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skyldes tilføjelsen af nye glykosylationer i hæmagglutinin (HA) hos H1N1.
23 influenza A virus (IAV) prøver, spredt over fem in-
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lyser, for at bestemme hvorvidt nye glykosyleringer er
ansvarlige for faldet i IAV vaccine effektiviteten.
Derudover bliver IAV prøverne karakteriseret med
immunoblots og overfladeplasmonresonans målinger
for at kvantificere deres antigene forskelle.
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2016 sæsonen har tilføjet en ny glykosyleringsposition
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tendens for højere fold-ændringsfaktorer i IAV prøver
med Ser179→Asn substitutionen, hvilket er observeret
i prøverne A/Denmark/30/16 og A/Denmark/46/16.
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effektiviteten.
Mere forståelse er nødvendigt, hvis overfladeplasmonresonans målinger skal benyttes til at analysere antigene egenskaber. Implementering af denne teknik inden
for influenza vaccine immunologi kræver dybdegående
analyse af analytens komposition og type.

Indholdet af dette projekt er frit tilgængelige, men publikation (med reference) må kun forekomme ved
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1. Introduction
It is almost safe to assume that nearly eve-

tuation of seasonal epidemics is handled by

ryone has become acquainted with the di-

an inherent mutative system in the virus

sease known as the flu, either directly or

[6]. The unpredictablilty of influenza ma-

through others [1]. The disease is caused

kes it difficult for the medicinal industry to

by the aptly named influenza virus, which

adapt, and vaccines must continuously be

has been around since B.C. according to hi-

developed every 1-3 years to contend with

storians [2]. It was, however, not until the

the elusiveness of the virus [7]. Coupling

beginning of the 20th century that influen-

this with influenza-related hospitalizations

za was first isolated from poultry, and then

and deaths during an epidemic, which can

later from pigs, humans and waterfowl [3].

reach 300.000 and 40.000 during a single

It has since been uncovered that the source

winter season, respectively [4], the finan-

of all influenza virus is waterfowl, although

cial burden can reach $10.4 billion in the

other interspecies transmissions are possib-

United States alone [8]. At present, vac-

le, for instance, between pigs and humans

cination is highly recommended for high-

[3].

risk demographics, defined by the World

There are three recognised types of influenza viruses, namely influenza A virus (IAV),
B and C. The latter two are only found
in humans and pigs, while IAV is prevalent in all the previously mentioned species and others [2]. Of particular interest
are the IAVs that circulate in humans on
a seasonal basis, such as H1N1, commonly
known as swine flu, and H3N2 [4]. H1N1 is
the most well known of the two, seeing as it
caused the devastating pandemic outbreak
of 1918, commonly referred to as the Spanish flu [2], as well as the recent outbreak
of 2009 [5]. Pandemic spread of the virus

Health Organization (WHO) to encompass
the elderly and people suffering from chronic and underlaying diseases, among others. Such groups are at a higher risk of
developing severe and life threatening diseases from an influenza infection [9]. Although antiviral compounds that deal with
immediate threats are available, such as
Oseltamivir or Zanamivir, the ideal scenario would be to build up immunity against
the virus through vaccination of the entire
population, which would reduce the annual
costs of dealing with this virus significantly
[7].

usually transpires due to large scale altera-

Developing a universal vaccine is therefo-

tions in the whole genome, but the perpe-

re of great interest, but the mutative fle-

1
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xibility of IAV at antigenic sites makes it

is accomplished by surveying IAV H1N1

challenging [4]. Therefore, it is important

samples, starting from the 2009 pandemic

to constantly monitor antigenic changes in

up until the influenza season of 2015-2016,

the circulating virus population, in order to

to track alterations in the sequences and

accommodate said changes in the next ge-

antigenic properties.

neration of vaccines. Thus, the populace is
better prepared for future outbreaks. Antigenic changes are generally considered as

1.1

Influenza A virus

amino acid substitutions at specified sites,

IAV is, along with influenza B and C viru-

but other features, such as glycosylation,

ses, a genus belonging to the Orthomyxovi-

also affect the antigenic properties of the

ridae family. They are all recognised as

virus [10].

enveloped ribonucleic acid (RNA) viruses,

The aim of this Master’s thesis is to determine whether potentially newly acquired glycans on IAV are responsible for the
decreased effectiveness of the currently employed vaccine, which is based on the 2009
pandemic virus (A(H1N1)pdm2009). This

with IAV being the most researched genus,
since it regularly occurs as both pandemic
and seasonal epidemics in humans, other
mammals and birds [2]. The IAV virion is
considered pleomorphic [3], meaning that
it can have a variety of shapes, but is often
occupying a filamentous shape upon isola-

Figure 1.1: Schematic structure of the IAV virion. Eight segmented strands are depicted
with a polymerase complex (green) at one end. The M1 proteins coat the inside of the lipid
membrane which incorporates the surface proteins HA and NA. This image is part of a
larger figure. [2]
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tion [2]. However, after multiple passages

in virus-induced cell death, targeted at the

through cell cultures they become gene-

inner mitochondrial membrane [11]. Thus,

rally spherical, with sizes ranging between

the eight (-)ssRNA segments code for a to-

80-120 nm in diameter. The virion can be

tal of 11 gene products, and are all listed

divided into three compartments, namely

in table 1.1 [2].

the core, which carries the genes, the viral
matrix protein layer and finally the hostderived lipid membrane, called the envelope, all of which is illustrated in figure 1.1.
[2]

As evident from figure 1.1, M1 and M2 are
both encoded segment 7. M1 is a matrix
protein, and also the most abundant protein in the entire IAV virion. They are arranged in a shell, coating the inside of the lipid
envelope, and together enclose all eight vR-

1.1.1

Genome

NP complexes as seen in figure 1.1. The M2

The core holds eight segmented strands

proteins assemble into a tetrameric mem-

of negative-sense, single-stranded RNA ((-

brane protein, which is used to form ion

)ssRNA), each attached to several nucle-

channels through the viral envelope. [2, 3]

oproteins (NPs) as well as a trimeric polymerase complex [2, 7]. The association
of all five components is commonly referred to as a viral ribonucleoprotein (vRNP)
complex [2, 7]. The remaining gene products are hemagglutinin (HA), neuraminidase (NA), matrix 1 (M1) and 2 (M2), non-

Segment 8 encodes NS1 and NS2. NS2 is
involved in the transfer of vRNPs out of
the host cell nucleus, while NS1 is absent
in the virion and can be considered nonessential for virulence. However, it is present in the host cell, where it combats host
immune responses, such as interferons. [2]

structural 1 (NS1) and 2 (NS2), polymerase basic 1 (PB1) and 2 (PB2), and polyme-

The proteins involved in the vRNP, i.e.

rase acidic (PA) [2, 3]. Additionally, there

PB1, PB2, PA and NP, are encoded in seg-

is another gene product, PB1-F2, encoded

ments 2, 1, 3 and 5, respectively [3, 7].

by an open reading frame within the PB1

The vRNP complex plays a role in the

reading frame [11]. This protein is involved

transcription of viral RNA (vRNA) in the

Segment
1
2
3
4
5
6
7
8

Genes
PB2
PB1 + PB1-F2
PA
HA
NP
NA
M1 + M2
NS1 + NS2

Function
Binding vRNP to host mRNA
Catalyses transcription and cell death
Cleaves cap of host mRNA
Binding and fusion of virion and host membranes
Structural enhancements
Release of progeny virus
Forms the membrane and binds vRNA. Ion channel
vRNP transfer and resisting host immune responses

Length (nts)
2341
2341
2233
2073
1565
1413
1027
934

Table 1.1: The genes attributed to each segment, as well as their function and length in nts.

3

Alexander S. Bolotakis

1. Introduction

host cell nucleus [2]. NPs bind to the

to subtypes, from which two major groups

phosphate backbone of the RNA chain, ap-

emerge as seen in figure 1.2 [14].

proximately one unit per 24 nucleotides
(nts), which exposes the RNA bases to other procedures [7].

Each group is divided into two clades, and
the H1 clade of group 1 is further divided
into two clades, H1a and H1b, giving a to-

Lastly, HA and NA, encoded in segments

tal of five clades across both groups. Each

4 and 6, respectively, are part of the sur-

clade contains three HA subtypes, with the

face glycoproteins integrated in the mem-

exception of H1a which contains four [14].

brane of the virion. Three HA monomers

Figure 1.2 lacks two HA subtypes, namely

are required to create a trimeric transmem-

H17 and H18, which were recently discove-

brane protein. It is responsible for the jo-

red in bats, however, both of these belong

ining of virion and host cell, as it binds

in the H1a clade [15, 16]. This clade con-

to sialic acid receptors located on the sur-

tains not only the H1N1 strains responsible

face of the host cell. Once anchored, it fa-

for the 1918 and 2009 pandemics, but also

cilitates membrane fusion between virion

the H5 subtype found in the highly pat-

and host cell by undergoing conformational

hogenic H5N1 avian influenza strains [14],

changes. NA is a mushroom-shaped tetra-

which have also been involved in zoonotic

mer, vital to the process of releasing proge-

transmissions with severe disease and high

ny virion from the host cell by separating

mortality rate at approximately 50% in hu-

sialic acid from the carbohydrates present

mans. The seasonal H1N1s are also con-

on HA during budding. [2, 3]
There are approximately 4-5 times as many HAs embedded in the membrane compared to NAs [2, 12], which might make it
an appropriate target for the formation of
neutralizing antibodies (Abs). These two
surface molecules are used to name and
identify the various subtypes of influenza
A, such as H1N1, H3N2 and H5N1, depending on which HAs and NAs are present on
the surface. There are currently 18 variants
of HA and 11 variants of NA according to
the latest reports from Centers for Disease Control and Prevention [13]. The antigenic and structural attributes of HA can
be used to divide the different variants in4

Figure 1.2: The distribution of HA subtypes. HAs discovered after august 2011 are not
included. This image is part of a larger figure.
[14]

1.1. Influenza A virus

Aalborg University

tained in this group, but H3N2, which

the surface of target cells [2]. The HA fo-

is another human seasonal flu, is part of

und on IAVs infecting humans have a spe-

group 2, and is the IAV responsible for sub-

cificity towards sialic acid-containing su-

stantial seasonal outbreaks in recent times.

gars with the sialic acid bound to a ga-

This can be attributed to the a higher ra-

lactose moiety with an α2-6 linkage [19].

te of mutation in H3N2, which gives it a

As mentioned, HA is the glycoprotein re-

better opportunity to adapt to immune re-

sponsible, not only for the initial binding

sponses. [14]

of virus and cell, but also the fusion of their
membranes. This occurs after the cell has

1.1.2

Replication cycle

In order to replicate and survive, the IAV
must infect target cells. Such is accomplished by binding to sialic acid compounds on

taken in the virus by means of endocytosis, in which the virion is encapsulated in
an endosome comprised of the target cell’s
lipid membrane, as illustrated in figure 1.4.
[2]

Figure 1.3: The HA trimer represented with ribbons and lines. The cream colored segment
encompasses all three HA2 subunits, while the blue segment contains the HA1 subunits.
The receptor-binding site (RBS) is found predominantly in the head domain, while the
stem domain is responsible for membrane fusion. The vestigial esterase is overlapping both
domains. Image is obtained from X-ray diffraction data of a crystalized H3N2 HA sample
digested with Bromelain. The trace molecules are N -Acetyl-D-Glucosamine (GlcNAc) and
β-D-Mannose. [17]

5
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Figure 1.4: Replication cycle of IAV. It binds via a sialic acid receptor, HA, and enters the
cell in an endosome. The difference in pH initiates fusion and uncoating of the virion, and
the vRNPs are free to enter the host cell nucleus. In there, they undergo transcription or
replication, depending on the purpose of the resultant RNA. Replicated vRNA becomes the
genome of progeny virus, while transcribed vRNA is used to produce viral proteins. Most
of these components are transported directly to the host cell membrane, awaiting particle
assembly. However, some proteins, such as HA and NA, first pass through the secretory
pathway, to obtain correct folding. As the only two glycoproteins associated with IAV, they
also undergo glycosylation in the secretory pathway. These membrane proteins embed in
the host membrane, where they become part of the progeny virus as they bud out and
are released. This image is a modification of QIAGEN’s original, copyrighted image by the
author. The original image may be found at [18].
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An overview of the HA trimer structu-

HA1, consists mainly of α-helices and fun-

re can be seen in figure 1.3. The initial

ctions as an anchor which spans the lipid

precursor protein derived from the HA ge-

membrane, and is important in the mem-

ne, the homo-trimer HA0, is not yet sui-

brane fusion process. HA1 and HA2 are

table for the virus, and therefore undergo-

held together by disulfide bridges. [3, 21]

es a number of posttranslational modifica-

The stem domain constitutes the segment

tions, two of which are glycosylation and

responsible for membrane fusion. The ve-

proteolytic cleavage. The latter results in

stigial esterase overlaps both segments and

segregation of HA0 into HA1 and HA2, il-

functions as a flexible overlap between the

lustrated in figure 1.3 with blue and cream

two. [22]

colors, respectively. The protein consists of
549 amino acids (after cleavage of the sig-

Membrane fusion

nal peptide), where HA1, 327 residues, ta-

Before mediating membrane fusion, HA0

kes up a major part of the monomer, main-

must first be fully cleaved into HA1 and

ly by constituting the globular head do-

HA2, which can be done by cellular protea-

main which contains the receptor-binding

ses [21]. Once cleaved, the difference in pH

site (RBS) for sialic acid at its tip [21]. The

between the endosomal environment and

head domain is situated on top of the stem

the environment outside the cell, pH 5 and

domain, and is predominantly made up of

pH 7, respectively, is responsible for elici-

β-strands. [21] The stem domain, which is

ting the fusion between their membranes

made up of HA2, 222 residues, and parts of

as illustrated in figure 1.5. The pH change

Figure 1.5: Conformational change of HA during membrane fusion. Each HA subunit is
represented by a unique color. a - The conformation of HA before fusion is initiated. b - HA1
subunits dissociate due to changes in pH. c - The loop region between the two α-helices in
the stem of a subunit becomes helical as well, which propagates the whole structure of HA
into a triple α-helix, extending the fusion peptides towards the endosomal membrane as a
result. d - The aforementioned loop region is reestablished, and the triple α-helix folds back
onto itself, bringing the endosomal and the viral membrane together. e - The orientation
of N- and C-termini after fusion. [20]
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provokes HA1 of each subunit to open up,

re stays in the (-)ssRNA form. Mutations

a to b in figure 1.5, thereby allowing for

in the genome happen in this step, due

the extension of each HA2 subunit, b to c

to lack of proofreading in the RNA poly-

in figure 1.5. A loop region, which is loca-

merase provided by the virus. The even-

ted between two α-helices in the HA1 of a

tual progeny will thereby carry the muta-

subunit, obtains a helical formation, which

tions along when infecting other cells. The

by extension forms a longer helix carrying

second pathway is transcription, in which

a fusion peptide at the end. Together with

the (-)ssRNA is converted to (+)ssRNA,

the extended helices from the remaining

a process which also occurs in the host

subunits, it forms a triple α-helix, capped

nucleus. Generally, RNA viruses do not

by the N-termini of the HA2 subunits, al-

require transportation of the genome into

lowing the fusion peptides to reach the en-

the host cell nucleus, since positive sense,

dosomal surface, as marked by the red aste-

single stranded RNA ((+)ssRNA) can be

risk in figure 1.5 c. Once both membranes

translated directly into the respective pro-

are anchored, the partition of the stem re-

teins.

gion anchored in the viral membrane will
attempt to fold back to obtain the unexten-

Part of the vRNP complex, namely PA,
PB1 and PB2, mediates the conversion, by

ded HA conformation, bringing it back into
the proximity of the fusion peptides, c to d
in figure 1.5. As evident from figure 1.5, it
takes at least two such processes to occur
in the the vicinity of one another, in order
to form a pore and have the membranes
fuse. [2, 21, 20, 23]
When the membranes are fused, the M2
transmembrane protein functions as an H+
ion-channel, which allows for protons to
trespass the viral envelope. The protons reduce the interaction between M1 and the
vRNPs sufficiently to release the vRNPs,
which can then be transported to the host
cell nucleus, and begin one of two pathways
tied to the viral replication cycle of influenza A as illustrated in figure 1.4. One pathway is regular replication, which produces
the genes for progeny virus that therefo-

8

Figure 1.6: The cap-snatching mechanism.
PB2 cleaves of a 10-13 nt fragment from the
5’ end of cellular mRNA. The 3’ end of the
fragment attaches to the 3’ end of the vRNA,
and is utilized as a primer in order to elongate the product. After generating a poly-A-tail
as encoded by the template, the transcription
process is terminated. The resulting product
is viral (+)ssRNA. [2]

1.1. Influenza A virus

Aalborg University

the cap-snatching mechanism as seen in fi-

folded, these proteins are transported in-

gure 1.6. [2]

to the plasma membrane, where they are

PB2 in the trimeric polymerase complex

embedded.

steals a small segment of cellular messenger

Particle assembly is the final step happe-

RNA (mRNA), about 10-13 nts, from the

ning inside the host cell as the progeny

5’ end of the cellular mRNA, thereby cre-

virus is generated. Antigenic shift can hap-

ating the cap. The 3’ end of the small seg-

pen in this part of the process, if the host

ment attaches to the 3’ end of the vRNA,

has been infected with two variants of in-

shown with an adenine (A) binding to ura-

fluenza. Final release from the host occurs

cil (U), at which point it functions as a pri-

via the budding process. Once fully bud-

mer to produce the complementary strand

ded, NA facilitates release by detaching the

pertaining to the vRNA. The transcription

sialic acid receptors from the sialic acids fo-

ensues and the product is elongated, until

und on the surface of the host membrane.

it reaches a gene sequence on the temp-

The progeny virus is now ready to continue

late with a large amount of repeated U,

infecting new host cells. [2] There are two

which produces a complementary poly-A-

main proposals as to what induces cell de-

tail. The polymerase complex dissociates

ath during an IAV infection. One is simply

at that stage, resulting in (+)ssRNA rea-

that the production rate of regular proteins

dy for translation by host ribosomes. [2]

required by the host cell becomes too low,

Replicated vRNA is not solely transported
to the membrane for particle assembly. It
also funnels back as secondary transcrip-

essentially robbing the cell of its functions,
while the other is apoptosis or programmed
cell death. [24, 25]

tion, because high amounts of vRNA are
required to ensure that there are adequa-

1.1.3

Immune responses

te levels available for transcription into

The defense system of an infected host con-

viral proteins. Once the ribosomes have

sists of many levels, which are activated as

translated the newly transcribed (+)vR-

a response to the adaptive evasiveness dis-

NA, the proteins not requiring further mo-

played by the pathogen [26]. In cases where

difications are transported to the membra-

the pathogen gets past the outer, prelimi-

ne. However, membrane proteins, such as

nary defenses, such as our skin, it will ini-

HA, NA and M2, must first pass through

tially illicit a response from the innate im-

the secretory pathway in order to obtain

mune system [26]. Macrophages or natural

their properly folded states. Additionally,

killer cells could be part of such a respon-

the glycosylated surfaces of HA and NA

se [26], but using IAV as an example, the

are also acquired in the secretory pathway.

reaction could be deployment of lectins,

Once glycosylated, cleaved and properly

such as the mannose-binding lectin (MBL)
9
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or surfactant protein D (SP-D). Both are

light chains are attached to a heavy chain

examples of water soluble proteins, but

each with a single disulfide bridge. Abs ha-

membrane-bound lectins also exist. MBLs

ve two distinct regions, namely the frag-

exploit the fact that HA and NA are bo-

ment, antigen-binding (Fab) regions, which

th glycoproteins, rich with mannose con-

is located at each of the two tips of the

taining N-linked glycans, which they de-

Y-shape, and the fragment, crystallisable

monstrate strong affinity towards [27, 28].

(Fc) region which encompasses the bottom

By binding to these specific glycans on

of the Y-shape. [26]

HA MLBs might inhibit the infectivity of
the virus, by blocking the binding to sialic acid residues or hindering membrane fusion. SP-Ds work similarly, but have a broader range of moieties they can
bind to [27, 28]. Therefore, they are better
at neutralizing highly glycosylated IAVs,
which has been confirmed in several studi-

The Fab regions are mostly identical and
are responsible for binding to the antigen,
while the Fc region binds to receptors on
cells that support the immune system. The
Fab regions can also be referred to as paratopes, because they bind to epitopes which
are specific for each antigen, meaning that
the Fab regions must be equally specific.

es [29, 27, 30]. The degree of glycosylation
is an important determinant regarding the
sensitivity of MBLs and SP-Ds, meaning
that IAV with HA containing few glycans
will have a better change of escaping this
type of immune response. [27, 28]
If the innate immune system is insufficient
to deal with the pathogen the adaptive immune system is activated. This process can
take several days, but the benefit is increased specificity in terms of recognition of the
antigenic nature of the pathogen. This last
level of the immune system is facilitated by
T and B lymphocytes, the latter being responsible for the production of Abs. These
Y-shaped immunoglobulins, as illustrated
in figure 1.7, consist of two heavy and two
light chains, coloured as blue and green,
respectively. The two heavy chains are joined by two disulfide bridges, while the two

10

Figure 1.7: Schematic representation of an
Ab. The heavy chains are coloured blue and
the light chains green. The two heavy chains
are linked by two disulfide bridges (red), and
each light chain is linked to the nearest heavy
chain with a single disulfide bridge each. The
antigen-binding sites at the tips of the Yshaped molecule are designated by a lighter
color.
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Abs can be poly- or monoclonal, depending

(blue) and Ca2 (yellow) are located cen-

on the ability to bind specifically to a sing-

trally, at the crossover between the RBS

le epitope (monoclonal), or if it consists of

and the vestigial esterase, with the Cb si-

a mixture of Abs that each bind different

te (green) just below, situated solely in the

but specific epitopes, effectively binding to

vestigial esterase. [21]

multiple epitopes on the same antigen (po-

Vaccines

lyclonal). The epitopes can be located at
areas that do not inhibit the function of

The specificity Abs have towards viral enti-

the antigen, but once the Abs are bound,

ties has made them the best option when it

the antigen is tagged for destruction by

comes to preventing infections. This is evi-

the immune system. Furthermore, epitopes

dent from the reduction in mortality and

can also be located at sites which are im-

growth in population the world has ex-

portant for the function of the antigen, the-

perienced since its introduction as disease

reby inhibiting it directly. [26] With HA of

prevention. The mechanisms of the adap-

A(H1N1)pdm2009 for instance, there are

tive immune system are exploited to pro-

four such sites called antigenic sites, which

voke an immune response by supplying a

are important for proper antigenic function

non-infectious version of the antigen to the

[31]. These are named crossreactive a (Ca)

host, a procedure known as immunization

and b (Cb), and strain specific a (Sa) and

or vaccination. This gives the host time

b (Sb) [21, 31]. However, Ca can be divided

to recognise the antigen, without being in

into Ca1 and Ca2 [21, 32]. Their position

danger of an infection, and is thus ”taught”

in the amino acid sequence can be read in

to combat subsequent infections. [2, 36]

table 1.2.

There are a variety of approaches available

All five antigenic sites are located on the

when constructing a vaccine, such as ina-

globular domain as illustrated in figures 1.8

ctivation, attenuation, cold-adaptivity, su-

and 1.9. These images are generated in YA-

bunit or DNA vaccines. Inactivation has

SARA [33], using 4GXX from the RCSB

been utilized for the longest, and is still

Protein Data Bank [34]. The HA1 is co-

one of the primary methods of producing

loured white, and HA2 cyan. Sites Sa (ma-

vaccines. The virus is first grown in em-

genta) and Sb (red) are located at the top

bryonated eggs, then inactivated by deter-

of the globular domain, which means that

gents, also referred to as chemical inactiva-

they are a part of the RBS. The RBS (not

tion. The vaccine should encompass virion

depicted) is comprised of several, individu-

parts from different strains, in order to be

al residues, e.g. Tyr91 and His180, as well

as effective as possible. [2, 36, 4]

as three distinct regions, namely the 130-

The attenuated approach uses live virus,

loop, 190-helix and 220-loop [35]. Sites Ca1

which has had parts or a part of its geno11
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Figure 1.8: Placement of antigenic sites on the HA trimer. A - Cb site. B - Sa site. C Ca1 site. D - Ca2 site. E - Ca1+Ca2 site. F - Sb site. The white part consists of all three
HA1 subunits, while the cyan part is comprised of the HA2 subunits. Images are generated
with YASARA using 4GXX from the RCSB Protein Data Bank [33, 34].
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Figure 1.9: A collective overview of the antigenic sites on the HA trimer. 1 - Sideways
view. 2 - Viewed from the top. Green - Cb site. Magenta - Sa site. Blue - Ca1 site.
Yellow - Ca2 site. Red - Sb site. The white part consists of all three HA1 subunits, while
the cyan part is comprised of the HA2 subunits. Images are generated with YASARA using
4GXX from the RCSB Protein Data Bank [33, 34].
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me altered in order to attenuate its virulence. For instance, the cleavage site for
HA1 and HA2 was mutated to achieve attenuated virulence, and the segment of the
genome pertaining to these mutations were
transferred to a another IAV strain called
PR8, which is engineered to grow at a higher rate, thus producing more of the HA
attenuated virus for the vaccine. [2, 36, 37]

vaccine. [38]
Finally, an approach still in the experimental phase is DNA vaccines [37]. DNA from
a target virus is genetically engineered and
injected into the host cells, for instance, via
plasmids, in order to have the cells produce
the antigen, and in turn the Abs, since it
will be recognized by the host as a foreign
entity [39]. This approach shows great pro-

Cold-adapted vaccines are made by opti-

spects, seeing as it can be used for patho-

mizing the virus to grow at lower tempe-

gens that are more dangerous, such as HIV,

ratures, for example 25 ◦ C, which signifi-

as it only requires the specific gene, and

cantly weakens their virulence when intro-

not the whole virus, to create the vaccine,

duced to the 37 ◦ C environment of human

essentially making it safer [4]. Additional-

and other mammalian hosts. The cells will

ly, DNA is considered easy to manufacture

develop Abs against the initial invaders,

and store, which makes it useful under ma-

but since their growth is greatly attenu-

ny circumstances [39].

ated, they cannot replicate at a rate sufficient for continuous infection. [4, 37] This

Influenza

vaccines Determining the

approach has shown great protection rates

composition of the seasonal vaccine for in-

in children [37].

fluenza requires extensive monitoring and
reviewing of clinical and laboratory stu-

Another way to make a vaccine is to produce antigenic subunits of the virus in
question, separately. They are produced in
other hosts, for instance by growing HA or
NA in insect cells [37]. Using this method
ensures that there is no risk of the virus
self-assembling or becoming virulent again,

dies performed each year. WHO are responsible for organizing a meeting with
their Collaboratory Centers twice a year,
where they will conclude which influenza
strains should be recommended for inclusion in the upcoming flu season. However,
these meetings can only generate educated

since not all subunits are present in the
Antigenic site
Ca1
Ca2
Cb
Sa
Sb

Position
183-187, 220-222, 252-254
154-159, 238-239
87-92
141-142, 170-174, 176-181
201-212

Table 1.2: The angtigenic sites of IAV H1N1 HA, and the positions of the amino acids they
occupy in the primary structure.
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forecasts for the impending flu season, see-

ter is the swapping of whole HA or NA

ing as the virus is highly changeable. Typi-

genes between two influenza viruses, which

cally, the vaccine will contain components

therefore requires infection by two different

from 3-4 different influenza viruses that are

strains of IAV in the replication cycle at

estimated to be the ones most likely to

the same time. This process, as exempli-

spread in the coming season. This is ba-

fied in figure 1.11, where a gene segment

sed on data from the virus characterisation

of influenza X is swapped with the cor-

of the circulating influenza viruses and the

responding gene segment of influenza Y.

vaccine effectiveness of the previous seaso-

Therefore, the potential onset of a pande-

nal vaccine. The results of these meetings

mic spread with IAV is great, since it has a

are only meant as guidelines, and each co-

segmented genome and can infect a varie-

untry has to choose whether or not to fol-

ty of species. For instance, the two distinct

low them. [40]

HA or NA genes can be swapped when the

It is rarely possible to completely predict which strains will be circulating in the
upcoming flu season. This presents a problem when the vaccine virus and the circulating virus are too dissimilar. A mismatch
such as this can result in a low vaccine effectiveness. However, a good match
will result in high vaccine effectiveness. [41]

virions assemble, which produces three variants from the original two. This induction
of genetic variation usually has a more severe effect, because a considerable amount
of people will not have protection against
the entirely new HA or NA, and pandemics
can therefore arise. [2]
Antigenic drift

Mismatches can happen if the circulating
strains do not correspond with the predi-

The other immune evasion mechanism, an-

cted strains for the vaccine, or due to anti-

tigenic drift, is essentially point substitu-

genic changes that occur over the course of

tions in the genome of IAV, which are

a season [42], which is a result of immune

caused by error-prone RNA polymerases

evasion mechanisms inherent in influenza

that are part of the virus replication pro-

viruses.

cess. This is illustrated in figure 1.11, in
which an influenza virion passes through

1.1.4

Immune evasion

the replication cycle in a host cell, to then
be released with substitutions introduced

Immune evasion can occur in multiple
forms, but at the core it comes down to
changes in the genome of the virus. IAV
is a specialist in this area for two reasons, mainly because it can undergo antigenic drift and/or antigenic shift. The lat-

into the genome, colored red. Compared
to DNA polymerases, the RNA polymerase of IAV has neither proofreading nor
editing, which can result in an accumulation of substitutions over time [2, 43, 44].
Thereby, each succesive replication of the
15
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virus in the host creates a cluster of pro-

clude more progeny with adequate fitness

geny with a multitude of genetic variations

levels, in turn resulting in enhanced survi-

known as quasi-species [45]. These types of

vability for the virus as a whole [46, 47]. A

error-prone RNA polymerases have evol-

flatter peak might also allow the virus to

ved to replicate near the error threshold,

adapt more readily to the host immune sy-

meaning that a small increase in the amo-

stem, since it would have more options to

unt of introduced mutations would result

choose from, potentially giving it a better

in genetic instability of the virus [45].

chance of having a variant that can escape

Following the principle of ”survival of the

the Abs deployed by the immune system.

fittest”, the species with the best pheno-

Antigenic drift can phenotypically mani-

type in the cluster would be selected for

fest itself by directly altering the antigenic

further growth, but that is not the only

sites, for instance, by exchanging an amino

determinant in the case of IAV [46]. Ano-

acid, which could affect the binding affinity

ther principle, ”survival of the flattest”, is

negatively for Abs aimed at these si-

also involved in the selection process [46].
It is more advantageous for the virus to
enhance the replication rate for the cluster
of quasi-species, rather than select for the
single, fittest genotype, because the variants in the immediate area, genotypically,
can be insufficiently fit [45, 46]. By adhering to survival of the flattest, the virus has
several groups of closely, genetically related variants that can be selected in case
the dominant, i.e. fittest variant, is compromised by environmental pressure [45].
The principle is illustrated in figure 1.10
b.
As evident, the fitness maximum of the
population in the high and narrow peak
(red) is superior to the flat and broad peak (blue), but a high amount of mutational
neighbours are situated far down on the
narrow peak, meaning that they are not
acceptably fit and could be non-infectious
[46, 47]. The broad, flatter peak will in16

Figure 1.10: The fitness landscape has a
2-dimensional base called the sequence space where the different sequences are mapped.
Each sequence is assigned a fitness level, represented by the vertical axis. a - Low mutation
rates favour survival of the fittest (red dot),
since the genetic variation in the population
will be small. b - At high mutation rates, the
genetic variety will be larger, which will then
favour survival of the flattest since more variants maintain an adequate fitness (light blue
dot) compared to the population concentrated around the fittest variant. As a result, the
blue population will outcompete the red population when the mutation rate is high. [47]
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Figure 1.11: Schematic illustration of antigenic shift and antigenic drift. In the case of
antigenic shift the host cell is infected with two different strains of influenza virus, here
influenza X and Y. This might produce progeny virus with completely exchanged gene segments, exemplified here by influenza X switching out one of its gene segments, green, with
a gene segment from influenza Y, red. Antigenic drift requires no simultaneous infection
by two different strains, but is a result of error-prone RNA polymerases that introduce
substitutions into the genome of the virus, depicted as red points.

tes [44, 48]. Especially substitutions in the
epitopes near the RBS can have a great effect on the binding affinity of Abs [44, 48].
These sites have also been shown to have a
higher rate of mutation [49]. However, an
alternative mean of protection could be to
introduce glycosylation sites in and around
these epitopes and important functional sites.

Glycosylation
Glycosylation sites are found as specific
sequons in an amino acid sequence, namely as Asp-X-Ser/Thr, where X can be any
amino acid except for Pro [50]. The glycans
attach to the amide of the Asp side-chain,
hence they are termed N -linked glycosylations [51]. The structure of the glycans can
take many forms, depending on what moie17
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ties are involved and how they are bran-

evolution [52]. There are consistently five

ched [51]. A list of moeities and potential

recurring glycosylation sites located in the

branchings can be seen in Appendix A.1.

stem domain, per HA subunit, in nearly

The individual moieties attach to each ot-

all HAs surveyed in the paper [52], whi-

her via glycosidic bonds, while the atta-

le the head domain in general holds up to

chment to the amide of the protein usual-

three glycosylation sites, although it is rare

ly requires a specific moiety, e.g. GlcNAc

to have them all occupied simultaneously

in animals [51]. The inherent moieties and

[52]. The conserved glycosylation sites in

structures of the glycans depend on the po-

H1N1 can be found at residues 28, 40, 104,

sition of the glycosylation site and how ac-

304, 498 and 557, while the variables si-

cessible it is for host derived saccharide-

tes on the head domain are typically found

modifying enzymes [50, 51]. However, the

at 142, 172, 177, 179, in close proximity

amino acid sequence is not the only de-

of the Sa site [5, 53]. Three glycosylation

terminant in deciding which glycans at-

sites on the head domain are mostly obser-

tach, and glycosylation can also be impe-

ved in recent strains of H1N1, i.e. last 2-3

ded by steric hindrance from other glycans

years, and the early strains from the 1918

or certain amino acids occupying space in

pandemic contained one glycosylation si-

close proximity of the glycosylation site.

te at most [52], which is also the case for

The glycans found on each glycoprotein are

A(H1N1)pdm2009 [6]. This indicates that

heterogenous, but the most common ones

low levels of glycosylation on the head do-

are high-mannose or complex glycans. The

main results in a strain with enhanced pat-

former is defined as branched glycans ter-

hogenicity, yet the virus still evolves to ob-

minating with the moiety mannose, whi-

tain a higher amount of glycans, in order

le the latter has branches terminating in

to evade immunity and thereby survive as

either N -acetylgalactosamine or galactose.

a seasonal epidemic [5, 6].

[27]

Glycosylation has both a positive and a ne-

Some of the glycans occurring on HA are

gative effect on pathogenicity [54]. As men-

vital during protein folding, and their ab-

tioned, Abs will attach to epitopes on HA,

sence can result in a non-functional protein

and adding more glycans can have the ef-

[50, 52]. However, these conserved glycans

fect of masking said epitopes and blocking

are mostly positioned on the stem domain

the Abs sterically [55], thereby neutralizing

and do therefore not interfere with receptor

or attenuating the effect of the Abs [10, 56].

binding [52], although a mutation in this

However, it might not mask the epitopes

area might affect membrane fusion. Glyco-

alone, but also the important functional

sylation in the head domain is more variab-

parts, such as the RBS, which could re-

le [27], which is how it contributes to HA

sult in lower binding affinity to sialic acid
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1.2.1

Hemagglutination
assay

aimed at hyperglycosylated antigens, such
as the previously mentioned lectins, which
is why those are rarely found in propagated species [6]. Adding a high amount of
glycans will therefore mainly have a negative effect, as both evasion of lectins and
receptor-binding suffers as a result [10].
Getting the right amount and correct position of glycans is a balancing act in which
factors such as pathogenicity, immune evasion, viral fitness and immune responses
play vital roles [54, 55].

A hemagglutination-assay (HA-assay) is
commonly used to test a sample for the
presence of IAV, and simultaneously provide a relative concentration in the form of
HA-titers [58]. The method utilizes the fact that the HA surface molecules of IAV
can bind sialic acid residues present on red
blood cells (RBCs). This is usually performed in micro titer plate wells. Once bound, the RBCs agglutinate and form an
opaque sheet, when suspended in rounded
bottom wells, as illustrated in figure 1.12 a

In essence, the main function of glycosyla-

[58]. The appearance of agglutination de-

tion on the head domain of HA is to avoid

pends on the shape of the microtiter plate

immune recognition by host-mediated Abs

wells and which animal species the RBCs

by changing antigenic properties, which is

originate from [59]. An insufficient amount

one way seasonal flu might overcome the

of IAV will not be able to agglutinate the

immune system each year [53, 57]. This ine-

RBCs, and as a result they will drop to

vitable sacrifice of pathogenicity in favour

the bottom of the well, forming a dot- or

of genetic diversity to increase survivability

halo-shape as seen in figure 1.12 a. The

in immune population means that the cur-

HA-titer is found by a dilution series, typi-

rently employed vaccines require constant

cally two-fold, of the virus sample in a mi-

revision to effectively combat the immune

crotiter plate, with addition of equivalent

adapted strains of IAV.

amounts of RBCs to each well. The more
wells showcasing agglutination, the higher

1.2

Theoretical

is the HA-titer of the IAV, which is exemplified in figure 1.12 b. The largest virus

methodology
There are several effective techniques when
investigating IAVs, which can provide understanding of their adaptivity to the host

dilution exhibiting agglutination is defined
as one HA-unit. [58]
Hemagglutination inhibition assay

immune system. The theoretical backgro-

The titers obtained from a HA-assay can

unds of the methods used in this study are

be used to perform a hemagglutination

presented in this section.

inhibition-assay (HAI-assay), in which the
19
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inhibition of the hemagglutinating activity

mination sequencing, is the current stan-

of IAVs by HA-specific Abs can be mea-

dard of DNA sequencing. There is a limit

sured. The samples are diluted according

to the chain length of the DNA, approxi-

to their HA-titers to obtain four HA-units,

mately 800-1000 nts, so the gene of inte-

which corresponds to the HA-titer two co-

rest must be cut into fragments when ex-

lumn left of the actual HA-titer. Taking

ceeding said limit. The process takes pla-

row A in figure 1.12 as an example, 1:32

ce in a sequenator, where the DNA frag-

would be one HA-unit, and four HA-units

ments are denatured, and appropriate pri-

would then be 1:8. These viral dilutions

mers subsequently attach at the 3’ end

are then tested against a dilution series

of their respective fragments. A regular

of an appropriate Ab/antiserum targeting

DNA synthesis is initiated incorporating

the HA protein. Ab-inhibited IAV cannot

ddNTPs conjugated with fluorescent la-

agglutinate RBCs and as a consequence

bels. These molecules terminate the DNA

the RBCs aggregate at the bottom of the

chain growth, because the hydroxide at the

well. The HAI-assay result is reported as

3’ end is replaced by a proton. The result

an HAI-titer and indicates the lowest anti-

is a multitude of DNA chain fragments

serum concentration which inhibits agglutionation of RBCs. [60]
To investigate antigenic changes of circulating IAVs compared to e.g. a vaccine
virus, Abs, raised in ferret against the vaccine virus, are used as a reference antiserum in the HAI-assay. To antigenically characterise the IAV samples, the HAItiter of the vaccine virus is divided by the
HAI-titers of the circulating IAVs, which
gives the fold-change factor of the individual IAV sample. If the fold-change factor
of the circulating IAVs has changed with 8
or more from the vaccine virus, the virus is
considered antigenically different from the
vaccine virus. [61]

1.2.2

Sequencing

The Sanger sequencing method [62, 63], or
dideoxyribonucleotide (ddNTP) chain ter20

Figure 1.12: a - Three potential shapes the
blood in a HA-assay might take. The dot
and the opaque shapes are obtained with turkey RBCs, while the halo shape is formed
with human RBCs. b - A full HA-titer plate.
Virus samples are two-fold serial diluted left
to right, and the different samples are labeled
top to bottom. Rows A-B and D-G all have
the ability to agglutinate blood, whereas C
and H cannot. Partial agglutination is visible
in the wells marked with blue rings. HA-titer
for each sample row is displayed on the right.
[58]
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with varying lengths, which can then be

down the gel. The second separation pro-

separated by size. A capillary tube contai-

cess involves transferring the proteins to a

ning a gel is used for this purpose by letting

membrane which is done by applying an

the smallest fragments pass through at a

electric field perpendicularly to the agaro-

faster rate as illustrated in figure 1.13. The

se gel, and have the proteins migrate to

gel is sensitive enough to separate frag-

a membrane, for instance a nitrocellulo-

ments by a single nt, meaning that the

se membrane, which is positioned between

DNA chain fragments consisting of a sing-

the gel and the positive electrode.

le ddNTP and primer will be the first to
pass through the gel, then a ddNTP with
a single nt and primer will be next, and so
on.

A series of Abs is then used to identify specific proteins. Each Ab incubation requires
an initial blocking of the membrane with
a blocking agent, for instance, nonfat dri-

A laser excites the fluorescent labels, which

ed milk or bovine serum albumin (BSA),

differ in color depending on the attached

to prevent unspecific binding on the mem-

ddNTP, and the resulting fluorescence is

brane. Afterwards, the membrane is incu-

registered by a detector. The product is a

bated with different Abs, which are speci-

spectrogram which gives the sequence of

fic to the target protein and one another.

the complementary strand to the template

The last Ab must be labeled with a fluore-

strand, and the fluorescence of each frag-

scent marker, e.g. horseradish peroxidase

ment pertaining to a specific size. [64]

(HRP). Adding hydrogen peroxide then
produces a signal, which is only visible in

1.2.3

Immunoblotting

places where the fluorescent marker has at-

Identification and analysis of a protein
mixture can be done with western blotting, a standardized method in the field
of molecular biology. The technique initially utilises gel electrophoresis, by applying
an electric field across a gel loaded with
protein samples. The negatively charged
proteins will migrate towards the positive
electrode, and the small pores, produced
by the interaction of polyacrylamide with
agarose, will promote faster movement for
the smaller proteins. Thereby, the initial
separation of the proteins is by size, with
the smallest having travelled the farthest

Figure 1.13: Sanger sequencing is accomplished by passing DNA chain fragments of increasing size through a gel-containing capillary tube. A laser illuminates the fluorescent
label, and the signal is picked up by a detector.
The sequence of the gene of interest and flourescence of each fragment pertaining to a specific size is presented with a spectrogram. [64]
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tached, and thereby it becomes possible to

dex is thus registered by the detector as an

identify and analyse the size of a specific

offset of the resonance angle [66, 68]. Of in-

protein in a complex mixture. [65]

terest to this thesis is a time-resolved measure of the kinetics of two biomolecules,

1.2.4

Surface plasmon

which works by introducing free-flowing

resonance

analyte molecules to immobilized ligands
until they reach equilibrium, i.e. the sa-

Surface plasmon resonance (SPR) is an op-

me amount of analyte molecules attach and

tical detection method which can measu-

detach at any given point in time. Eventu-

re chemical interactions in real-time [66].

ally, flow of analyte is terminated, and, de-

The four main components of an SPR set-

pending on the inherent reactions, the mo-

up, as seen in figure 1.14, is a polarized

lecules start detaching. [67] This approach

light source, a prism, a detector and a

produces a sensorgram which enables the

sensorchip comprised of a dielectric layer

measurement of affinity of an antigen-Ab

and a thin metal film [67]. Electromagne-

interaction by determining the equilibrium

tic waves pass through the prism and hit

constant. Information on binding kinetics

the metal film, typically gold, splitting up

is also attainable by establishing the asso-

the light into reflected light and evanes-

ciation and dissociation constants. [68]

cent waves that propagates through the
gold film [66, 67]. At the resonance angle the evanescent wave will transfer energy to the electrons at the interface between the gold film and the dielectric layer, essentially causing them to resonate at
its own frequency [66, 67]. The resonating electrons are known as surface plasmons, which are highly sensitive to their
surrounding environment [66]. In the case of biochemical SPR studies, an analyte,
for instance an antigen, is introduced to
an environment consisting of immobilized
ligands, e.g. Abs [67]. The interaction between these two biomolecules will manifest itself as a change in the dielectric constant of the dielectric layer, due to increased mass, and hence the refractive index as
well [66, 67]. Changes in the refractive in-
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Figure 1.14: Schematic SPR set-up, where
polarized light passes through a prism and
hits the sensorship. Signals are recorded as
angular shifts in the reflected light, which are
dependent on chemical reactions occurring at
the sensorchip surface, by the detector. This
is a cropped and modified version of a larger
image. [69]
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Chemical
β-mercaptoethanol
70% ethanol
Ethanolamine, Minimum 98%
2-Morpholinoethanesulfonic
acid Monohydrate
N-Hydroxysuccinimide
Glycine
Sodium tetraborate decahydrate
Sodium dodecyl sulfate
Disodium hydrogen
phosphate dihydrate
Potassium chloride
Potassium phosphate monobasic
Acetic acid ≥98%
N-(3-Dimethylaminopropyl)-N´ethylcarboiimide hydrochloride
Tween 20
Sodium chloride
Methanol
DAB tablets, 10 mg, pH 7.0
Glycerol 85%
DL-Dithiothreitol
Pyronin Y
Trizma® base
Trizma® hydrochloride
Trypsin from bovine pancreas
Penicillin Streptomycin
IGEPAL CA-630

Description
Lot no. BCBK8223V
Lot no. SE10049591
Batch no. 045K0644

Supplied by
Sigma-Aldrich
plum
Sigma-Aldrich

Lot no. 1275145
Lot no. BCBF6027V
Lot no. 0F008040
Lot no. SZBG0500V
Lot no. STBD6276V

Fluka
Sigma-Aldrich
AppliChem
Sigma-Aldrich
Sigma-Aldrich

Lot no. K33672780

Merck

Lot no. 1121871
Lot no. SLBR1363V
Lot no. SZBF0220V

Fluka
Sigma-Aldrich
Sigma-Aldrich

Lot no. BCBN0730V

Sigma-Aldrich

Lot no. S6299684 136
Lot no. SZBE0130V
Batch no. 8009104
Lot no. 120222-3
Lot no. Z277194 302
Lot no. SLBQ1154V
Lot no. MKBW0735V
Lot no. SLBN7135V
Lot no. SLBQ5915V
Lot no. SLBF1700V
Lot no. 1864846
Prod. No. I8896

Merck
Sigma-Aldrich
Bie&Berntsen A-S
Kem-En-Tec
Merck
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
gibco
Sigma-Aldrich

Table 2.1: Raw chemicals used throughout the experiments of the thesis.
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IAV isolate
A/Denmark/1302/09
A/Denmark/1323/09
A/Denmark/1325/09
A/Denmark/1337/09
A/Denmark/1338/09
A/Denmark/1341/09
A/Denmark/113/10
A/Denmark/115/10
A/Denmark/116/10
A/Denmark/120/10
A/Denmark/106/13
A/Denmark/05/14
A/Denmark/11/14
A/Denmark/13/14
A/Denmark/38/14
A/Denmark/50/14
A/Denmark/51/14
A/Denmark/03/15
A/Denmark/41/15
A/Denmark/41/15
A/Denmark/43/15
A/Denmark/48/15
A/Denmark/61/15
A/Denmark/20/16
A/Denmark/27/16
A/Denmark/30/16
A/Denmark/41/16
A/Denmark/46/16
A/California/07/09

2. Materials and Methods

Passages
Season 2009-2010
6. MDCK 15.12.16
8. MDCK 15.12.16
4. MDCK 20.10.16
7. MDCK 24.10.16
6. MDCK 15.12.16
8. MDCK 24.10.16
Season 2010-2011
6. MDCK 15.12.16
5. MDCK 04.11.16
1. SIAT/5. MDCK 27.10.16
7. MDCK 04.11.16
Season 2013-2014
3. MDCK 04.11.16
5. MDCK 24.10.16
6. MDCK 15.12.16.
3. MDCK 24.10.16
5. MDCK 04.11.16
Season 2014-2015
5. MDCK 15.12.16
4. MDCK 22.11.16
6. MDCK 15.12.16
Season 2015-2016
3. SIAT/2. MDCK 20.10.16
4. SIAT 20.10.16
5. MDCK 24.10.16
4. SIAT 04.11.16
4. SIAT 27.10.16
4. MDCK 04.11.16
3. MDCK 04.11.16
1. SIAT/3. MDCK/1. SIAT 18.11.16
3. SIAT 20.10.16
3. SIAT 20.10.16
Reference virus
2. SWL/4. MDCK

Supplied by
SSI
SSI
SSI
SSI
SSI
SSI
SSI
SSI
SSI
SSI
SSI
SSI
SSI
SSI
SSI
SSI
SSI
SSI
SSI
SSI
SSI
SSI
SSI
SSI
SSI
SSI
SSI
SSI
SSI

Table 2.2: A list of the IAV samples tested in this thesis. 2.SWL indicates use of secondary
swine-like kidney cells.

Material
SPR Sensorchip HC 200 M
0.8% E-gel® w/ Ethidium Bromide
Nitrocellulose Membrane, 0.45 µm
Novex WedgeWell 10% Tris-Glycine gel

Description
Lot no. SC HC200M0217
Lot no. Q10056
Lot no. 1846345
Lot no. 16071540

Supplied by
XanTec bioanalytics
invitrogen
invitrogen
invitrogen

Table 2.3: Pre-made equipment and materials used in the experiments of this thesis.
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Biological material
MDCK cells
MDCK-SIAT1
Ferret antiserum A/California/07/09
Guinea pig blood
2× Reaction mix (incl. dNTP)
RNase free water
DNase/RNase free water
Big Dye Terminator v1.1 Cycle
Sequencing RR-100
3.2
3.2
3.2
3.2
3.2
3.2

µM
µM
µM
µM
µM
µM

Forward primer A
Reverse primer A
Forward primer B
Reverse primer B
Forward primer C
Reverse primer C

Description

Supplied by

Cat. no. 85011435
Cat. no. 05071502
RDE treated

ECACC
ECACC
SSI
Dyrestalden SSI
SSI
SSI
SSI

Batch no. VOF-337
Batch no. VOF-286
Batch no. VOF-386
Lot no. 1408083
Primers
Batch no.
Batch no.
Batch no.
Batch no.
Batch no.
Batch no.
Enzymes

SuperScript III RT/Platinum
Taq High Fidelity Enzyme Mix
µg
anti-ferret Igγ
1 mL
Precision Plus Protein All Blue Standard
1 kb DNA ladder
Anti-Rabbit Igγ(whole molecule)Peroxidase antibody produced in goat
Anti-Swine H1N1 hemagglutinin
antibody produced in rabbit

06-04-2016
06-04-2016
06-04-2016
06-04-2016
06-04-2016
06-04-2016

Applied Biosystems
JRR
JRR
JRR
JRR
JRR
JRR

Batch no. VOF-337

SSI
SSI
SSI
SSI
SSI
SSI
invitrogen

Lot no. RI28521
Cat no. 161-0373
Cat. no. N3232L

Sigma-Aldrich
Bio-Rad
NEB

Batch no. 026M4782V

Sigma-Aldrich

Lot no. 523709031

Sigma-Aldrich

Table 2.4: Biological material including proteins, DNA and various mixes used in the
experiments of this thesis. RDE indicates use of receptor destroying enzymes.
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Component
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Description

Supplied by

Dulbecco 1× PBS (pH 7.4)
Lot no. 1839839
gibco
5× Sequencing buffer
Lot no. 1407164
Applied Biosystems
PBS
Lot no. 6MB154
BioWhittaker
10 × TGS Buffer
Ref no. 161-0772
Bio-Rad
Minimum Essential Medium Eagle
Lot No. RNBF5679
Sigma-Aldrich
RNeasy Mini Kit
RLT buffer
Lot no. 154032496
QIAGEN
RW1 buffer
Lot no. 154038591
QIAGEN
RPE buffer
Lot no. 154038250
QIAGEN
RNase free water
Lot no. 154037485
QIAGEN
illustra GFX PCR DNA and Gel Band Purification Kit
Capture buffer type 3
Lot no. 9721121
GE Healthcare
Wash buffer type 1
Lot no. 9721121
GE Healthcare
Elution buffer type 6
Lot no. 9721121
GE Healthcare
MagNA Pure LC Total Nucleic Acid Isolation Kit
Wash Buffer I
Ref no. 03038505001
Roche
Wash Buffer II
Ref no. 03038505001
Roche
Wash Buffer III
Ref no. 03038505001
Roche
Lysis/Binding Buffer
Ref no. 03038505001
Roche
Proteinase K
Ref no. 03038505001
Roche
Magnetic Glass Particles
Ref no. 03038505001
Roche
Elution Buffer
Ref no. 03038505001
Roche
BigDye XTerminator Purification Kit
SAM Solution
Lot no. 1609066
Applied Biosystems
Xterminator Solution Buffer
Lot no. 1611076
Applied Biosystems
Pierce BCA Protein Assay Kit
BCA Reagent A
Cat. No. 23225
ThermoFisher
BCA Reagent B
Cat. No. 23225
ThermoFisher
Albumin Standard Ampules, 2 mg/mL
Cat. No. 23225
ThermoFisher

®

Table 2.5: The kits and their components as used during this thesis.
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A complete overview of the materials used

the bottom of the tube is determined with

over the course of this Master’s thesis is

a pipette and then diluted to a 10% RBC

featured in this chapter together with a

stock solution with 1× DPBS. 0.75 mL

concise methodology detailing the employ-

is extracted from the stock solution and

ed experimental procedures.

mixed with 9.25 mL 1× DPBS to get a
0.75% RBC solution.

2.1

Materials

Lysis buffer C

Growth medium

The virus lysis buffer is a solution of

Growth medium for Madin-Darby cani-

0.125 M NaCl, 20 mM Tris, pH 8.0 and

ne kidney (MDCK) cells or MDCK cells

0.5% IGEPAL CA-630 dissolved in MilliQ-

transfected with cDNA of human 2,6-

water.

sialtransferase (SIAT) is prepared by adding 10 mL Penicillin Streptomycin, 10 mL
of 200 mM L-Glutamin and 1

µg
mL

trypsin to

2.1.1

Sequencing solutions

BigDye solution

1 L of Minimum Essential Medium (MEM)
Eagle.

Preparing a 1× BigDye solution for a single reaction requires 5 µL of DNase/RNase

RBC solution

free water, 2 µL 5× Sequencing buffer
and 1 µL Big Dye Terminator v1.1 Cyc-

A volume of 10 mL guinea pig blood is di-

le Sequencing RR-100. The total volume

vided into three 50 mL Greiner tubes, and

of the solution can be scaled up depending

topped up with 1× Dulbecco’s phosphate-

on the amount of reactions required.

buffered saline buffer (DPBS) to reach a
total volume of 50 mL. The tubes are cen-

2.1.2

Western blot solutions

trifuged at 2000 rounds per minute (rpm)
for 10 min. The blood is then washed by di-

This section provides an overview of the

scarding the supernatant, now containing

preparation procedures of solutions and

the majority of serum, while avoiding re-

buffers required for western blotting.

mixing of the RBCs. The remaining RBCs
are washed again by refilling each tube

Sample buffer

with 50 mL of 1× DPBS, after which they

Preparing 40 mL sample buffer necessita-

are centrifuged with equivalent settings.

tes 4 mL of 0.5 M Tris buffer at pH 6.8, 4

The supernatant is afterwards extracted

mL glycerol, 0.8 g SDS, 0.6 g dithiothrei-

with a Pasteur pipette to remove as much

tol (DTT) and 250 µL of 10% pyronin G.

of it as possible. This procedure is done

MilliQ-water is added last to obtain the fi-

twice. The volume of the packed RBCs at

nal volume of 40 mL.
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Western blot running buffer
A 1× western blot running (WBR) buffer
is prepared by dissolving 100 mL of 10×
Tris/glycine/SDS (TGS) buffer from Bio-

2. Materials and Methods
which is covered in aluminium foil to reduce exposure of the solution to the light.
40 µL of 30% hydrogen peroxide is added
shortly before use.

Rad in 900 mL MilliQ-water.

2.1.3

SPR solutions

Transfer buffer

Multiple solution are prepared to conduct

Preparing 1 L of 1× transfer buffer solution

the SPR experiments of this thesis.

requires 100 mL 10× TGS buffer, 286 mL
70% ethanol and 614 mL of MilliQ-water

SPR running Buffer

mixed together in a 1 L Blue-Cap bottle.

PBS from BioWhittaker is used as running
buffer during these experiments.

Tris buffer
Two Tris solution, an acidic and a ba-

Rinsing solutions

sic, is required to prepare a 0.5 M Tris

Rinsing Solution I has 25 mg of sodium

buffer at pH 7.5. The acidic 0.5 M Tris-

dodecyl sulfate (SDS) dissolved in 5 mL

hydrochloride is made my mixing 39.40 g of

MilliQ-water to obtain a 0.5% (w/w) con-

Tris-HCL with 500 mL MilliQ-water, while

centration.

the basic 0.5 M Tris-base requires 15.14 g
of Tris-base in 250 mL MilliQ-water. The
0.5 M Tris buffer is afterwards produced
by adjusting the pH of the 0.5 M Trishydrochloride solution with the 0.5 M Trisbase until pH 7.5 is achieved.
Blocking buffer
The blocking buffer is prepared by mixing
100 mL of 0.5 M Tris buffer at pH 7.5 with
10 mL Tween 20 and 17.53 g NaCl. Lastly, MilliQ-water is added to obtain a final
volume of 1000 mL blocking buffer. The
buffer is stored at 5 ◦ C.

Rinsing Solution II has 37 mg of glycine
dissolved in 10 mL MilliQ-water to obtain
a 50 mM concentration. The pH is adjusted with sodium hydroxide to reach pH
9.5.
SPR elution buffer
A combined 1 M NaCl and 0.1 M sodium
borate solution is prepared by mixing 3.81
g tetraborate decahydrate and 5.84 g NaCl
in 100 mL MilliQ-water. The pH is adjusted with HCl to obtain pH 9.0. Precipitate
is dissolved before each use by heating and
stirring the solution.

Staining solution
Four DAB tablets are dissolved in 40 mL
MilliQ-water in a 50 mL Greiner tube,
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tion of 100 mM. The solution is adjusted

Coupling buffer
A 5 mM coupling buffer contains 14.37 µL
acetic acid mixed with MilliQ-water to obtain a final volume of 50 mL. The pH is

with HCl to get pH 2.0.
Capture solution

adjusted with sodium hydroxide to pH 4.5.

The solution of anti-ferret Abs used to cap-

Afterwards, the solution is separated into

ture the Abs present in the ferret antise-

5 mL aliquots and stored at -20 ◦ C.

rum raised against A/California/07/09 is
made by mixing 15 µL of anti-ferret Igγ
with 1485 µL coupling buffer.

Activation mix
A

solution

mix

of

100

mM

N-

Hydroxysuccinimide (NHS) and 50 mM

2.2

Methods

2-Morpholinoethanesulfonic acid monohydrate (MES) is made by dissolving

2.2.1

173 mg NHS and 160 mg MES in 15

IAV samples are grown in 48 well plates

mL MilliQ-water. The pH is adjusted

with confluent MDCK cells, i.e. approxi-

with sodium hydroxide to obtain pH 5.0.

mately 50.000 adhering cells per well. The

The solution is separated into aliquots

cell monolayer of each well is first was-

of 1.5 mL and stored at -20

◦

Virus growth

C. 14

hed with serum-free MEM Eagle. 100 µL

N-(3-Dimethylaminopropyl)-N´-

growth medium, also serum-free, is added

ethylcarboiimide HCl (EDC) is added to

to each well afterwards. Cells are then ino-

the unfrozen aliquot shortly before use, to

culated with 100 µL of an IAV sample, re-

make it a 100 mM NHS, 50 mM MES and

sulting in a total of 200 µL in each well.

50 mM EDC activation mix.

Two wells containing no virus are used as

mg

of

controls. The finished plate is then incuQuenching buffer

bated at 37 ◦ C with 5% CO2 for 1 hour.

Preparing a 1 M ethanolamine HCl solu-

Afterwards, 800 µL of serum-free growth

tion with a total volume of 50 mL requi-

medium is added to each well. Infection of

res 3.07 mL ethanolamine and 46.93 mL

MDCK cells is then allowed to take pla-

MilliQ-water. HCl is used to lower the buf-

ce for 2-4 days, with regular monitoring of

fer pH to 8.5.

each culture. Once the MDCK cells are sufficiently lysed, the virus isolate is harvested

Regeneration solution

and the product is ready for HA- and HAI-

The glycine regeneration solution is prepa-

assays.

red by dissolving 0.113 g of glycine in 15
mL of MilliQ-water to obtain a concentra-

Virus lysate Virus isolates are inoculated as described in the previous section,
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but infection is interrupted after 18-20

ted with 1× DPBS to 4 HA-units, rea-

hours and the growth medium is removed

ching an approximate amount of 1.5 mL.

from the wells (4 wells per virus isolate).

A new microtiter plate is prepared with

200 µL lysis buffer C per virus isolate is di-

25 µL 1× PBS in each well and 25 µL of

stributed among the four wells, which are

10% A/California/07/09 ferret antiserum

then left to incubate for 5 min at ambi-

in the first column, excluding the wells in

ent conditions. Once the adhering MDCK

the rows meant for back titration, i.e. rows

cells are free in solution, the contents of

C and F. These two rows will instead have

the wells are transferred to Eppendorf tu-

50 µL of the diluted virus isolate added to

bes and kept on ice for 5 min. The lysa-

columns 1 and 2, and 50 µL of 1× DPBS

tes are then centrifuged at 13000 rpm for

added in columns 2-12. A two-fold serial

10 min at 4 ◦ C. Lastly, the supernatant is
transferred to another Eppendorf tube and
stored at -80 ◦ C.

2.2.2

HA/HAI-assay

The HA-assay is performed as a duplicate
in a 96-well microtiter plate, exemplified in
figure 2.1 a. 50 µL 1× PBS is added to each
well, while column 1 has an additional 50
µL of the appropriate virus isolated added.
A two-fold serial dilution of the virus isolate is carried out left to right, and the remainder is discarded. The dilution of each
column can be read in figure 2.1 a. 50 µL
of the 0.75% RBC solution is then added
to each well, and the plate is lightly shaken to mix the contents in the individual
wells. The assay is then incubated at room
temperature for 1-2 hours.
The results of the HA-assay are evaluated in order to proceed with the HAIassay, which is carried out as duplicate
experiments with back titration for each
virus isolate. The HA-titer corresponds to
1 HA-unit, and the virus isolate is dilu32

Figure 2.1: a. The dilution of each well in an
HA-assay. b. The dilution of each well in an
HAI-assay. The titers for both assays is recorded as the numbers after the colon.
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dilution of rows C and F is initiated from
column 2.

RNA extraction
To extract the RNA, 400 µL of RLT bufµL
mL

of β-

The ferret antiserum is also distributed as

fer, a lysis buffer containing 10

a two-fold serial dilution, starting with a

mercaptoethanol, is added to 200 µL of

1:20 dilution in column 1, rows A, B, D

IAV isolate in a 1.5 mL Eppendorf tube

and E, and the dilutions can be seen in

and subsequently vortexed for 15 s. The so-

figure 2.1 b. 25 µL of the diluted virus iso-

lution is then centrifuged for 15 s at 8000×

late added to each of these wells, and the

g and left to incubate at room tempera-

plate is gently stirred. The Ab-antigen rea-

ture for 5 min. 600 µL of 70% ethanol is

ction is allowed to take place for 30 min at

added to the 600 µL lysate, and carefully

room temperature. Lastly, 50 µL of 0.75%

homogenised with a pipette. 600 µL of this

RBC solution is added to each well and the

solution is transferred to an RNeasy spin-

plate is gently stirred again before incubat-

column and centrifuged for 15 s at 8000×

ing for 1-2 hours, after which the titers can

g. The flow-through is discarded, and the

be observed. Testing multiple IAV samples

process is repeated with the remaining so-

and the vaccine virus against the Abs rai-

lution. Afterwards, 700 µL of RW1 buffer,

sed to the vaccine virus gives an indication

a washing buffer, is added to the RNeasy

of antigenic changes the IAV samples have

spin-column, which is then centrifuged for

obtained compared to the vaccine virus.

15 s at 8000× g. The flow-through is discarded. Then 500 µL of RPE buffer, ano-

2.2.3

ther washing buffer, is added to the RNe-

Sequencing

Sequencing

with

Sanger’s

polymerase

chain reaction (PCR) based method requires DNA. The starting point of these experiments is (-)ssRNA obtained from the
IAV samples, extracted from the viral particles using the RNeasy Mini Kit, which is

asy spin-column, which is centrifuged at
the identical settings, after which the flowthrough is discarded. The same volume of
RPE buffer is added again, and the RNeasy spin-column is centrifuged for 2 min at
8000×

then reverse transcribed into cDNA.

RT-PCR
Process
RT
Denaturation
Cycling 40×
Extension

Temperature
55 ◦ C
94 ◦ C
94 ◦ C
60 ◦ C
68 ◦ C
68 ◦ C

Time
30 min
2 min
15 min
30 min
2 min
5 min

Table 2.6: The PCR cycle programme used for RT-PCR.
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g. This time, the collection tube is discar-

sitions in the MagNA Pure LC 1.0 instru-

ded along with the flow-through, and the

ment. The eluted volume is 100 µL.

RNeasy spin-column is moved to a new
collection tube, after which is it centrifuged for an additional minute at 12.000× g.
The RNeasy spin column is placed in a 1.5
mL Eppendorf tube and eluted by adding
60 µL of RNase free water to the RNeasy
spin-column and centrifuging for 1 min at
8000× g. The final product is stored at -80
◦

The products from both RNA extraction
methods are run with real-time PCR, to
check for contamination and occurrence of
other influenza strains, e.g. H3N2 or influenza B. The results are not included
in this report, but CT-values of selected
IAV samples pertaining to the SPR experiments are included in the result chapter.

C.

The MagNA Pure LC Total Nucleic Acid

Reverse transcriptase PCR

Isolation Kit is also used to extract RNA

A reverse transcriptase (RT) PCR-mix, na-

from the IAV samples. The procedure is

med H1 SuperScript III in the context of

handled by the MagNA Pure LC 1.0 in-

this report, is required to initiate RT-PCR.

strument, which require a certain volume

It is prepared for 25 µL or 50 µL reactions

of the following reagents:

with the following content in each tube:

1. 17.6 mL Wash Buffer I

1. (2×) 12.5 µL 2× Reaction mix

2. 8.20 mL Wash Buffer III

2. (2×) 1.0 µL Forward primer A

3. 5.80 mL Lysis/Binding Buffer

3. (2×) 1.0 µL Reverse primer A

4. 2.60 mL Proteinase K

4. (2×) 0.8 µL SuperScript III RT-

5. 3.40 mL Magnetic Glass Particles

/Platinum Taq High Fidelity Enzy-

6. 3.90 mL Elution Buffer

me Mix

7. 8.70 mL Wash Buffer II

5. (2×) 7.2 µL RNase free water

These reagents are poured into plastic

These 22.5 or 45 µL aliquots are stored at

trays and loaded into their appropriate po-

-80 ◦ C.

Primer set-up of RT-PCR product A
Well
1
2
3
4
5
6

1
1
1
1
1
1

µL
µL
µL
µL
µL
µL

Sample
RT-PCR product
RT-PCR product
RT-PCR product
RT-PCR product
RT-PCR product
RT-PCR product

A
A
A
A
A
A

Primer
1 µL 3.2 µM Forward primer A
1 µL 3.2 µM Reverse primer A
1 µL 3.2 µM Forward primer B
1 µL 3.2 µM Reverse primer B
1 µL 3.2 µM Forward primer C
1 µL 3.2 µM Reverse primer C

Table 2.7: The primer set-up for a single IAV sample. These 2 µL are mixed with the 8 µL of
1× BigDye solution.
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2.5 or 5.0 µL of the appropriate RNA

1.5 mL Eppendorf tube and subsequently

extract, obtained with the RNeasy Mini

vortexed. It is centrifuged briefly to aggre-

Kit or MagNa Pure LC, is added to 22.5

gate the solution at the bottom of the tube,

or 45 µL RT PCR-mix before beginning

after which is it transferred to a GFX Mi-

RT-PCR, giving a total volume of 25 or 50

croSpin column placed in a collection tu-

µL for each reaction aliquot. Once dissol-

be, and centrifuged at 16.000× g for 30

ved, the RNA extract is spun down, and

s to capture the RT-PCR product. Flow-

RT-PCR is initiated with either C1000

through is discarded, 500 µL of Wash buf-

or S1000 Thermal Cycler from Bio-Rad,

fer type 1 is added to the column, and the

using the cycle programme outlined in tab-

reassembled column and collection tube is

le 2.6.

centrifuged at 16.000× g for 30 s. The collection tube and flow-through is discarded,

PCR product clean-up

and the GFX MicroSpin column is pla-

Once the H1 gene has been PCR ampli-

ced in a DNase-free 1.5 mL microcentri-

fied it is run on a 0.8% agarose gel, con-

fuge tube. Elution is done by first adding

taining ethidium bromide, for 30 min. The

10-50 µL of Elution buffer type 6 centrally

wells are loaded with 10 µL RT-PCR pro-

on the membrane of the column and incu-

duct and 10 µL RNase/DNase free water

bating it for 1 min at room temperature.

each. The DNA ladder is mixed with water

The amount of Elution buffer type 6 ad-

in equal proportions an amount (1:1). The

ded to each sample is determined based on

resulting DNA bands are imaged with UV

concentration estimates from the gel ima-

light and the sizes of the RT-PCR products

ge, i.e. higher concentrations require more

are determined.

Elution buffer type 6. It is then centrifuged at 16.000× g for 1 min, and the flow-

The RT-PCR products are purified with
the illustra GFX PCR DNA and Gel Band

through containing the purified RT-PCR
product is stored at -20 ◦ C.

Purification Kit. First the entire volume of
the remaining RT-PCR product is mixed
with 500 µL of Capture buffer type 3 in a

Sequencing PCR
Process
Denaturation
Cycling 25×
Cooling

Temperature
94 ◦ C
96 ◦ C
50 ◦ C
60 ◦ C
4 ◦C

Time
2 min
10 s
5s
4 min
15 min

Table 2.8: The PCR cycle programme used for sequencing PCR.
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Sequencing PCR

Sequencing purification

The RT-PCR product is fragmented to

The fragmented PCR products are additio-

prepare it for sequencing, by running an

nally purified to optimise the reagents for

additional PCR with the product and six

sequencing. Each well has 45 µL of SAM

primers at different, predetermined posi-

solution and 10 µL of Xterminator solu-

tions. This procedure creates overlaps in

tion buffer added, after which the wells

the sequences, which provides a better base

are sealed and the plate is shaken on a mi-

for the sequencing data. 8 µL of 1× Big-

cro plate shaker for 30 min at 2000 rpm.

Dye solution is distributed into each well

The plate is then centrifuged at 1000× g

of a micro plate, together with 1 µL of ap-

for 2 min, and the contents of the micro

propriate RT-PCR product and 1 µL of an

plate are thoroughly mixed with a pipet-

appropriate primer, resulting in 10 µL in

te and transferred to another micro plate

each well. Each RT-PCR product therefo-

suitable for the sequenator. The wells are

re requires six wells to accommodate all the

sealed and the micro plate is centrifuged at

primers. An example of the primer set-up

the same settings, after which it is loaded

for a single sample is listed in table 2.7.

into the HITACHI 3500 Genetic Analyzer,

Once every reaction is prepared, the micro
plate is briefly centrifuged to aggregate the

and sequencing is initiated.
Sequence alignment

solution at the bottom of the wells, after
which the plate is run with the PCR cycle

The total length of the H1 HA gene, 1777

programme seen in table 2.8. The amplified

base pairs (bps), is covered across six DNA

fragments are stored at -20 ◦ C.

fragments as seen in figure 2.2. These frag-

Figure 2.2: The five DNA fragments of the H1 gene as sequenced by the HITACHI 3500
Genetic Analyzer. The upper, 1777 bps fragment is sequenced twice from both ends. Image
is courtesy of Jesper Rønn.
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ments ensure at least triple coverage of
the gene at any given point in the sequence. The upper, 1777 bps fragment is only
depicted once, but is sequenced twice, once
with Forward primer A and again with the
Reverse primer A. However, the limitations
of Sanger sequencing means that these two
fragments will not be sequenced for the full
1777 bps, but between 800-1000 bps. [64]

Phylogenic tree
A phylogenetic tree is generated from the
fully sequenced IAV H1 cDNA sequences
using the Tamura-Nei based Maximum Likelihood method in MEGA7 [72, 73]. Preliminary trees are acquired by applying
algorithms BioNJ and Neighbor-Join to a
matrix of pairwise distances, which were
estimated with the Maximum Composite

The data is assembled and edited in

Likelihood approach. Included codon po-

BioNumerics, before being transferred to

sitions are 1st+2nd+3rd+Non-coding and

MEGA7, where the MUSCLE algorithm

the length of the branches indicate the

is used to align the cDNA sequences with

amount of substitutions per nt. The per-

the UPMGB clustering method and a

centage of trees with affiliated taxa that

maximum of 8 iterations [70]. The cDNA

are clustered together is displayed at each

sequences are translated in MEGA7, and

branch. 1685 nt positions are included in

the antigenic sites of the protein sequen-

the dataset, and gaps and missing data are

ces, as defined in table 1.2, are examined

omitted. A/California/07/09 is chosen as

for substitutions. These are identified ba-

the root of the tree.

sed on changed amino acid in the sequence when compared to the following source
sequence: [71]. A total of 23 IAV H1 gene

2.2.4

Glycosylation

Glycosylation analysis

samples are sequenced, of which the full
protein sequences can be found in the at-

The positions of glycosylation sites on the

tached CD.

HA of the sequenced IAV samples are investigated by submitting the amino acid
sequences to probability calculations with

NetNGlyc result
+
++
+++
++++
−
−−
−−−

Parameters
Glycosylated sites
Potential > 0.5
Potential > 0.5 AND Jury agreement (9/9) OR Potential > 0.75
Potential > 0.75 AND Jury agreement
Potential > 0.9 AND Jury agreement
Non-glycosylated sites
Potential < 0.5
Potential < 0.5 AND Jury agreement
Potential < 0.32 AND Jury agreement

Table 2.9: The NetNGlyc rankings and how they are determine based on the two parameters,
namely potential and Jury agreement.
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the NetNGlyc 1.0 Server [74]. This softwa-

ed for leaks. Afterwards, the outer chamber

re can be used to predict N-linked glyco-

is also filled with 1× WBR buffer. It is im-

sylation sites in human proteins by lo-

portant to use clean equipment and gloves

cating Asn-X-Ser/Thr sequons. The pre-

in all procedures to minimise contamina-

dicted glycosylation sites of each sequen-

tion.

ced IAV sample are ranked on the scale
seen in table 2.9, which is based on two
parameters. First is the potential score of
the glycosylation site, a value between 0.00
and 1.00, which is an average value based
on calculations from nine neural networks.
The second parameter is jury agreement,
which shows how many of said networks
agree with the potential score. [74]
Western blot

Control, an MDCK cell lysate, and sample
solutions are loaded onto the Tris/Glycine
gel, initially 60 µL per well, and a lane with
7.0 µL of Precision Plus Protein All Blue
Standard. Electrophoresis is then initiated
with a constant potential of 125 V, resulting in a current of 30 mA, and left to run
for 7 min. The remaining 30 µL of each
sample solution is then added to the appropriate wells and electrophoresis is resumed
for a total of 90 min. Later, the gel is ta-

Preparing IAV lysates for SDS-PAGE

ken out of the electrophoresis tank and the

requires 72 µL of IAV lysate sample and

surrounding cassette is carefully removed.

18 µL sample buffer in a 1.5 mL Eppendorf
tube, resulting in a total volume of 90 µL
in each tube. The solutions are incubated
at 100 ◦ C for 3 min to denature the viral
proteins. Afterwards, the solutions are centrifuged for 5 min at 12000 rpm to aggregate cell debris at the bottom of the tube.

A sheet of nitrocellulose transfer membrane and two extra thick filter papers are
soaked in a tray containing transfer buffer. The nitrocellulose membrane is aligned
on top of a piece of filter paper, and subsequently squeezed with a cylindrical ob-

The Novex WedgeWell 10% TrisGlycine gel used for the SDS-PAGE is
extracted from the bag and washed with
deionised water. Comb and tape is removed from the gel, and the wells are carefully washed with 1× WBR buffer. The wells
are then emptied and the gel is placed in
the electrophoresis tank and mounted properly. The inner chamber of the electrophoresis tank is filled with 1× WBR buffer
until the wells are covered, and then check-
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Figure 2.3: The setup for western blot experiments. The negatively charged proteins
migrate from the gel towards the anode, at
which point they are caught in the nitrocellulose membrane. The amount of blotting pads
can vary. [75]
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ject to ensure that no air bubbles are pre-

stain the membrane for 5-30 min. The ni-

sent between the sheets. The gel from the

trocellulose membrane is then washed with

previous step is placed on top of the ni-

MilliQ-water for 30 s, followed by a 10 min

trocellulose membrane, and new air bubb-

soaking in MilliQ-water on an orbital sha-

les are squeezed out. Finally, the last piece

ker. Finally the blot is left to dry between

of filter paper is placed on top of the gel,

two new filter papers, where it can also be

forming a sandwich. It is then rolled on-

stored once dry. It is important to redu-

ce again to remove air bubbles, and then

ce the exposure to light of the nitrocellulo-

interposed between an amount of blotting

se membrane after adding HRP conjugated

pads, soaked in transfer buffer, sufficient

Abs.

to ensure adequate contact between the
two electrodes. The final membrane trans-

Protein concentration assay

fer set-up can be seen in figure 2.3. The

The concentrations of the IAV lysates are

blot is left to run for 2 hours at 125 V and

assayed using the Pierce Bicinchoninic

200 mA.

Acid Assay (BCA) Protein Assay Kit.

After blotting, the lane on the nitrocellulo-

First, the working reagent (WR) solution

se membrane representing the protein lad-

is prepared by mixing BCA Reagent A and

der is cut out, while the rest of the mem-

BCA reagent B 50:1 with an adequate fina-

brane is left to incubate in a tray contai-

le volume. The IAV lysates are distributed

ning the blocking buffer for 30 min on an

into a 96-well microtiter plate, each samp-

orbital shaker at room temperature.

le receiving two wells with 5 µL in each.
Additionally, six standard (BSA) samples

The nitrocellulose membrane is then submerged in the primary Ab solution containing the Anti-Swine H1N1 hemagglutinin
Ab diluted 1:600 in blocking buffer, and
left to incubate for 2 hours at room tempe-

with concentrations ranging from 0-2000
µg
,
µL

are distributed similarly. 40 µL of WR

solution is then added to each well, after
which the plate is vortexed and then incubated at 37 ◦ C for 30 min.

rature on an orbital shaker. It is afterwards
washed with blocking buffer for 3×5 min

The absorbance of the content of each

on an orbital shaker.

well is then measured at 562 nm, with
the micro plate being vortexed briefly

The same procedure is used for the secondary Ab, HRP conjugated Anti-Rabbit
Igγ(whole molecule)-Peroxidase Ab, diluted 1:5000. Afterwards, the blot is moved
to a new tray containing 40 mL of a freshly
made staining solution, which is allowed to

with every third measurement. Measurements are performed on the NanoDrop
ND-1000 Spectrophotometer. Concentrations can then be estimated by first generating an absorbance standard curve from
the measured BSA samples, and then com-
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paring absorption values to obtain the con-

the secondary ligand. The binding between

centration of the IAV lysates.

Ab-antigen is the interaction of interest.
Prior to SPR experiments, IAV samples

2.2.5

SPR

are diluted in 1× DPBS buffer according

The sensorchip surface must undergo se-

to their CT-value. Afterwards, these solu-

veral binding event to facilitate Ab-

tions are inactivated by adding 10.5 µL of

antigen binding measurements. These bin-

7.5% formalin to 1989.5 µL of diluted IAV

ding events are illustrated in figure 2.4. (1)

sample, resulting in a 0.04% concentration

Initially, the sensorchip surface (green) is

of formalin. These solutions are vortexed

activated with NHS/EDC. (2) Afterwards,

thoroughly, then incubated at 37 ◦ C for 24

the the primary ligand (black) is injected

hours.

onto the now activated surface (yellow).
(3) The primary ligand then gets immobilised on the activated sensorchip surface.
(4) The secondary ligand (blue) is injected
onto the sensorchip surface. (5) The secondary ligand binds to the primary ligand
by means of Ab-Ab interactions. (6) Lastly, the analyte is injected and binds to

The SPR experiments are performed on a
Reichert2SPR Dual Channel System SPR
instrument. The flow cell is removed and
the sapphire prism surface is rinsed with
ethanol and subsequently swiped with a
lens cleaning tissue until sufficiently clean.
A droplet of immersion oil is distributed
onto the sapphire prism surface and an

Figure 2.4: Schematic representation of the binding events occuring during SPR measurements. (1) The linear polycarboxylate hydrogel surface (green) is activated with NHS/EDC.
(2) The capture solution containing the primary ligand (black) is injected. (3) The primary ligand is immobilised on the activated sensorchip surface (yellow). (4) The antiserum
solution containing the secondary ligand (blue) is injected. (5) The secondary ligand binds
to the primary ligand. (6) The analyte solution is is injected, and the viral particles bind
to the secondary ligand.
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SPR sensorchip HC 200 M is mounted in

II is used to clear out the SDS left behind

the slot. This sensorchip has a 200 nm thi-

from rinsing solution I, and finally the SPR

ck linear polycarboxylate hydrogel coat-

elution buffer is used to condition the sur-

ing with medium porosity. The dual chan-

face for subsequent steps.

nel systems allows for division of the sensorchip into a working partition, which is
where primary experiments take place, and
a reference partition which functions as
a control. The flow cell is put back and
the sensorchip is cleaned using the cleaning protocol seen in table 2.10, in order
to obtain a stable baseline. The sensorchip
is supplied with MilliQ-water during each
”Wait” step, and a steady stream of 10

µL
min

MilliQ-water is applied in between protocol runs.

Immobilisation of the primary ligand is
managed with the Ab immobilisation protocol seen in table 2.11, and a sensorgram
pertaining to the immobilisation of the primary ligand can be seen in figure 2.5, highlighting the most important steps. The
sensorchip is made chemically active with
a 250 µL injection of activation mix, which
sees an increment in the signal. A subsequent 25 µL injection of coupling buffer is responsible for providing the best environment for the primary Abs to covalent-

The cleaning protocol ensures that the ma-

ly bind to the activated sensorchip surface.

jority of trace proteins in the flow system

The reference partition is then taken out

are removed, which is accomplished by the

of the flow loop, by diverting the valve and

SDS in rinsing solution I. Rinsing solution

only supplying capture solution through

Cleaning protocol
Step
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Description
µL
Refill pump at 25000 min
µL
Infuse flow rate at 50 min
250 µL injection of rinsing solution I
Wait
250 µL injection of rinsing solution II
250 µL injection of rinsing solution II
Wait
250 µL injection of SPR elution buffer
Wait
250 µL injection of SPR elution buffer

Duration
N/A
N/A
5 min
5 min
5 min
5 min
5 min
3 min
5 min
3 min

Table 2.10: An overview of the programme used for the cleaning protocol. The protocol has a
total runtime of at least 36 min.
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the left valve to the working partition, in

buffer. The measurement protocol is listed

order to avoid functionalisation of the refe-

in table 2.12 and an example of a sensor-

rence partition. A total of 500 µL capture

gram pertaining to said protocol can be

solution is supplied for 20 min in two se-

seen in figure 2.6. The now functionali-

parate instances, as evident from the signi-

sed sensorchip is first injected with a 200

ficant increase of the signal. The reaction

µL solution of ferret antiserum raised to

is allowed to take place for 20 min, after

A/California/07/09, diluted 1:10 in PBS

which some of the particles dissociate. The

buffer, for 5 min, which induces a steep

remaining NHS esters are then quenched

increase in the signal. After dissociation

with the two injections of 200 µL quen-

and stabilisation, 200 µL of the antigen, i.e.

ching buffer over 8 min, and a new baseline

inactivated IAV sample appropriately dilu-

is acquired.

ted in PBS buffer, is injected for 5 min and

Before proceeding with the actual measurements, the filtered MilliQ-water supplied during ”Wait” and between protocol runs is substituted with SPR running

then dissociated again. The sensorchip is
then injected with 200 µL of SPR running
buffer for 5 min to make a blank measurement, before making a brief injection of 20

Ab immobilisation protocol
Step
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Description
µL
Refill pump at 25000 min
µL
Infuse flow rate at 25 min
250 µL injection of activation mix
250 µL injection of coupling buffer
Diverter valve (Left only: On)
µL
Refill pump at 25000 min
250 µL injection of capture solution
250 µL injection of capture solution
Wait
Diverter valve (Left only: Off)
µL
Infuse flow rate at 50 min
250 µL injection of quenching solution
250 µL injection of quenching solution
Wait

Duration
N/A
N/A
10 min
1 min
N/A
N/A
10 min
10 min
20 min
N/A
N/A
4 min
4 min
10 min

Table 2.11: An overview of the programme used for the primary Ab immobilisation protocol.
The protocol has a total runtime of 1 hour and 9 min.
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Measurement protocol
Step
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Description
µL
Refill pump at 25000 min
µL
Infuse flow rate at 40 min
250 µL injection of ferret antiserum
Dissociation
Wait
Refill Pump
Wait
250 µL injection of antigen
Dissociation
Wait
250 µL injection of SPR running buffer
Dissociation
250 µL injection of regeneration solution
Dissociation

Duration
N/A
N/A
5 min
5 min
2 min
N/A
3 min
5 min
5 min
3 min
5 min
5 min
30 sec
5 min

Table 2.12: An overview of the programme used for the measurement protocol. The protocol
has a total runtime of at least 43 min and 30 s.

µL regeneration solution to clear the sensorchip surface of antigen and ferret antiserum, and prepare it for subsequent measurements.
The results of SPR are analysed with TraceDrawer.
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Figure 2.5: Immobilisation of anti-ferret Igγ. Injection points are marked with arrows,
and correlate with the steps listed in 2.11. This is the signal with the reference partition
data subtracted.

Figure 2.6: Immobilisation of ferret antiserum and antigen. Injection points and dissociations are marked with arrows, and correlate with the steps listed in 2.12. The reference
partition data is subtracted in this example.
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3.1

IAV sample
sequencing

gating the DNA sequence of both IAV H1
samples revealed that A/California/07/09
had a purine (R) in position 716 of the

All 24 complete IAV H1 sequences, aligned

H1 gene, which according to the IUPAC

and translated in MEGA7, were manual-

nt codes, listed in Appendix B.2, trans-

ly investigated at the residues specified in

lates to either A or guanine (G). This

table 1.2. This analysis is summarised in

means that the unknown amino acid was

table 3.1, where no substitutions appear

either Gly or Asp. The unknown nt of

as N/M. Amino acids abbreviations can be

A/Denmark/120/10 was also an R, and the

found in Appendix B.1. Figure 3.2 is inclu-

corresponding amino acid was thus either

ded for reference, to better illustrate which

Gly or Asp.

sites, e.g. receptor-binding and cleavage site, are in sequential proximity of the antigenic sites. The sequences in this figure
start at a different residue, meaning that
there will be some differences in the numbering.
It is evident from table 3.1 that substitutions were recurring at certain sites, such as Ser220→Thr in the Ca1 site, Lys180→Gln in the Sa site from season 2013-2014 onwards, and Ser202→Thr
in the Sb site after the 2009-2010 season.
Additionally, Ser179→Asn was introduced
along with Lys180→Gln in the 2015-2016
season. The remaining antigenic sites had
few, sporadic substitutions, and there were two unknown amino acids at positions

No substitutions occurred in the CB site.
It is placed solely on the vestigial esterase,
as evident in figure 3.2, and is the furthest
from the tip of the head domain out of all
the antigenic sites. However, it is situated
16 amino acids away from a single residue
belonging to the RBS.
The phylogenetic tree generated from the
fully sequenced IAV H1 samples can be seen in figure 3.1. The taxa pertaining to the
same season are coloured alike, e.g. green
for the 2009-2010 season. The root is coloured red. The figure displays the evolution of the sequenced IAVs, which showcases increased distance in the sequences as
the virus is allowed to persist in the population.

172 and 239 for A/Denmark/120/10 and
A/California/07/09, respectively. Investi-

The phylogenetic tree depicts an expected
coherence within IAV H1 samples of the
45

IAV samples

Season 2009-2010
Season
20102011
Season
20132014
Season
20142015
Season 2015-2016

Amino acid No.

Antigenic site

N/M

L-S-T-A-S-S

87-92

Cb site

N/M

N/M

N/M

P-N

141-142

N/M

Lys171→Gln

N/M

N/M

K-K-G-N

170-174

N/M

N/M

N/M

N/M

P-K-L-S-K-S

176-181

N/M

N/M

N/M

N/M

I-N-D-K-G

183-187

Ser220→Thr

Ser220→Thr

Ser220→Thr

N/M

S-S-R

220-222

N/M

N/M

Glu252→Lys

N/M

E-P-G

252-254

N/M

N/M

N/M

N/M

P-H-A-G-A-K

154-159

N/M

N/M

N/M

Asp239→?

R-D

238-239

N/M

N/M

Thr201→Asn

N/M

T-S-A-D-Q-Q-S-L-Y-Q-N-A

201-212

Sequence analysis

Amino acid Sequence

N/M

N/M

Sb site

A/California/07/09

N/M

Ca2 site

A/Denmark/1323/09

N/M

Ca1 site

A/Denmark/1325/09

Sa site

A/Denmark/1337/09

N/M

N/M

Ser202→Thr

Ser202→Thr

N/M

N/M

N/M

N/M

N/M

N/M

N/M

N/M
N/M

N/M

N/M

N/M
Ser220→Thr

Ser220→Thr

Ser220→Thr

Ser220→Thr
N/M

N/M

N/M

N/M
N/M

Ser202→Thr

N/M

N/M

Asp239→Gly

N/M

N/M

N/M

N/M

N/M

N/M

N/M

N/M

Ser220→Thr

N/M

Asn141→Asp

N/M

N/M

N/M

N/M

N/M

N/M

Gly172→?

N/M

A/Denmark/115/10

N/M

A/Denmark/113/10

A/Denmark/116/10
N/M

A/Denmark/1338/09

A/Denmark/120/10

Ser202→Thr

Ser202→Thr

Ser202→Thr

Ser202→Thr

N/M

N/M

N/M

N/M

N/M

N/M

Ala156→Asp

N/M

Ser202→Thr

N/M

N/M

Ser202→Thr

N/M

N/M

N/M

Ser220→Thr

Ser220→Thr

N/M

Ser220→Thr

Ser220→Thr

N/M

N/M

N/M

N/M

N/M

N/M

N/M

Glu252→Asp

Lys180→Gln

Lys180→Gln

Ser220→Thr

Lys180→Gln

Lys180→Gln

Ser220→Thr

N/M

N/M

N/M

N/M

N/M

N/M

N/M

N/M

Lys180→Gln

N/M

N/M

Lys180→Gln

N/M

N/M

N/M

N/M

N/M

N/M

A/Denmark/05/14
A/Denmark/11/14

N/M

A/Denmark/106/13

A/Denmark/38/14

N/M

Lys180→Gln

Lys180→Gln

N/M

N/M

N/M

N/M

N/M

N/M

N/M

Ser220→Thr

Ser220→Thr

Ser220→Thr

Ser220→Thr

Ser220→Thr

Ser220→Thr

Ser220→Thr

Ser220→Thr

N/M

N/M

N/M

N/M

N/M

N/M

N/M

N/M

N/M

N/M

N/M

N/M

N/M

N/M

N/M

N/M

N/M

N/M

N/M

N/M

N/M

N/M

N/M

N/M

Ser202→Thr

Ser202→Thr

Ser202→Thr

Ser202→Thr

Ser202→Thr

Ser202→Thr

Ser202→Thr

Ser202→Thr

Lys180→Gln+
Ser179→Asn
Lys180→Gln+
Ser179→Asn
Lys180→Gln+
Ser179→Asn
Lys180→Gln+
Ser179→Asn

Gly187→Glu

Lys180→Gln+
Ser179→Asn
Lys180→Gln+
Ser179→Asn

N/M

N/M

N/M

N/M

A/Denmark/51/14

N/M

N/M

A/Denmark/03/15

N/M

N/M

N/M

N/M

N/M

N/M

N/M

N/M

N/M

A/Denmark/48/15

N/M

N/M

A/Denmark/20/16

N/M

N/M

N/M

A/Denmark/27/16

N/M

N/M

N/M

A/Denmark/30/16

N/M

N/M

A/Denmark/41/15

A/Denmark/41/16

N/M

A/Denmark/43/15

A/Denmark/46/16

Table 3.1: Substitutions for all fully sequenced IAV H1 samples and the corresponding antigenic site listed according to season. Substitutions are
indicated with the original amino acid and position pointing to the newly introduced amino acid, e.g. Gly187→Glu. No substitutions are indicated with
N/M.
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Figure 3.1: Phylogenetic tree of sequenced IAV samples using the Maximum Likelihood method based on the model of Tamura-Nei [72]. Algorithms
BioNJ and Neighbor-Join were applied to a matrix of paired sequence distances, which were estimated utilizing the Maximum Composite Likelihood
approach, to obtain the preliminary phylogenetic trees. From these, the superior tree, with a log likelihood of -3243.6986, was selected. The analysis of
the 23 IAV H1 sequences was generated in MEGA7 [73], with included codon positions being 1st+2nd+3rd+Non-coding. The branch lengths indicate
number of substitutions per nt. Each branch displays the percentage of trees with affiliated taxa that have clustered together. The final dataset includes
1685 positions with gaps or missing data being omitted. The designated root of the tree is A/California/07/09. The taxa are coloured according to
season, i.e. season 2009-2010 (green), 2010-2011 (blue), 2013-2014 (magenta), 2014-2015 (yellow) and 2015-2016 (cyan). The root is coloured red.
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same season, and adequate separation be-

were all in close evolutionary proximity

tween the seasons, the exceptions being

of the root sequence. The 2010-2011 sea-

A/Denmark/106/13,

A/Denmark/48/15

son (blue) samples were also clustered to-

and A/Denmark/20/16. Looking at the

gether, although A/Denmark/116/10 was

clade C, which contains seasons 2013-2014,

a closer relative to the IAV H1 samples

2014-2015 and 2015-2016, it was evident

from the previous season. The 2013-2014

that all included taxa are distanced relati-

season (magenta) and subsequent seasons,

vely far, evolutionary, from the root when

i.e. 2014-2015 (yellow) and 2015-2016 (cy-

compared to taxa from the two previous

an), were all distanced relatively far from

seasons. It is, however, worth noting that

the root. Despite the general clustering

there was also a significant time-wise se-

for each season, A/Denmark/48/15 and

paration (two seasons) of clades C and D,

A/Denmark/20/16 were more closely rela-

which will inevitably have an effect on the

ted to the 2014-2015 season. Additional-

evolutionary distance.

ly, A/Denmark/106/13 was more related

The IAV samples from season 2009-2010

to the 2014-2015 season compared to the

Figure 3.2: Alignment of H1N1 IAV sequences and positions of various sites important to
HA function. Of specific interest are the antigenic sites, illustrated with coloured, doubleheaded arrows, the RBS, coloured white, and the position of the vestigial esterase. [21]
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2013-2014 season. Of special interest is the

The individual IAV samples and controls

clade A, consisting solely of IAV samples

are colour-coded according the date of the

2015-2016 which were isolated from the ot-

experiment took place, due to the signi-

her taxa. The support of the nodes, i.e.

ficant variation of control titers between

the percentile number located at each no-

experiments. Colours and dates are affilia-

de, was satisfactory, although at some no-

ted as: Green-yellow - 08/11/2016, yellow

des it dropped down between 65-70%. This

- 14/11/2016, green - 15/11/2016, blue

indicates that the tree representing these

- 10/03/2017 and orange - 14/03/2017.

IAV H1 samples could be considered satis-

Each IAV sample had both titers measu-

factory.

red in duplicates, and back titration was

Comparison of the phylogenetic tree to the
sequence analysis of antigenic sites in table 3.1 underlined the consistency between substitution and clade separation. For
instance, the introduction of Lys180→Gln
from the season 2013-2014 and onwards fitted decently with the separation between
clades C and D.

also performed for each sample in the HAIassays. Dilutions were determined based
on the HA-titer, to get the required 4 HAunits. Back titration, a measure of correct dilution, is given as + or (+), i.e. a
+ for each fully agglutinated well and a
(+) in cases with low levels of agglutination. Only measurements with HAI-titers
showcasing a back titration agglutination
level of 3-4 wells were accepted as cre-

3.2

Antigenic
characterization

dible, with (+) counting as either 0 or 1
well. Fold-change factors were calculated
by dividing the HAI-titer of the appro-

HA- and HAI-assays were used to cha-

priate control with the HAI-titer of an

racterise changes in antigenic nature of

IAV sample. An IAV sample with a fold-

the included IAV samples by comparing

change factor of 8 or more can be conside-

them to the immunogenic performance of

red antigenically different, and three such

the reference virus, A/California/07/09.

samples are found in the table, specifical-

Both assays used guinea pig blood har-

ly A/Denmark/05/14, A/Denmark/30/16

vested in-house, and all HAI-assays used

and A/Denmark/46/16. All three had re-

the same ferret antiserum raised to

latively low HAI-titers between 160-320,

A/California/07/09. All IAV samples were

while their respective reference viruses

tested across five days, meaning that five

had HAI-titers of 1280 and 2560. Addi-

different controls were measured. The re-

tionally, three samples have fold-change

sults of both assays can be seen in table

factors of 4, namely A/Denmark/1323/09,

3.2.

A/Denmark/113/10 and A/Denmark/51/14.
The remainder all had a fold-change fa49
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HA- and HAI-titers
IAV sample
A/Denmark/1323/09
A/Denmark/1325/09
A/Denmark/1337/09
A/Denmark/1338/09
A/Denmark/1341/09
A/Denmark/113/10
A/Denmark/115/10
A/Denmark/116/10
A/Denmark/120/10
A/Denmark/106/13
A/Denmark/05/14
A/Denmark/11/14
A/Denmark/13/14
A/Denmark/38/14
A/Denmark/50/14
A/Denmark/51/14
A/Denmark/03/15
A/Denmark/41/15
A/Denmark/43/15
A/Denmark/48/15
A/Denmark/20/16
A/Denmark/27/16
A/Denmark/30/16
A/Denmark/41/16
A/Denmark/46/16
A/California/07/09
A/California/07/09
A/California/07/09
A/California/07/09
A/California/07/09

HA-titer
16
32
16
32
32
8
16-32
8-16
32
8-16
32
4
16-32
16
32
32
16
64
8-16
64-128
64-128
16-32
32
32-64
64
128-256
128-256
512-1024
512
2560

HAI-assay dilution
IAV isolate/PBS

HAI-titer

1/1.5
640
1/4
640
1/1.5
320
1/4
1280
1/4
320
1/1
640
1/1
640
1/1
160
1/4
640
1/1
320
1/4
160
2/1
1280
1/3
160
1/1.5
640
1/4
1280
1/4
640
1/1.5
1280
1/8
640
1/1
160
1/8
320
1/8
640
1/3
320
1/4
320
1/6
2560
1/8
160
IAV controls
1/20
1280
1/16
320
1/16
640
1/60
2560
1/30
640

Back titration

Fold change

+++
+++(+)
+++
+++
+++
+++
+++(+)
+++
+++(+)
+++(+)
+++(+)
+++
++(+)
++++
+++
+++
+++
++++
++(+)
+++(+)
++(+)
+++(+)
+++
+++(+)
+++(+)

4
2
2
2
2
4
1
2
1
2
8
0.5
2
1
2
4
2
1
2
2
1
2
8
0.5
8

+++(+)
+++(+)
++++(+)
+++(+)
+++

N/A
N/A
N/A
N/A
N/A

Table 3.2: HA- and HAI-assay results of IAV samples tested against reference virus
A/California/07/09. Results are colour-coded for titer comparison between individual IAV samples and the reference virus data pertaining to the specific date where those results were acquired:
Green-yellow - 08/11/2016. Yellow - 14/11/2016. Green - 15/11/2016. Blue - 10/03/2017.
Orange - 14/03/2017.

ctors between 0.5-2 and can be considered

themselves, time-wise, from the referen-

antigenically equivalent to the reference

ce virus, but there were some IAV isola-

virus.

tes with HAI-titers of 160 scattered across

The results of the HAI-assays were varying
with no obvious trends. There was a generally lower HAI-titer in the 2013-2014
and 2015-2016 seasons, although some of
the highest HAI-titers were found there
as well. There was no clear decrease in
HAI-titers as the IAV samples distance

the seasons. It is worth noting that the
back titration of A/California/07/09 from
15/11/2016 was on the threshold of acceptable, which indicated that results from
that date might require further testing.
Additionally, a considerable amount of IAV
samples were assayed more than once, in
cases where back titration was outside the
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was 4. This corresponded to some extent

acceptable area.
Comparing
to
a

the
few

instance,

the

fold-change

phylogenetic
interesting

tree

factors
showed

relationships.

A/Denmark/113/10

For
and

A/Denmark/115/10 had taken the same
evolutionary path and were equally distanced from the root virus, but their foldchange factors of 4 and 1, respectively,

with the fact that this IAV sample was
the furthest removed from the root, of the
samples from this particular season, although not by a great deal. It did however carry a substitution at Glu252→Lys,
which was specific for this sample, and
is therefore a possible explanation for the
higher fold-change factor.

were contrasting. There were no apparent

It is interesting to note how the last three

differences in their antigenic sites, so the

season all diverged into three separate cla-

antigenic diversity must be attributed to

des from a single common ancestor of the

unknown factors. It could potentially be

2010-2011 season. Clade E did not seem to

caused by the questionable dilution of the

have become the basis for further evolu-

15/11/2016 control (as evident from the

tion, which is what happened in the clade

back titration), but it is doubtful whether

B. Clade A, evolved from the same ance-

that would elevate the fold-change factor

stor, was clearly separated from the other

of A/Denmark/115/10 to match the fold-

clades and forms a good potential base for

change factor of A/Denmark/113/10.

further evolution due to the increased pro-

The two IAV samples from the 2015-2016
season with fold-change factors of 8 we-

bability of finding IAV samples with incremented fold-change factors in this clade.

re both situated in clade A, but showed

Lastly, two IAV samples, A/Denmark/48/15

no other apparent relation. Another IAV

and A/Denmark/20/16, had substitution

sample with a fold-change factor of 8 is

Val190→Ile in the RBS. A hydrophobic si-

A/Denmark/05/14, which was on a branch

de chain was exchanged with another, and

of its own. It was closer to the root than

the difference in size between Val and Ile is

other samples from the same season, but it

not significant either. The substitution did

carried a unique substitution at Ala→Asp

not seem to have any impact on the anti-

in the Ca2 site. This substitution could be

genicity, as the fold-change factors of both

decisive for the antigenic properties of this

did not exceed 2. However, considering the

strain, seeing as it was antigenically diffe-

phylogenetic tree, it was clear that these

rent from the reference virus.

two stood out, as they were both removed

The 2009-2010 season showcased consistent fold-change factors of 2, with the
exception of A/Denmark/1323/09, which

from other IAV samples of their respective
season. Additionally, both taxa were the
ones furthest from the root.
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3.3

Glycosylation

3. Results
of a new glycosylation sequon at position 179, which occured in all sequenced

NetNGlyc software was used to locate and
evaluate glycosylation sites in the surveyed IAV H1 protein sequences. The potential score of each identified glycosylation
site is displayed for each sequenced IAV
H1 sample in figures 3.4 and 3.5. In the

IAV samples from the 2015-2016 influenza season, save A/Denmark/48/15 and
A/Denmark/20/16. The potential scores
for this glycosylation sequon were higher
than 0.5 in all sequenced IAV samples harbouring said sequon.

graphs, the potential score is on the Y-axis,
while the X-axis is the position in the pro-

By considering both the potential scores

tein sequence. The red horizontal line rep-

and the jury agreements (not shown), a

resents the 0.5 threshold.

complete overview of the NetNGlyc results, evaluated according to table 2.9, for

There were at least eight glycosylation
sequons for each IAV sample, and at least
six of these, at positions 28, 40, 104, 304,
498 and 557, obtained a potential score of 0.5 or more. Only in the case of
A/Denmark/05/14 did position 293 get a
potential above 0.5, whereas it was below
0.5 for the remainder of the IAV sequen-

all fully sequenced IAV H1 samples can
be seen in table 3.3. As evident, none of
the special cases mentioned above obtained a NetNGlyc result higher than + due
to insufficient jury agreement. There were
at least four glycosylation sequons at positions 28, 40, 304 and 557 with NetNGlyc
results of ++ or above, while positions 104

ces. It is worth remarking that the potential scores at position 498 only just pass
the threshold, but does so in every surveyed IAV sample. Reviewing the jury agreement for this particular sequon revealed
that only 4/9 networks agreed across all
surveyed IAV samples.
A clear coherence was observable between the NetNGlyc-located glycosylation
sequons and the expected glycosylation sites of A(H1N1)pdm2009-derived IAVs discussed in section 1.1.4. The 104 sequon
was the only conserved glycosylation site
residing on the head domain of the HA trimer.
Of special interest is the appearance
52

Figure 3.3: BSA standard absorbance curve
generated from six BSA samples. The concenµg
tration is given in µL
. Absorbance was measured with NanoDrop ND-1000 Spectrophotometer.
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Figure 3.4: Average potential score of glycosylation sequons for the following 12 IAV
samples: A - A/Denmark/1323/09. B - A/Denmark/1325/09. C - A/Denmark/1337/09.
D - A/Denmark/1338/09. E - A/Denmark/113/10. F - A/Denmark/115/10. G
- A/Denmark/116/10. H - A/Denmark/120/10. I - A/Denmark/106/13. J A/Denmark/05/14. K - A/Denmark/11/14. L - A/Denmark/38/14. The Y-axis shows the
potential score, while sequence position is on the X-axis. The 0.5 threshold is shown with
a red horizontal line.
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Figure 3.5: Average potential score of glycosylation sequons for the following 11
IAV samples: A - A/Denmark/51/14. B - A/Denmark/03/15. C - A/Denmark/41/15.
D - A/Denmark/43/15. E - A/Denmark/48/15. F - A/Denmark/20/16. G A/Denmark/27/16. H - A/Denmark/30/16. I - A/Denmark/41/16. J - A/Denmark/46/16.
K - A/California/07/09. The Y-axis shows the potential score, while sequence position is
on the X-axis. The 0.5 potential score threshold is shown with a red horizontal line.
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NetNGlyc 1.0 results
Glycosylation position

27

28

40

104

179

293

304

498

557

-

+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++

++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

N/G
N/G
N/G
N/G
N/G
N/G
N/G
N/G
N/G
N/G
N/G
N/G
N/G
N/G
+
+
N/G
N/G
+
+
+
+
N/G

+
-

++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++

IAV sample
A/Denmark/1323/09
A/Denmark/1325/09
A/Denmark/1337/09
A/Denmark/1338/09
A/Denmark/113/10
A/Denmark/115/10
A/Denmark/116/10
A/Denmark/120/10
A/Denmark/106/13
A/Denmark/05/14
A/Denmark/11/14
A/Denmark/38/14
A/Denmark/51/14
A/Denmark/03/15
A/Denmark/41/15
A/Denmark/43/15
A/Denmark/48/15
A/Denmark/20/16
A/Denmark/27/16
A/Denmark/30/16
A/Denmark/41/16
A/Denmark/46/16
A/California/07/09

Table 3.3: The NetNGlyc 1.0 evaluation results. Determining parameters are potential score
and jury agreement. No glycosylation sequon appears as N/G.

and 498 obtained +. The glycosylation

cases,

sequon at position 179 for IAV samples

and

from the 2015-2016 season all had NetNG-

A/Denmark/05/14, with a fold-change fa-

lyc results of + with agreement between

ctor of 8, was the only IAV H1 sample

8/9 networks.

with a potential score above 0.5 at the 293

Comparing NetNGlyc results to the fold-

namely

for

A/Denmark/30/16

A/Denmark/46/16.

Furthermore,

glycosylation sequon.

change factors imparted two points of

Glycosylation was further assayed by per-

significance. Although all sequences har-

forming a western blot on a select group

bouring the 179 glycosylation sequon

of IAV sample lysates listed in the table

showcased a favourable potential sco-

3.4. Regular IAV isolates were used initial,

re, the corresponding fold-change fa-

but the lack of visible bands prompted the

ctors only correlated in 2 out of 6

switch to IAV lysates in order to increase
55

Alexander S. Bolotakis

3. Results

IAV lysate
A/Denmark/1323/09
A/Denmark/1337/09
A/Denmark/113/10
A/Denmark/116/10
A/Denmark/120/10
A/Denmark/05/14
A/Denmark/38/14
A/Denmark/51/14
A/Denmark/48/15
A/Denmark/27/16
A/Denmark/30/16
A/Denmark/46/16
A/California/07/09
MDCK cell lysate

Absorbance (562 nm)
0.072
0.049
0.077
0.072
0.064
0.066
0.051
0.052
0.094
0.062
0.075
0.081
0.078
0.079

µg
Concentration [ µL
]
0.322
0.214
0.343
0.318
0.288
0.293
0.222
0.227
0.441
0.277
0.331
0.357
0.347
0.348

Table 3.4: The absorbance at 562 nm measured on the NanoDrop ND-1000 for the selected
µg
IAV lysates, and the concentration given in µL
calculated by comparing individual absorbance
values to the BSA standard absorbance curve seen in figure 3.3.

the concentration of unbound HA. However, visual protein bands were still absent
and as a result, the concentrations of a select number of IAV lysates were determined by measuring absorbance at 562 nm
and comparing them to the BSA standard
curve in figure 3.3. The resulting concentrations can be seen in table 3.4.

to another study the expected size of WT
H1 is 80 kDa [54], while the addition of
a single glycan should see a slight, albeit
noticeable increment in size. Furthermore,
the similarly sized band visible in the lane representing the MDCK cell lysate control indicated that the 70 kDa bands were
derived from the MDCK cell lysate. The
unedited image of the blot only display-

The results of the final western blot can

ed the 70 kDa bands, as well as two thi-

be seen in figure 3.6, displaying a blotted

cker bands specific to A/California/07/09

nitrocellulose membrane. As evident there

and A/Denmark/1337/09 located at 50

were several bands, the most notable ones

kDa. However, image editing revealed furt-

at around 70 kDa in lanes 2-10. According

her bands at increased molecular weights.

IAV isolate
A/Denmark/1337/09
A/Denmark/116/10
A/Denmark/05/14
A/Denmark/38/14
A/Denmark/27/16
A/Denmark/46/16
A/California/07/09

CT-value
16.15
16.18
16.93
17.30
17.94
15.23
14.69

Dilution
1:2
1:2
1:0
1:0
1:0
1:4
1:9

Table 3.5: Dilution of IAV isolates prior to addition of formalin, based on CT-values.
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Most are unspecific, such as the bands

with SPR measurements. To ensure similar

at 150 kDa in lanes 4-9, but a few IAV

concentrations of virus in each analyte so-

samples, such as A/Denmark/30/16 and

lution, the isolates were diluted according

A/Denmark/30/16, were represented by

to their CT-values, which can be seen in

bands around 85-90 kDa. Regrettably the-

table 3.5.

re were no similar visible bands representing the other IAV samples, and comparison was therefore not possible.

Initially, measurements of the control analyte, A/California/07/09, were made at
varying dilutions to validate the consistency and versatility of the method

3.4

SPR

with regard to this specific type of analyte. The results can be seen in figu-

Investigation of the relative binding affinity between HA in the IAV samples and

re 3.7, which showcases the binding of
A/California/07/09 diluted in PBS 1:0

the Abs in the ferret antiserum was done

Figure 3.6: Western blot of selected IAV lysates. Each lane represents the following contents: 1) 7 µL Precision Plus Protein All Blue Standard. 2) 72 µL MDCK cell lysate + 18
µL Sample buffer. 3) 72 µL A/California/07/09 cell lysate + 18 µL Sample buffer. 4) 72 µL
A/Denmark/27/16 cell lysate + 18 µL Sample buffer. 5) 72 µL A/Denmark/46/16 cell lysate + 18 µL Sample buffer. 6) 72 µL A/Denmark/30/16 cell lysate + 18 µL Sample buffer.
7) 72 µL A/Denmark/51/14 cell lysate + 18 µL Sample buffer. 8) 72 µL A/Denmark/05/14
cell lysate + 18 µL Sample buffer. 9) 72 µL A/Denmark/1337/09 cell lysate + 18 µL Sample buffer. 10) 72 µL A/Denmark/1323/09 cell lysate + 18 µL Sample buffer. The blot was
run for 2 hours at 125 V and 200 mA. Afterwards, it was incubated with anti-swine H1N1
hemagglutinin Ab diluted 1:600 in block buffer for 2 hours, followed by incubation with
anti-rabbit Igγ(whole molecule)-peroxidase Ab diluted 1:5000 in blocking buffer. Lastly,
the blot was exposed to the staining solution for 10 min and subsequently washed with
MilliQ-water.
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(black), 1:1 (red), 1:4 (blue) and 1:9 (gre-

signal values (Bmax ) must be chosen local-

en). These binding curves represent the

ly for each binding event, which with the

measured signal of the working partition

OneToTwo models gives two Bmax values.

with the signal of the reference partition

The fraction of these two values should be

subtracted. A measurement of a 1:49 di-

close to equal for each measured concen-

lution of A/California/07/09 was omitted

tration, which was not the case.

and instead subtracted as a blank measurement. The best fit, outlined at every binding curve, was obtained using the OneToTwo interaction model with a local fit,
because it had a higher level of flexibility in terms of binding types. Antigen-Ab
binding interactions with different binding
constants will happen due to the use of polyclonal Abs, which is likely what can be
observed in the sensorgram. Initially there
was a steep increase in the signal, which
was followed by a significantly halted increase, indicating that two or more different types of binding occurred. However,

The lack of knowledge regarding the concentrations of Ab and antigen made it impractical to calculate association and dissociation constants, but still allowed for a
relative comparison between the concentration. As expected, there was a noticeable decrease in the signal as the concentration of analyte was decreased. Additionally, the signal did not return to the baseline after dissociation, which was evidence
of specific binding. Based on these results
it should be possible to do the same experiments on the remaining IAV isolates,
but as evident from figure 3.8, this was not

using the local fit meant that maximum

Figure 3.7: Sensorgram containing the binding curves of A/California/07/09 diluted in
PBS. Black - 1:0. Red - 1:1. Blue - 1:4. Green - 1:9. Data from the reference partition is
subtracted, and a measurement of a 1:49 dilution of A/California/07/09 is also subtracted
as a blank measurement. The best fit, outlined at every binding curve, was obtained using
the OneToTwo interaction model with a local fit. The Y-axis shows the signal in µRIU,
while the X-axis represents time in s.
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Figure 3.8: Sensorgram of binding curves for the IAV isolates diluted in PBS as listed in the
legend. Data from the reference partition is subtracted. The Y-axis shows the signal in µRIU,
while the X-axis represents time in s.

the case. Here, all the selected IAV isola-

expected values, around 20 refractive index

tes were tested with SPR at two different

units (µRIU), there were no signs of speci-

concentrations, all of which is listed in the

fic binding in any of the measurements. All

figure legend. Although the signals reached

signals returned to the baseline, sometimes

Figure 3.9: Arbitrarily selected binding curves showing association and dissociation
of the secondary ligand, i.e. ferret antiserum raised to A/California/07/09. Data from
the reference partition is subtracted. The Y-axis shows the signal in µRIU, while the
X-axis represents time in s.
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going even lower, but this was likely caused
by the drift experienced in the SPR running buffer during this measurement run.
It was not possible to correct the effects of
this drift in TraceDrawer, but it is possible
that doing so would give a clearer idea of
specific binding in these IAV samples.
Lastly, figure 3.9, a small collection of arbitrarily selected secondary ligand binding
curves, is included to underline that immobilisation of the secondary ligand was
successful, since relatively high signal values, between 200-250 µRIU, were recorded
with low amount of dissociation, indicating
ample levels of specific binding. Furthermore, the immobilisation was reproducible, seeing as nearly equal signal values were
attainable with each measurement run.
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4. Discussion
23 IAV samples were surveyed for ad-

are not the only IAV samples do-

ded glycosylation outside the conserved

ing so, seeing as A/Denmark/41/15,

sequons native to A(H1N1)pdm2009 at po-

A/Denmark/43/15,

sitions 28, 40, 104, 304, 498 and 557. Ac-

and

cording to NetNGlyc results, the six IAV

the

H1 samples carrying the Ser179→Asn sub-

A/Denmark/46/16 has an additional,

stitution, all of which are from the 2015-

unique

2016 season, acquire a new glycosylation

which sets it apart from other IAVs

site at position 179. Residue 179 is loca-

of the 2015-2016 season. The IAV H1

ted inside the Sa site on top of the HA

samples carrying the Ser179→Asn and

trimer, where antigenic masking by means

Lys180→Gln

of glycosylation is shown to have a decrea-

sively found in clade A of the phy-

sing effect on neutralization by polyclonal

logenetic tree. The two samples from

Abs [8]. Glycosylation here may also mask

that

the Ca2 and Sb site of the neighbouring

stitution,

subunit [76]. However, this is not the case

A/Denmark/20/16, are found in clade B

for all glycosylations located in the Sa site,

together with IAV H1 samples from the

since glycans emerging as a result of sub-

previous season, albeit with greater evolu-

stitutions at residues 177 and 179 proved

tionary distance from the root than their

to have little effect on antigenicity [8, 76].

counterparts. Both A/Denmark/46/16 and

Particularly, 179 might block the RBS and

A/Denmark/30/16 demonstrate a fold-

have negative implications on the binding

change factor of 8, which qualifies them

between the IAV and the host cell recep-

as antigenically different, but do not se-

tors [76].

em to be distinctly related from the other

The antigenic analysis using HAI-tests
highlights two IAV samples of season
2015-2016,
and

namely

A/Denmark/30/16

A/Denmark/46/16

with

substi-

tutions in the Sa site. Both carry
two substitutions in succession, namely Ser179→Asn and Lys180→Gln, but

A/Denmark/27/16

A/Denmark/41/16
same

substitutions.

substitution

season
i.e.

all

at

However,

Gly187→Glu,

substitutions

not

have

carrying

are

exclu-

this

sub-

A/Denmark/48/15

and

IAV H1 samples of their respective season. Both have relatively low HAI-titers
between 160-320, while their respective
reference viruses had HAI-titers of 1280
and 2560. The fold-change factors of the
remaining IAV H1 sample from that season are between 0.5-2, thereby disqualifying them as being antigenically different.
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Factoring in the NetNGlyc potential sco-

terature pertaining to the same substitu-

res of these 8 IAV H1 samples, which are

tion in HA of H3N2 with Ser165→Asn, it

close the the 0.5 threshold, it is possible

becomes clear that this is a recurrent sub-

that the existence of this glycosylation site

stitution. For instance, Asn179 was pre-

does not guarantee glycosylation. Incon-

sent in H1N1 from 1933-1949, but was la-

sistent glycosylation might be the reason

cking in seasonal strains from 1977 until

why not all of them demonstrate antige-

the pandemic outbreak in 2009 [54]. After

nically altering fold-change factors. Even

its reintroduction in 2009, the substitution

though added glycosylation was not deter-

of Ser179→Asn has, based on a dataset

mined categorically by immunoblotting, it

of >5000 A(H1N1)pdm2009 strains, seen

is still probable that A/Denmark/46/16

a decline in appearance, but the sequen-

and A/Denmark/30/16 are both glycosy-

ce analysis of this thesis indicate it could

lated at position 179 based on coherency

be facing a resurgence. However, the amo-

between sequence analysis, HAI-titers and

unt of surveyed IAV samples is too small

fold-change factors.

to make any conclusive statements. [54]

It is possible that immunoblotting was

From surveying IAV H1 samples post the

unsuccessful due to low concentrations of

1918 H1N1 pandemic, it becomes evident

HA in the IAV lysates. From the measure-

that the virus acquired new glycosylation

ments of concentration, it is clear that the

sites, in some cases as many as four sites on

concentrations were low, since they barely

the head domain alone. However, glycosy-

reach the concentration of the least con-

lation sites at random positions were never

µg
).
µL

sustained, and it never became hyperglyco-

On top of that, the IAV lysates contain all

sylated, indicating that there is a delicate

viral proteins, as well as some MDCK re-

balance and purpose to the glycosylations.

lated proteins, which means that HA only

The recurrence of an IAV with low levels

make up a small fraction of the measured

of glycosylation on the head domain, i.e.

proteins. It therefore might not be possib-

A(H1N1)pdm2009, has reset the glycosy-

le to obtain visible bands representing HA

lation counter in seasonal IAVs, and it is

from any of the lysates.

likely that following influenza seasons will

centrated BSA standard sample (0.25

Although the introduction of Asn179 is
novel to the 2015-2016 season of the surveyed IAV H1 samples, it is not the case for H1N1 in general, since a few papers
already investigated this specific substitution and the effects it has on antigenic properties [6, 54, 77, 76]. When including li62

undergo a similar evolutionary pattern as
was observed after the 1918 H1N1 pandemic. [6, 8] The occurrence of glycosylation sites at Asn179 in six out of eight
IAV H1 samples from the 2015-2016 season might be the first indicator that this
is the case. It seems paradoxical, conside-
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ring that the successful pandemic strains

position 179 did not increase sensitivity

carry few glycosylation sites, that it is be-

towards either collectin during an investi-

neficial for the virus to develop additio-

gation of two IAV samples carrying said

nal glycosylation sites. However, because

glycan [54]. The same group investigated

glycosylation can help the virus avoid im-

the sensitivity of a Ser179→Asn substitu-

mune recognition, it is allowed to sustain

ted H1N1 IAV toward Ab-mediated neut-

its status as a seasonal virus, which is pre-

ralization by testing it against polyclonal

ferable when considering survival [57]. It

Abs raised to an A(H1N1)pdm2009 equiva-

corresponds well with the idea of survival

lent (Auck/09), using A/California/07/09

of the flattest, which predicts that an evo-

as a reference virus. It was found that the

lutionary diverse progeny virus pool with

Ser179→Asn substituted H1N1 IAV and

reduced pathogenicity is favourable to an

the reference virus expressed similar sensi-

evolutionary similar, yet highly pathogenic

tivity towards the Abs, further indicating

progeny virus pool.

that this glycosylation site is not associ-

Due to the low level of glycosylation on
the head domain of A(H1N1)pdm2009
(Asn104), its transition to a seasonal influenza virus has made it resistant to collectins such as SP-D and MBL. Moreover, the presence of a second glycan at

ated with resistance to A(H1N1)pdm2009
raised Abs. Additionally, they tried to introduce Asn179 into their Auck/09 H1N1,
but immunoblots confirmed that despite
the introduction of the amino acid, the
resulting HA molecules were not glycosy-

Figure 4.1: Placement of residues 179 (A) and 293 (B) with respect to their nearest antigenic sites on the HA trimer. A - Position of residue 179 (green) within the Sa site (magenta).
B - Position of residue 293 (red) in proximity of the Cb site (green). White part consists of
all three HA1 subunits, while the cyan part is comprised of the HA2 subunit. Images are
generated with YASARA using 4GXX from the RCSB Protein Data Bank [33, 34].
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lated. The lack of glycosylation at that

dent that residue 179 is within the confines

site is attributed to structural differen-

of the Sa site. It is placed at the edge of the

ces between pandemic Auck/09 and the

site towards the neighbouring HA subunit,

seasonal Asn179 glycosylated strains they

which gives further credibility to the ar-

acquired for the study, which suggests that

gument that a glycan here masks the Ca2

either the structure of A(H1N1)pdm2009

and Sb sites as well. However, the inherent

is not optimal for successful glycosylation

location and the fact that the glycan le-

of Asn179, or that it does not alter the

ans towards those sites might mean that

antigenic properties of virus significantly.

the Sa site is not benefitting substantially

[54] This inconsistent glycosylation at posi-

from this glycosylation. This could be an

tion 179 correlates with the observed fold-

issue, since polyclonal Abs raised against

change factors of season 2015-2016, which

A(H1N1)pdm2009 are primarily aimed at

indicate that only two out of six IAV samp-

the Sa site [8]. This might be the reason

les carrying this substitution are in fa-

why this glycosylation sequon was shifted

ct glycosylated. However, confirmation of

to position 177 in the seasonal IAVs fol-

glycosylation is still required to fully con-

lowing the 1918 pandemic [54].

clude whether the glycosylation is inconsistent at position 179.

Verifying

the

glycosylation

presence
is

of

additional

therefore

necessary

Another group found that, through homo-

in order to explicitly conclude whet-

logy modelling predictions, Asn179 is not

her it is the emergence of further

sterically hindered and that glycosylation

glycosylation that affect the antigenic

here is likely to shield not only the Sa site,

properties

but also the Ca2 and Sb site of the neigh-

A/Denmark/30/16. The immunoblotting

bouring HA subunit [57]. Later studies re-

of this thesis did not show any meaningful

vealed that glycosylation at Asn179 might

results, largely due to low concentrations

disrupt the interaction of sialic residues on

of HA in the IAV lysates, although the ine-

the surface of the host cell and the RBS of

xperience of the investigators concerning

neighbouring HA subunit [76], which might

this specific method also played its part.

explain why IAVs containing a glycan at

However, the marked difference in fold-

this position are not showing larger increa-

change factors within the 2015-2016 season

se in fold-change factors, since the positive

serves as a strong indicator that glycans

effect of antigenic shielding might be ne-

are present in these two IAV samples.

gated by reduced binding to the host cell
receptors.

of

A/Denmark/46/16

and

Another potential glycosylation was observable in IAV sample A/Denmark/05/14, at

Looking at figure 4.1 A, which is an image

position 293. As evident in figure 4.1 B,

of 4GXX generated in YASARA, it is evi-

this residue (red) is situated at the bor-
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der between the head and stem domain,

and it might therefore be detriment to the

with the Cb site being the closest antige-

fitness and/or stability of the virus itself.

nic site. The placement of this glycosyla-

From figure 4.2 it is clear that the residue

tion site seems ineffective, as it is not in

(blue) is found jutting out on the surface

or close to any antigenic sites, and there-

of the protein, which is uncharacteristic for

fore should not play a pivotal role in Ab

hydrophobic residues such as Ala. Chan-

recognition. Additionally, the five residues

ging into Asp could make the surface of the

surrounding residue 293 on either side are

Ca2 site more hydrophilic given that this

conserved, which makes it difficult to con-

amino acid is charged. However, Asp is also

clude why this particular IAV sample has

slightly bulkier than Ala, which might af-

a potential score of >0.5. Immunoblotting

fect the binding of Abs targeting the Ca2

is therefore needed to determine whether

site. Figuring out the overall effect of this

the site is glycosylated. This glycosylation

substitution would require additional inve-

site has existed since the introduction of

stigation into the alterations it causes in

A(H1N1)pdm2009 [57], but it does no ap-

the protein structure.

pear to be glycosylated.
Other antigenic factors must therefo-

Two residues important to the RBS, i.e.
Val190 and Lys225, were also investigated

re play a role, seeing as IAV sample
A/Denmark/05/14 has a fold-change factor of 8, the same as A/Denmark/30/16
and A/Denmark/46/16. It might be
explained by the unique substitution
Ala156→Asp in the Ca2 site, which, when
compared to the fold-change factor, might
induce a change in antigenic properties.
Comparing the substitution Ala156→Asp
of A/Denmark/05/14 to other sequences
from the same season, which are all identical to A/Denmark/05/14 in other antigenic sites, one finds that there is a stark contrast between the fold-change factors within this season. This might suggest that
the said substitution has a profound effect
on the antigenic properties of the virus.
The substitution does, however, not re-

Figure 4.2: Locations of residue 156 (blue)
in the Ca2 site (yellow). The white part consists of all three HA1 subunits, while the cyan
part is comprised of the HA2 subunit. Images are generated with YASARA using 4GXX
from the RCSB Protein Data Bank [33, 34].

appear in subsequent or previous seasons,
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in regard to substitutions. A single IAV

attributed to one of several reasons. In or-

sample, A/Denmark/51/14, has a substi-

der to perform measurements on Class II

tution of interest, namely Lys225→Arg.

pathogens in a Class I laboratory, it was

This substitution does not promote a gre-

necessary to inactivate the IAVs, which

at difference in terms of side chain struc-

was done using formalin. The active com-

ture and properties, as both are positively

ponent of formalin, formaldehyde, ina-

charged side chains of similar size. Howe-

ctivates viruses by cross-linking primary

ver, this substitution is accompanied by

amino groups with neighbouring nitrogen

an increase in the fold-change factor, alt-

atoms present in the protein. Although the

hough it is unclear whether it is caused by

HA molecules should maintain their overall

a substitution in the RBS or a substitu-

structure, and thus epitopes, it is possib-

tion in the Ca1 site at Glu252→Asp. Bo-

le that slight alterations in their topolo-

th factors are unique to this IAV samp-

gy could affect binding between ligand and

le, but the latter seems more likely, see-

analyte. The sensorchip surface and the

ing as A/Denmark/1323/09 also has a si-

ligand molecules might also be affected

milar substitution with Glu252→Lys and

upon exposure to the formalin in the ana-

a fold-change factor matching that of

lyte solution. Cross-linking within an Ab

A/Denmark/51/14.

could be more damaging to the measure-

Lastly,

measuring

between

ferret

binding

antiserum

affinity

raised

to

A/California/07/09 and a select number of
IAV isolates with SPR was largely unsuccessful. Only the control showed signs of
specific binding, while the signal of the re-

ments, as they might lose function completely. The concentration and activity of formalin at this stage is arguably low, but it
cannot be considered negligible when considering the sensitivity of the SPR instrument.

maining IAV samples all returned or sur-

The other components present in the ana-

passed the baseline. The majority of the

lyte solutions also visibly affected the re-

measured analytes failed to saturate the

sults, which was evident from a brief, yet

secondary ligand on the surface, seeing as

steep, increment in each signal as the ana-

equilibrium was not reached during the

lyte solution was injected onto the sen-

injection of analyte. Secondly, the binding

sorchip surface. This problem was solved

curves of the non-control samples could not

by subtracting the data from the referen-

be fitted to any predetermined models, due

ce partition. However, the PBS used to

to the drift in the supplied running buffer.

dilute the IAV isolates was the same one

There are several possible explanations as
to why this occurred. The analyte could
have a consequential effect, which could be
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used to form the baseline of the SPR measurements, which means that this increment must be attributed to a difference
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in solvents, likely caused by the unknown

the dielectric constant would vary as a re-

components in the IAV isolates. To coun-

sult. Possible solutions would be to either

teract this effect it is necessary to either

immobilize the IAVs instead of the ferret

purify the analyte or incorporate the virus

Abs, or to use pure H1N1 HAs as the ana-

growth medium into the SPR running buf-

lyte. The former would increase the amo-

fer. However, the latter solution is diffi-

unt of reactive sites significantly, i.e. pla-

cult to implement, as the IAV samples are

ces where the analyte can bind, but at the

initially diluted to obtain equivalent CT-

same time it would require a lot of sensor-

values, meaning that the amount of MEM

chips, since they would need replacement

Eagle will vary from sample to sample. An

more frequently. Additionally, the signal

attainable approach would be to increa-

of analyte-ligand binding might be larger

se the concentration of viral particles in

than the binding signal between primary

order to allow for higher dilution during

and secondary ligands, as a single, immo-

SPR measurements. This could be done by

bilized virion will be able to bind multip-

using smaller volumes of growth medium

le HA molecules. Isolating and purifying

during virus growth.

the analyte seems to be the best option, as

Primarily, it is worth considering that in
using intact IAVs as the analyte for SPR
measurements, the amount of available HA

it would increase the amount of reactions
happening, since more HA molecules could
bind to the immobilized Abs.

molecules is limited substantially upon ini-

It is also possible that using polyclonal Abs

tial binding to the ligand. An intact IAV

gave an inconsistent signal, because the

virion will only be able to interact with a

binding affinities will differ for the different

few of the immobilized ferret Abs at a ti-

Abs within the polyclonal group. Although

me, meaning that an excessive amount of

the bound masses should be similar, the ra-

HA molecules are not bound. Furthermore,

te of binding can vary, which is what can

the sheer size of the analyte, compared to

lead to an inconsistent signal. Using the

the ligand, could have certain implications.

OneToTwo fitting model with local fit re-

For instance, bound virions will sterical-

sulted in a decent fit, but it might be better

ly block the approach of other virions to

to use monoclonal Abs to get a more stable

free ligand molecules, thereby decreasing

signal that is easier to fit.

the overall signal. This might be the reason why saturation was rarely achieved,
since not all ligand molecules could be occupied. Morever, the individual viral particles may not necessarily weigh the same,
and the effect each binding will have on

The amount of papers concerning IAVs
and SPR is scarce, which means that this
is still a largely uncharted area of research. Most papers in this area of research concern themselves with measuring
binding affinity between HA and a variety
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of glycan-based ligands, with the majority using certain forms of purified HA molecules [78, 79, 80, 81]. It is possible that
SPR can be useful when measuring the interactions of IAV antigens and their corresponding Abs, but great efforts are required to find the correct approach which will
give worthwhile data while maintaining the
integrity and purpose of the experiment.
Although the fitting of the control samples seemed adequate, difficulties were still
encountered regarding local fitting parameters. It is possible that binding events
change with concentration, but knowing
the concentration of analyte and ligand beforehand would make it easier to control
these parameters, which in turn might fix
the disproportionate fractions of the Bmax
values. However, the binding of secondary
analyte from the ferret antiserum showed
promising results, and is a good basis for
further investigation.
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5. Conclusion
Six out of 23 sequenced IAV H1 samples

es regarding the suitability of residue 179

were projected to be glycosylated at resi-

as a glycosylation site.

due 179 based on NetNGlyc results. All six
lie within the 2015-2016 influenza season,
and acquire a new glycosylation site due to
the substitution Ser179→Asn. Two of these six IAV samples, A/Denmark/30/16 and
A/Denmark/46/16, displayed fold-change
factors of 8, which is sufficient to declare
them antigenically different from the reference virus, A/California/07/09. When
correlating those two results it seems probable that those two IAV samples are
glycosylated, and that their newly acquired glycosylations might have decreased
the effectiveness of the 2015-2016 IAV vaccine, based on their performance in the immunological assay. However, it is not possible to make any explicit conclusions in
this regard, seeing as the presence of new

A/Denmark/05/14 is the only IAV sample
outside the 2015-2016 season with a foldfactor of 8. There are two potential explanations to this, the most likely being the
introduction of Ala156→Asp in the Ca2 site seeing as it is unique to this IAV sample.
By altering the structural properties of the
Ca2 site, this substitution might be responsible for the increase in fold-change factor.
The second explanation is the NetNGlyc determined glycosylation of a dormant
glycosylation site at residue 293. However,
residue 293 is not in close proximity of any
antigenic sites, which makes it unlikely to
alter any antigenic properties. Making any
explicit conclusions about the presence of
this glycan requires credible immunoblotting.

glycans could not be categorically determined through immunoblotting.

Lastly, using SPR techniques to assay antigenetic alterations in IAVs is a promising

Other studies have shown that glycosylation at residue 179 is not of significance
to antigenicity, which is coherent with the
fact that both IAV samples only just qualify as antigenically different. Similarly, not
all sequenced IAV samples harbouring the
Ser179→Asn substitution were glycosylated, based on fold-change factors, which
also correlates with findings in other studi-

approach, but requires substantial investigation into the correct composition and
combination of analyte and ligand in order
to establish it as a viable method. Signals
were detectable, but due to mismatches in
size and/or type of analyte/ligand, and lacking information regarding concentrations
of analyte/ligand, the results became impractical to evaluate.
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Experimental limitations

antigenically different if this was the case.

A few aspects in each experimental proce-

Varying RBC concentrations could play a

dure were limited by varying factors, most

role in the titer disparity, and also incu-

of which are presented here.

bation time is an influential variable. Potentially, it could be down to inexperience

A feature common for all experiments was
the lack of statistically relevant results, in
part due to the amount of available samples and the allotted time. With a larger investigative time frame it would be optimal
to obtain a minimum of N = 3 repetitions
for every condition/parameter influencing
the results.
Immunological assays As evident from
the results, both HA- and HAI-titers of the

of the investigator, but ultimately it would
be ideal for the control titers to be more similar, which would give a better basis for
comparison of antigenic properties. Performing the experiment on all IAV samples in
a single day would remove doubts regarding RBC concentrations, but incubation
times would still vary, as overseeing this
many IAV samples would take considerable amounts of time.

reference virus were varying by a relatively

Inspecting the results of the HA-assays

large margin between experimental dates,

also uncovered certain trends. The HA-

even though each sample originated from

titers appear to increase with each passing

the same stock solution. It is easiest to ob-

season, although outliers are present. Par-

serve in control sample from 15/11/2016

ticularly, the first four seasons did not dis-

(green), which had a high HA-titer, but

play HA-titers above 32, while the 2015-

was diluted according to previous experi-

2016 season had at least four IAV sample

ments (1/16). From the corresponding ba-

with a HA-titer of 64 or above. The rea-

ck titration it was evident that the concen-

son for increased HA-titers in IAV samp-

tration of the reference virus was too high

les of the most recent season could be cau-

in the HAI-assay, and that this could affect

sed by a decline in the hemagglutinating

the HAI-titer by lowering it from 1280 to

potency of the IAVs as a result of lon-

640. This would impact fold-change factors

ger, dormant periods for the older samples

of IAV samples tested on that date, elevat-

compared to samples from the most recent

ing it to 4 in some instances. Regardless,

season. The effect of time on HA-titers is

none of the IAV samples would qualify as

insufficiently investigated, but a study on
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avian IAVs of the H4N2 subtype demon-

Sequencing The only limitations enco-

strated retained HA-titer upto 42 months

untered during sequencing was evidence

for samples stored at -20 ◦ C [82]. However,

of contamination, which rendered a num-

these IAV samples were inactivated with

ber of the sequences incomplete. The in-

formalin and concentrated in polyethylene

complete sequences were therefore omitted

glycol [82], which is vastly different from

from the final sequence analysis of antige-

plain dilution in PBS as used in this the-

nic sites. Repeating the experiments would

sis. Regardless, the virion is not required

solve this problem, but time was a limiting

to be active in order to agglutinate RBCs,

factor in this scenario.

and one would therefore expect the agglutinating potency of the active and inacti-

Western blot Using western blot to stu-

ve IAV to be similar. Having an overview

dy glycosylation only provides confirma-

of the HA-titers initially measured for the

tion on the relative presence of the glycan,

surveyed IAV samples of this thesis would

but no information regarding the posi-

show whether the HA-titers have changed

tion or structure/type. Experiments using

over time.

IAV isolates were performed multiple times with no visible protein bands, and se-

Not all of the preselected IAV samples
could obtain an acceptable HA-titer, meaning that certain seasons had a small
sample size, and comparison between seasons suffered as a result. For instance,
the 2014-2015 season had three assayed
samples, whereas the 2015-2016 season had
eight. This could be attributed to the concentration of the IAV in the individual isolate or a loss of hemagglutinating potency
in older samples.

veral techniques and approaches were employed as a result. Regrowing some of the
isolates as lysates and increasing the amount of viral sample added to each well of
the Tris-Glycine gel (30µL to 90 µL) made it clear that the viral concentrations
of the IAV isolates were too low to perform western blots using HRP as a colorimetric marker. There were visible bands
at these concentrations, but not any specific to HA. Lower amounts of lysis buffer

Lastly, all IAV samples were assayed in

C during lysis did not alleviate the pro-

doublets, but ideally it should be triplets,

blem, but it is possible that using a diffe-

since variation in a single row will render

rent visualization technique, e.g. chemilu-

the sample assay inconclusive. However,

minescence, would solve this problem, but

this would increase both time and expen-

this requires an instrument able to detect

ses, and the amounts of IAV sample and

these signals. Although the NetNGlyc re-

antiserum are also limiting factors.

sults gave an adequate indication of potential glycosylations, it would be interesting
to examine all IAV samples by western blot
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to underline the coherence between Net-

primary measurements.

NGlyc results and the actual nature of the
protein.

Improving experimental

SPR measurements Getting the opti-

procedures

mal results from SPR measurements generally requires well-defined ligands and ana-

There are ample opportunities for im-

lytes, in the sense that the concentration

proving the experimental procedures gi-

and content of the these are known. Ad-

ven enough time and resources. Examining

ditionally, it is preferable to use purified

the HA- and HAI-assays to begin with, it

analytes and ligands to reduce unspecific

would be ideal to repeat HAI-assay of the

and incomplete binding. Although the pri-

IAV samples not demonstrating back titra-

mary ligand (anti-ferret Igγ) was sufficient-

tions of + + +, to have a better basis for

ly purified, the same is not the case for the

comparison between their HAI-titers and

used ferret antiserum (secondary ligand)

fold-change factors. Repeats should also be

nor the IAV isolates (analytes). Although

done in order to lessen the degree of variety

the ferret antiserum showed ample speci-

in the titers of the reference virus controls.

fic binding, it still contains a high amo-

The initial set of selected IAV samples for

unt of albumin, which will bind to the

surveying was 35, but only 25 of those

sensorchip surface, and thus the primary

could be grown to express sufficiently high

ligand, in high amounts, thereby possibly

HA-titers, and from those only 23 could be

reducing the amount of bound secondary

sequenced and had acceptable back titra-

ligands. This will diminish the signal of

tion. With more time it might be possib-

the binding between secondary ligand and

le to obtain results for the remaining IAV

analyte, which is not desirable considering

samples, and also repeat the HAI-assays to

that analyte concentrations are already re-

acquire acceptable back titration values.

latively low. Furthermore, the concentra-

Increasing the IAV sample size, particular-

tion of Abs in the secondary ligand was

ly for the earlier seasons, could provide a

also unknown, which makes it difficult to

better basis for comparison between the re-

obtain any constants related to binding

sults across all experimental methods. It

events. Additionally, the amount of avai-

would have a great impact on the sequen-

lable antiserum solution was a limiting fa-

ce analysis, as it would give a better idea of

ctor in terms of how many measurements

how the virus has evolved in the antigenic

could be done. Therefore, knowing the con-

sites since the 2009 pandemic. This way, it

centration might have made further dil-

would be possible to assemble a broader

utions possible without significant loss of

comparison of the evolutionary pathway

specific binding, in turn allowing for more

of A(H1N1)pdm2009 to that of the 1918
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pandemic. Having more time to redo the

Purifying the IAV samples for the SPR

sequencing of those IAV samples that were

measurements would be ideal, because the

not fully sequences would also improve the

inessential contents of the IAV isolates, i.e.

situation, albeit only slightly. In spite of

growth medium and MDCK cell debris,

all the advantages of manual RNA extra-

could affect the highly sensitive compo-

ction it was still a time consuming pro-

nents of the SPR instrument negatively,

cedure, and several repeats were required

thereby impacting the results. Passing the

due to continuous contamination, which is

IAV isolate through a lectin column, the-

why further sequencing was ceased, and

reby retaining only the glycosylated com-

another isolation method was used for the

ponents of the isolate, might serve as an

remaining samples. With enough time, it

intermediate solution. This could also be

would be possible to obtain IAV H1 sample

useful for the western blot, as it is would

sequences with similar concentration and

decrease the likelihood of unspecific bands

purity through the RNeasy Mini Kit, since

on the final blot.

the MagNA Pure LC isolation kit provided
IAV H1 samples of lower concentration and
purity.

Lastly, performing the SPR measurements
in a Class II laboratory would allow the
use of active IAVs, which would be more

SPR measurements were only performed

fitting when constructing an analysis ai-

on a select group of IAV samples, and

med at an active version of the reference

doing a full assay of all samples would

virus. It would lessen the potential dama-

be beneficial concerning comparison be-

ge formalin can have on the antigens and

tween the results. The experiments perfor-

the ligands as well. Inactivation imparts an

med on the selected IAV samples should

uncertainty upon the structure of the an-

be repeated for two reasons, but main-

tigen, which requires extensive research to

ly to eliminate the buffer drift which im-

fully understand.

peded the proper evaluation of the results. Secondly, it would be interesting
to assess the increased fold-change factors

Future outlook

of A/Denmark/05/14, A/Denmark/30/16

Expanding the investigative scope of the

and A/Denmark/46/16 from the per-

thesis would be interesting, and there are

spective of binding affinity, since it was

several approached which could shed some

difficult to conclude whether additional

light on the lesser known aspects of the re-

glycosylation is the determinant of antige-

sults.

nic differences in those three samples. This
might reveal information regarding the origin of the antigenic change.
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or RBCs. This would allow for quantifica-

glycosylated motifs. Glycoamidases such

tion of the antigen-Ab binding beyond that

as Peptide-N -Glycosidase F can be used

which is attainable by immunological as-

to enzymatically cleave the glycans at the

says, thereby giving a more comprehensi-

bond between GlcNAc and the Asn resi-

ve insight into their interactions. There are

due, thereby transforming Asn to Asp. MS

still obstacles to overcome in terms of the

makes it possible to discern differences in

quality of the used analytes and ligand, i.e.

molecular weight of the fragments obtained

their condition, concentration and purity,

by digesting the HA protein with trypsin,

but other studies prove that it is possible

since there is a difference of 1 Da in molecu-

to perform SPR measurements on IAV HA

lar weight between the two amino acids, i.e.

given the right circumstances [78, 83]. For

132 Da for Asn and 133 Da for Asp. Heavi-

instance, it was possible to monitor steady-

er fragments, when compared to the theo-

state equilibrium binding betwen mouse-

retical weight, will then be an indicator of

derived Abs and recombinant trimerized

glycosylated Asn residues. [84] This met-

HA molecules [83]. This indicates that it

hod of mapping glycosylation would provi-

would be ideal to first isolate the HA mo-

de more information and certainty of glyco-

lecule from the virus and then measure the

sylation than western blotting can provide.

binding kinetics. The fastest method would

The position and amount of glycans on the

be to break up the virion and pass the viral

HA samples would be known, which would

proteins through a lectin column contai-

give more qualitative results.

ning lectins specific to HA. However, this
would require extensive knowledge of the
glycans on HA and NA, since it would be
necessary to find a lectin that is exclusive
towards the glycans of HA. A safer, albeit
slower method would to transfer the genetic material of HA from the IAV samples
onto plasmids and grow them separately in
other organisms. However, this experiment
almost warrants a study of its own, especially considering the amount of recombinant HA samples that must be grown and
isolated.

To obtain better understanding of the antigenic properties of the virus it would
be interesting to simulate the HA protein in certain situations. For instance, it
would be possible to introduce the substitutions of interest, such as Ser179→Asn
and Ala156→Asp, to observe how the antigenic sites are affected structurally. It
might also be interesting to look into the
stability of A/Denmark/05/14 to see whether it was affected by Ala156→Asp substitution. Although this variant had larger
fold-change factor than other IAV sample

Having purified HA molecules could open

prior to the 2015-2016 season it never reap-

up possibilities in other areas, such as

pears, which might mean that there are ot-

using mass spectrometry (MS) to locate

her fitness factors, e.g. stability or receptor
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6. Limitations and outlook

binding, that have a negative effect. Simu-

tion at residue 179 was also introduced in

lating the HA protein with an additional

the wake of the 1918 pandemic, but was

glycan at position 179 would be of great

later exchanged for a substitution at resi-

significance, since it might be possible to

due 177 in 1951 [76]. It is probable that

conclude where and how it could poten-

A(H1N1)pdm2009 will take a similar path

tially block neutralization by Abs. Dock-

in terms of glycosylation and that a 177

ing simulations with the Abs as the ligand

substitution will emerge in the coming sea-

would further this research as well. This

sons, but it might take several years before

idea could be coupled with MS studies in-

it is observed again. However, the heigh-

to the structure of the glycan in order to

tened immune pressure derived from con-

present a more complete picture of their

stantly updated vaccines might accelerate

interactions.

this process. It did take H1N1 more than

The IAV samples of this thesis are tested
exclusively against the reference virus, but
experimenting with different Abs could potentially uncover whether an updated vaccine is required. For instance, an antiserum
could be raised against the IAV samples
harbouring the Ser179→Asn substitution
to see how it matches with IAV strains
not harbouring said substitution. Furthermore, doing enzyme-linked immunosorbent
assays with monoclonal Abs aimed at the
Sa site could potentially reveal whether
the substitution at residue 179 has a significant effect on the antigenicity of the
IAV samples. This could also be done with
SPR, which again would be able to quantify any change in the binding affinity Abs
have towards the Sa site.
Lastly, it seems prudent to resume this survey of IAV samples after the next seasonal outbreak of H1N1, mainly to see whether the Ser179→Asn substitution has been maintain and if the glycosylation profile
has changed. As mentioned, the substitu76

a decade to develop the 179 substitution
after the 1918 pandemic, and the early appearance in A(H1N1)pdm2009 might be an
indicator of the heightened immune pressure. [54]
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Thébault, Charles Lutsch, and Sten Ohlson. Monitoring of influenza virus
hemagglutinin in the process samples using weak affinity ligands and surface
plasmon resonance. Analytica Chimica Acta, 623(1):66–75, 2008.
[80] Darin K. Takemoto, John J. Skehel, and Don C. Wiley. A Surface Plasmon
Resonance Assay for the Binding of Influenza Virus Hemagglutinin to Its Sialic
Acid Receptor. Virology, 271(1):452–458, 1996.
[81] Emi Suenaga, Hiroshi Mizuno, and Kumar K. R. Penmetcha. Influenza virus
surveillance using surface plasmon resonance. Virulence, 3(5):464–470, 2012.
[82] Olufemi O. Fatunmbi, John A. Newman, David A. Halvorson, and V. Sivanandan.
Effect of Temperature on the Stability of Avian Influenza Virus Antigens under
Different Storage Conditions. American Association of Avian Pathologists,
37(3):639–646, 1993.
[83] Javier G. Magadán, Surender Khurana, Suman R. Das, Gregory M. Frank, James
Stevens, Hana Golding, Jack R. Bennink, and Jonathan W. Yewdell. Influenza A
Hemagglutinin Trimerization Completes Monomer Folding and Antigenicity.
Journal of Virology, 87(17):9742–9753, 2013.
[84] Ziv Roth, Galit Yehezkel, and Isam Khalaila. Identification and Quantification of
Protein Glycosylation. Internation Journal of Carbohydrate Chemistry,
2012(1):1–10, 2012.
[85] Dilusha S. Dalpathado and Heather Desaire. Glycopeptide analysis by mass
spectrometry. Analyst, 133(6):731–738, 2008.
[86] Dan Cojocari. Department of Medical Biophysics, University of Toronto, 2010.
[87] Andrew D. Johnson. An extended IUPAC nomenclature code for polymorphic
nucleic acids. Bioinformatics, 26(10):1386–1389, 2010.
85

Appendix A
1. Glycan moeties and branching
An overview of the glycan structures mentioned in this thesis can be seen in figure A.1.

Figure A.1: Common types of glycans and some of their structures. [85]

Appendix B
1. Amino acids
The structure and abbreviations of amino acids can be seen in figure B.1.

Figure B.1: Table displaying the structure and charge of 21 amino acids. Their
abbreviations are also available. [86]
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Appendix B

2. Nucleotides
Abbreviations ambiguity codes for nucleotides are seen in figure B.2.

Figure B.2: A table of the symbols used to describe nucleotides and ambiguous nucleotides
in regards to sequencing results. [87]
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