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Introduction

Proper health management of birds is very crucial for successtul
development of the poultry sector. A number of infectious diseases
affect birds and cause a potential threat to the industry in the form
of huge economic losses. Vaccination of the birds against the infec-
tious diseases is widely followed; however, conventional vaccines
have certain disadvantages [1]. With the advancement in the
recombinant DNA technology, new-generation vaccines have
emerged as a safer replacement to the conventional vaccines. DNA
vaccines, which contain gene(s) encoding for one or more than
one antigenic proteins, offer many advantages over conventional
vaccines. In DNA vaccine, the expression of antigens in the target
host resembles native pathogen epitopes more closely, and thus
preserves the protein structure and antigenicity than the conven-
tional vaccines [2—4]. Further, DNA vaccines are able to efficiently
stimulate both humoral and cellular immune responses to protein
antigens, and thus effective against a wide range of pathogens [5].
However, success of DNA vaccination in birds depends on many
factors apart from their efficacy. They have to be relatively less
expensive, easy to administer, and stable under field conditions.
Moreover, as poultry are food animals as well, it is undesirable to
have vaccine residues in the relevant tissues. This has been avoided
by the use of subcutaneous or intradermal routes instead of intra-
muscular route [6].

The plasmid vectors are easy to construct and can be produced
in large quantities quickly and affordably than conventional vac-
cines. In addition, only a small quantity (micrograms) of plasmid
vector can deliver several antigens in a single shot, which provide
immunity against many pathogens at once. All these factors significantly
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1.1 Advantages
of DNA Vaccines
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Poultry Infectious
Diseases and DNA
Vaccine Antigens

1.3 Points

to Consider
before Selecting
a Vaccine Antigen

reduce the expenses incurred by vaccination [7, 8]. The effective-
ness of DNA vaccines can be further enhanced by the inclusion of
the molecular adjuvants such as TLR (Toll-like receptor) ligands
and cytokines. Notable examples of TLR ligands include CpG
(TLR21) and flagellin (TLR5) and cytokines such as I1.-12 and
IFN-y. A number of studies have reported upregulation of the
immune response when TLR ligands and cytokines were given
along with a DNA vaccine [3, 9-13].

1. The production of DNA vaccine is easy, rapid, and economical
as compared to conventional vaccines.

2. The DNA vaccine is more thermostable than traditional vac-
cines; hence, maintenance of a cold chain is not required.

3. It eliminates the risk of reversion of pathogenic phenotypes.

4. DNA vaccines present antigen to both MHC-1 and MHC-II
molecules.

5. The immune response elicited by DNA vaccine is directed
against only the antigen of interest.

6. Cost-eftectiveness and ease of development.

7. DNA vaccines mimic a natural infection. Antigenic protein
closely resembles the normal eukaryotic structure and under-
goes post translational modifications.

Poultry suffers from a number of infectious diseases, including
Newcastle disease (ND), Infectious bursal disease (IBD), Infectious
bronchitis (IB), Avian Influenza (Al), and Eimeria sp. Both inacti-
vated and live vaccines are widely used against these diseases, but
these vaccines are associated with their inherent disadvantages [1,
3, 4]. A number of studies have shown that DNA vaccines are effi-
cacious in conferring protection against infectious diseases in
chickens. Further, as a DNA vaccine encodes antigenic protein(s)
in the absence of the live pathogen, it helps in avoiding the occur-
rence of problems associated with reverted virulence, divergent
mutants and reduces environmental contamination [13]. The anti-
genic protein encoding pathogen genes which have been used in
the chicken DNA vaccines are given in Table 1 along with molecu-
lar adjuvants that were used to enhance the efficacy of the
vaccines.

The selection of a gene of interest (vaccine gene) is a crucial aspect
before construction of a DNA vaccine as it affects the type of
immune response (humoral or cell mediated) induced. In case,
where neutralizing antibodies are needed to prevent the occur-
rence of an infection, most appropriately, a surface antigen is
selected. DNA vaccines designed to treat an established infection
need to have an antigen that induce a potent cell mediated immune
(CMI) response. In such cases, infecting pathogens have intracel-
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Protective antigens as DNA vaccine candidates

Pathogen DNA vaccine candidate(s) Adjuvant(s) References
Newcastle disease virus HN, F IFN-vy, IL-4 [14-16]
Infectious bursal disease VP2, Polyprotein VP2-4-3 1L-2, CpG, IFN-y, IL-6, [17-23]

virus

Infectious bronchitis
virus

Avian influenza virus

Chicken infectious
anemia virus

Eimeria acervulina
Eimeria tenelln

Colibacillosis

Truncated Hsp70 of
Mycobacterium tuberculosis

S1 glycoprotein, nucleocapsid  IL-2, GM-CSF [24-27]
protein, M protein

HA, NA MDP-1, Esat-6 [28-34]

VP1, VP2 HMGBIAC [35, 36]

3-1E, ¢SZ-2 IL-8, IL-15, IL-2, IEN-y [3,37-39]

EtMIC2, 5401, TA4 IL-2 [4042]

(K88) FacG IL-6 [43]

1.4 Strategies

to Enhance the Protein
Expression

from a DNA Vector

lular life cycle and, hence, humoral immune response will not be
effective to eliminate the infection. The antigens selected for this
purpose are the ones which are expressed intracellularly during
infection. Such antigens are processed inside the cell and presented
to major histocompatibility molecules for the generation of CMI
response. For example, cellular immunity is essential in Newcastle
disease virus (NDV) infection as viral pathogenesis includes an
intracellular stage [13, 44].

This can be achieved by the following methods:

1.

Placing Kozak sequence (GCCRCCATGG) upstream to the
gene in such a way that, if possible, it includes start codon of
the gene [45].

. Check if 5’ untranslated (UTR) region contains ATG codons,

they can be removed [46].

. Placing an intron in front of the gene further enhances the rate

of transcription.

. Codon optimization without altering the protein sequence can

enhance the rate of translation [46].

. The efficiency of the DNA uptake following DNA vaccination

is not very efficient; hence, to enhance the DNA uptake vari-
ous formulations have been used. Formulating DNA vaccine
in microparticles or liposomes has been reported to increase
the uptake of plasmid DNA by cells in animal models [47].
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1.5 Enhancing
Immunogenicity
of the DNA Vaccine

1.

Immunogenicity of the DNA vaccine can be augmented by
incorporating coding sequences for the peptide epitopes as
opposed to the full coding sequence.

. Inclusion of sequence coding for cytokines such IL-12 and

granulocyte—macrophage colony-stimulating factor (GM-CSF)
which can enhance CTL responses [48].

. Plasmid encoding IL-2 improves overall efficacy while inter-

feron (IFN)-y enhances Thl type responses.

. Humoral responses are enhanced by including coding

sequences of IL-4, IL-5 and IL-10.

. Inclusion of TLR (Toll-like receptor) ligands such flagellin

(TLRS5), Poly I:C (TLR3) and CpG (TLR21) can substantially
enhance the immune responses [13].

2 Materials Required

2.1 For Cloning

. DNA or plasmid containing the gene of interest.

2. RNA isolation and ¢cDNA synthesis kit.

. Gene specific primers for amplification by polymerase chain

reaction (PCR).

4. PCR cloning kit.

13.

14.

. A cloning vector (pTZ 57R/T) for cloning and sequencing of

the vaccine gene.

. Restriction enzymes, T4 DNA ligase, 10x buffers.
. Suitable eukaryotic expression vector (e.g., pcDNA3.1, pCI).

. Agarose, loading dye, and nucleic acid stain (ethidium bro-

mide) suitable for gel electrophoresis.

. Agarose gel electrophoresis system.
10.
11.
12.

UV spectrophotometer.
Gel extraction kit (Qiagen).
Competent E. coli (DH5a) cells for the propagation of the

plasmid vector. Competent E. coli cells can be made following
standard Sambrook protocol.

SOC media.

To prepare 1000 ml SOC—add the following to 900 ml of
distilled H,O: 20 g Bacto tryptone, 5 g Bacto yeast extract,
2 ml of 5 M NaCl, 2.5 ml of 1 M KCI, 10 ml of 1 M MgCl,,
10 ml of 1 M MgSO,, 20 ml of 1 M glucose. Adjust to 1 I with
distilled H,O (dH,0) and sterilize by autoclaving.

LB agar plate with appropriate antibiotic for selection of trans-
formed colonies.

To make 1000 ml of LB agar—add the following to 800 ml
dH,O: 10 g Bacto tryptone, 5 g yeast extract, 10 g NaCl.
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Adjust pH to 7.5 with NaOH. Add 15 g agar, melt agar into
solution in a microwave oven. Adjust volume to 1 I with dH,O
and sterilize by autoclaving.

Incubator for the growth of plates.

. LB medium—add the following to 800 ml dH,O: 10 g Bacto

tryptone, 5 g yeast extract, 10 g NaCl. Adjust pH to 7.5 with
NaOH. Make final volume to 1 | with dH,O and sterilize by
autoclaving.

. Sterile inoculation loop.

Sterile tubes.

. Shaker incubator.
. Plasmid isolation kit (Qiagen).
. Restriction enzymes to confirm the clone.

. Agarose, loading dye, DNA molecular ladder, and ethidium

bromide stain.

. Agarose gel electrophoresis system, UV spectrophotometer.

. Cell line for transfection of the expression vector (CHO, HEK).
. Appropriate growth medium (e.g., DMEM) with serum or

growth factors or both.

. Opti-MEM media, transfection agent (Lipofectamine 2000),

fetal bovine serum (FBS), PBS, 6-well plates.

. A positive control (GFP cloned into the expression vector).

. Specific primary antibody to the antigenic protein.

. Secondary conjugated antibody against the primary antibody.
. Materials for Western blotting and /or immunofluorescence.

. Molecular adjuvants

. High quality endotoxin free plasmid DNA.

2. Needles (18- and 27-Gauge) and tuberculin syringes.

Y S T NS T

. Phosphate-buffered saline (PBS): 0.01 M Na,HPO,/KH,POy,,

0.15 M NaCI/KCl, pH 7.3 (8 g NaCl, 0.2 g KCI, 1.15 g
Na,HPOy, 0.2 g KH,PO, per liter).

. An enzyme-linked immunosorbent assay (ELISA) reader.

. Coating buffer: 100 mM Na,CO;/NaHCO;, pH 9.5 for ELISA.
. PBST (PBS with 0.05 % Tween 20).

. HRP conjugated secondary antibody, substrate [100 mM

citrate phosphate solution containing 1 mg/ml o-
phenylenediamine (OPD) and 1 pl H,O,].

. Reaction stop solution (50 pl of 8 N H,SO,).
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2.6 Evaluation

of Cellular Immunity
(Lymphocyte
Proliferation Test
and ELISPOT)

[©) NS 2 B SN B S R

. Vacutainer tubes with anticoagulant.

. Hemocytometer, 96-well microtiter plate.

. Trypan blue dye.

. Ficoll-Hypaque solution.

. RPMI-1640, PBS, pen-strep, FBS, Con A.

. MTT dye (3-4,5-dimethylthiazol-2-yl-2,5-diphenyl-tetra

zoliumbromide).

7. DMSO (dimethyl sulfoxide).

o)

11.
12.
13.
14.

. ELISA reader.
. 96-well nitrocellulose plates.
10.

RBC lysis buffer. 10x RBC Lysis Buffer: 90 g NH,CI
(0.155 M), 10 g KHCO; (0.01 M), 370 mg EDTA (0.1 mM).
Dissolve in 1 I of ddH,0O and filter through a 0.22 pm filter.

Chicken IFN-y specific antibody.
Bovine serum albumin (BSA).
Appropriate secondary conjugated antibody (Biotinylated).

Streptavidin-alkaline phosphatase, substrates nitro-blue tetra-
zolium (NBT) and 5-bromo-4-chloro-3’-indolyl phosphate.

3 Procedure

3.1 Construction,
Production,

and Purification

of the Plasmid Vector

Plasmid vector for expression of the gene of interest mostly
contain human cytomegalovirus virus promoter (HCMV), like
pcDNA3.1 and pClI; however, other promoters such as Rou sar-
coma virus long terminal repeat (LTR) is also being used though
it drives a weaker expression than HCMYV promoter. Vaccine gene
having start and stop codon is being inserted downstream to the
promoter sequence followed by a polyadenylation sequence at
its 3’ end (Fig. 1).

1.

Obtain vaccine gene either from other cloned plasmid or from
DNA sequence by PCR amplification. When the vaccine gene
is not available, but its sequence is known, cDNA is generated
from the virus infected tissue that expresses high levels of
the gene. Primers used for this purpose should have suitable
restriction sites (directional cloning). Use proofreading poly-
merases to eliminate the chances of sequence modifications.

. Purity the amplicon and digest it with the specific restriction

enzymes. Cut the plasmid vector with the same restriction
enzymes.

3. Load the restriction digested vector and insert on an agarose gel.
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Fig. 1 An overview of design, construction, and production of a DNA vaccine

4. Resolve and gel purify the insert and vector fragments using
the Qiagen gel purification kit. Measure the concentration of
the vector and insert elutes.

5. Set up ligation reaction. Usually a molar ratio of 1:3 (vector to
insert) is chosen.

For a typical 10 pl reaction (containing equimolar concentra-
tions of vector and insert):

Vector: 2 ul
Insert: 6 ul
10x ligase buffer: 1 pl
T4 DNA ligase: 0.5 pl
DW: 0.5 pl

6. Incubate the ligation mixture overnight at 16 °C.

7. Take out the competent Escherichin coli (DH5a) cells from
deep freezer and thaw it on ice.
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3.2 Recombinant
Clone Selection

3.3 InVitro
Confirmation
of Protein Expression

8.

10.
11.

12.

13.

Add 1-5 pl of the ligation mixture to the 50 pl of the compe-
tent cells. Gently mix by flicking the bottom of the tube with
finger. Keep for 30 min on ice.

. Transform the cells. Give a brief heat shock by placing the

bottom 1/2 to 2/3 of the tube into a 42 °C water bath for
30-60 s (45 s is usually ideal, but this varies depending on the
competent cells).

Place the tube back on ice for 2 min.

Add 500 pl of SOC media (without antibiotic) and grow in a
37 °C shaking incubator for 60 min.

Spread 50-100 pl of transformation growth onto an agar plate
containing the appropriate antibiotic.

Grow the transformed culture overnight at 37 °C in an incubator.

. Using sterile inoculation loops, pick each colony and asepti-

cally inoculate each into a 6 ml culture of Luria—Bertani (LB)
medium with appropriate antibiotic in a 15 ml tube.

. Grow overnight in LB medium at 37 °C in a shaking incubator

for 12-15 h.

. Plasmid is isolated from the culture with a plasmid isolation kit

(Qiagen).

. Check for the presence of gene of interest by restriction diges-

tion and by sequencing of the plasmid DNA region having the
gene of interest.

. Asses the purity and concentration of the plasmid DNA by deter-

mining the ratio of absorbance at 260 nm over 280 nm (~1.8).

. Grow a culture of the confirmed clone to isolate plasmid for

in vitro and in vivo testing.

. High quality plasmid (low endotoxin) DNA may be bulk puri-

fied by using a purification kit (Qiagen).

The expression of the DNA vaccine construct is verified in vitro
before it could be used in vivo by transient transfection studies in a
suitable cell line. The most commonly used cell lines for this pur-
pose include HEK (Human embryonic kidney) and COS-7
(Monkey kidney fibroblasts) cell lines which offer high transfection
efficiencies and, hence, greater protein expression.

1.

2.
3.

Cells are grown in a suitable medium supplemented with 10 %
fetal bovine serum (FBS).

When cells reach 50-70 % confluency, transtect the DNA.

For a 6-well plate, add 4 pg of plasmid in 150 pl of Opti-
MEM. In another vial, dilute 10 pl of Lipofectamine™ 2000
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3.5.1  Humoral Response
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(Invitrogen) reagent and keep at room temperature for 5 min
(see Note 1).

. Mix the contents of both the vials and allow to stand at room

temperature for 25-30 min.

. After the incubation period, add the complex drop by drop to

the cells. Media can be changed after 5-6 h.

. Use a positive control such as GFP cloned downstream to the

promoter to monitor its activity in the cells.

. Harvest the cells and supernatant after a stipulated period of

time (1-3 days).

. Presence of expressed foreign protein either in cells or in superna-

tant may be determined by the following methods (see Note 2):
(a) Western blotting.
(b)
(c)
(
(

Immunofluorescence.
Immunoprecipitation after radiolabeling the cells.
d) Enzyme-linked immunosorbent assay (ELISA).

)
¢) Fluorescence-activated cell sorting (FACS) analysis.

. Procure specific pathogen free chickens (SPF).
. Divide birds at 14 days of age into different groups depending

on the study including suitable controls.

. Birds are immunized with about 100 pg of plasmid either by sub-

cutaneous or intramuscular route twice at 2 weeks interval with the
help of 1 ml tuberculin syringes with attached 27 G 3 /4" needle.

Humoral immune response can be evaluated in many ways
including ELISA, B-cell ELISPOT assay, and Neutralization assay.
The most frequent and convenient way of measuring specific anti-
body immune response is ELISA which can also be used to quan-
titate the response [49, 50].

Antibody levels in pre- and post-immunization serum sample

are quantified by ELISA as follows:

1.

3.

4.

The serum samples from immunized and control groups are
collected at different intervals (0, 7, 21, and 28 days) post
immunization and tested for the vaccine antigen specific
antibodies.

. Coat the 96-well microtiter plate with vaccine antigen in the

coating buffer (100 mM bicarbonate buffer, pH 9.5) at 4 °C
overnight.

Wash the plate next day and block with 2 % bovine serum albu-
min (BSA).

Collect sera at different intervals and add in the respective
wells (1:100).
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5. Incubate the plate at 37 °C for 1 h.

6. After incubation, wash the plate with PBS-T thrice and incu-
bate with HRP conjugated secondary antibody (1:3000) at
37 °C for 1 h (see Note 3).

7. Wash the plate and add substrate solution [100 mM citrate

phosphate solution containing 1 mg/ml o-phenylenediamine
(OPD) and 1 pl H,0O,].

8. Stop the reaction after 30 min with 50 pl of 8 N H,SO,.
9. Measure the absorbance at 490 nm in an ELISA reader.

3.5.2  Evaluation of Cell Cell mediated immune response can be measured by Lymphocyte
Mediated Immune transformation assay (LTT) and cytokine ELISPOT assay. In
Response response to specific antigen, lymphocytes proliferate which indi-

cates the specificity of the lymphocytes to the particular antigen.
Cytokine ELISPOT assay detects the cytokines secreted by the
lymphocytes in response to the specific antigen [51, 52].

Lymphocyte 1. Collect the blood from chicken in sterile syringe having an
Transformation Test (LTT) anticoagulant (EDTA) and layer it over Ficoll-Hypaque with
density 1.077 g/ml.

2. After centrifugation at 1000 xg for 45 min, collect the inter-
face containing the PBMCs and wash twice with PBS.

3. Resuspend PBMCs in RPMI-1640 media containing 10 %
FBS and 1 % pen-strep.

. Determine the cell viability by trypan blue dye exclusion method.
. Adjust the cell concentration to 1x 107 cells/ml.

. Plate 100 pl of the cell suspension in triplicate into 96-well plates.

N O\ U1 W

. Add 100 pl of the media containing either vaccine antigen
(50 pg/ml) or ConA (10 pg/ml) into wells.

. Incubate the plate at 37 °C in 5 % CO, for 2 days.

9. After 2 days of incubation, add 20 pl of 5 mg/ml MTT dye
(3-4,5-dimethylthiazol-2-yl-2,5-diphenyl-
tetrazoliumbromide) to each well.

o)

10. Incubate the plate for another 4 h.
11. Dissolve the formazan crystal formed in 100 pl of DMSO.

12. Take the optical density (OD) readings on microplate ELISA
reader at an absorbance of 495 nm.

13. The proliferative response for the assay is expressed as stimulation
index (SI), calculated by dividing the mean OD of the stimulated
cultures by the mean OD of unstimulated control cultures.



ELISPOT Assay

10.

11.

12.

13.

14.

15.
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. Spleen tissue is collected from the immunized chickens and

placed in Hank’s balanced salt solution (HBSS) (140 mM
NaCl, 5 mM KCl, 2.5 mM CaCl,, 1.1 mM MgCl,, 5.6 mM
glucose, and 10 mM HEPES, pH 7.4).

. Make single cell suspension by squeezing it through 70 pm

mesh or 5-ml syringe plunger in RPMI-1640 media supple-
mented with FBS.

. Centrifuge and resuspend in RBC lysis buffer at room tem-

perature for 5 min (see Note 4).

. Wash twice with HBSS and resuspend in RPMI-1640 with 5 %

FBS, 2 mM GlutaMAX-I, 50 mM B-mercaptoethanol, 100 U/
ml penicillin, and 100 pg/ml streptomycin sulfate.

. Determine the cell viability by trypan blue method and adjust

the cell concentration to 1x10°/ml.

. Coat plate with anti-chicken IFN-y antibody (5 pg/ml) in

coating buffer (sodium bicarbonate, 50 mM, pH 9.6) and
incubate overnight at 4 °C.

. Wash the plate thrice with PBS-T (140 mM NaCl, 5 mM

KCl, 10 mM Na,HPO,, 1 mM KH,POy,, and 0.05 % (v/v)
Tween 20, pH 7.2).

. Block the plates with blocking solution (1 % BSA) for 1 h at

41 °Cin 5 % CO,.

. Discard the blocking buftfer and seed splenocytes at a cell den-

sity of 2x10° to 3x10°/100 pl to triplicate wells.

Cells are incubated with either in the presence of media alone
or with recombinant vaccine antigen to a final volume of 200 pl
per well for 24 h at 41 °Cin 5 % CO, incubator.

After incubation, wash the plate twice with dH,O and thrice
with PBS-T.

Dilute biotinylated secondary antibody (1 pg/ml) specific to
chicken IFN-y in PBS-T and 1 % BSA (blocking buffer) and
add 100 pl/well for 1-2 h at room temperature.

Incubate plate with streptavidin-alkaline phosphatase (2 pg/
ml) (in blocking buffer for 1 h at room temperature).

Wash the plate three to five times and develop the color by
adding substrate NDB /BCIP and wait for the spots to appear.

Let the plate dry and count the spots with a stereoscope.

e Humoral and cell mediated immune response may also be
estimated at transcription level by quantifying cytokines
mRNA levels by real-time PCR (se¢ Note 5).
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3.6 Challenge Study 1.
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To further test the efficacy of the DNA vaccine, immunized
birds may be challenged with a virulent strain of the pathogen.

. After booster dose (second immunization), birds are intra-

ocularly challenged with the virulent pathogen.

. Monitor the birds for the next few days (10 days) for clinical

. Protection against challenge is assessed by studying the occur-

rence of mortality in susceptible birds, presence of pathogen in
the tissue, gross lesions, and bursa—body weight ratio.

. Histological examinations are also done to confirm the protec-

. The optimal Lipofectamine-DNA ratio for transfection varies

from one cell type to another, and should be determined before-
hand to enhance the transfection efficiency. Also, use of other
transfection agents may enhance the transfection efficiency.

. Expression of vaccine gene can also be analyzed at the transcrip-

tion level through quantifying mRNA levels by Real-time PCR.

. The optimal dilutions of the antibody for the use in experiments

are provided by the manufacturers, but may have to be deter-
mined in some cases depending on the type of experiment.

. Splenocytes may also be separated by density gradient centrifuga-

tion omitting the need of a RBC:s lysis step. Spleen tissue is passed
through a 70 pm mesh and cells are suspended in the media.
Layer the cell suspension over Ficoll and centrifuge. Wash the
interface twice with PBS and resuspend the cells in media [52].

. Both humoral and cellular immune responses may also be ana-

lyzed at the transcription level by quantifying mRNA levels of
cytokines. The mRNA levels of Th1 and Th2 cytokines such as
IEN-vy, IL-12, and I1.-4 are quantified by real-time PCR.

(Determination
of Protection 2
from Challenge)
3
signs and symptoms.
4
5
tion status.
4 Notes
1
2
3
4
5
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