the filter.
3.6.8 Filter removal and 2nd Wash
After pulling out the filter, the NucleoBond® Xtra Column was washed with 8 ml
Wash Buffer WASH.
3.6.9 Elution
The plasmid DNA was eluted with 5 ml Elution Buffer ELU and the eluate was
collected in 15 mL centrifuge tubes.
3.6.10 Precipitation
When the liquid stopped to drop, 3.5 ml room-temperature isopropanol was added
to precipitate the eluted plasmid DNA and immediately vortexed. Afterwards, the
tubes were centrifuged at 4696 x g for 30 min at 4 °C and the supernatant was
discarded by pouring.
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3.6.11 Washing and drying
2 ml room-temperature 70 % ethanol were subsequently added to the pellet and
centrifuged at 4696 x g for 5 min at room temperature (18–25 °C). The ethanol
was then completely removed from the tube with a pipette tip.
3.6.12 Reconstitution
The DNA pellet was dissolved in 500 μL of sterile ddH2O by pipetting up and down.
After wetting a MillexGP Filter unit 0.22 μm (containing Millipore Express PES
Membrane, Merck Millipore Ltd) by applying 500 μL ddH2O through BD 1 ml syringe
(BD), the DNA suspension was applied to the same syringe and collected in a
microcentrifuge tube. Additional 200 μL of ddH2O to were added to the syringe to
completely elute the DNA from the filter. After elution, the purity (A260/280) and
concentration of the plasmid DNA was determined by UV spectrophotometry using
a NanoDrop 2000c spectrophotometer (Thermo Scientific). Afterwards, PCR
fragments were sequenced by the Sanger method to verify that the plasmid DNA
obtained from the midiprep still contains the correct mutation in the correct position.

3.7 Protein studies
To introduce the Env DNA into mammalian cells, two cell lines (HOS and HEK293T
cells) were used for two different studies.
3.7.1 Transfection of HOS cells
Human osteosarcoma (HOS) cells (ATCC) were washed with 10 ml 1xPBS,
detached with 2 ml Trypsin-EDTA solution (0.25% Trypsin, 2.21 mM EDTA, 1X –
sodium bicarbonate; Corning) and seeded at subconfluent density of 0.15 M
cells/well in 2 ml of 1X DMEM medium/well from Gibco (10% FBS (Gibco), 1X
Penicillin Streptomycin Solution (100X, Corning)) of 6-well plates and after 24 h
growth, transfection was performed using Effectene Transfection Reagent (Qiagen)
with an Env-encoding plasmid and a Tat-encoding plasmid. The transfection mix
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was prepared by mixing the components in the amounts described in the table
below:
Table 3: Reagents and volumes used for the transfection of HOS cells. The kit comprises the Buffer EC, Enhancer and
Effectene which are used for DNA transfection into the HOS cell line. The volumes/well indicated in the table correspond
to the amount used for one reaction (one individual Env mutation). Author’s table.

Reagents

Manufacturer

Buffer EC

Qiagen

95.5 μL

pTat (100 ng/μL)

DFCI

0.5 μL

Enhancer

Qiagen

3.2 μL

Plasmids

DFCI

0.4 μg

TOTAL VOLUME

Volume/well

103.2 μL

The tube containing the transfection mix was vortexed and incubated at RT 5 min.
Afterwards 4 μL of Effectene (Qiagen) were added and mixed by pipetting up and
down 5 times. The mixture was then incubated RT 8 min. During the incubation time,
the wells were washed with 1 ml 1x PBS and 2 ml DMEM were added. The
transfection mix was pipetted into each well dropwise and cells were incubated at
37°C for 48 h.
3.7.2 Ni-NTA Pulldown assay
To study the effect of the introduced Env changes on the interaction between gp120
and gp41, the Ni-NTA Pulldown assay is performed. Forty-eight hours posttransfection, HOS cells were washed with 1 ml 1xPBS and then lysed for 5 min on
ice with 350 μL/well of a Lysis Buffer (1.5% Cymal-5; 1XPI (Pierce); SL buffer (100
mM (NH4)2SO4, 20 mM Tris-HCl, 300mM NaCl), DFCI; ddH2O + DMSO (Sigma
Aldrich) or BMS-806). The lysates were transferred to microcentrifuge tubes and
pelleted by centrifugation at 20 000 g for 10 min at 4°C. In the meantime, Ni-NTA
beads were prepared by pipetting 50 μL of HisPurTM Ni-NTA Resin (Thermo
Scientific) in new Eppendorf tubes which were washed twice with 1x PBST (10X
DPBS, 10% Tween-20, ddH20) and centrifuged at 0.5 rcf 1 min. Afterwards, 50uL of
the clarified lysate was saved to create an input sample containing 20 μL of 4X
NuPAGE LDS Sample Buffer (Invitrogen by Thermo Fisher Scientific) and 8 μL 1M
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DTT. The remaining lysate was incubated with the Ni-NTA beads at 4°C for 1.5h.
After washing the lysate/beads mix with 1 ml of 0.5% Cymol-5 in Ni-NTA Washing
buffer (20mM Tris-HCl pH 8, 1M NaCl, 100 mM (NH4)2SO4, ddH2O; DFCI) for 3 times
and centrifuging at 0.5 rcf for 1 min each, 23.75 μL PBS, 18.75 μL LDS and 7.5 μL
1M DTT were added to each tube to obtain the Ni-NTA sample.
3.7.3 Western Blot
A Western blot wet transfer was performed to study the effect of the different
introduced Env changes on the cleavage of gp160 into gp120 and gp41 and the
effect on the shedding of gp120 in the supernatant. Samples were vortexed, boiled
for 5 min at 100°C and centrifuged 1 min at 13 000 rpm before loading 17 μL of them
into the slots of the NuPAGETM 4-12% Bis-Tris Gel (Invitrogen by Thermo Fisher
Scientific) placed in a transfer cassette filled with 1X NuPAGE MOPS SDS Running
Buffer (20X, novex by life technologies) . After adding 5 μL of Precision Plus Protein
Std ladder (Bio-rad), the gels were run for 90 min at 120 V. During the transfer, a
membrane was soaked in 100% methanol and then in Wet Transfer Buffer (800 ml
ddH2O, 100 ml 10X Tris/Glycine Buffer (Bio-rad), 100 ml 100% Methanol, DFCI) to
activate it while 2 sponge pieces and 2 tick white filter papers were soaked in Wet
transfer buffer only. A sandwich was then assembled to perform the protein transfer
at 350 mA for 75 min with ice cold Wet transfer buffer in the electrophoresis chamber
surrounded by ice. After the transfer, membranes were blocked with 5% Milk
(Blotting-Grade Blocker, Bio-Rad) in PBST for 30min and subsequently primary
antibody solutions (1:2000 goat anti gp120 (Invitrogen) and 4E10 (NIH-ARP) in 1%
Milk in PBST) were added. After 1h incubation, membranes were washed 3 times
for 10 min each with PBST and then the secondary antibody solution was added
(1:3000 dilution of horseradish peroxidase (HRP)-linked, rabbit anti-goat and goat
anti-Human IgG (Thermo Fisher Scientific) in 1% Milk in PBST). After 1h incubation,
membranes were washed again as done before and the signal was detected
applying 500 μL of Western Lightning Plus ECL (Perkin Elmer, USA) and 500 μL of
Western Lightning Plus ECL (Perkin Elmer, USA) using the Biorad Image Lab.

Alessandra Qualizza

17

3.8 Virus Neutralization & Cold Sensitivity Assay
3.8.1 Transfection of HEK293T cells
Human embryonic kidney 293 (HEK293T) cells (ATCC) were washed with 10 ml
1xPBS, detached with 2 ml Trypsin and maintained at subconfluent density of 0.5
M cells/well in 2 ml of DMEM medium/well of 6-well-plate and after 16 h growth,
transfection was performed using a standard calcium phosphate transfection
protocol. Two tubes were prepared by mixing the components in the amounts
described in the table below:
Table 4: Reagents and volumes used for the transfection of HEK293T cells. All components are produced by DFCI.
HEK293T cells were transfected at a 6:2:2 ratio of pLucX: CMVpAK :Env respectively. The volumes/well indicated in the
table correspond to the amount used for one reaction (one individual Env mutation). Author’s table.

TUBE 1

Volume/well

H2 O

48 μL

pLucX (100 ng/μL)

24 μL

CaCl2 (2.5M)

12 μL

CMVpAK (100 ng/μL)

8 μL

Env (100 ng/μL)

8 μL

pTat (100 ng/μL)

1 μL

Total Volume

101 μL

TUBE 2
2X HBS

100 μL

After adding all reagents, Tube 1 was vortexed and then its content was added drop
by drop into Tube 2. The solution was incubated at RT for 8 mins and subsequently
poured drop by drop directly into cells. 4-6 hours later, cells were washed with 1 mL
1xPBS and fresh medium was added (2.5 mL per well). Forty-eight hours posttransfection, virus-containing supernatants of 293T cells were collected, filtered
through a membrane and 7 x 85 μL and 1 x 170 μL aliquots in 96-well PCR plate
were prepared. Each aliquot was treated with different concentrations of antibodies
(19b) or virus entry inhibitors (BMS-806, BNM-III-170, sCD4) or with 1 ug/mL of
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human IgG (Sigma Aldrich) which serves as control for the neutralization assay. The
aliquots were diluted following a serial 1:2 dilutions by transferring 85 μL between
adjacent wells and then incubated at 37°C for 1 h.
3.8.2 Infection of Cf2-CD4/CCR5 cells
In a single-round infection assay, the luciferase-expressing recombinant HIV-1 Envs
were tested to assess the viral infectivity on Cf2-CD4/CCR5 cells. During incubation,
Cf2-CD4/CCR5 cells were washed with 10 ml 1xPBS, detached with 2 ml EDTA and
seeded at subconfluent density of 0.02 M cells/well in 100 μL of DMEM medium/well
of a 96-well black and white plate (Perkin Elmer). After the 1 h incubation, 25 μL of
each virus-inhibitor mix were added to Cf2-T4R5 (CD4+CCR5+) cells contained in
the 96-well black and white plate in triplicate and incubated for 48h at 37°C in a 5%
CO2 incubator.
3.8.3 Cold sensitivity assay
To examine the sensitivity of the single-round recombinant viruses to cold
inactivation, virus-containing supernatants were aliquoted in sets of PCR tubes and
frozen at -80°C. On a scheduled timeframe, one set was thawed after the other and
kept on ice at 4°C until the last set. The sets were used to infect Cf2-T4R5 cells as
described above and incubated for 48h at 37°C in a 5% CO2 incubator.
3.8.4 Luciferase measurement
After incubation with recombinant viruses, target cells were lysed with 30 μL/ well of
1x Passive lysis buffer (5x; Promega) and frozen once at -80°C for 10-15 min. Plates
were thawed to room temp before measuring luciferase activity at 10 sec intervals.
The measurement of luciferase activity in the target cells incubated with virus
provides a measure of virus infectivity.
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3 Results
As preliminary studies have identified polymorphic Env residues that influence the
functional Env conformational states, a number of different naturally-occurring
amino acid changes as well as potentially nearby residues, were introduced into
HIV-1 Env to characterize the phenotypes expressed by these Env mutants in terms
of Env processing, subunit association, sensitivity to a number of HIV-1 entry
inhibitors and to cold inactivation. Mutations in the virus Env result from the
substitution of an amino acid residue on the left of the number for the amino acid
residue shown on the right. The number represent the position of the mutation (or
the residue number) in the sequence of the virus.

3.1 Neutralization assay and cold sensitivity
The first set of mutations generated in the lab, named AQ set, contains altered
amino acid residues at positions though to be possible State 1 partners for Q567K,
which is located near the N-terminus of gp41. Variations in these residues (like Glu
83, Glu 91, Glu 560..) is low and show only conservative changes, thus all these
acidic residues are conserved in AD8. All combined mutations tested in this set
behave in the same way of the Q567K change alone, as their neutralization curves
for all compounds are almost superimposable to the one of Q567K. The only
exception is the Q567K-E560A mutation as, when both E560A and Q567K
mutations are present in the virus Env, the viral infectivity is lowered with the
neutralization curve moving closer to the one of the Wild-type Env (AD8) (Figure 6
A B C D). Also, in the cold sensitivity assay (Figure 6 F), the different Env mutations
are more or less resistant to cold than the Wild-type Env (AD8). By comparing the
cold inactivation graph and the infectivity bar chart (Figure 6 E), it can be seen how
the gp120 E83A and E91A mutations coupled to the Q567 mutation decrease the
viral infectivity of the Q567K change alone by 1000 RLU and 500 RLU respectively,
but still maintaining the cold resistance as high as the one of Q567K.
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Figure 6: Sensitivity of HIV-1 (AQ set) variants of the gp41 ectodomain to neutralization by
antibody, virus-entry inhibitors or cold. Recombinant luciferase-expressing viruses with the
desired Env mutation were produced by 293T cells. Forty-eight hours post transfection, viruscontaining supernatant is treated with increasing concentrations of BMS-806 (A), BNM-III-170 (B),
19b (C) and sCD4 (D). After 1 h incubation, the mixture was added to Cf2Th-CD4/CCR5 target
cells. After forty-eight hours at 37°C and 5% CO2, the cells were lysed, and the luciferase activity
was measured. The infectivity percentage is calculated with the observed relative light unit (RLU)
values of cells treated with the compounds or antibody compared to the RLU observed in the
presence of the non-neutralizing human IgG antibody, which represent the 100% infectivity. In
cold inactivation, the 100% infectivity is represented by virus supernatant not placed on ice.
Infection was performed in triplicate for each condition and the RLU averaged. Data are
representative of at least three independent experiments. Author’s chart.
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Additionally, the infectivity of the Wild-type Env (AD8) and the Q567K-E560 mutation
are similar as their infectivity is reduced from 100% to approximately 20% already
after one day incubation on ice, while the Q567K mutation alone is very cold
resistant as its infectivity is reduced from 100% to approximately 80% after one day
on ice and anyway in the subsequent incubation days the infectivity remains pretty
constant at 70-80%. For this reason, the mutation E560A is selected for further
analysis.
Subsequently, another panel of mutations was created, namely ‘First set’, which
contained amino acid changes in the 567 and 114 positions only (Figure 7). In this
case, the Q567A, Q567E, Q114A or Q114E changes, containing alanine or glutamic
acid residue in positions 567 and 114 instead of glutamine respectively, were tested
individually and in combination among themselves. Here, it can be noticed how the
neutralization curve of Q114E is resistant to all the tested compound except for
BMS-806 and is as infective as the Wild type. Regarding cold inactivation, this
mutation stays infective even after 4 days of incubation on ice (80% infectivity).
When aspartic acid is added instead (Q114D), a milder Q114E phenotype is shown
as their infectivity is practically the same and also their neutralization pattern
resembles each other. The mutations Q567A and Q567E are cold sensitive, as their
infectivity is reduced to 20% already on the first incubation day. Interestingly, once
the cold-resistant Q114E mutation is added to each of them, their cold sensitivity is
reduced by almost 40% due to the Q144E mutation itself (Figure 7 F). A similar
effect happens by the sCD4 neutralization curve: when Q114E is added to Q567A,
the sCD4 sensitive Q567A phenotype is cancelled as Q114E-Q567A becomes
resistant to sCD4 neutralization with an infectivity of approximately 90% even with
the highest sCD4 concentration (10 μg/ml) (Figure 7 D). On the other hand, Q114E
doesn’t seem to have an effect on Q567E as the sCD4 sensitivity of Q567E is not
influenced when Q114E is added. In terms of the impact on viral infectivity, results
shows how, when Q567E mutation is introduced in the Env, the infectivity is
drastically decreased compared to the unmodified Env (from 7,77E+08 to 6,35E+06)
and when an alanine is introduced in the 567 position, the infectivity of the cells is
increased (from 7,77E+08 to 1,26E+09) (Figure 7 E).
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Figure 7: Sensitivity of HIV-1 (First set) variants of the gp41 ectodomain to neutralization by
antibody, virus-entry inhibitors or cold. Recombinant luciferase-expressing viruses with the
desired Env mutation were produced by 293T cells. Forty-eight hours post transfection, viruscontaining supernatant is treated with increasing concentrations of BMS-806 (A), BNM-III-170 (B),
19b (C) and sCD4 (D). After 1 h incubation, the mixture was added to Cf2Th-CD4/CCR5 target
cells. After forty-eight hours at 37°C and 5% CO2, the cells were lysed, and the luciferase activity
was measured. The infectivity percentage is calculated with the observed relative light unit (RLU)
values of cells treated with the compounds or antibody compared to the RLU observed in the
presence of the non-neutralizing human IgG antibody, which represent the 100% infectivity. In cold
inactivation, the 100% infectivity is represented by virus supernatant not placed on ice. Infection
was performed in triplicate for each condition and the RLU averaged. Data are representative of
at least three independent experiments. Author’s chart.
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Figure 8: Sensitivity of HIV-1 (Second set) variants of the gp41 ectodomain to neutralization
by antibody, virus-entry inhibitors or cold. Recombinant luciferase-expressing viruses with the
desired Env mutation were produced by 293T cells. Forty-eight hours post transfection, viruscontaining supernatant is treated with increasing concentrations of BMS-806 (A), BNM-III-170 (B),
19b (C) and sCD4 (D). After 1 h incubation, the mixture was added to Cf2Th-CD4/CCR5 target cells.
After forty-eight hours at 37°C and 5% CO2, the cells were lysed, and the luciferase activity was
measured. The infectivity percentage is calculated with the observed relative light unit (RLU) values
of cells treated with the compounds or antibody compared to the RLU observed in the presence of
the non-neutralizing human IgG antibody, which represent the 100% infectivity. In cold inactivation,
the 100% infectivity is represented by virus supernatant not placed on ice. Infection was performed
in triplicate for each condition and the RLU averaged. Data are representative of at least three
independent experiments. Author’s chart.
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The ‘second set’ of tested mutations contains a panel of additional mutations
obtained by introducing changes in the positions 114 and 567 only, to find out
whether there are other mutations that we can combine with Q567K to increase the
State 1 population. Interestingly, once an alanine change is introduced in the
position 114, its phenotype resembles the one of the WT, as their neutralization
curves coordinate in all graphs of the tested compounds. According to the cold
sensitivity, Q567R and Q144A are both as cold sensitive as the WT but when the
Q114A change is added either to Q567K or Q567R, the first one becomes cold
sensitive and the second one remains cold resistant. When taking into consideration
the Q114E change, which is cold resistant itself, if its combined with Q567R, which
is cold sensitive, the Q567R is helped by Q114E and becomes as cold resistant as
Q114E itself, showing an increase of infectivity from 40% to 70% on the first
incubation day on ice and from 20% to 60% on the following days (Figure 8 F). When
talking about neutralization by sCD4 and BNM-III-170, the Q114A change doesn’t
affect the Q567K resistance phenotype (Figure 8 B D).
The last set of mutations tested in the neutralization assay displays amino acid
changes in other positions on the HIV-1 envelope, like, 66, 582 and 587. As
mentioned before for Figure 6, since the E560A change appeared to give Q567K a
phenotype similar to the Wild type, in this set, the E560A mutation was tested alone.
Interestingly, also in this case, when this mutation in not combined with Q567K, still
behaves as the wild type in terms of BNM-III-170, sCD4, BMS-806 and cold
sensitivity regardless the presence/absence of Q567K. Additionally, other mutations
like A582T and L587A were shown to individually exhibit a more State 1 phenotype
as their infectivity is lowered from 100% to approximately 30% and 10% already
when the smallest concentration of BMS-806 (0.000625 μM) is applied to these virus
supernatants (Figure 9 A) and they appear to be more resistant respect to the Wild
type in terms of BNM and sCD4 neutralization (Figure 9 B D). When Q114E and
Q567K are added to A582T, A582T resistance is increased to all compounds (BNMIII-170, BMS-806, sCD4) and cold while the BMS-806 resistance in slightly
decreased. The same scenario happens when Q114E is added to L587A. H66N
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Figure 9: Sensitivity of HIV-1 (Third set) variants of the gp41 ectodomain to neutralization by
antibody, virus-entry inhibitors or cold. Recombinant luciferase-expressing viruses with the
desired Env mutation were produced by 293T cells. Forty-eight hours post transfection, viruscontaining supernatant is treated with increasing concentrations of BMS-806 (A), BNM-III-170 (B),
19b (C) and sCD4 (D). After 1 h incubation, the mixture was added to Cf2Th-CD4/CCR5 target
cells. After forty-eight hours at 37°C and 5% CO2, the cells were lysed, and the luciferase activity
was measured. The infectivity percentage is calculated with the observed relative light unit (RLU)
values of cells treated with the compounds or antibody compared to the RLU observed in the
presence of the non-neutralizing human IgG antibody, which represent the 100% infectivity. In cold
inactivation, the 100% infectivity is represented by virus supernatant not placed on ice. Infection
was performed in triplicate for each condition and the RLU averaged. Data are representative of at
least three independent experiments. Author’s chart.
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does not show increased sensitivity to BMS-806 either alone or in combination with
Q114E, while its resistance to all other compounds and cold is further increased.
As last combination of mutations, we wanted to evaluate the phenotype expressed
by a viral envelope containing three State 1-like mutations, Q114E-Q567K-L587A.
In this case, the resistance to BNM-III-170, sCD4 and cold is extremely increased,
showing even a resistance higher than the one expressed by the three mutations
alone. Regarding BMS-806, this mutation shows the quickest neutralization among
all tested mutations, as its infectivity rapidly goes down to 5% already with 0.000625
μM BMS-806 (Figure 9 A).

3.2 Ni-NTA pulldown assay and western blotting
To study the effect of the viral entry inhibitor BMS-806 on the interaction between
the glycoproteins gp120 and gp41, the Ni-NTA pulldown assay was performed on
several introduced mutations in the HIV-1 AD8 strain.
BMS-806, which is a HIV-1 entry inhibitor that increases the occupancy of State 1
by blocking the HIV-1 Env to sample further conformations, seems to increase the
proportion of gp120 linked to gp41, since the gp120/160 ratio in the Ni-NTA samples
increase in the presence of this compound. In fact, when for example the sample
containing the Q114E mutation is treated with BMS-806, the gp120/160 ratio is
increased from 0.24 to 1.02 while when DMSO is present, the ratio remains
unchanged (0.70 and 0.74). A high increase in trimer association is also noted for
the single mutations Q567K (from 0.13 to 0.98), for A582T (from 0.15 to 0.66) and
for H66N (Figure 10). Interestingly, data suggest that in the L587A and L587M
mutations in the AD8 Env, the substitution of leucine for alanine or methionine, result
in resistance to the effect of BMS-806 to increase the interaction between the two
glycoproteins, as their ratio remains equal even when treated with BMS-806 (for
example L587A from 0.11 to 0.09 and L587M from 0.1 to 0.12); in these cases, the
gp120 glycoprotein was not identified in the detergent due to the poor association
of gp120 with the complex which leads to its shedding; the same happens for the
mutants E560A and I595F. Interestingly, once a valine is introduced in the same
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position (587), the mutation shows a better cleavage (from 0.1 to 0.81). When
mutations are combined a decrease or increase gp120 shedding compared to the
single mutations can be observed. When Q567K is added to E560, or Q114E to
H66N, the proportion of gp120 association is not significantly enhanced as we only
have a gp120 increase from 0.08 to 0.29 and from 0.25 to 0.33 only. However, when
for example Q567K is combined wither with A582T or Q114E, we have a drastic
enhancement of the gp120/160 ratio when BMS-806 is present, from 0.4 to 0.98
and from 0.44 to 1.71 respectively (Table 5).
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INPUT
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Figure 10: Effect of BMS-806 on gp120-gp41 interaction via the Ni-NTA pulldown assay in HOS
cells. The Env mutations were produced by HOS cells, which were lysed with a lysis buffer containing
either DMSO (used as control) or BMS-806. For each mutation, lysates were incubated either with or
without Ni-NTA beads. Then, both samples were Western blotted. Primary antibody solutions (1:2000
goat anti gp120 and 4E10) and subsequently secondary antibody solution (1:3000 rabbit anti-goat
HRP and goat anti-Human IgG HRP) were added to detect gp120 and gp41. Author’s chart.
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5 Discussion
The human immunodeficiency virus (HIV-1) envelope glycoprotein (Env) trimer
binds to host cell receptors, CD4 and CCR5/CXCR4, and mediates the entry of the
virus into the target cell. Receptor binding induces large-scale conformational
rearrangements in Env, driving the Env trimer from the native, "closed" conformation
(State 1) to an intermediate conformation (State 2) and finally to a more "open",
CD4-bound conformation (State 3), which trigger the fusion of the host cell and viral
envelope. The identification of means of stabilizing the State 1 conformation in order
to present it to the immune system is an important goal for vaccine development.
The occupancy of this State 1 changes in response to biologically relevant env
ligands, therefore during the performed studies we aimed to define the effect that
naturally occurring amino acid changes in Env have on the occupancy of the State1 conformation. Furthermore, we evaluate the phenotypes associated with these
Env changes in terms of Env processing, subunit association, sensitivity to a number
of HIV-1 entry inhibitors and to cold inactivation.
In the first panel of experiments, we aim to demonstrate how alteration of specific
residues of the gp41 ectodomain can dictate Env reactivity, reflecting on HIV-1
sensitivity to different entry-inhibitors and antibodies that interact with gp120. The
first set of mutations that were tested in the neutralization assay, contain variations
of amino acid residues at positions though to be possible State 1 partners for
Q567K, which is a very common substitution of 567 and a well-known trimerstabilizing change in gp41 as it has a phenotype that looks like State 1. These
changes have been chosen as they are well conserved and have a distance of CαCα of approximately 27 Å between all possible amino acid residue pairs, which could
allow a plausible crosslink with Q567K. However, observations show that none of
the mutations of the ‘AQ set’ are partners of Q567K because the double mutations
(except for Q567K-E560A) show a similar phenotype as Q567K alone. The only
exception is E560A, which is very well conserved in HIV-1 and itself has State-2
preferring phenotype (Figure 9) so when combined with Q567K, the double mutant
has reduction in sCD4, BNM-III170 and cold resistance due to E650A itself (Figure
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6). In the successive sets, the Q114E mutation, located in the interprotomer core in
sgp140 SOSIP.664 structure, individually exhibited a strong State 1 phenotype
which is characterized by a higher or equal sensitivity to BMS-806, a small molecule
that binds State 1 (preferentially) or State 2 first and then induce State 1, and a
higher resistance to all other compounds (BNM-III-170, sCD4, 19b) and cold
compared to the Wildtype Env (Figure 7 A B C D F) . Of interest, this mutation shows
even a better viral replication than the wildtype (Figure 9 E) and also increase the
cleavage efficiency of gp160 in gp120 and gp41, thus contributing to the stabilization
of the virus in the State 1 (Figure 10). When combined with Q567A, which contains
an alanine change at the position 567, they still maintain the State 1 phenotype.
Certain inserted mutations do not affect the sensitivity of the Env to the ligands that
we use to detect the phenotypes. However, this Q114E change is reported to make
a difference for specific phenotypes, as they are affected when this mutation is
combined with others. For example, Q114E helps the Q567K phenotype more than
Q567K helps the one of Q114E, as when they are combined, they shown an additive
phenotype, with Q114E further increasing the resistant Q567K-phenotype (which is
BNM-III-170 and cold resistant). This demonstrate that the Q114E phenotype
doesn’t depend on Q567K at all but Q567K phenotype sometimes depend on the
one of Q114E. Also, the cold sensitive mutations Q567A and Q567E are helped by
the combination with the Q114E change, as once the cold-resistant Q114E mutation
is added to each of them, their cold sensitivity is reduced by almost half due to the
Q144E mutation itself (Figure 7 F). Thus, Q114E change renders the sensitive
envelope glycoproteins resistant to cold inactivation. Most of the mutations of the
second set, which contain altered amino acid residues in the position 567, which
can be 67% glutamine, 22% lysine and 11% arginine in HIV-1 natural variation of
the M group, do not change the Q567K phenotype very much: we can introduce
many amino acids changes but still maintain the Q567K phenotype, therefore they
are a good negative control. On the other hand, when we have an alanine in the 114
position, which has a high potential for hydrogen bonding, the State-1 Q567K
phenotype is lowered, in fact when Q567K is combined with Q114A the cold
resistant phenotype of Q567K disappears. The decrease of this resistance is deeper
for cold resistance than for BNM-III-170 resistance but regarding sCD4 resistance,
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the Q114A change doesn’t affect sCD4 resistance phenotype of Q567K. Thus,
according to shown data, we can demonstrate that the Q567 sensitivity/resistance
vary in dependence on Q114A or Q114E. A582T and L587A have phenotypes that
are State 1 like on virus (cold, sCD4 and BNM-III-170 resistance; high sensitivity to
BMS-806 and resistant also to antibodies) (Figure 9). Their resistance is further
increased when Q114E and Q567K are added to A582T while their sensitivity to
BMS-806 is slightly reduced. This impact is consistent with previously reported
observations that identify these amino acids changes to decrease Env reactivity to
sample downstream conformations. The same happens for H66N mutant viruses
that also exhibit a State 1 phenotype. As the Env receptor is a trimer composed by
three identical subunits, it’s extremely unlikely that all of them are entering the same
state all together, as antibodies transiently bind to the functional trimer. This explains
why the neutralization curve by 19b, which is a broadly neutralizing antibody that
preferentially recognizes the V3 loop of the gp120 epitope (states 2 and 3), shows
some fluctuation or enhancements in their infectivity (Figure 9 C). Once a triple
mutation is introduced in the Env (Q114E-Q567K-L587A), the State 1 phenotype
expressed by the three mutations independently, is further enhanced.

As for the neutralization assay, also for the Ni-NTA pulldown assay the mutations
introduced in the Env may or may not affect the cleavage of the precursor
glycoprotein gp160 into gp120 and gp41. Indeed, several amino acid changes have
been identified to decrease the gp120 shedding thanks to a high association of
gp120 to the trimer. As the two glycoproteins are non-covalently associated, the
gp120 shedding is a natural event that occurs spontaneously, leading to functional
inactivation of the Env complex (Layne et al., 1992). For certain mutations, Q567K,
Q114E, A582T and H66N for example, which in the previous neutralization assays
exhibited a strong State 1 phenotype (Figure 9), a good gp120 pull down is
observed, thus they are good candidates for the stabilization of State 1 Env during
purification (Figure 10). Also, Q567K, that is a State 1 mutant, has almost a double
increase of the cleavage efficiency in the Ni-NTA pulldown assay compared to the
WT. On the other hand, the mutation L587A, located in the HR1 region, has a very
poor cleavage and shows no BMS-806 inducibility, despite the fact that it has a
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strong State 1 phenotype in the neutralization assay (Figure 9, 10). A methionine
substitution in the same position (L587M) also decreases the association of gp120
with the trimer complex (Alsahafi et al., 2018). Since for these mutations a low
cleavage is observed, it is tough to say whether BMS-806 has an effect or not on
the glycoprotein interaction since there's little or sometimes no gp120 to compare.
However, when a mutation already exhibits a quite good cleavage, the effect is even
intensified by the presence of BMS-806. Once combined in the pulldown assay,
Q114E-Q567K double mutant shows a high BMS-induced gp120:trimer association
compared to the Wild type, meaning that the association of gp120 to the Env trimer
in Cymal-5 is strengthen up (Appendix 1).
The presented data suggest that BMS-806 is a valuable compound that first, helps
in the stabilization of a State 1 phenotype, as it increases the exposure of epitopes
that could be targeted by many broadly neutralizing antibodies and second, it also
helps in the stabilization of the non-covalent association of gp120 with the Env
complex, thus lowering the Env triggerability to change conformation from State 1.
As positions in native HIV-1 Env at which the Env expression, processing, virus
incorporation and infectivity are affected, have been identified serendipitously, it is
important to analyse the phenotype of additional mutants to investigate how amino
acid changes interact with each other in the SOSIP structure. In this way, we would
be able to find ways to stabilize and characterize this important State-1 Env
conformation and to find the right epitopes that could be targeted by vaccine-elicited
antibodies, in the aim of developing a vaccine against HIV-1 or of creating smallmolecule blockers of State 1 to State 2 transitions in Env with long-acting effects.
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7 Appendices
Appendix 1: gp120/160 ratio and trimer association index of the different mutations. The gp120 trimer
association index in DMSO or BMS-806 was calculated by dividing the gp120/160 ratio of Ni-NTA by gp120/160
ratio of the INPUT for both DMSO or BMS-806 respectively. The number n indicates the number of repetitions
for each condition.
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