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Abstract

The hemagglutinin-neuraminidase (HN) protein of Newcastle disease virus (NDV) with its im-
munotherapeutic activities and sialic acid binding abilities is a promising cancer adjuvant. The HN
was surfaced displayed on Lactococcus lactis and its cancer targeting ability was investigated via
attachment to the MDA-MB231 breast cancers. To surface display the HN protein on the bacterial
cell wall, HN was fused to N-acetylmuraminidase (AcmA) anchoring motif of L. lactis and expressed
in Chinese hamster ovary cells. The expressed recombinant fusion proteins were purified and mixed
with a culture of L. lactis and Lactobacillus plantarum. Immunofluorescence assay showed the binding
of the recombinant HN-AcmA protein on the surface of the bacterial cells. The bacterial cells
carrying the HN-AcmA protein interacted with the MDA-MB231 breast cancer cells. Direct and
fluorescent microscopy confirmed that L. lactis and Lb. plantarum surface displaying the recombi-
nant HN were attached to the breast cancer MDA-MB231 cells, providing evidence for the po-
tential ability of HN in targeting to cancer cells.
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Introduction

Newcastle disease virus (NDV) is a paramyxo-
virus with potential oncolytic and apoptotic proper-

and activate macrophages as well as stimulate the
tumor necrosis factor-related apoptosis-inducing lig-

ties. It is able to replicate selectively inside cancer cells
[1, 2]. Its heamaglutinin-neuraminidase (HN) protein
is a multifunctional protein. It plays a pivotal role in
the pathogenesis, immunogenicity and attachment of
the virus [3, 4]. It is involved in mediating the at-
tachment of the virus to sialic acid-containing cellular
receptors. This protein consists of two domains asso-
ciated with the hemagglutinin and neuraminidase
activities which mediate the recognition as well as
cleavage of the sialic acid containing receptors [5].
Several studies highlight the potential adjuvant
activity of the HN in cancer therapy [6-8]. The HN
protein can exert T cell co-stimulatory function as well
as boost innate immunity [8, 9]; HN can stimulate
dendritic cells to produce high levels of interferon-a

and immune response [9, 10]. In addition, HN has the
ability to stimulate the NK cell activity and expedite
adhesive interactions of lymphocytes with infected
tumor cells [11]. Altogether, these characteristics
make HN an adjuvant of interest in cancer immuno-
therapy.

In the present study, we report the targeting
ability of the HN against MDA-MB231breast cancer
cells. To achieve this, the binding domain of AcmA,
anchor motif of L. lactis, was used to surface display
the HN protein onto the bacterial cell surface which
was afterward subjected to interact with MDA-MB231
breast cancer cell. The FreeStyle ™ MAX CHO Ex-
pression based system was chosen to be used to pro-
duce and display the antigen-anchor fusion proteins
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on the cell surface of L. lactis.

Materials and Methods

Bacterial strain, cell line and growth media

The L. lactis NZ9000 and recombinant L. lactis
NZ9000 carrying GFP [12] were propagated in M17
containing 0.5% (w/v) glucose at 30°C. The Free-
Style™ CHO-S® cells were cultured in FreeStyle™
CHO expression medium supplemented with
L-glutamine to a final concentration of 8 mM at 37°C
in 5% CO; atmosphere.

Construction of HN-acmA cassette

PCR was used to amplify the coding region of
HN and acmA gene. The acmA (from genomic DNA of
L. lactis MG1363; Accession no: LLU17696) and HN
(from pCite2a-HN plasmid, Virology lab, Department
of Microbiology, Universiti Putra Malaysia) DNA
fragments were amplified and digested with Xhol
before being ligated to make a surface display cas-
sette. Then the HN-acmA cassette and pcDNA 3.1 ex-
pression vector were digested with BamHI and Xbal
(Fermentas, USA). Ligation was achieved by using T4
DNA ligase (Fermentas, USA). The ligation mixture
was purified using the Wizard® PCR Preps DNA
Purification Systems (Promega, USA) before the re-
combinant plasmids were transformed into Free-
Style™ CHO-S® cells.

Expression of HN-acmA cassette

Protein expression in FreeStyle™ CHO-S® cells

The transformation of suspension FreeStyle™
CHO-S cells was done according to the manufacture’s
instruction (Invitrogen™, Life Technologies; USA).
Five days prior to post transfection, the transfected
FreeStyle™ CHO-S® cells were subcultured in culture
medium containing 100 pg/ml geneticin. After ap-
proximately two passages, the culture was monitored
microscopically for the presence of viable cells. The
positively transfected cells were harvested by centri-
fuge at 2500 xg at 4°C for 5 min; and the cells were
resuspended in the appropriate amount of CytoBuster
(Novagen, USA), at room temperature for 5 min. The
mixture was then centrifuged for 10 min at 16000 xg
to separate the cell from the soluble protein.

Purification and Western blot analysis of recombinant
protein

The Ni-NTA purification system was used to
purify the expressed His-tagged recombinant protein
according to the manufacture’s instruction (Novagen,
USA). The purified proteins were separated by
SDS-PAGE before they were transferred to a polyvi-
nylidene fluoride (PVDF) membrane for incubation

with primary antibody (mouse Anti-NDV; Abcam)
followed by secondary antibody (Goat Anti-mouse
IgG HRP). The hemagglutination titer test was per-
formed according to OIE Manual of Standard Diag-
nostic Tests [13].

Binding of the fusion proteins to L. lactis and Lb.
plantarum

Lb. plantarum and L. lactis were grown overnight
from single colonies in MRS and GM17, respectively.
The overnight cultures were then inoculated into
fresh media and grown to ODeg of 0.6 at 37°C and
30°C, respectively. The cells were then harvested at
2000 xg for 5 min and the cell pellet was resuspended
in 600 pul of the fresh media. The bacterial suspension
was then mixed with 200 ul of the purified protein (2
mg/ml) and incubated at 30°C for 2 h. The cells were
pelleted at 2000 pg for 5 min and then washed with 1
xPBS, 3 times. The binding capability of the fusion
proteins was analyzed by immunofluorescence
staining using mouse anti NDV antibody as primary
and FITC conjugated anti mouse antibodies raised in
rabbit as secondary antibodies according to [14].

Attachment of bacteria to breast cancer
MDA-MB231 cell line

The adhesion between the recombinant L. lactis
which surface displayed HN-AcmA and MDA-MB231
breast cancer cells was visualized under florescent
microscopy. A cell suspension of 1 x 10° cells was
grown in complete RPMI medium in six-well tissue
culture plates. When the cells reached 80% confluen-
cy, the medium was completely removed and the cells
were fed with RPMI medium lacking antibiotics for 24
h. The cells were then washed three times with sterile
phosphate-buffered saline. An aliquot of 2 ml of
DMEM (without serum and antibiotics) was added to
each well and incubated at 37°C for 30 min. Then, L.
lactis carrying GFP (1 x 10° cfu) surface displaying
HN-AcmA were resuspended in 1 ml RPMI medium
(without serum and antibiotics) before they were
added to the above wells. The plates were incubated
at 37°C in 5% CO2 -95% air for 45 min. The monolay-
ers were washed five times with sterile PBS. The ad-
hesion was visualized under both direct and fluores-
cent microscope.

Results

Amplification, construction and expression of
fusion HN-acmA cassette

The HN-acmA cassettes were generated by inser-
tion of an Xhol restriction site at the C and N terminus
of HN and acmA, respectively (Figure 1a). The pro-
duction of HN-acmA in FreeStyle™ CHO-S® cells
was studied by SDS-PAGE and Western blotting after
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purification. The 76 kDa expressed HN-AcmA was
detected using SDS-PAGE and Western blotting after
purification, respectively.

Immunofluorescent staining

The HN-AcmA protein was purified on Ni2+ af-
finity columns and mixed with a culture of Lb.
plantarum and L. lactis NZ9000. Immunofluorescence

~2000bp
~1500bp
~1000bp

~500bp

microscopy verified the binding of the fusion proteins
on the cell wall surface of bacteria. Both lactobacilli
(Fig. 2B) and lactococci (Fig. 2D) cells which were in-
cubated with HN-AcmA exhibited bright fluorescence
on the cell surface, indicating the presence of the fu-
sion proteins on the cell wall surface. The control
bacterial cells showed no fluorescence (Fig. 2F).
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Figure 1. A. Agarose gel electrophoresis analysis of PCR product of HN of NDV, acmA, and HN-acmA Cassette; Lane M: GeneRuler DNA ladder mix;
Lanes 1: PCR product of HN of NDV, which is around ~ 1750 bp. Lanes 2: PCR product of acmA, which is around ~ 366 bp. Lanes 3: PCR product of HN-acmA, which
is around ~ 2100 bp. B. SDS-PAGE and Western blot analysis of the purified recombinant HN-AcmA protein ; Lane N: Spectra Multicolor Broad Range
Protein Ladder; Lane 1: pPCDNA:HN-AcmA; Expression was confirmed through Western blot by using specific polyclonal antibody directed against NDV.
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Figure 2. Immunofluorescent micrograph of the binding of the HN-AcmA expressed in CHO cell to Lb. plantarum and L. lactis. A & B immunofluorescent micrograph
of Lb. plantarum cells surface displayed by recombinant HN-AcmA. C& D immunofluorescent micrograph of L. lactis cells surface displayed by recombinant HN-AcmA.
D& F control: L. lactis cells. The cells were immunostaining with anti-NDV antibody and DAPI and were visualized under two filter of DAPI (A, C, E) and FITC (B, D,

F). The cells were observed under x100 objective.
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Figure 3. Attachment of HN surface displayed L. lactis to MDA-MB 231 breast cancer cell line: A&C interaction of L. lactis cells surface displayed by
recombinant HN-AcmA with MDA-MB 231 breast cancer cell; (A) Direct microscopy (C) Fluorescent microscopy; N= nucleus; B= Bacteria. D&F Control:
Attachment of L. lactis to MDA-MB 231 breast cancer cell line: (D) Direct microscopy (F) Fluorescent microscopy. Cells were photographed with a light microscope

under x40 objective.

Bacterial attachment to breast cancer cell line

The attachment efficiency of the purified
HN-AcmA surfaced displayed on L. lactis to the
MDA-MB231 breast cancer cells was visualized using
direct and fluorescent microscope (Figure 3). When
the L. lactis were surface displayed with HN-AcmA
(Fig 3; A and C), they acquired the ability to be at-
tached to the surface of the MDA-MB231 breast cancer
cells. However, the normal L. lactis cells (Fig 3; D and
F) did not illustrate the binding capability to these
cancer cells. In addition the HN surfaced displayed L.
lactis induced apoptosis in the cancer cells.

Discussion

Targeted therapies are cornerstone of precision
anticancer development. One promising strategy for
targeting is the receptor-mediated system in which a
tumor recognition moiety is connected through a
smart linker to target the cancer [15]. The cancer cell
aberrantly expresses or overexpresses glycan on the
surface which is different than their normal counter-
parts [16, 17]. Finding ligands tailored to the abnor-

mality of this glycan with higher affinity can be ex-
plored as a targeting agent.

Sialic acids and their derivatives which are
abundant at the terminal positions of the cancer gly-
coproteins play a pivotal role in cancer biology [18].
The high expression of sialic acids has been shown to
contribute to cancer cell protection from apoptosis,
progression of metastasis, and enhanced resistance to
therapy [19]. In breast cancers, MUC1 expression level
is accompanied by greatly altered glycosylation [20,
21]. These O-glycans on the surface of MUC1 in cancer
cells are shorter, less complex and more sialylated [22,
23]. Considering the detrimental effects of hy-
per-sialylation, strategies to take advantage of these
alterations as a targeting biomarker as well as strate-
gies to reduce unbalanced sialic acid expression might
have a dual benefit as a targeting and therapeutic
agent. This research investigates the tumor targeting
capability of the HN protein in the context of its sub-
cellular compartmentalization on the surface of L.
lactis using AcmA.

The non-recombinant surface display system
that mimics the surface antigen of pathogens was
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used in this study [24]. In this system the target pro-
tein is first produced as a fusion protein in a high level
expression system and then bound non-covalently
onto the cell surface of L. lactis by simply mixing them
with live cells. To achieve this, the CHO expression
system was used to express high levels of the an-
chored antigen fusion proteins which were subse-
quently purified and displayed onto the cell wall
surface of L. lactis through attachment from the exte-
rior. Immunofluorescent staining was used to confirm
the efficient binding of the fusion proteins onto the
cell wall surface. The tumor attachment study was
utilized to investigate whether the surface displayed
HN on L. lactis has a targeting capacity to the cancer
cells. Based on adhesion, percentage of adhesion to
MDA-MB231 breast cancer cells was high in L. lactis
strains which surface displayed HN compared to
normal L. lactis (Figure 3). In addition in concordance
to the published studies by Ghirici et al, the HN show
that have the ability to induce apoptosis on the cancer
cells [25]. The data presented here demonstrates that
L. lactis surface-expressed HN protein may provide
new insight as the targeting agent to target vaccine
trough cancer cells. To our knowledge, this is the first
study demonstrating that recombinant HN-AcmA can
be expressed in mammalian (CHO) expression system
as well as targeting capabilities of HN protein to the
cancer cells. This system would be helpful in the fu-
ture to allow for breakthrough discovery for a novel
way of expressing fusion proteins harboring viral
epitopes to be displayed on the surface of L. lactis and
Lb. plantarum as well as new insight in cancer target-
ing.
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