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Figure 2:  Bound antibody prevents the fusogenic transitionFigure 2:  Bound antibody prevents the fusogenic transition

Outbreaks of pandemic in�uenza can occur 
when genetic elements from avian and human 
in�uenza A viruses recombine during antigenic 
shift. The H3N2 Hong Kong �u in 1968 is an ex-
ample of such a reassortment event: hemag-
glutinin and a polymerase gene from an avian 
virus recombined with a virus infectious to 
humans to make the novel and highly patho-
genic strain, H3N2. It is thus of interest to study 
in�uenza A strains that target birds, as these 
may later target humans. 

In this project we studied the antigenic protein 
hemagglutinin (HA) isolated from a H10N7 
subtype from a duck in Germany in 1949. The 
aim of the project was to inhibit the infection 
of in�uenza by preventing the low pH fuso-
genic transition of HA. Binding of the antibody 
HC63 to HA from H3N2 from 1968 has been re-
ported to prevent the fusogenic transition 
[2,3]. Inspired by [2] we seeked to prevent  the 
fusogenic transition by binding of an antibody, 
with the structure of HC63 as a sca�old. In this 
study we aimed to modify the antibody to bind 
to HA of the subtype H10.

Homology modelling
Prior to energy minimization, the Ramachan-
dran plot for the homology model shows that 
1378 residues (94.71%) are in the favored 
region and 6 residues (0.41%) are outliers.  A 
clashscore of 19.13 was reported.  After energy 
minimization, our model showed the same 
number of outliers, but had 0 clashes. The per-
centage of residues in favoured regions de-
creased to 93.81%. The scores from ProQ in-
creased after energy minimization: the LGscore 
increased from 3.217 to 3.312 (Very good 
model) and the MaxSub score increased from 
0.416 to 0.431 (Fairly good model).  

We found that CPHmodels consistently gener-
ated models with fewer clashes than HHpred.

Homology modelling
The HA head and stem (residues 18 – 339 and 
341 – 561, respectively) were submitted sepa-
rately to CPHmodels.  Both segments resulted 
in models generated with template 4DJ6. The 
structure of 4DJ6 is solved by X-ray di�raction 
(Resolution = 2.61 Å, R-value = 0.205, R-free 
value = 0.236, Ramachandran allowed regions 
= 92.26%). Since the homology model was 
composed of two separate strands, it was 
energy minimized to improve the interface be-
tween the two strands.  We hereafter refer to 
this as "our model". 

Antibody mutation
Our sequence and the HA sequence from 1KEN 
were aligned using MAFFT to identify which 
residues in our model align with the epitope of 
1KEN (which has been experimentally deter-
mined [2]). The interaction of the potential epi-
tope in our model with the antibody was ex-
amined in PyMOL. The antibody was mutated 
as appropriate to accommodate clashes and 
improve electrostatic interactions.  The mu-
tated antibody was energy minimized. We 
hereafter refer to this as "the mutated anti-
body".

All images were created using PyMOL [8].  All 
Ramachandran plots were generated with Mol-
Probity [7].  All energy minimizations were gen-
erated using the Re�ne 1.0 server [5].

Introduction

Homology modelling
Even though the template (4DJ6) did not have 
an optimal Ramachandran plot, this is the best 
Hemagglutinin structure of several possible 
templates that we examined including 3KU 
and 3M5G.  The outliers as seen in Fig 1, are 
very far from the binding site of the antibody, 
and therefore these are of minor importance to 
our goal of designing an antibody for H10.  

Antibody mutation
Based on the sequence alignment, 8/18 resi-
dues in the epitope are preserved.  After muta-
tion and energy minimization of the antibody, 
we observe that 15/18 residues are likely to 
bind (see green cells in the last row of Table 1).  
Of the 3 remaining residues, 2 clash with the 
mutated antibody, as can be seen in the right 
image in Figure 3.  Finally, 1 residue in the epit-
ope of our model is located very far away from 
the antibody, and no mutation was possible 
(without inserting or deleting residues) to 
make a connection.  

The residue 165N on 1KEN is glycosylated and 
the sugar chain �ts into a furrow on the anti-
body as can be seen in the left image in Figure 
3.  However the corresponding residue (see 
alignment in Table 1)  in our sequence is mu-
tated to T, which will not be glycosylated.  Thus, 
no interactions between sugar chains and the 
antibody will take place with our model.  Other 
glycosylation points are not located near the 
active site on our model.

Comparing the two panels in Figure 3, we can 
see that the modi�cations we have made cause 
wide ranging structural di�erences through-
out the antibody. This has an unknown e�ect 
on binding. Both the clashes and the lack of 
glycosylation decrease the chance that the 
mutated antibody will bind and prevent the fu-
sogenic transition in our model. However, an 
additional hydrogen bond is formed by our 
model to the mutated antibody.

Although we are skeptical about the antibody 
binding to our model, further work could test 
whether the mutated antibody will bind to H10 
and prevent the fusogenic transition.  Indirect 
evidence of binding can be obtained by incu-
bating H10 at low pH and observing lack of ag-
gregation of the HA. Direct evidence of this will 
require X-ray crystallography.

Methods

Results

Discussion

Our model is colored in wheat and the template (4DJ6) is colored in palecyan, both are shown as cartoon and aligned. The red 
residues in the lower stem region are the 6 Ramachandran outliers (5ALA and 136GLY on the 3 stems). The residues in green are 
the residues of the epitope that bind to the paratope of the antibody as stated in [2]. The alignment between our model and the 
template 4DJ6 has a RMS value of  0.753. 

The head region of our model is colored by chain (green, pink and blue) and the stem region is gray.  Two mutated antibody 
Fab's (Fragment antigen binding regions) are colored orange. The model epitope is shown as spheres and colored in the same 
color as the chain they belong to. Following [2], we predict the bound antibodies will prevent the fusogenic shift, as each Fab 
binds to two chains of our model, thereby cross-linking the hemagglutinin chains together.  

Original antibody:   The original antibody is shown as 
surface electrostatics (red=negative).  The epitope of 
our model is shown as purple sticks and the epitope of 
1KEN is shown as orange sticks.  The sugar chain on 
1KEN 165N is shown as green sticks. Hydrogen bonds 
between the antibody and the 1KEN epitope are indi-
cated; there are a total of 3. 

The protein sequence of H10N7 1949 (Uniprot entry Q0A448) is annotated with colors corresponding to the features of 
the sequence. Residue numbers are indicated above the bar.  The sequence shown is the 561 AA long immature form of 
the HA protein, which is cleaved into a mature form of two chains: HA1 (head) and HA2 (stem). The cleavage site is pre-
dicted by Uniprot to be located at position 340, where an Arg is cleaved o�. The black bar above the sequence indicates 
the regions that were modelled by CPHmodels. Using SignalP 4.1 [9] we identi�ed that the 16 AA unmodeled N-
terminal part of the sequence is a signal peptide.  Using TMHMM Server v. 2.0 [10] we identi�ed that the unmodeled C-
terminal part of the HA2 chain contains a transmembrane and cytosolic region (of lengths 23 and 13 AA, respectively). 

The two top rows show the sequence alignment of 1KEN (row 1) to our model (row 2).  Colouring of the cells is based on 
BLOSUM62 score (red ≤ 0, yellow = 1, green > 2).  The middle rows show the mutations of the antibody that were made 
to account for each misalignment between the sequences.  (a) indicates that although the residue is not conserved, its 
position and electrostics w.r.t. the antibody are favourable for binding.  (r) indicates that the residue has been rotated 
to improve binding.  The last row shows whether the improvement was retained after energy minimization of the anti-
body (ret), was involved in a hydrogen bond (H), created a clash, or was not near the surface of the antibody (o�).  

Antibody mutation
Table 1 summarizes the mutations that were 
made to the antibody and whether they were 
preserved following energy minimization of 
the antibody.  Two clashes were observed with 
the mutated antibody at residues 152Q and 
183E in our model.  Additionally our model 
made 4 hydrogen bonds to the mutated anti-
body compared to the 3 created between 
1KEN and the original antibody.  See �gure 3 
for details. 

Results cont.

Mutated antibody: Tthe modi�ed antibody is shown 
as surface electrostatics, and the epitope of our model 
is shown as purple sticks.  Hydrogen bonds to the 
modi�ed antibody are indicated; there are a total of 4.  
Clashes and the residue that is not close to the anti-
body surface are also indicated.  
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