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Abstract

H7N9 is an emerging avian influenza A virus that can infect humans. As of June, a

total of 653 human infections, resulting in 227 deaths, have occurred since March 2013.

Influenza A virus is a negative-sense, single-stranded, segmented RNA virus, of which

genome encodes 11 viral proteins, including hemagglutinin (HA) and neuraminidase

(NA). The influenza A viruses can be further divided into two groups based on their

genetic and antigenic differences; accordingly H7N9 belongs to the group 2. As other

influenza viruses current recommended anti-H7N9 therapy relies on early treatment

with NA inhibitors. In spite of prior seasonal flu vaccination the neutralizing antibodies

(Abs) elicited in people offer little cross-protection against H7N9. Moreover, the often

fast and deleterious clinical course of patients warrants more effective therapeutics

against H7N9. One potentially effective therapy is to utilize therapeutic human

neutralizing Abs, which can not only synergize the efficacy of NA inhibitors but

surrogate the needed humoral immunity during the window when the host has not yet

developed anti-influenza neutralizing Abs. For this, in collaboration with the

Development Center for Biotechnology we have generated human anti-H7N9

neutralizing Abs by single B-cell cloning of Ab genes from the circulating plasmablasts

of an infected 53-year-old male. He returned from Suchow, Jiangsu Province on April 9

in 2013 and later admitted to NTUH on April 20 due to progressive dyspnea for four
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days and prior fever for three days. So for we have cloned some 80 human monoclonal
Abs, at least three of which showed significant neutralization specific to H7N9 as well
as cross-reactive to HIN1 and H3N2 viruses, respectively. The reactivity of these
neutralizing Abs was further investigated using full-length and trimeric H7-transfected
cells by flow cytometry and immunofluorescence. To identify the residues where these
human neutralizing Abs recognized on HA, we performed epitope mapping using the
full-length and domain-specific recombinant proteins of H7 by ELISA. Moreover, we
developed a WSN (A/WSN/1933) strain-based pseudovirus and reassortant assay to
examine the functionality of strain-specific vs. broadly neutralizing H7 mAb using
cytopathic plaque detection and reporter gene activity as readouts. Future directions
include Ab engineering of H7 mAb for optimization and in vivo experiments for
evaluation of Ab efficacy. In summary, our results demonstrate a feasible approach to
develop an effective therapeutic against the emerging zoonotic influenza virus and

perhaps other viruses through passive immunity.
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Chapter 1. Introduction



1.1 Antibody

1.1.1 The classes and structure of antibodies

There are five major classes of immunoglobulin (Ig) which are pentamer
immunoglobulin M (IgM), dimer immunoglobulin A (IgA) and monomer
immunoglobulin E (IgE), immunoglobulin D (IgD), immunoglobulin G (IgG). Among
all Igs, 1gG is most abundant and it can be further classified into four isotypes 1gG1,
1gG2, 1gG3, and IgG4 in humans. The Fc domain of 1gG interacts with Fcy receptors on
immune effector cells. 1gG isoforms can exert different levels of effector functions with
the increase in the order of IgG4<IgG2<IgG1<IgG3. There are several subtypes of
human IgG receptor family, including activating FcyRI, FcyRIla, FcyRIIla, FcyRIIIb
and inhibitory FcyRIIb, all of which are distinct from their affinities for the 1gG
subclasses. FcRn (neonatal Fc receptor) is also an Fc receptor for IgG, but it is
predominantly expressed in epithelial tissues, e.g. trophoblasts and intestinal epithelium.
FcRn is known to able to prevent IgG from intracellular catabolic degradation and
improve the half-life of Abs in serum through pinocytosis, which depends on the
physiological pH for ligand dissociation while acidic pH for IgG association with
receptor (Roopenian and Akilesh, 2007). As for the aspect of structure, 1gG can be

divided into two regions: the Fab (fragment-antigen binding) that contains the variable



domain responsible for the Ab specificity, and the Fc (fragment crystalline) that induces

immune response. In addition, they consist of two 50 kDa heavy chains and two 25 kDa

light chains. There are one domain of variable region and three domains of constant

region in a heavy chain. The two heavy chains are linked to each other with disulfide

bonds termed as the hinge region. Each heavy chain is linked to a light chain comprising

one domain of variable region and constant region by a disulfide bond. A heavy chain

encoded by V, D, J gene and a light chain encoded by V, J gene contain three respective

complementarity determining regions (CDRs) that determines the final antigen-binding

site known as the epitope. There are two types of light chain, lambda (1) and kappa (),

found in antibodies with no functional difference (Kenneth, 2011).

Due to the advanced recombinant technology, there are a variety of novel mAb

formats that have improved the affinity, avidity, tissue penetration, and tissue half-life of

Abs. The engineered Abs can generally be separated into two types, orthodox (IgG-like

structures) and heterodox (non-l1gG-like structures). Some antibodies are developed to

contain multiple binding sites, allowing improved avidity (Table 1) (Cuesta et al.,

2010).



Tablel. Properties of recombinant multimeric antibodies (Cuesta et al., 2010)

Antibody Molecular Antibody Associated Serum Ref.
weight (kDa) Format Functional stability
effect
Monovalent
VHH 10~15 - - - 1
scFv 30 - - -
scFab 50 - - - 3
Bivalent
Diabody 55 heterodox - +/- 4
Single-chain(sc) 55 heterodox - + 5
-diabody
(SCFVv):2 55 heterodox - + 6
Miniantibody 64 heterodox - +/- 7
Minibody 80 orthodox - + 8
Barnase-barstar 85 heterodox + + 9
scFv-Fc 100-105 orthodox + + 10
sc(Fab")2 110 heterodox - +/- 11
Trivalent
Triabody 80 orthodox - + 12
Trimerbody 110 heterodox - NP 13
Tribody 115 heterodox - + 14
Collabody 125 heterodox - + 15
Barnase-barstar 130 heterodox + + 9
(scFv-TNFa)s3 150 heterodox +++ + 16
(Fab)s/DNL 160 heterodox - + 17

Parameter: high (+++); intermediate (++); low (+); negative (-); inconclusive (+/-)
Antibody Format: orthodox (IgG-like) or heterodox (non-1gG-like)

Associated Functional effects: Functionality derived from structural components.
Serum stability: Protein integrity following incubation in serum.

Abbreviation: NP, not published.

Ref :

1. (Harmsen and De Haard, 2007)

2. (Sanzetal., 2004)

3.  (Hustetal., 2007)

4. (Holliger et al., 1993)



(Kipriyanov et al., 1999)
(Kontermann, 2005)
(Huhalov and Chester, 2004)
(Hu et al., 1996)

(Deyev et al., 2003)

(Li et al., 2000)

. (Tahtis et al., 2001)

(Dolezal et al., 2000)
(Cuesta et al., 2009)
(Schoonjans et al., 2000)
(Fan et al., 2008)

(Bauer et al., 2006)
(Goldenberg et al., 2008)



1.1.2 The functions of antibodies

Abs are secreted by the B lymphocytes, possessing a wide range of effector

functions in immune system. First, Abs can cross-react with receptors inducing the

agonistic or antagonistic effects through natural ligand mimicry or allosteric modulation

(Chodorge et al., 2012). Second, Abs bind to pathogens and thereby block their access

to cells known as neutralization, which is important for protection against viruses from

entering cells and replicating, and against bacterial toxins. Third, antigens (Ags) on the

surface of pathogens can be recognized by Abs whose Fc region binds to the receptor of

macrophages and neutrophils leading to Ab-dependent cell phagocytosis. The

Abs-coating-pathogens and foreign particles in this way is known as opsonization.

Fourth, the Abs activate the complement system comprising classical, alternative, and

lectin three pathways that converge at the activation of the C3 and C5 convertase

forming the membrane attack complex to kill the pathogen by complement-mediated

cytotoxicity (CMC). Fifth, immune effector cell that express immunoreceptor

tyrosine-based activation motifs (ITAMs) such as natural killer cells, monocytes,

macrophages or granulocytes that have activating FcyRIII receptors on their surface

bind to pathogen or infected cell coated with Abs and eliminate them rapidly through

the perforin and granzymes secretion in Ab-dependent cell-mediated cytotoxicity

(ADCC). Sixth, Abs can cause receptor internalization altering Ag density on the cell

6



surface (Kenneth, 2011).
1.1.3 Monoclonal antibody-based therapeutics in the clinic

The natural human Ab response is a self-tolerant therapeutic reagent with highly
recognizing specificity and widely used in the treatment of a variety of human diseases,
including cancer, autoimmune disease and pathogenic infection. To target the cancer
cells, there are several monoclonal Ab-based therapeutic strategies, resulting in cancer
cell death. In general, direct effects of the Ab execute blockade of agonistic receptor
activity, induction of apoptosis, or delivery of a drug or cytotoxic agent to kill tumor
cells. Cetuximab that is an EGFR mADb used for the treatment of metastatic colorectal
cancers, metastatic non-small cell lung cancers and head and neck cancers that carry
wild-type EGFR (van Cutsem et al., 2009). Trastuzumab targets HER2/neu receptor to
trigger ADCC for the treatment of certain breast cancers. Both of them are examples of
the effect abrogating of tumor cell signaling (Hudis, 2007). Bevacizumab is classified as
a mAb and anti-angiogenesis drug. It is designed to block VEGF-A to interrupt the
activation of VEGF receptor to deprive a growing tumor of nutrients and oxygen
provided by the new blood vessels growing in the tumor (Lima et al., 2011). For mAbs
that require immune cells to act, target ablation of cancer cells can be achieved by
induction of phagocytosis, complement activation and ADCC. For example, all three

effects are achieved by rituximab, a mAb specific for CD20, which is widely expressed

7



on B-cell lymphoma and leukemia (Braster et al., 2014). To obtain stronger antitumor T

cell response, immune checkpoint blockade Abs, such as nivolumab and ipilimumab

that inhibit the inhibitory receptors, programmed cell death protein 1 (PD1) and

cytotoxic T lymphocyte-associated antigen 4 (CTLAA4), respectively can efficiently

prevent T cells from exhaustion and rejuvinate tumor-specific T cells (Brahmer et al.,

2012; Hodi et al., 2010). In addition, Abs that recognize cancer cells with one variable

chain while the other one bind to the activating receptors on immune effector cells are

known as bispecific mAbs, which are emerging popular Ab drugs. For instance,

blinatumomab (AMG103), a bi-specific T-cell engager (BiTE), specifically re-direct T

cells to target the CD19 antigen expressing on B cells for the treatment of acute

lymphoblastic leukemia (ALL) (Topp et al., 2015). Recently, chimeric antigen receptor

(CAR) T cells, which are genetically modified to target cancer cells expressing a

specific antigen, through the variable regions of mAb linked to a T cell-activating motif,

have shown significant, promising therapeutic efficacy (Barrett et al., 2014)

1.2 Influenza virus

1.2.1  The genome composition of influenza virus

The influenza virus belongs to the family of Orthomyxoviridae. It is an enveloped

virus containing eight negative-sense, single-stranded RNA. There are three types of



influenza viruses: A, B and C on the basis of their internal proteins of nucleoprotein (NP)

and matrix (M) protein. The eight segments of influenza A viruses encode for 11 viral

genes, including three surface protein: hemagglutinin (HA), neuraminidase (NA),

matrix 2 (M2) ion channel, whereas the M1 molecules (M) keep vial ribonucleoprotein

complexes (VRNPs) attached to the inner layer of envelope; nucleoprotein (NP);

non-structural protein (NS1, NS2: also known as nuclear export protein, NEP); the three

subunits (PB1, PB2, and PA) of the RNA polymerase complex coated with

nucleoproteins (NPs) to form the VRNPs (Bogustaw et al., 2014). All the genomes of

influenza virus perform high frequency of point mutations because the RNA polymerase

of influenza viruses lacks the ability of exonuclease to proofreading the mismatched 3’

nucleotides resulting in antigen drift. In addition, they undergo gene segment

reassortments resulting in antigenic shift. Notably, influenza virus exploits antigen drift

and antigen shift to gain evolutional advantages during hypermutation and gene

exchange (Domingo and Holland, 1997). Influenza A virus is sub-classified into several

subtypes by two surface proteins, the virus-entry-related hemagglutinin (HA), which

binds to sialic acid receptors of host cells and the virus-releasing-related NA that

cleaves off sialic acid from glycans on the host cell surface.

The classification of influenza A viruses is based on serology-based assays, such as

hemagglutination inhibition (Francis et al., 1944) and microneutralization (Rowe et al.,

9



1999), both of which are classical laboratory experiments used to identify IVVA infection

through the detection of I\VVA-specific antibodies in serum. Hemagglutination-inhibition

(HI) assay are used to identify the HA subtype of an unknown isolated influenza virus.

Based on the ability of the viral HA protein binding to and agglutinating red blood cells

(RBCs) from different species, a positive hemagglutination assay indicates that the viral

HA protein were not neutralized by specific subtype HA Abs forming agglutination and

showing a cloudy appearance, whereas a negative result shows a point of cells at the

bottom of plate. Another method of specific IVA identification by RT-PCR and sequence

analysis is more reliable (Fouchier et al., 2000).

There are 18 HA subtypes and 11 NA subtypes that have been identified as a result

of antigen shift. Among these, H17N10 and H18N11 had been isolated from bats

recently. On the basis of their primary sequences, these HA molecules can be divided

into two groups: group 1 (H1, H2, H5, H6, H8, H9, H11, H12, H13, H16, H17, and H18)

and group 2 (H3, H4, H7, H10, H14, and H15). All the known NA molecule can also be

grouped into two groups: group 1 (N1, N4, N5, N8) and group 2 (N2, N3, N6, N7, N9).

The bat-derived N10 and N11 belonging to neither groupl nor group2 were proposed to

be influenza A-like group 3 (Wu et al., 2014)

1.2.2 The epidemics of influenza virus

Influenza virus type A and B causing seasonal epidemics estimated to cause 2 to 5

10



million cases of severe illness and up to 250,000-500,000 deaths per year bring up

pandemics at irregular intervals all over the world, whereas influenza virus C infections

leading to a slight respiratory disease have less risk to cause epidemics. Influenza A

viruses can be further divided into different subtypes due to reassorted combination

from the animal reservoir. Current subtypes of influenza A viruses found in people are

HIN1, H3N2 viruses and the highly pathogenic avian influenza (HPAI) infections with

H5N1 and the recent H7N9 in 2013. However, Influenza B viruses are not partitioned

into subtypes, but able to be further subdivided into lineages and strains. There are two

currently circulating influenza B virus lineages: B/Yamagata and B/Victoria (Kanegae et

al., 1990).

1.2.3 Antiviral strategy of influenza virus by inhibition of entry

According to the steps of influenza virus replication cycle, there are several

antiviral strategies that can be categorized to inhibit the virus infection. Infection can be

inhibited either by blocking the binding to cellular receptors or interfering with the

fusion machinery between influenza virus and host cell. The first step of influenza virus

infection is that HA, in trimeric form, binds to sialic acid receptors on the surface of

target cells. Influenza viruses primarily bind to a2, 3-linked sialic acid receptors of

avian and to o2, 6-linked sialic acid receptors of human (Rogers et al., 1983). Once the

receptors are endocytosed into endosomes where a low pH-induced conformational

11



change occurs, rendering hemagglutinin (HAO) becomes sensitive to trypsin-like

protease to be digested into the receptor-binding-related HA1 and the

membrane-fusion-related HA2. The HA1 contains a globular head domain, which is

variable owing to evolving with a high mutation rate. The HA2 domain comprises

mostly the conserved stalk region is otherwise much more conserved. The trimeric HA

stalk domain undergoes a conformational change to fuse with the endosomal membrane

of infected cells, leading to membrane fusion and endocytosis. To inhibit virus entry,

there are at least two pharmacological inhibitors to disrupt virus attachment and to block

protease activity. Attachment inhibitors include mAbs against the globular head or stalk

domain of HA as well as compounds that block either HA or sialic acid receptors.

Atropnin is a protease inhibitor that can prevent the cleavage of HA for activation and

this is one of the host-targeted antiviral strategies (Zhirnov et al., 2011).

1.2.4 Antiviral strategy of influenza virus by inhibition of replication

After entry, the second step of virus infection is that M2 ion channel opens and

creates a proton flow from the endosome into the virion leading to the VRNPs

dissociated from M1 matrix and to the virus uncoating in the acidification endosome.

Differ from most RNA viruses replicating in the cytoplasm, influenza virus is one of the

very few RNA viruses replicating in the nucleus. The reasons are that the mRNA of two

IVA gene, M and NS, are required of being splicing and translating into M1 matrix and
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M2 ion channel, NS1 and NS2 protein, respectively (Boulo et al., 2007). With nuclear

localization signals (NLSs), the VRNPs of IVA transport into the nucleus and the viral

RNA-dependent RNA polymerase (RARP) initiates genome replication and transcription

into mMRNAs that are then transported to the cytoplasm. The polymerase of the host cells

further translates the spliced MRNA into viral proteins for viral replication. On the other

hand, the nuclear export protein, NEP (a.k.a. NP), is responsible for the exportation of

the newly synthesized viral genome. Therefore, at this step M2 ion channel inhibitors,

RNA-dependent RNA polymerase (RdRP) inhibitors and NP inhibitors are options to

disturb the replication of influenza virus (Loregian et al., 2014). Inhibitors of inosine

5'-monophosphate (IMP) dehydrogenase or viral RNA polymerase can also block the

process of virus replication.

1.2.5 Antiviral strategy of influenza virus by inhibition of releasing

After viral replication, the final step of virus infection is that the newly synthesized

viral genome and proteins package together in the cytoplasm. The packaged virus will

bud out of the membrane with the aid of NA to cleave the binding between the sialic

acid and HA allowing the virus to leave the host cell. Zanamivir and oseltamivir are NA

inhibitors that block influenza virus replication by restraining the release of the newly

formed viruses at the final step.
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1.2.6 The prevention of influenza virus

World Health Organization (WHO) recommends that vaccination is the most

effective way to protect the public from influenza virus infection and needs to be

updated annually. To date, there are three types of influenza vaccines are licensed by the

Food and Drug Administration (FDA) and two of them are produced by egg-based

production system. One is the intramuscular inactivated influenza vaccine (11V), which

is chemically inactivated by formaldehyde or pB-propiolactone, and the viral envelope is

destroyed with detergents. The other one is intranasal live attenuated influenza vaccines

(LAIV) produced through genetic reassortment between the HA and NA from currently

epidemic strain of influenza virus and attenuated donor virus with remaining internal

segments. It takes six to eight months for egg-based production system to manufacture

these vaccines, thereby decreasing the protection efficiency. Instead of egg-based

production processes, recombinant protein vaccines (RIV) were generated by cell-based

production technology in a shorter amount of time without involving eggs or any

infectious virus during the process. The advantage of not using eggs for vaccine

production is the avoidance of egg components that might induce allergic reactions. In

2007, the European Union approved Optaflu, a vaccine produced by Novartis using a

mammalian cell line. In 2013, the recombinant HA vaccine (Flublok) manufactured in

insect cells by Protein Sciences was also licensed in the United States (Krammer and
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Palese, 2015).

1.3 Anti-viral therapeutic neutralizing antibody

1.3.1 The effect of anti-viral therapeutic neutralizing antibody

The neutralization toward virus by Abs contributes three effects to restrict the
infectivity. Generally, neutralizing Abs bind to viral glycoproteins that mediate the
fusion of the viral and host membranes of enveloped viruses or to the protein shell of
non-enveloped virus that penetrates into host cytoplasm. The Ag-binding phenomenon
causes the envelope glycoprotein to lose function, thereby protecting host cells form
viral infectivity (Klasse and Sattentau, 2002). Additionally, the antigenic recognition
also activates effector cells, which can contribute to viral clearance through
complement-dependent virolysis or phagocytosis (Burton, 2002). Moreover, when
Ab-coated-viruses get into the cytoplasm, Abs may also neutralize infectivity through a
intracellular cytosolic protein called tripartite motif-containing 21 (TRIM21), which is a
high-affinity and specific intracellular 1gG receptor and is able to engage with a
proteasome mechanism for targeting virus for ubiquitin-dependent degradation. The
processed Ags are further presented to CD4 and CD8 T cells through MHCI/MHCII

leading to elicitation of the adaptive immune response (Mallery et al., 2010).
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1.3.2 The production of therapeutic neutralizing antibody against viral infection

Human mAbs also have been developed to serve as potent therapeutic tools against

a range of viral infection such as influenza virus and HIV. It is crucial to choose the

potential case with a wider breadth or higher potency of serum neutralizing ability such

as HIV long-term non-progressors, influenza pandemic survivors, currently or recently

infected individuals, vaccinated individuals to enhance the chances of cloning human

mAbs with both potent and broad reactivity against particular virus or pathogen.

Generally speaking, three different strategies have been used to generate the therapeutic

neutralizing mAbs. First, panning of phage display libraries, which was the most

classical method constructed from random variable gene immunized or infected

individuals and has been used widely to identify and clone single-chain variable

antibody fragments (scFvs) mAbs with high affinities. This approach is considered as a

high-throughput way to search for Abs produced by B cells responding to a specific

pathogen. For example, it has been useful in obtaining neutralizing Abs specific for

West Nile virus, rabies virus, severe acute respiratory syndrome (SARS) virus, hepatitis

A virus, HIV, Ebola virus, hepatitis C virus, measles virus and human and avian

influenza virus strains (Marasco and Sui, 2007).

The second approach is B cell immortalization. The hybridoma technology is

inefficient in human B cell compared with mouse B cell. Alternatively, Epstein—Barr
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virus (EBV)-mediated transformation is used to immortalize human memory B cells

from the recovered, infected patients. In the process of immortalization, EBV with a

TLR9 ligand and/or allogeneic irradiated mononuclear cells provides further

co-stimulatory signals to facilitate B cells to differentiate and secrete Abs. After 7 tol4

days of incubation, the Ag binding affinity and/or viral neutralization are tested from the

Ab-secreted supernatants. The Ab-secreting cells of interest are limiting diluted to the

single-cell level and further screened for the ideal reactivity (Traggiai et al., 2004). To

stably produce high quality and quantity of Abs, EBV-transformed B cell clones are

further fused with myeloma cells to generate hybridomas (Smith et al., 2012).

Nonetheless, there is another approach used to immortalize B cells by genetic

programming. Transducing memory B cells obtained from peripheral blood with

anti-apoptotic factors B cell lymphoma 6 (BCL-6) and BCL-xL as well as culturing with

interleukin-21 (IL-21) and CD40 ligand stimulates the transduced B cells to

differentiate into long-lived Ab-secreting cells. In the presence of activation-induced

cytidine deaminase (AID), the B cells undergo V(D)J recombination and increase the

repertoire of Abs (Kwakkenbos et al., 2010).

The third approach is single B cell RT-PCR cloning. The Ag-specific B cells from

the immunized or infected subjects are sorted with the surface markers of the

Ab-secreting cell such as CD19, CD27 and CD38 and with the fluorescently labelled
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Ags by flow cytometry into a single cell per well in plates. Single B-cell reverse

transcription PCR from extracted RNA of sorted Ab-secreting cells allows cloning of

the Ig heavy and light chains of the variable gene. These genes could further be cloned

into vectors containing constant region gene of Ig and expressed in eukaryotic cell lines

for the mADb production, purification and assay for binding and neutralization (Smith et

al., 2009).

1.3.3 Therapeutic neutralizing antibodies against influenza virus

There are three glycoproteins expressed on the surface of influenza virus including

HA, NA and M2 ion channel, which are considered as the potent targets of therapeutic

neutralizing Ab against influenza virus. Abs specific to surface NA prevent the release

of new-synthesized influenza virions from the infected cell surface, whereas Abs

binding to M2 ion channel prevent the release of viral genome into the cytosol. In

addition, Abs against HA will inhibit the viral entrance through sialic acid of host cells

to reach the neutralizing effect. More specifically, when targeted the globular head

domain of HA glycoprotein, the Abs block the binding of virus to sialic acid and protect

the host cells from infections. Abs specific for globular head domains are known as

subtype-specific Abs due to the extensive variable characteristic of this domain among

different subtypes. While binding to the group-conserved stalk domain, the Abs named

as group-specific antibodies inhibit its low-pH triggered fusion between viral envelope
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and membrane of host cells. (Subbarao and Joseph, 2007)

Broadly neutralizing antibody is a new therapeutic strategy whose epitopes

recognize conserved domain on certain subtypes, groups or particular structure of HA

and provides cross-subtypes protection (Table 2).
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Table2. Broadly neutralizing antibody

Monoclonal Antibody  Group Epitope mAb Production
A06 1 Stalk domain Phage-display library
(Kashyap et al., 2010)  (H1, H5) HAZ2: V18, D19, G20, W21, S40, T41, Q42, N43, A44, 145, D46,
E47, 148, 49T, N50, K51, V52, N53, S54, V55, 156 (H1 numbering)

C05 1&2 Globular head domain Phage-display library
(Ekiert et al., 2012) (H1, H2, H3, H9, Y98, T131, N133, G134, T135, S136, S137, N145, W153, T155,

H12) K156, A189, E190, T192, S193, L194, Q226 (H1 numbering)
CR6261 1 The interface of HA1 and HA2 Phage-display library
(Ekiert et al., 2009) (H1, H2, H5, H6, H25, H45, V46, N47, L496, S306, L307, P308, T333, D363, G364,

H8, H9, H11, H13, W365, Q382, T385, Q386, 1389, D390, T393, V396, N397, 1400

H16) (H1 numbering)
CR8020 2 The base of the Stalk domain Single B cell RT-PCR
(Ekiert et al., 2011) (H3, H4, H7, H10, E341, E360, G361, 1363, D364, R370, E375, T377, G378, Q379, cloning

H14, H15) A380, A381, L383, N491, E495 (H3 numbering)
CR8043 2 The base of the Stalk domain B cell immortalization
(Friesen et al., 2014) (H3, H10) P37, E341, K342, E360, G361, 1363, D364, R370, T377, Q379,

L383 (H3 numbering)

CR9114 1&2&B Stalk domain Phage-display library
(Dreyfus et al., 2012) (H1, H3, H5, H7, HAL: H38, Q40, D41, 142, S291, M292, P293; HA2: V18, D19,

H9) G20, W21, A36, K38, T41, Q42, 145, D46, V48, T49, V52, 156

(H5 numbering)




F10 1 The interface of HA1 and HA2 Phage-display library

(Sui et al., 2009) (H1, H2, H5, H6, A: H24, H44, Q46, S304, M305; B: V364, D365, G366, W367,

H8,H9, H11, H13, K384, T387, Q388, 1391, T395, V398, N399, 1402

H16) (H5 numbering)
Fl6v3 1&2 A shallow groove on the F subdomain of the HA trimer Single B cell RT-PCR
(Corti et al., 2011) (H1, H2, H5, H6, HAL: N38, C277, 1278, T318; HA2: 118, D19, G20, W21, L38, cloning

H8, H9, H13, H3, K39, T41, Q42, A43, 145, D46, 148, N49, N53, 156, E57
H4, H7, H10) (H5 numbering)
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1.4 Characterization of the H7N9 viruses

1.4.1 Three waves of H7N9 outbreak

In March 2013, the first outbreak of a novel low pathogenic avian influenza (LPAI)

A virus, H7N9 whose natural hosts are still under debate emerged in Eastern China. A

first human case of H7N9 virus infection crossed the species barrier was reported in

Shanghai through the exposure to infected poultry and caused the infected patient severe

lower respiratory tract disease and fatal complications (Gao et al., 2013). There were

133 H7N9-confirmed cases, including 45 deceases centralized in the Eastern Chinese

provinces of Shanghai, Zhejiang, and Jiangsu during the first wave of H7N9 started

from March to May 2013 (Li et al., 2014). While the H7N9 virus continued

reassortment in the avian species, the pathogenicity and the ability for human-to-human

transmission of H7N9 virus were gaining strength (Mok et al., 2014). Several months

later the H7N9 induced the second wave of human infection that brings about 266 cases

during 2013 to 2014 winter season with a geographic spread to the Southern Chinese

province (Lu et al., 2014). Following this, the Guangdong province had the largest

amount of infected cases during the third wave infection of this year due to the business

of poultry industry with Eastern China Province. Until June 2015, the total

laboratory-identified cases of human infection with H7N9 virus are 653 and results in
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227 deaths since February 2013 (Millman et al., 2015). The Guangdong government has

made a restriction of live poultry merchandising with the hope that it would reduce the

zoonotic transmission. There seems a tendency of these three waves H7N9 epidemics,

that is the virus is spreading southward and likely to recur in cooler seasons from winter

to spring of next year (Liu et al., 2015).

1.4.2 Characterization of the H7N9 viruses

The whole genomic virus genes isolated from the first three H7N9 virus infected

cases in China were shown that the three viruses had greatest feature with genes of

avian influenza viruses that circulated in China (Shi et al., 2013). The HA genes

originated from LPIA H7N3 avian viruses have been detected recently in poultry

isolated in 2011 in Zhejiang province. The NA genes belongs to N9 NA genes from

viruses circulating recently in domestic ducks in LPIA H11N9 viruses isolated in 2010

in the Czech Republic with a distinct 15 nucleotide deletion (amino acids 69-73) at the

position 215. The remaining six viral genes (PB2,PB1, PA, NP, M and NS) are closely

related to HIN2 poultry viruses that have been in circulation in China since 1994

(Kageyama et al., 2013).

1.4.3 Clinical presentations and therapeutic effects

The most common symptoms of patients, who infected H7N9, were typical acute

respiratory infection, such as fever, cough, and shortness of breath. Following by
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rapidly developing severe pneumonia, many patients suffered from fatal complications,

including acute respiratory distress syndrome, septic shock and multi-organ failure,

demand intensive nuring care and mechanical ventilation equipment. For the anti-viral

treatments, the H7N9 virus was resistant to M2 protein inhibitors, amantadine and

rimantadine, due to the S31N mutation, which interrupts drug binding to the lipid-facing

pocket in transmembrane region allosterically (Pielak et al., 2009). It was found that NA

inhibitors, oseltamovir and zanamivir, are sensitive against A/Anhui/1/2013 virus

infection in reducing severe illness and deaths when they were given in the early stage

of virus infection (Yen et al., 2014). However, A/Shanghai/1/2013 virus revealed a

polymorphism of NA genes encoding N9-294R or -294K, indicating that

oseltamivir-therapeutic effect might be compromised through interfering with the

binding of oseltamivir carboxylate (Wu et al., 2013). For the prevention, it is necessary

to develop the vaccine, which is a key defensive means against pandemics.

Recombinant H7N9 virus-like-particle combining the HA and NA of A/Anhui/1/13

virus with the M1 of A/Indonesia/5/05 virus have been approved in phase 1 clinical trial

(Fries et al., 2013).
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1.5 Motivation

H7N9 is an emerging avian influenza A virus that can infect humans since

February, 2013. Until June 2015, World Health Organization (WHO) has reported that

the laboratory-identified cases of human infection with H7N9 virus are 653 and the

death toll is 227. As other influenza viruses, current recommended anti-H7N9 therapy

relies on early treatment with NA inhibitors. However, A/Shanghai/1/2013 virus reveals

a polymorphism of NA genes (N9-294R or -294K) and this indicates that

oseltamivir-therapeutic effect might be compromised through interfering with the

binding of oseltamivir carboxylate (Wu et al., 2013).

In Taiwan, a-53-years-old male traveling from Suchow, Jiangsu province and later

admitted to NTUH due to progressive dyspnea and fever. The patient was successfully

cured after receiving a daily dose of 150 mg oseltamivir and extracorporeal membrane

oxygenation (ECMO) application. Because the patient recovered we thought he might

have circulating B cells producing H7N9-specific Abs. Before discharge from NTUH

about one month after infection and one week without viremia, his blood was drawn for

sorting memory B cells and plasmablasts for Ab gene cloning with an aim to develop

therapeutic human neutralizing Abs. The therapeutic Abs can not only synergize the

efficacy of NA inhibitors but surrogate the needed humoral immunity during the
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window before the host develops anti-influenza neutralizing Abs. Epitope mapping and
functional assays for the cloned Abs will be developed in this project as well.

Moreover, influenza viruses evade immune responses and antiviral
chemotherapeutics through genetic drift and gene reassortment almost every year. It is
essential to demonstrate a feasible approach to develop effective therapeutic
neutralizing Abs against the emerging zoonotic influenza virus. The ultimate goal is to
obtain and engineer the broadly neutralizing Abs against most, if not all HA subtypes of

influenza A viruses.
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Chapter 2. Materials and Methods
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2.1 Reagents and antibodies

Influenza A virus hemagglutinin cDNA Clone, H7N9 (A/Anhui/1/2013), HIN1

(A/California/07/2009), H3N2 (A/Brisbane/10/2007), H5N1 (A/Vietnam/1194/2004)

were all purchased from Sino Biological Inc. (Beijing, P.R. China). The pFlu-BsmBI

eight-plasmid reverse genetics system was kindly provided by Dr. King-Song Jeng

(Institute of Molecular Biology, Academia Sinica, Taiwan). Mouse mAbs to H7N9 HA

(11056-MM05-50), H3N2 HA (11082-MM04) and H5N1 HA (11048-MM01-50) as

well as rabbit mAbs to H7N9 HA (11082-R002) and HIN1 HA (11055-RM10) were

acquired from Sino Biological Inc. (Beijing, P.R. China). Anti-myc Ab was purchased

from Abcam (Cambridge, MA, U.S.A.). The Alexa Fluor® 488 conjugated anti-rabbit

IgG (H+L) (#4412) was obtained from Cell Signaling. Alexa Fluor® 647 AffiniPure

F(ab'), fragment anti-human 1IgG (-606-098) was purchased from Jackson

ImmunoResearch (West Grove, PA, U.S.A)).

2.2 Viruses and cells

2.2.1 HEK293T cells

HEK293T cells were grown in RPMI1640 medium supplemented with 10% fetal

bovine serum containing L-glutamate (HyClone, Thermo Scientific, Waltham, MA,

U.S.A)) and penicillin/streptomycin at 37°C in a 5% CO2 incubator.
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2.2.2  A549 cells

A549 cells, an alveolar basal epithelial cell line derived from human
adenocarcinoma, were grown in Kaighn's modification of Ham's F-12 medium
supplemented with 10% fetal bovine serum containing L-glutamate (HyClone, Thermo
Scientific, Waltham, MA, U.S.A.) and penicillin/streptomycin at 37°Cin a 5% CO2
incubator.
2.2.3 MDCK cells

MDCK (Madin-Darby canine kidney) cells were grown in Dulbecco's modified
Eagle’s medium (DMEM, Gibco, Life Technologies, Pitam Pura, Delhi, India)
supplemented with 10% fetal bovine serum containing L-glutamate (HyClone, Thermo
Scientific, Waltham, MA, U.S.A.) and penicillin/streptomycin at 37°Cin a 5% CO2
incubator.
2.2.4 WSN-based reassortant influenza virus

Six-well plate was seeded with a mixture of 3.5 x 10°/ml HEK293T cells and 5 x
10°/ml MDCK cells in 2 ml OPTI-MEM per well and then incubated in CO2 incubator
overnight, followed by addition of 16 ul of TransIT-LT1 (Mirus, Madison, WI, U.S.A.)
mixed with 125 pul OPTI-MEM for 5 min at ambient temperature. One pg of each
expression plasmid of A/WSN/33/HIN1 (pFlu-PB2, pFlu-PB1, pFlu-PA, pFlu-HA,

pFlu-NP, pFlu-NA, pFlu-M, and pFlu-NS) was added into 125 pl of OPTI-MEM. The
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pFlu-HA of A/WSN/33/HIN1 was replaced by other subtypes of HA expression
constructs for HA-specific broadly neutralizing test. After addition of TransIT-LT1
reagent into the diluted plasmid mixture above, an additional incubation of 45 min at
room temperature was performed. The mixture of TransIT-LT1 reagent/DNA complexes
was then added onto different regions of the well drop by drop, followed by culture in
COz2 incubator overnight. After 24 hr, the medium was replaced with 2 ml fresh
OPTI-MEM containing 0.5 pg/ml TPCK-trypsin. After a 3-day incubation, supernatants
were collected, titrated, and frozen at -80 “C until use.
2.3 Lymphocyte sorting from peripheral blood of the NTUH H7N9 patient

The first H7N9 Taiwanese patient, who traveled from Suchow to Taiwan, had
medical treatment in NTUH. After the viremia subsided, the patient’s blood was drawn
and the leukocytes were purified. The memory B cells and plasma cells are sorted
according to surface markers of CD19*CD27*CD38" by fluorescence-activated cell

sorting (FACS) Aria (BD Biosciences, Franklin Lakes, NJ, U.S.A.).

2.4 Single B-cell RT-PCR cloning of Ig genes

The sorted antibody-secreting cells were seeded into 96 well-plates containing 100
ul of lysis buffer and immediately frozen until use. To perform reverse transcription

(RT), an aliquot of thawed lysis buffer was taken from each well, followed by PCR
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using a cocktail of primers specific for all human Vu and VL genes for amplification.

PCR products of Vu and VL genes were then cloned into a vector containing the

backbone of Herceptin with a leader peptide sequence of x chain for expression and

purification from culture medium.

2.5 Construction of plasmids

2.5.1 pSecTag2-H1, H3, H5, H7 constructs

The pSecTag2A plasmid (Invitrogen, Waltham, MA, U.S.A.) comprises a c-myc tag

for protein detection and six tandem histidine residues for protein purification at the C

terminus. At the N terminus, the addition of a leader peptide sequence from murine Igk

chain makes the myc-His fusion protein able to be secreted. Various cDNAs of HA

domains from HIN1, H3N2, H5N1 and H7N9, respectively were amplified by PCR

with primers containing flanking Kpnl and Xhol sites and a high-fidelity DNA

polymerase (Thermo Fisher Scientific, Waltham, MA, U.S.A.). After clean-up of PCR

products (Geneaid, New Taipei City, Taiwan) and enzyme digestion, the purified DNA

fragments was subcloned into the Kpnl and Xhol sites of pSecTag2A plasmid by T4

ligase at room temperature overnight.
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2.5.2 pFlu-HA-Kpnl-Xhol

pFlu plasmid is a pol I/pol Il bidirectional plasmid system, which comprises RNA

polymerase 1l and CMV promoters and a polyadenylation signal from a bovine gene

encoding growth hormone (BGH pA). In addition, human RNA polymerase | promoter

(Pollp) and murine terminator (terminator) were inserted between CMV promoter and

BGH pA. The insertion of VA cDNA between the Poll promoter and murine terminator

enables synthesis of the virus mRNA, from which viral proteins are translated, as well

as the negative sense of virus RNA for virus replication. In order to retain the packaging

sequence of Influenza A virus HA, site-directed mutagenesis was performed to create

two restriction enzyme sites between the coding region of A/WSN/33/HIN1 HA. At the

end of the 5’ packaging region (45 nucleotides of coding sequence), a Kpnl restriction

site was created with TSJ498 and TSJ499 primers for PCR cloning using Pfu-X DNA

polymerase (SolGent, Daejeon, Korea). Likewise, an Xhol restriction site was generated

with TSJ500 and TSJ509 primers at the end of the 3’ packaging region (80 nucleotides

of coding sequence) (Marsh et al., 2007).

2.6 Cell transfection

The HEK293T and A549 cells were seeded 24 hours before transfection. DNA

plasmids were diluted in serum-free medium and mixed with TurboFect transfection

32



reagent (Thermo Fisher Scientific, Waltham, MA, U.S.A.) at the ratio of 1:2 in for 20
to30 min at room temperature, followed by transfer of the transfection reagent/DNA
mixture onto the cells drop by drop with gently shaking of the plate to achieve even
distribution of the mixture. After incubation at 37 °C in a 5% COz2 incubator for 24 to
48 hr, the efficiency of transfection in cells was analyzed by western blotting, ELISA,

flow cytometry, and immunofluorescence staining, respectively.

2.7 Western Blotting analysis

After 24~48 hr post-transfection, HEK293T cells were rinsed in PBS and lysed in
RIPA buffer containing a cocktail of protease inhibitors. The cells were lysed for 30 min
on ice followed by centrifugation at 12,500 rpm for 15 min. The supernatants and cell
lysates were separately collected and their protein concentration was determined by the
Coomassie protein assay kit (Thermo Fisher Scientific, Waltham, MA, U.S.A.)
according to the manufacturer’ instructions. Lysates of 50 pug were boiled in reducing
sample buffer before loading into a SDS-PAGE gel to resolve in Tris-HCI/Glysine
running buffer. After the gel running was completed, the gel was transferred onto PVDF
membrane (Millipore, Billerica, MA, U.S.A.) at a condition of 90V (~450mA) at4 C
for 2.5 hr. After blocking with 0.5% non-fat milk in TBS for 1 hour at room temperature,

the membrane was incubated with primary antibodies specific for HA of HIN1, H3N2,
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H5N1, H7N9, respectively at 4 °C overnight, followed by 5 serial washes with TBST
for 10 min each at room temperature. Membranes were then incubated with secondary
Abs of horseradish peroxidase (HRP)-conjugated goat anti-mouse (1:5,000), goat
anti-rabbit (1:5,000), (Fab") fragment of anti-human (1:1,000) separately for 1.5 hr at
room temperature. The membranes were washed 5 times with TBST for 10 min each
time. An ECL kit was used to detect specific protein binding on the membrane by UVP

system for image display.

2.8 ELISA

Recombinant HA proteins secreted into culture medium were coated onto 96-well
nickel-coated plates (Thermo Fisher Scientific, Waltham, MA, U.S.A.) with gentle
shaking at 4 °C overnight. After washes with TBS containing 0.05% Tween-20 (TBST)
three times, HA-specific Abs were incubated (1 pg/ml) with shaking for 1.5 hr at room
temperature. After washing plates with TBST three times, the plates were blocked with
BlockPRO™ blocking buffer (Visual Protein). HRP-conjugated anti-human 1gG Ab
(1:1,000) (Jackson Immuno Research, West Grove, PA, U.S.A.), HRP-conjugated
anti-rabbit (1:1,000) (Sigma-Aldrich, St. Louis, MO, U.S.A.) or HRP-labeled
anti-mouse (1:1000) (Santa Cruz Biotechnology, Dallas, TX, U.S.A.) or

HRP-conjugated anti-human (Fab')2 (1:1,000) (Jackson Immuno Research, West Grove,
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PA, U.S.A.) was used to detect binding after1-hr incubation at room temperature before

development with TMB substrate reagent set (BD Biosciences, Franklin Lakes, NJ,

U.S.A.). The substrate developing reaction was terminated by 2N H2SO4 and the

absorbance of protein was measured at 450 nm (ODa4so) on a microplate

spectrophotometer (BioTek, Winooski, VT, U.S.A.).

2.9 Antibody staining and flow cytometric analysis

In order to assess the expression level of various HA proteins at the cell surface, we

transfected HEK293T and A549 cells with each HA plasmid by using TurboFect

transfection reagent (Thermo Fisher Scientific, Waltham, MA, U.S.A.) following the

manufacturer’s instructions. After 48 hr of transfection, the cells were first washed with

800 ul of PBS and then incubated in 100 pl of staining solution, PBS containing 1%

BSA. Samples were stained by commercial HA Abs or cloned human neutralizing Abs

in dark for 30 minat4 “C followed by washes with PBS. Rabbit IgG1 and human

IgG1 were used as isotype controls. As a control of Ab specificity, cells were also

stained with only the secondary Abs, anti-rabbit-1gG conjugated with Alexa 488 and

anti-human 1gG conjugated with Alexa 647, respectively for 30 min at 4 °C. After serial

washes with PBS, the pellets were quickly resuspended in 300 ul of PBS containing 1%

of paraformaldehyde. The samples were analyzed by a flow cytometer (FACSCalibur,
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BD Biosciences, Franklin Lakes, NJ, U.S.A.). Samples with higher mean fluorescent

intensity (MFI) value than unstained and controls were considered as positive.

2.10 Immunofluorescence staining

A549 cells (2.4 x 10°/ml) were seeded on the coverslip in the 6- well plate 24 hr
before transfection. After plasmid transfection, cells were fixed with 99% methanol (-20
‘C) for 5 min at room temperature and then rinsed in PBS twice, followed by blocking
with BlockPRO™ blocking buffer (Visual Protein) for 30 min at room temperature.
Primary Abs against HA were diluted to 1 ug/ml in blocking buffer and incubated at 4
‘C overnight. Rabbit and human 1gG were used as isotype control Abs. Either Alexa
Fluor 647—conjugated goat anti-human 1gG Ab (Jackson Immuno Research, West Grove,
PA, U.S.A)) or Alexa Fluor 488—conjugated goat anti-rabbit IgG Ab (Cell Signaling
Technology, Danvers, MA, U.S.A.) was used as a secondary Ab for detection. Finally,
cells were counterstained with DAPI for nucleus for 5 min at room temperature.

Specific binding was visualized using a Zeiss Axiolmager Al fluorescence microscope.

2.11 Plaque assay

MDCK cells were seeded in 6-well plates at a density of 1 x 108/well. On the next
day, cells were washed with PBS, followed by addition of 100 ul of 10-fold diluted

medium containing virus to each well and then incubated at 37°C for 1 hr with gentle
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mixing every 15 min. During the period of infection, serum-free DMEM medium
supplemented with antibiotics (100 U/ml penicillin and 100 mg/ml streptomycin) and
TPCK-trypsin (2 pg/ml) (BioScience) was warmed up at 37 °C, and 3% agarose was
heated at 56 °C (Seakem, Lonza, Basel, Switzerland). Cells were then first washed with
PBS before addition of agarose overlay medium, a mixture of 1.8 ml DMEM and 200ul
3% of melted agarose (final concentration: 0.3%), into each well carefully while it was
still in liquid form. After solidification of the agarose overlay medium, cells were
incubated for additional 48 hr and fixed with 10% paraformaldehyde for 2 hr. Agarose
plugs formed in each well was carefully removed and cells were stained with 0.1%
crystal violet in 25% ethanol for 5 min. After removal from the crystal violet solution,

plates were washed with H20 and allowed air dried at room temperature.
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Chapter 3. Results
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3.1 Cloning of H7N9 neutralizing antibody genes from the patient’s plasmablasts

A-53-years-old male Taiwanese returned from Suchow on April 9, 2013 and later
admitted to NTUH due to progressive dyspnea and fever for three days. The patient was
successfully cured and discharged on May 24. One week after the viremia completely
subsided, we took 10 ml of patient’s venous blood to isolate B cells that are potentially
secretors of virus-specific Abs. The RBCs in the blood were lysed first and a Ficoll
gradient was performed at centrifugation of 2,000 rpm for 15 min to isolate the buffy
coat. Purified leukocytes were stained with a cocktail of lineage-specific fluorescent
Abs to sort CD19*CD27*CD38*"d" B cells. Approximate 4.5% of B cells were
subjected to sorting for single B-cell cloning of Ab genes (Figure. 1). We cloned ~80
human mAbs and 9 of them have the various degrees of H7N9 virus neutralization
activity (data not shown).
3.2 H7N9 neutralizing mAbs were able to bind to H7 on HEK293T and A549 cells
transfected with monomeric H7

The expression of HA gene of H7N9 (A/Anhui/1/2013) was driven by the CMV
promoter to induce HA over-expression on the plasma membrane of HEK293T cells. To
test whether the construct expressed correctly, we used anti-H7 HA Ab (11082-MMO04)
(11082-R002) for western blotting and flow cytometry, respectively (Figure 2). The

results of western blotting showed that H7 proteins expressed and formed not only
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monomers but also oligomeric structures, e.g. dimer and trimer in the non-reducing

protein gel (Figure 2A). Consistently, flow cytometric analyses of the H7 proteins

indicated correct surface expression (Figure 2B). We then used the cloned human H7

mADbs to examine their binding ability to the H7 over-expressed on cell membrane of

HEK293T cells using flow cytometry. The results showed that some of human anti-H7

mAD clones indeed could bind to the H7 protein and three of them, designated as P2F7,

P3Cland P4C3, showed greatest binding affinities (Figure 2C). Since lung epithelial

cells are trophic to influenza virus, we investigated these human anti-H7 mAbs for their

binding on A549 cells, a lung adenocarcinoma cell line. Since HA is known to be

heavily glycosylated, the use of A549 cells might be more relevant for glycosylation

may affect the conformation of HA protein (Guo et al., 2009). It appeared that H7

proteins could be expressed and detected in A549 cells by western blotting but the

commercial H7 Ab (11082-R002) did not bind the H7 expressed on the surface of A549

cells using flow cytometry (Figure 3A). However, the P3C1 and P4C3 clones of

anti-H7 mAbs could bind substantially to the surface H7 expressed on A549 cells by

immunofluorescence (Figure 3C). In this experiment a commercial anti-H7 mAb

(11082-R002) was used as a positive control (Figure 3B).
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3.3 Expression of trimeric H7 hemagglutinin in HEK293T cells and A549 cells

respectively for binding assays of human anti-H7 monoclonal antibodies

The HA proteins on the viral envelope are normally formed in a stably trimeric

conformation. The trimeric HA —stalk domain recombinant proteins with the foldon

domain have been reported to elicit the broadly neutralizing antibodies and provide

cross protection toward different subtypes of IVAs (Mallajosyula et al., 2014). In order

to generate the trimeric form of HA proteins in expressing cells, we replaced the

transmembrane domain of H7 with fibritin foldon from T4 bacteriophage to the C

terminus of the H7 stalk domain to induce trimer formation (Figure 4A). Unexpectedly,

no appreciable binding by the anti-H7 mAb (11082-R002) was observed using flow

cytometry (Figure 4B). It is likely the epitope of this mAb was masked or embedded in

the H7 trimer proteins. Consistent with this notion, the trimeric H7 proteins could be

readily recognized in both reducing and non-reducing SDS-PAGE gels (Figure 4C).

We next examined whether the human anti-H7 mAbs could bind to the engineered

trimeric H7 proteins using flow cytometry. The data revealed that the P2F7 clone of

human anti-H7 mAb could bind to the surface trimeric H7 proteins weaker than that of

full-length H7 transfectants. In contrast, both P3C1 and P4C3 clones of human anti-H7

mADbs bound surface trimeric and monomeric H7 proteins comparably (Figure 4D).

Lastly, we performed immunofluorescence experiments on trimeric H7-transfected
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A549 cells and found that the commercial anti-H7 mAb as well as the P3C1 clone of

human anti-H7 mAb exhibited marked binding (Figure 5A and 5B).

3.4 Conversion of the whole 1gG1 human anti-H7 monoclonal antibody to scFv-Fc

format

Based on the data from flow cytometry and immunofluorescence described early

on, some of the human IgG1 mAbs specific for H7 could bind both monomeric and

trimeruc forms of H7 proteins. Due to patent issue of the backbone of 1gG1 plasmid, we

decided to convert the Ab format from whole IgG1 to scFv-Fc. It is regarded that the

scFv Abs are generally less thermally stable, have a shorter half-life and tend to degrade

or aggregate under the conditions of practical uses. Thus, the applications of the scFvs

might be limited and need to engineer to stabilize the structure (Wang and Duan, 2011).

With this in mind and the need to generate a more specific, more stable and longer

half-life neutralizing mAb, we cloned the variable regions of heavy and light chain

genes of selected anti-H7 mAbs in scFv format into pFUSE-hlgG1-Fc2 plasmid, which

contains the CH2 and CH3 domains of the human 1gG heavy chain and the hinge region

to form a scFv-Fc, which is a small 1gG-like recombinant protein. In addition, the IL-2

signal peptide was included to allow for secretion of scFv-Fc mAbs when expressed in

cells (Figure 6A). The scFv gene sequences are approximately 750 bp consisting of a
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light chain, a linker (GGGGS)3 and a heavy chain (Figure 6B). After transient

transfection of scFv-Fc plasmid in HEK293T cells, cell lysate was analyzed by

SDS-PAGE, transferred and immunoblotted with HRP-conjugated anti-human (Fab")2

Ab. The result showed that the molecular weight of scFv-Fc Abs was ~55 KDa when

reduced in gel. A minor band of ~110 kDa was detected, suggesting dimer formation or

insufficient denaturing of proteins. Under non-reducing conditions, a high molecular

weight band was observed, indicating that the inter-chain disulfide bond in the hinge

region was obtained (Figure 6C). Next, we examined the supernatant collected from

transfected cells to detect the secretion of the scFv-Fc Abs using ELISA assays.

Compared with the un-transfected supernatant, the H7 scFv-Fc transfected supernatant

exhibited a significant binding to HRP-conjugated (Fab'). anti-human secondary Ab

(Figure 6D).

3.5 H7 domain-specific constructs for epitope mapping

Since some the human anti-H7 mAb clones were able to bind recombinant H7

proteins by ELISA assay and/or native H7 proteins expressed on mammalian cell

surface, we next wanted to identify the epitopes of these human anti-H7 Abs. In order to

be able to purify the domain-specific recombinant proteins, we subcloned various H7

domains into pSecTag2 constructs that contain a leader peptide sequence of Igk chain at

the N terminus of H7 for secretion and replaced the transmembrane domain with the
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c-myc and histidine tags in tandem for protein identification and purification. In total

six domain-specific constructs of H7 gene (A/Anhui/1/2013) were designed. As shown

in Figure 7, the first construct generated full-length extracellular domain of H7 proteins

since it lacked sequences of transmembrane (starting at position 1525) and cytoplasmic

domains and this construct was designated as H7-1, which contained 1,575 base pairs of

nucleic acids. Two disulfide-linked glycosylated polypeptides, HA1 and HA2, were

predicted from the conserved proteolytic cleavage site (R339). We subcloned the HA1

domain of H7, designated as H7-2 and HA2 domain, designated as H7-6 into pSecTag?2

vector, respectively. Based on the blast search, a highly conserved region with a

disulfide bond (Cys52-Cys277 [H3 numbering]) was known to be the starting site of the

variable globular head domain. The H7-3 construct contained the sequence of the

globular head domain of H7 (Cys60-Cys286) while the H7-4 construct comprised the

conserved stalk domain. The H7-5 construct was composed of several important

epitopes of the well-known broadly neutralizing Abs, such as CR9114 and CR8020 Abs

(Figure 7A). The cDNA inserts of H7 domains of constructs were resolved by agarose

gel electrophoresis (Figure 7B). To determine whether these H7 domain-specific

constructs could be properly expressed, we transiently transfected these constructs

individually into HEK293T cells for 48 hr and cell lysates were harvested for

identification of H7 domain proteins using SDS-PAGE. After transfer onto PVDF
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membrane, anti-myc Ab and the commercial anti-H7 mAb (11082-MMQ04) were used

for probing. As illustrated, proteins expressed from each construct were all recognized

by anti-myc mAb with correct estimated molecular weight. Interestingly, the

commercial anti-H7 mAb bound readily to H7-1, H7-4, H7-5 and H7-6 domains, all of

which contained the common stalk domain, indicating that the epitope the commercial

anti-H7 mADb recognized was located in the stalk domain (Figure 7C and 7D). In

addition, we collected the supernatants from transfected cells by plasmids containing

each H7 domain cDNA and used ELISA to detect secreted recombinant H7 domain

proteins. We found that the results of ELISA were consistent with those of western

blotting. We included another commercial anti-H7 (11082-R002) mAb, which was

inefficient for western blotting, and found that the epitope of this anti-H7 mAb was

likely located at the HA1 domain for its significant bindings to recombinant H7-1, H7-2

and H7 trimeric proteins, all of which contained the globular head domain.

3.6 Generation of equivalent HA domain constructs of other subtypes

In order to be able to examine and compare the effect of neutralization by human

scFv-Fc anti-H7 mAbs and to determine their strain specificity, we selected HAs of H1

(group 1), H5 (groupl) and H3 (group2) for generation of domain specific constructs.

The full-length HAs without transmembrane domain were designed as H1-1, H3-1,

H5-1. From the sequence alignment of these full-length cDNAs without transmembrane
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domain, we could roughly divide each HA into two domains at the conserved

proteolytic cleavage site. Accordingly, the HA1 domains of each HA were designated as

H1-2, H3-2 and H5-2, respectively. As for the HA2domain, constructs were designated

as H1-3, H3-3 and H5-3, respectively (Figures 8A, 9A and 10A). Various insert

cDNAs of these HA domains were demonstrated by agarose gel electrophoresis (Figure

8B, 9B and 10B). After transient transfection, the cell lysates of the recombinant H1,

H3, H5 proteins were analyzed by SDS-PAGE and transferred onto PVDF membranes,

followed by probing with anti-myc Ab (Figure 8C, 9C and 10C) or commercial

anti-H1, anti-H3, and anti-H5 mAbs (Figure 8D, 9D and 10D). As shown in western

blotting, the epitopes of all three commercial anti-HA Abs were located in their

corresponding HA1 domain. The supernatant from transfected cells by these

domain-specific constructs were investigated by ELISA assay using anti-myc and

anti-HA Abs for detection. The results showed the same findings in terms of epitope

locations of these three respective commercial mAbs as western blotting (Figures 8E,

9E and 10E).

3.7 Generation of WSN-based reassortant influenza viruses

In order to test the binding and neutralization of human scFv-Fc mAbs to influenza

virus in a safe and convenient way, we used a bidirectional plasmid to subclone the HA

gene for transfection along with expression constructs of other 7 core proteins to
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generate low pathogenic influenza reassortants, which could be performed in biosafety
level 2 laboratory. This system was based on ‘rescue’ of the A/WSN/33/H1N1 influenza
virus from transient transfection of eight plasmids. In this bidirectional expression
system, the insertion of VA cDNA between Poll promoter and murine terminator
results in the synthesis of antisense viral RNA and sense mRNA from one viral cDNA
template, allowing production of virus to infect cells to form plagques. We first used the
8 plasmids derived from WSN influenza strain that expresses H1 to test this system. The
plaque formation in the MDCK cells with ~10-fold dilution of supernatant, i.e. 102, 107,
104, 10 of virus stock, of transfected cells induced a dilution-dependent lysis of
MDCK cells. The titer of the WSN-based reassortant virus was ~2.5 x 10° PFU. More
importantly, if the same amount of virus was pre-incubated with commercial anti-H1
mAD (10 pg/ml), the plaque area was greatly reduced (Figure 11A). These results
indicated feasibility to assess neutralization effects of commercial anti-H1 mAb using
this plaque assay. The next experiment would be to utilize this WSN-based reassortant
virus system to replace H1 with H7 as well as other HAs, respectively, to examine
whether the commercial anti-H7 mAbs and our scFv-Fc mAbs could demonstrate
strain-specific or broad neutralization to the reassortant virus. We replaced the H1 with
H7 and maintained the packaging sequence of H1. Taking H7 as an example, since the

packaging sequence was located in the non-coding region of H1 as well as the first 45

47



and the last 80 nucleotides of H1 coding region, we subcloned H7 cDNA into cloning

sites, Kpnl and Xhol between these two regions by PCR (Figure 11B).
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Chapter 4. Discussions
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Our findings demonstrate a feasible approach to generate therapeutic mAbs

through single B-cell Ig cloning (Figure 1). In addition, we were able to use

domain-specific recombinant proteins for epitope mapping (Figures 7-10) and develop

a WSN reassortant virus-based functional assay for evaluation of neutralization using

H1 virus as an example (Figure 11). Once the epitopes of human anti-H7 mAbs are

identified, the WSN-based reassortant virus containing mutant epitopes of H7 can be

confirmed by the absence of functional block in comparison to the wild-type H7 protein

containing virus. In this regard, we plan to compare human anti-H7 scFv-Fc mAbs

(Figure 6) with IgG1 mAbs. Our microneutralization assay using attenuated

reassortants in conjunction with the traditional HA inhibition assay are proper

surrogates for evaluation of the neutralization efficiency of the therapeutic neutralizing

mADbs, in particular when the target virus is highly pathogenic to humans. From the

aspect of pharmacology, the affinity between the HA of virus and the neutralizing mAb

is important for a therapeutic neutralizing Ab. We plan to perform surface plasmon

resonance (SPR) analysis in the future. The functional assay we have developed can be

utilized as a method to screening compounds for anti-viral agents as well for

enhancement of host immunity.

The timing for blood collection from the infected H7N9 patient is critical. Since

we used the single B-cell cloning method and attempted to isolate the high-affinity
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virus-specific B cells that express Ig with potent virus neutralization, a rule of thumb to

collect blood for B cell isolation at right time is when viremia subsides with a

concomitant appearance of anti-viral Abs. In our case, the H7N9 patient’s blood was

drawn one week after no viremia, which was accompanied by a low level of

virus-specific Abs detected by ELISA. In general, B-cell mediated immune response

requires nave B cells to undergo germinal center reaction in the secondary lymphoid

tissues, e.g. spleen, lymph nodes and tonsil. After one to three days viral infection, B

cells undergo somatic hypermutation (SHM) followed by affinity maturation to generate

high-affinity virus-specific Abs in the dark zone and subsequently the light zone of

germinal center, respectively. With the assistance of CD4" follicular helper T cells (Trn

cells) that secrete I1L-21, selected high-affinity virus-specific B cells then differentiate to

form antibody-secreting plasma cells and memory B cells in the light zone of germinal

center within 10 days post-infection. These B cells further undergo class switching from

IgM to IgG or IgA, followed by the secretion of large numbers of these high-affinity

Abs that can neutralize virus directly, block the entrance of the virus, activate

complement system, promote phagocytosis and allow antibody-dependent cellular

cytotoxicity to diminish the virus in about 2 weeks after infection. Once the virus or

antigen is cleared, a subset of plasma cells differentiate into a long-lived phenotype and

virus-specific memory B cells become quiescent (Chiu and Openshaw, 2015). Since we
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collected the blood sample from the patient after the virus in the blood was beyond
detection at one month after infection, the plasmablasts and memory B cells that express
high-affinity virus-specific g genes had exited GCs into circulation. Although we did
not include virus or HA antigen in cell sorting, the frequency of CD19*CD27*CD38+/high
B cells, i.e. plasmablasts and memory B cells was approximately 4.5%, a reasonable
number in the ballpark for cloning the variable genes of these B cells.

As mentioned early on in Introduction, there are three common strategies to
generate therapeutic antibodies, including the single B-cell cloning we used. Recently
the humanized mice have emerged as a unique, novel tool to speed up the production of
human antibodies. The transgenic mice were engineered to insert the full complement of
variable genes from all three human Ig loci into precise locations in the corresponding
loci of mouse and silenced the endogenous mouse variable genes using a large
chromosomal inversion. With antigen challenges, the mice produce high-affinity
chimeric antibodies with human variable domains and mouse constant domains. For
usage of clinical therapy, the mouse constant region can be substituted with a human
constant region without loss of affinity or potency (Lee et al., 2014). The essence of this
technique is to make the development of therapeutic Abs with the antigen more feasible.
For instance, the necessity of in vitro affinity maturation to optimize affinity of human

mADs to antigen out of the described three means can be waived.
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In our research, the neutralizing Abs were converted to the scFv-Fc format with an

approximate molecular weight of 100 kDa and 1gG-like properties such as advantages

of dimerization and effector functions, complement reaction, provided by the fused Fc

domain. Although the half-life of scFv-Fc Abs is shorter than whole 1gG Abs in vitro

and in vivo, scFv-Fc Abs have been reported with greater tumor-targeting and

penetrating ability than the whole IgG Abs due to the smaller size (Wang et al., 2011).

Also, scFv-Fc Abs are able to provide the protective and therapeutic capacity against

West Nile viral challenge in mouse model (Gould et al., 2005). Therefore, it is worth

trying for us to purify the scFv-Fc Abs and test the neutralizing ability both in vitro and

in vivo.

As for epitope mapping, our way is conventional so that it is labor-intensive and

time-consuming. With the advance of proteomics, epitope mapping can become fast,

accurate and high throughput in the near future. For now we generate and purify

domain-specific recombinant HA proteins for mapping. Once we pinpoint the antigenic

epitope region to perhaps ~50 to 100 amino acids, a series of overlapping peptides

flanking the epitope region will need to be synthesized in order to perform ELISA

assays for mapping. In this way the epitope of H7 can be further narrowed down to

~10-20 residues. Although there is a lack of epitope information in the public influenza

database, there are ample literatures on anti-influenza Abs to provide some important
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insights into the epitope of neutralizing Abs either strain-specific or cross-reactive

between subtypes. For example, the epitope of CR9114 Ab that has broad neutralizing

effects to the group 2 influenza A virus, was identified as

AADYKSTQSAIDQITGKLNRLIE, which resides in the conserved stalk domain of H7

protein (at positions 375 to 395) (Dreyfus et al., 2012). One common epitope conserved

in all H7 viruses has been characterized as RSGSSFYAEMK (at positions 149 to 159)

termed Uni-H7 epitope, which is located in the globular head domain and highly

conserved in all influenza A virus (Gravel et al., 2015). With the knowledge of such

peptides, we can synthesize them as competitors in our functional assay for

neutralization of mAbs to determine their strain specificity and cross-reactivity.

Moreover, there are several HA mutant residues that have been reported for reference.

For instance, 1384 of H7 is a crucial site for CR9114 Ab. Moreover, the 1384T of H7 is

an escape mutant for interfere binding to CR9114. In addition, G63E and G234D are

also found in escape mutants and they are located in the globular head domain of H7

(Dunand et al., 2015). It is worth checking whether our human anti-H7 mAbs and

scFv-Fc mADbs can bind to and neutralize these H7 mutants by our functional assay. It is

conceivable that the neutralizing Abs’ epitope(S) locating on the globular head domain

of HA that are able to protect the host cells from viral infection since they could block

the virus entry completely compared with Abs targeting the stalk domain of HA. Our
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priority is to obtain the Abs targeting the globular head domain of HA, followed by in
vitro affinity maturation assay to enhance the diversity of Abs for selection of
high-affinity Abs.

The in vivo mechanism of affinity maturation is SHM of variable region depending
on the activation-induced cytidine deaminase (AID) at the dark zone of germinal center
and followed by clonal selection of B-cells at the light zone of germinal center. In order
to improve the antigen-binding affinity of Abs, several in vitro affinity maturation assay
have been developed. One approach involves the polymerase chain reaction (PCR) with
an error-prone DNA polymerase to point-mutate the variable region of Abs. Another
approach is generating mutations on residues of Ab CDRs with synthetic
oligonucleotides, i.e. CDR-shuffling. The library of VV-gene mutants is then displayed on
phage, and mutant antibodies with improved affinities are selected by repeated panning
(Fujii, 2004). With these approaches to mimic the in vivo affinity maturation, one can
enhance the binding specificity of selected Abs.

In vitro pseudotype virus-related functional assays can be performed without the
requirement of a biosafety-3 laboratory and thereby are commonly used. Furthermore,
we can mutate the gene sequences of 1AV proteins, HA and NA, easily for more
functional application. There are at least three ways to exploit this system. First, the

lentiviral pseudotyped viruses expressing different subtypes of HA and NA are
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composed of HIV- type 1 (HIV-1) gag-pol construct (p0CMV-A8.91), a reporter plasmid

expressing firefly luciferase and the required envelope glycoprotein constructs (HA

and/or NA) in a ratio of 1:1:1.5 but this method yields limited generation of virus. The

virus titer can be determined by virus itself or by the reporter gene activity but the latter

is more common for its sensitivity. The virus collected from the supernatant can be used

for infectivity assessment quantitatively and qualitatively by measurement of relative

luciferase unit (RLU), e.g. in HEK293 cells (Molesti et al., 2013). Second, the

HIV-1-based pseudotyping assay comprising plasmids that encode HA/NA and

Env-defective, luciferase-expressing HIV-1 (pNL4-3.Luc.R".E") can be applied for safe

and high throughput screening of neutralizing mAbs and anti-viral agents targeting HA

or NA of I\VVAs. The titer of the pseudovirus is expressed as RLU as well (Du et al.,

2010). Third, a bidirectional DNA transfection system for the rescue of infectious

influenza A virus from eight plasmids of 1\VAs similar to what used in this study

(Hoffmann et al., 2000). The virus titers are usually determined by cytopathic effects in

plaque assay. Another bidirectional DNA transfection system involved in the use of

reporter gene is that one of eight plasmids (mostly HA) is selected to stably express in

the MDCK cells. The coding region of the HA in the construct is usually replaced by a

reporter gene such as EGFP or luciferase for the virus to pack in. The reporter genes

make it more convenient to evaluate the infection and neutralization in assay. In
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addition, the ressortant virus propagated in embryonated chicken eggs is used as

candidate vaccine virus, which is known as live attenuated influenza vaccines.

As for the prevention of IVAs, the vaccine development is involved in the

immunization test in animal models. There are several candidates that can be used as

antigens such as recombinant proteins, domain-specific peptides of HA, the reassortant

virus and the M2e strain. The trimeric HA recombinant proteins with the foldon domain

have been reported to elicit broadly neutralizing Abs and provide cross protection

toward different subtypes of IVAs (Mallajosyula et al., 2014). The reassortant virus

incubated in 10-day-old embryonated chicken eggs protected mice from normally lethal

virus challenge (Duan et al., 2014). The M2e vaccine, matrix protein 2 ectodomain

tetrameric peptide vaccine, is highly conserved in all human influenza A virus strains

and confers cross-protection against lethal infection (Leung et al., 2015). After the

immunization, the lethal infection dose and morbidity of the virus-challenged animals

are assessed to evaluate the protective effects of the vaccine antigen.

For the in vivo neutralization assay, mice are used most frequently for animal

experiments of influenza virus research. BALB/c and C57BL/6 are the most widely

used mouse strains due to their advantages of low cost, small size, ease of handling and

housing. Additionally, a variety of transgenic, knockout, and knock-in mice allow

specific infection-related gene to be studied in depth with influenza virus infection.
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However, there are specific strains of influenza virus that are infectious toward mice,

including two influenza A/H1N1 isolates from the 1930s : A/Puerto Rico/8/1934 (PR/8),

A/WSN/1933 (WSN) and an influenza B virus isolated in 1940 (B/Lee/1940) (Bouvier

and Lowen, 2010). As a result, research targeting other subtype of influenza virus often

implement with the reassortant virus comprising a backbone of the six internal genes of

PR/8 or WSN and two target subtypes of the HA and NA genes. There are two methods

to infect mice with the influenza virus, intranasally (IN) or by aerosol, which is more

susceptible to mice (Smith et al., 2011). The timing of the administration of neutralizing

Abs allows for evaluation of different effects of the Ab. With the neutralizing Abs

administered before viral infection, the neutralizing effect can be validated by observing

the 50% infectious (IDso) and 50% lethal doses (LDso), whereas the body weight loss

and survival rate of infected mice allow assessing the therapeutic effects of neutralizing

Abs administered after the viral infection. Furthermore, the effects of neutralizing Ab

treatment in combination with NA inhibitors or M2 ion channel inhibitors are likely to

be synergistic since both entrance and replication of virus are blocked at the same time.

This combination treatment is a potential strategy for further clinical evaluation and

human use. If the in vivo experiment to evaluate the neutralization efficacy of

therapeutic Abs to influenza A virus is restricted by high pathogenicity of virus, the

WSN-based reassortant influenza viruses can be utilized as an appropriate surrogate to
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assess the neutralizing ability of a series of Abs using plaque assay as the functional
readout.

Recently rapamycin given during influenza A infection has been shown to alter
germinal center reaction toward a propensity to generate broadly neutralizing Abs. In
light of this, pharmacological modulation in humanized transgenic mice in the
generation of human therapeutic neutralizing Abs might extend its power. Such
maneuver might be of great usefulness in vaccinology as well. Since influenza A virus is
one of the vigorously studied areas for the generation of protective broadly neutralizing
Abs, it is of great importance to develop novel strategies to advance the current methods

in the generation of therapeutic neutralizing Abs as well as better vaccines.
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Figure 1. Sorting memory B cells and plasmablasts from the H7N9 patient’s blood
for single B-cell expression cloning of its antibody gene.

About 10 ml blood of the first Taiwanese H7N9 patient was drawn. Red blood
cells were lysed, followed by a Ficoll gradient for isolation of the buffy coat, which
contains most leukocytes. Leukocytes were then stained with CD19-FITC, CD27-PE,
CD38-APC as well as CD45, IgG, IgM on ice for 30 min. After washes with PBS, the
CD19*CD27*CD38*™M9" population of B cells were sorted one by one into each single
well of 96-well plates, which were pre-loaded with ~100 pl of lysis buffer for RNA
extraction, using a FACSAria sorter. Plates were immediately frozen and sealed until
use for cloning. Roughly about 4.5% of CD19*CD27+*CD38*"d9" B cells were identified
in the gated lymphocytes. A total of 20 plates of sorted B cells were collected and the

remaining lymphocytes were lysed in Trizol and stored for further use.
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Figure 2. A representation of three human anti-H7 mAbs that were able to bind H7

on HEK?293T cells transfected with full-length H7.

A. HEK?293T cells (2.4 x 10%/ml) were transiently transfected with the full-length H7
plasmid in a 6-well plate. Cell lysates were prepared using RIPA lysis buffer and
~50 pg of proteins were resolved in reducing and non-reducing protein gels,
respectively. After gel transfer onto PVDF membrane, anti-H7 specific Abs
(11082-MMO04) (1 ng/ml) was used for immunoblotting to identify H7 proteins.

B. The surface expression of H7 by introduction of the full-length H7 plasmids was
evaluated in transiently transfected HEK293T cells. After 48 h of transfection,
HEK?293T cells were harvested and stained with 1 pg of commercial anti-H7 Abs
(11082-R002) followed by incubation with Alexa 488-conjugated anti-rabbit 1gG
(1 ng/ml) to evaluate the expression level of H7 proteins on the cell surface by flow
cytometry.

C. HEK293T cells were transfected as in (B). Cells were harvested for flow cytometric
analysis and incubated with 1 pg each of P2F7, P3C1 and P4C3 clones of human

anti-H7 mADb, followed by Alexa 647-conjugated anti-human IgG (1 ug/ml).
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Figure 3. The P3C1 clone of human anti-H7 mAb was able to bind to surface H7

on A549 cells transfected with the full-length H7 cDNA.

A. Ab49 cells were transiently transfected with full-length H7 as done in HEK293T

cells in Figure 2A. The surface expression of H7 proteins was examined 48 hr later

by flow cytometry. Anti-H7 mAb (1 pg/test, #11082-R002) followed by Alexa

488-conjugated anti-rabbit 1gG (1 pg/ml) was used for determination of specific

binding.

B. Ab549 cells were transfected as in (A). Anti-H7 mAb (11082-R002) (1 png/ml) and

isotype control Ab, i.e. rabbit IgG, were incubated separately followed by washes

and then addition of Alexa 488-conjugated anti-rabbit 1gG (1 pg/ml) for detection.

C. Ab549 cells were treated as in (B) for immunofluorescence study of binding

specificity of P3C1 human anti-H7 mAb (1 ug/ml) and then addition of Alexa

647-conjugated anti-human IgG (1 pg/ml). The P3C1 human anti-H7 Ab binding to

H7 was shown in red.
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Figure 4. Anti-H7 mAbs were able to bind to H7 trimers expressed on HEK 293T

cells.

A. Schematic diagram of the thrombin cleavage site of H7 cDNA and the location of

replacement of fibritin foldon from T4 bacteriophage with transmembrane and

cytoplasmic domains of H7. The inclusion of foldon domain enables H7 proteins to

form trimers on cell surface.

B. HEK293T cells were transfected with H7 trimer constructs as described above.

Forty-eight hr after transfection, HEK293T cells were analyzed by flow cytometry

using 1 pug of anti-H7 mAb (11082-R002) to evaluate the expression of trimeric H7

proteins on the cell surface.

C. Western blot analysis of the expression of H7 trimer constructs in transfected

HEK293T cells. Cells were harvested 48 hr later for cell lysates and an aliquot of

~50 pg proteins was subjected to running reducing and non-reducing gels

separately. After transfer the PVDF membrane was incubated with anti-H7 mAb (1

ug/ml) (11082-MMO04) overnight before addition of secondary Abs.

D. Plasmids containing trimeric H7 cDNAs were transfected into HEK293T cells for

48 hr. Three human anti-H7 mAbs, designated as P2F7, P3C1 and P4C3, were

examined for specific binding to trimeric H7 proteins expressed on cells using flow

cytometry. The secondary Ab was conjugated with Alexa 647.
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Figure 5. Human anti-H7 mAbs were able to bind to trimeric H7 proteins

expressed on A549 cells.

A. Immunofluorescence images of the A549 cells that were transfected with H7 trimer
constructs for 48 hr. Cells were then fixed for staining with 1 ug/ml of anti-H7 Ab
(11082-R002) at 4 “C overnight followed by Alexa 488-conjugated anti-rabbit Ab
(1 ng/ml). Rabbit IgG served as an isotype control.

B. Ab549 cells were transfected as in (A). Cells were stained with human anti-H7 mAb,
P3C1 clone, followed by Alexa 647-conjugated anti-human Ab (1 pug/ml) to
visualize specific binding to trimeric H7 proteins in comparison to isotype control,

human IgG.
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Figure 6. Development and characterization of scFv-Fc anti-H7 monoclonal

antibodies.

A. The schematic of human anti-H7 scFv-Fc mADb. The variable gene regions of heavy
and light chains of selected human anti-H7 mAbs were engineered to generate
scFv-Fc version of neutralizing Abs. The scFv cDNA of human anti-H7 was PCR
cloned into pFUSE-hlgG1-Fc2 plasmid, which contains CH2 and CH3 domains and
hinge region of human IgG heavy chain to form a scFv-Fc. The resultant scFv-Fc
Ab was a smaller 1gG-like recombinant protein with addition of the I1L-2 signal
peptide at the N terminus to allow for secretion into culture medium for purification.

B. The cDNA of scFv is approximately 750 bp and the pFUSE-hlgG1-Fc2 plasmid is
4,000 bp as shown in agarose gel electrophoresis.

C. HEK293T cells were transfected with the scFv-Fc expression constructs for 48 hr
before harvesting cell lysates for fractionation in reducing and non-reducing gels.
After transfer proteins in the gel onto PVDF membrane the HRP-conjugated
anti-human F(ab')2 Ab (1 pg/ml) was incubated for detection using an ECL kit.
Three anti-H7 scFc-Fc mAbs were analyzed. Note: Lane 1: pFUSE-A4, Lane 2:
pFUSE-C3, Lane 3: pFUSE-H3, Lane 4: untransfected cells.

D. The secretion of human anti-H7 scFv-Fc Abs into the culture medium was examined

by an ELISA assay with the HRP-conjugated anti-human F(ab")2 Ab (1 pug/ml).
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Figure 7. Generation of domain-specific of H7 recombinant proteins for epitope

mapping.

A. Schematic diagram of the domain-specific construct of the H7 gene. The full length

of H7 gene without transmembrane domain (truncated at position 1525) was

designated as H7-1 with a length of 1,575 bp. From the predicted proteolytic

cleavage site at R339, we defined the N-terminal fragment to this site as HA1

domain, which was designated as H7-2 while the C-terminal domain of HA2

domain was designated as H7-6. For determination of strain specificity, the H7-3

construct was designed to contain the globular head domain alone, while the H7-5

construct included the stalk domain on the HA2. H7-5 comprised the epitopes of

importance for some well-known broadly neutralizing Abs.

B. The cDNA inserts of these H7 fragments described in (A) were examined by

agarose gel electrophoresis after cloning.

C. Each of the H7 DNA fragments was transiently expressed in HEK293T cells. Cell

lysates were analyzed by SDS-PAGE for western blotting. Since a myc tag was

included at the C terminus of each construct, anti-myc mAb (1:5,000) was used to

determine the proper expression and specificity of all seven constructs.

D. Anti-H7 mAb (11082-MM04) (1 ng/ml) was utilized to examine the correct

expression of these constructs. The results were compared with (C).
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E. Due to the inclusion of leader peptide of Igk chain, the various domain-specific H7

proteins were rendered to secrete into culture medium. The medium was collected

and the amount of secreted H7 proteins was examined by ELISA assays using 1

ug/ml of anti-myc Abs for detection.

F. Culture media of full-length, domain, or trimeric H7 cDNA transfected HEK293T

cells were collected separately and the secreted H7 proteins was examined by

ELISA. H7 mAb (11082-MM04) (1 ug/ml) was used as a detection Ab.

G. Culture media were collected and ELISA assay was performed as (F) except that

anti-H7 (11082-R002) (1 ng/ml) mAb was used as the detection Ab.
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Figure 8. Generation of full-length and domain-specific H1 recombinant proteins

for epitope mapping.

A. The schematic diagram of H1 domain-specific constructs. The full-length H1 HA

protein without transmembrane domain was divided into two domains at the

trypsin-cleavage position R344. The N-terminal H1-2 domain contained the

receptor-binding-site, i.e. globular head domain, whereas the C-terminal H1-3

included the conserved stalk domain. All the cDNAs of full-length or domains of

the H1 gene were individually subcloned into pSecTag2A vector, which allowed

inclusion of c-myc and 6 histidine tags at the C-terminal of H1 gene.

B. The full-length and domain-specific DNA fragments of H1 gene were resolved by

agarose gel electrophoresis.

C. HEK293T cells were transiently transfected with vectors containing each piece of

DNA fragments of H1 gene. Cell lysates were collected and analyzed by western

blotting. The anti-myc mAb (1 pug/ml) was used to detect the C-terminal myc tag.

D. Anti-H1 mAb (11055-RM10) (1 pug/ml) was utilized to confirm the correct

expression of the constructs.

E. Cells were transfected and culture media were collected as in Figure 7 for ELISA

assay. Anti-myc and anti-H1 mAbs were used for detection, respectively.
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Figure 9. Generation of full-length and domain-specific H3 recombinant proteins

for epitope mapping.

A. Schematic diagram of H3 domain-specific constructs. The H3 full-length protein

without transmembrane domain was divided into two domains at the

trypsin-cleavage position R345. The N-terminal H3-2 domain contained the

globular head domain for receptor binding while the C-terminal H3-3 included the

conserved stalk domain. The cDNAs of these H3 domains were subcloned into the

pSecTag2A vector.

B. The DNA fragments of H3 gene were analyzed by running an agarose gel.

C. HEK293T cells were transfected with constructs containing either full-length or

each domain fragment of H3 gene. Cell lysates were analyzed by SDS-PAGE and

western blotting. The anti-myc mAb (1 ug/ml) was used to detect the C-terminal

myc tag fused to the full-length and domain H3 proteins, respectively.

D. Anti-H3 mAb (11056-MM05-50) (1 ug/ml) was utilized to confirm the correct

expression of the constructs.

E. Cells were transfected and culture media were collected as in Figure 7 for ELISA

assays. Anti-myc and anti-H3 (11056-MMO05-50) mAbs were used for detection.
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Figure 10. Generation of full-length and domain-specific H5 recombinant proteins

for epitope mapping.

A. Schematic diagram of H5 full-length and domain-specific constructs. H5 full-length
without transmembrane domain was divided into HA1 and HA2 domains at the
trypsin-cleavage position R346. The N-terminal H5-2 domain contained the
receptor- binding globular head domain, while the C-terminal H5-3 included the
conserved stalk domain. All H5 cDNAs were PCR cloned into the pSecTag2A
vector.

B. The cDNAs of H5 domain fragments were examined by agarose gel electrophoresis.

C. HEK293T cells transfected with each H5 construct separately and their cell lysates
were analyzed by SDS-PAGE and western blotting. The anti-myc mAb (1 pug/ml)
was used to detect the C-terminal myc tag fused to every H5 construct.

D. Anti-H5 mAb (11048-MM01-50) (1 ug/ml) was utilized to confirm the correct
expression and specificity of each H5 construct.

E. HEK293T cells were transfected and culture media were collected as described in
Figure 7. The secreted full-length and domain-specific H5 recombinant proteins
were examined by ELISA assays using either anti-myc or anti-H5 (11048-MM01-50)

mADb for detection.
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Figure 11. Plaque reduction assay of WSN-based reassortant influenza virus.

A. WSN-based reassortant influenza virus expressing H1 proteins were examined by a
plaque assay, which used MDCK cells for infection. About 1.8 ml of supernatant
was collected as a virus stock. One ul from it was taken for tittering by 10-fold
serial dilutions, i.e.102, 103, 10*and10°® of the original, followed by infection of
MDCK cells. The calculated virus titer was 2.5 x 10° PFU/m. Virus from stock with
a dilution factor of 10° was pre-incubated with anti-H1 Ab (10 pg/ml) before
addition onto MDCK cells. No virus addition was used as a negative control.

B. Two restriction enzyme sites, Kpnl and Xhol, were generated between first 45 and
the last 80 nucleotides of coding region of A/WSN/33/H1N1 HA gene by
site-directed mutagenesis to retain the packaging sequence of H1 for replacement of

the coding region of H1 with different subtypes of HA.
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Appendix 1. pSecTag2A-H7-1

Sal 1 (6682)k Sall(33)
” CMV promoter
T7 promoter/priming Si

N W — Nhel (896)
7
lgk Leader

Kpn1(1008)

L —
pUC origin (e

|

|
=

Sal 1 (4494) /\ f

pSecTag2A-H7-1 NEW-TM 525
6683 bp s‘

~ H7-1TM less (52

EcoRV (2588)

SV40pA ﬁ\ - ~ XhoT(2593)
Y -
Zeocin (R) S c-myc
EM-7 promoter 7\/ Sall (2646)
Psv40 6xHis
BGH reverse primer
BGH pA

f1 ori

H7-1, which includes 525 amino acids without transmembrane domain were
amplified by DNA polymerase (Phusion) using TSJ429 and TSJ507 primers, which
contained Kpnl and Xhol sites for cloning. PCR cycle was set for annealing
temperature at 57 “C for 40 cycle using the pPCMV-H7 vector (Sino Biological Inc.)
as template. After digestion, the H7-1 (525) was flanked by Kpnl and Xhol sites was
subcloned into cloning sites 3’ to the leader peptide sequence of pSecTag2A by T4

ligase for ligation.
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Appendix 2. pSecTag2A-H7-2

Amp(R) J— CMV promoter
: T7 promoter/priming si
~ Nhel (896)

lgk Leader
Kpn1(1008)

pUC origin ,
\( pSecTag2A-H7-2 NEW

\A 6122 bp

L H72

W
\
| =

\,\Xhol (2032)

) 7 < 6xHis
—
<‘/\ BGH reverse primer

A

SV40pA |
Zeocin (R)
EM-7 promoter BGH pA
f1 ori

Psv40

H7-2, which included HA1 domain of H7 were amplified by PCR with TSJ429 and
TSJ431 primers containing Kpnl and Xhol sites. PCR was performed with DNA
polymerase (Phusion) for 40 cycles at the condition of annealing temperature 60 C.
The pCMV-H7 plasmid containing the H7 cDNA (Sino Biological Inc.) was the
template. After digested with both the two restriction enzymes, the H7-2 cDNA was
subcloned into the Kpnl and Xhol cloning sites 3’ to the sequence of leader peptide of

pSecTag2A vector.
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Appendix 3. pSecTag2A-H7-3

Amp(R) CMV promoter

T7 promoter/priming site

Igk Leader
KpnI(1008)
H7-3 (globular head)

oUC or.g,n\ff pSecTag2A-H7-3 NEW

5783 bp
\\ N XhoI (1693)

] *<c myc

\6le3

/ BGH reverse primer
/{ f1 ori

EM-7 promoter

SV40pA - BGH pA

Zeocin (R)

H7-3, which includes the globular head domain of H7 was amplified by PCR with
TSJ432 and TSJ433 primers containing Kpnl and Xhol sites for 40 cycles at the
condition of annealing temperature 62 ‘Cand pCMV-H7 (Sino Biological Inc.) was
included as the template. After digestion with Kpnl and Xhol, the H7-3 cDNA were
subcloned into these sites in frame following the sequences of leader peptide in the

pSecTag2A vector.
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Appendix 4. pSecTag2A-H7-4

Amp(R) s CMV promoter

T7 promoter/priming site

W Igk Leader
ﬂ KpnI(1008)
/ H7-4 NEW
. r pSecTag2A-H7-4 NEW-2 |
pUC origin | |
\ 5738 bp | |
\ \/\//Xhol (1648)
~
\$ . c-myc
6xHis
) / BGH reverse primer
SVAOpA T € BGH pA
7\J /{ f1 ori
Zeocin (R) Psv40

EM-7 promoter

H7-4, which included the stalk domain of H7, was amplified by PCR with TSJ434
and TSJ430 primers and pPCMV-H7 (Sino Biological Inc.) template using DNA
polymerase (Phusion) at annealing temperature 62 °C for 40 cycles. After digestion
with Kpnl and Xhol, the H7-4 cDNA was subcloned into the corresponding cloning

sites of the pSecTag2A vector.
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Appendix 5. pSecTag2A-H7-5

CMV promoter

Amp(R) _
% T7 promoter/priming site
ng Leader
pnI(1008)
H7-3 (Stalk3)
. pSecTag2A-H7-5 NEW x
pUC origin XhoI (1486)

5576 bp

%c myc

\6XH|S

\ BGH reverse primer
BGH pA

fl ori

SV40pA

Psv40
EM-7 promoter

Zeocin (R)

H7-5, which was composed of several important epitopes of the well-known broadly
neutralizing antibodies, was amplified by PCR using TSJ435 and TSJ430 primers and
pCMV-H7 (Sino Biological Inc.) template. PCR was performed at 62 °‘C for
annealing for 40 cycles. The PCR products were then digested with Kpnl and Xhol

for subcloning into the corresponding sites of pSecTag2A vector.
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Appendix 6. pSecTag2A-H7-6

Amp(R) CMV promoter

T7 promoter/priming site

Igk Leader
KpnI(1008)

HA2 TM less 525
EcoRV (1571)

pUCoriginA pSecT2362][)A-H7-6 | |
| ROoP v \Z Xhol (1576)

\ S
P

“ BGH reverse primer
/ o . K BGH pA
SV40pA 7Q < f1 ori
Zeocin (R) Psv40

EM-7 promoter

H7-6, which was composed of HA2, was amplified by PCR with TSJ435 and TSJ507
primers and pCMV-H7 (Sino Biological Inc.) template. PCR was performed at

annealing temperature 62 °Cfor 40 cycles, followed by digestion with Kpnl and
Xhol. The purified H7-6 cDNAs were subcloned into Kpnl and Xhol cloning sites of

the pSecTag2A vector.

92



Appendix 7. pcDNA3.1-H7-Foldon

Amp (R) CMV promoter
Y . Q\( "
| < g 1 f ~ Nhel(896)

—~~  BamHI(1352)

H7 (pCMV)
pcDNA3.1-H7-Foldon
7014 bp
SV40 PA/\ : \</Eco RV (2392)
\ thrombon cleavage site
- . Hin dIII (2460)
Neo (R) - foldon
Sv40 ORI // Xho 1 (2546)
SV40 promoter BGH pA

H7 without sequences of transmembrane domain was amplified by PCR with
TSJ363 and TSJ394 primers containing Nhel and ECORV sites, respectively at a
condition of annealing temperature 54 “C for 40 cycles. The pPCMV-H7 (Sino
Biological Inc.) was included as template. After digested with Nhel and EcoRYV, the
purified H7 cDNAs were subcloned into the pcDNA3.1-H1-foldon vector to replace the

H1 cDNA, resulting in formation of H7-foldon fusion proteins when expressed.
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Appendix 8. pSecTag2A-3H

BglII (13)
Amp(R) o l CMV promoter
/\\% T7 promoter/priming site
\\ / Igk Leader
)|

HindIlI (998)

pUC origin \/’ Kpn1I(1008)

pSecTag2A-3H new TM 52§
‘J 6800 bp ]
H7-1 TM less 525

BstXI(2354)

A\

SV40pA EcoRV (2588)

Bgl1l (2592)
Zeocin (R) Thrombin cleavage site
EM-7 promoter

Psv40

HindIII (2656)
Foldon
Xhol (2710)
c-myc
6xHis

BGH reverse primer
BGH pA

f1 ori

H7-foldon, which forms trimeric structure, was amplified by PCR with TSJ429 and
TSJ452 primers containing Kpnl and Xhol sites. PCR was performed at the condition

of annealing temperature 62 °C for 40 cycles using pcDNA3.1-H7-Foldon as the
template. After digested with both restriction enzymes, the H7-foldon cDNAs were

subcloned into the pSecTag2A expression vector..
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Appendix 9. pSecTag2A-H1-1

Sal1(6694) ’SalI (33)

Amp(R)\ g ” CMV promoter
- o T7 promoter/priming site
/ \% /// ~ Nhel(896)
. lgk Leader
Kpn1(1008)

puUC origin |
| pSecTag2A-H1-1 NEW
\ 6695 bp
H1-1
Sall (4506) /\ ‘v
SV40pA 0 ; N //Xho I1(2605)
Zeocin (R) )
EM-7 promoter Sal1(2658)

Psv40

flori

H1-1, which contains full-length H1 without transmembrane domain, was amplified

by PCR with TSJ494 and TSJ495 primers and pCMVHL1 (Sino Biological Inc.)

template at annealing temperature 60 °C for 40 cycles. The PCR products of H1-1
were digested with Kpnl and Xhol and subcloned into the corresponding sites in the

pSecTag2A vector.
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Appendix 10. pSecTag2A-H1-2

Sall(6136)  Sall(33)

\ g I

V4

X

Amp(R) CMV promoter
T7 promoter/priming site

~ Nhel (896)

Slgk Leader

pUC origin
H1-2
6137 bp

Sall(3948) /\

SV40pA -
Zeocin (R)
EM-7 promoter BGH pA

Psv40

H1-2, which contains HAldomain of H1, was amplified by PCR with TSJ494 and

TSJ496 primers and pPCMVHL (Sino Biological Inc.) template at annealing

temperature 60 ‘C for 40 cycles. The amplified H1-2 cDNAs were digested with

Kpnl and Xhol sites and subcloned into the pSecTag2A vector.
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Appendix 11. pSecTag2A-H1-3

Sall(5659)  Sall(33)
Amp(R) | , CMV promoter

\ T7 promoter/priming site
v N f " Nhel(896)

Igk Leader

KpnI(1008)

pSecTag2A-H1-3 NEW
H1-3

5660 bp >

= XhoI(1570)

Sall(3471) /

SV40pA

Zeocin (R)

EM-7 promoter

H1-3, which contained HA2domain of H1, was amplified by PCR with TSJ497 and

TSJ496 primers containing Kpnl and Xhol sites, respectively and pCMVHL1 (Sino

Biological Inc.) template. The PCR reaction was performed at annealing temperature

60 °C for 40 cycles using DNA polymerase (Phusion). After digestion, the H1-3

cDNAs were subcloned into Kpnl and Xhol sites of the pSecTag2A vector.
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Appendix 12. pSecTag2A-H3-1

Sall(6691)  Sall(33)
| , CMV promoter

T7 promoter/priming site

[~ -
\\\\< /// Nhel (896)

D |
Igk Leader

(R)
pUC origin ‘ ?
7 | pSecTag2A-H3-1
||

6692 bp
Sall (4503) /\ ‘\
|
/XhoI (2602)

SV40pA R & &
Zeocin (R)%}A R \/ c-myc
EM-7 promoter ’ < Sall (2655)

p

2

Amp(R

KpnI(1008)

H3

\
Psv40 6xHis
BGH reverse primer
BGH pA
f1 ori

H3-1, which contains HA2domain of H1, was amplified by PCR with TSJ486 and
TSJ487 primers containing Kpnl and Xhol sites, respectively and pCMVH3 (Sino
Biological Inc.) template. The PCR was performed at the condition of annealing

temperature 60 ‘C for 40 cycles. After digestion the H3-1 cDNAs were subcloned

into the Kpnl and Xhol sites of the pSecTag2A vector.
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Appendix 13. pSecTag2A-H3-2

Sall (6139) /SaII (33)
Amp(R) J— | , CMV promoter
T7 promoter/priming site

N / Nhel (896)

\~Nk Leader

\ KpnI (1008)

y
£

puC origin\/‘f

pSecTag2A-H3-2
6140 bp

Sall (3951) /\

SV40pA -
Zeocin (R)
EM-7 promoter

Psv40

H3-2, which contained HAldomain of H3, was amplified by PCR with TSJ486 and
TSJ488 primers containing Kpnl and Xhol sites, respectively and pCMVH3 (Sino
Biological Inc.) template at the condition of annealing temperature 60 ‘C for 40
cycles. After digestion, the H3-2 cDNAs were subcloned into the Kpnl and Xhol sites

of the pSecTag2A vector.
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Appendix 14. pSecTag2A-H3-3

Sall(5653)  Sall(33)
Amp(R) | , CMV promoter
T7 promoter/priming site
D ] Z " Nhel (896)

0 Igk Leader
’ KpnI(1008)
oUC origin J‘ pSecTag2A-H3-3 | g
| 5654 bp A 4
\ \ = Xhol(1564)
Q c-myc
) Sall (1617)
/ | / / \\GXHS
Sall (3465) / ( <\ __ BGH reverse primer
SV40pA 7Q BGH pA
Zeocin (R) fl ori

Psv40
EM-7 promoter

H3-3, which contained HA2domain of H3, was amplified by PCR with TSJ489 and
TSJ487 primers and pPCMVH3 (Sino Biological Inc.) template. PCR was performed

at annealing temperature 60 “C for 40 cycles. After digestion and purification, the
H3-3 cDNAs were subcloned into the Kpnl and Xhol sites of the pSecTag2A

expression vector.
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Appendix 15. pSecTag2A-H5-1

Sall (6685) \ /SalI (33)

| , CMV promoter

- T7 promoter/priming site
h ¥ /// ‘Nhel (896)
Igk Leader

KpnlI(1008)

pUC origin
pSecTag2A-H5-1

6686 bp
Sall (4497) /\ v
"

SV40pA \ . : Xho1(2596)
Zeocin (R) %X\M c-myc
EM-7 promoter Sall (2649)

H5-1

H5-1, which contained HA2domain of H3, was amplified by PCR with TSJ490 and
TSJ491 primers containing Kpnl and Xhol sites, respectively and pPCMVHS5 (Sino
Biological Inc.) template. PCR was performed at the condition of annealing

temperature 60 ‘C for 40 cycles using DNA polymerase (Phusion). After digestion
the H5-1 cDNAs were subcloned into the Kpnl and Xhol sites of the pSecTag2A

vector.
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Appendix 16. pSecTag2A-H5-2

Sall (6142) /SalI (33)

CMV promoter

A
A

pSecTag2A-H5-2 ‘ )\HS_Z

\\ 6143 bp “‘
U : /
¥ Xho1(2053)

Sal1(3954) /\ ”

SVA0pA "
Zeocin (R)>\//% !

EM-7 promoter
Psv40 f1 ori

T7 promoter/priming site
Nhe 1(896)
Igk Leader

pUC origin ,f“f’ (

H5-2, which contained HAldomain of H5, was amplified by PCR with TSJ490 and
TSJ492 primers and pCMVHS5 (Sino Biological Inc.) template. PCR was performed
at the condition of annealing temperature 60 “C for 40 cycles using DNA polymerase

(Phusion). After digestion with Kpnl and Xhol, the H5-2 cDNAs were subcloned into

the pSecTag2A vector.
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Appendix 17. pSecTag2A-H5-3

Sall(5644)  Sall(33)
Amp(R) | , CMV promoter
=

\ T7 promoter/priming site
\ " Nhel (896)

4

Igk Leader

KpnI(1008)

/
|
puC origin/( [ pSecTag2A-H>-3 | | H5-3
\ 5645 bp \/“\\XhoI (1555)
x c-myc
Sall (1608)
/ 6xHis
Sall(3456) / : BGH reverse primer
SV40pA BGH pA
Zeocin (R) f1ori

EM-7 promoter

H5-3, which contained HA2 domain of H5, were amplified by PCR with TSJ492 and
TSJ493 primers and pCMVHS5 (Sino Biological Inc.) template. PCR was performed
at the condition of annealing temperature 60 “C for 40 cycles using DNA polymerase
(Phusion). After digestion with Kpnl and Xhol, the H5-3 cDNAs were subcloned to

the corresponding sites of the pSecTag2A vector.
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Appendix 18. pFISE-hlgG1-Fc2-HNP4 A4

hEF1-HTLV prom
IL2ss

. /ILZSS

_ EcoRI (627)

EcoRV (635)
/HNP4 A4

CMV enh
pFUSE-hIgG1-Fc2-HNP4 A4

4929 bp

~_  BgllI(1384)

/ ~ higGlFc

Zeo SV40 pAn
BGlo pAn

The synthesized heavy chain and light chain genes of HNP4-A4 scFV antibody were
cut out with EcoRV and Bglll, followed by purification and subcloning into the
pFUSE-hlgG1-Fc2 plasmid containing the CH2 and CH3 domains of the human IgG

heavy chain, the hinge region and the IL2 signal peptide.
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Appendix 19. pFISE-hlgG1-Fc2-HNP4 C3

hEF1-HTLV prom
[L2ss
~__ EcoRI (627)

\ EcoRV (635)
/HNP4 C3

CMV enh
pFUSE-hIgG1-Fc2-HNP4 C3

4938 bp

BGlo pAn SV40 pAn
The synthesized heavy chain and light chain genes of HNP4-C3 scFV antibody were
digested with EcoRV and Bglll and the purified inserts were subcloned into the
pFUSE-hlgG1-Fc2 plasmid containing the CH2 and CH3 domains of the human IgG

heavy chain, the hinge region and the IL2 signal peptide.
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Appendix 20. pFISE-h1gG1-Fc2-HNP4 H3

HindIII (247)
hEF1-HTLV prom

. IL2ss
f/ — EcoRI(627)
EcoRV (635)
~ HNP4H3
CMV enh
pFUSE-hIgG1-Fc2-HNP4 H3
4899 bp
BgllI (1393)
~ higGlFc
—_—

SV40 pAn
Asel (2322)

The synthesized heavy chain and light chain genes of HNP4-H4 scFV antibody were
digested with EcoRV and Bglll and the inserts were subcloned into the
pFUSE-hlgG1-Fc2 plasmid containing the CH2 and CH3 domains of the human 1gG

heavy chain, the hinge region and the IL2 signal peptide.
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Appendix 21. pFlu BsmBI HA-Kpnl Xhol M

bla promoter

Amp(R) CMV promoter

s Terminator

@” o5

Last nt of VRNA

pUC origin \ Kpnl (1014)

pFlu BsmBI HA-Kpnl Xhol M L AWSN/1933(HIND)
7405 bp

SV40 pA

\&\ ~ Xhol(2592)
P Xhol (2592
position of 1st nt of vVRNA

BsmBI (2724)
SV40 early promoter Pollp

BGH pA
f1 origin

PCR primers were designed to create two restriction enzyme sites to fit in the coding

region of A/WSN/33/H1IN1 HA gene. At the end of the 5° packaging region (first 45

nucleotides of coding sequence) in front of coding region, Kpnl restriction site was

created with TSJ498 and TSJ499 primers for cloning. The pfu-X DNA polymerase

(SolGent) was used for PCR reaction. By same token, Xhol restriction site was

generated with TSJ500 and TSJ509 primers at the end of the 3’ packaging region (last

80 nucleotides of coding sequence).
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Table 3. Primers for cloning

Primers

Sequence of primer

TSJ363-HA-TM-less-3’
TSJ394-pc3HA-5’
TSJ429-pCMV-H7-5°
TSJ431-pCMV-H7-Stalk2-3°
TSJ432-pCMV-H7-LBD-5°
TSJ433-pCMV-H7-LBD-3°
TSJ434-pCMV-H7-Stalk2-5°
TSJ435-pCMV-H7-Stalk3-5’
TSJ452-pst3H-3" Xhol
TSJ466-pFlu-H7-3°
TSJ486-pST-H3-TM less-5’
TSJ487-pST-H3-TM less-3°
TSJ488-pST-H3-HA1-3’
TSJ489-pST-H3-HA2-5’
TSJ490-pST-H5-TM less-5’
TSJ491-pST-H5-TM less-3°
TSJ492-pST-H5-HA1-3”
TSJ493-pST-H5-HA2-5
TSJ494-pST-H1-TM less-5’
TSJ495-pST-H1-TM less-3’
TSJ496-pST-H1-HA1-3’
TSJ497-pST-H1-HA2-5°
TSJ498-pFlu-HA-kpnl M-5°

TSJ499-pFlu-HA-kpn IM-3’

TSJ500-pFlu-HA-Xhol M-5’

TSJ507-H7 TM less 525-3°

TSJ509-pFlu-HA-Xhol M-3°

5’-GGATATCATATCATAGGTGTTATTTCTAA-3’
5’-CAGATCTCGAGATGAACACTCAAATCCTG-3’
5’-CGGTACCGATGAACACCCAGATTCTGG-3’
5’-CCTCGAGATCCCCTACCCTTTGGAATC-3’
5’-CGGTACCGTGTAGCAAGGGCAAGAGGA-3’
5’-CCTCGAGAACAGTTGGCATCCACCTGG-3’
5’-CGGTACCGTGTGAGGGAGACTGTTACC-3’
5’-CGGTACCAGGACTGTTTGGAGCCATTG-3’
5’-ACTCGAGATCCCAGGAAAGTAGACAGCA
5’-ACTCGAGTTAGATGCAGATTGTGCACCT-3’
5’-TGGTACCTATGAAGACCATCATTGCCCT-3’
5’-CCTCGAGTCCAGTCCTTGTAGCCAGAT
5’-ACTCGAGTGCCCCTGGTCTGCTT-3"
5’-TGGTACCTATCTTTGGAGCCATTGCTG-3’
5’-TGGTACCTATGGAGAAGATTGTGCTGCT-3’
5’-ACTCGAGTGCCAATGCTCTCCAATT-3’
5’-ACTCGAGTTCCCCTTTTCTTGCGCCTA-3’
5’-TGGTACCTCTGTTTGGAGCCATTGCT-3’
5’-TGGTACCTATGAAGGCTATCCTGGTGG-3’
5’-CCTCGAGTCAGGATCTGGTAAATCCTGG-3’
5’-CCTCGAGTTCCCCTGCTCTGGATG-3’
S’-TGGTACCTCTGTTTGGAGCCATTGCT-3’
5-‘CCTGTTATATGCATTGGTACCTACAGATGCA
GACA-3’
S’-TGTCTGCATCTGTAGGTACCAATGCATATAA
CAGG-3’
5’-TGTCGCCAGTTCACTCGAGCTTTTGGTCTCCC
T-3
5’-CCTCGAGTGATATCGATCACATCCTTGTAGC
CAG-3’
5’-AGGGAGACCAAAAGCTCGAGTGAACTGGCG
ACAGTTGAGTAGA-3’
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