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Fusion polypeptide for immuno-enhancement and method for enhancing

stimulation of immune response using the same

CROSS REFERENCE TO RELATED APPLICATION

This application claims the benefit of filing date of U. S. Provisional
Application Serial Number 62/412,896, filed October 26, 2016 under 35 USC §

119(e)(1).

BACKGROUND

1. Field

The present disclosure relates to a fusion polypeptide, a composition
comprising the same and a method for enhancing a stimulation of an immune
response using the same.
2. Description of Related Art

Over 35 years, the antigenic peptides are critical factors in mobilizing the
immune system against foreign invaders and cancers. Most of the highly
successful treatments, including vaccines, have been made empirically, with
little immunological insight. Until 1986, it was never considered that peptides
could have an essential role in the control of the specificity of immune
responses in conjunction with molecules—MHC class I and [I—best known for
their involvement in transplant rejection. However, new knowledge about the
chemistry and pharmacological properties of antigenic peptides as well as of
the molecular biology of antigen processing, presentation, and recognition by
immune cells, has now enabled a more rational approach to vaccine and
immune enhancer design. Harnessing the immune system to treat disease or
cancer therapy will be facilitated by a greater understanding of the origins and

roles of antigenic peptides in immunity
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The roles of antigenic peptides in both the innate and adaptive immune
systems are these key players can be used for therapy against infectious
disease, cancer and auto-immune conditions. Innate immunity is the first line
shotgun approach of defense against infections and is exemplified by
antimicrobial peptides, also known as host defense peptides (HDPs). Adaptive
immunity relies on the capacity of immune cells to distinguish between the
body’s own antigens and unwanted invaders and tumor cells. The antigen
peptide belonging to the type of adaptive immunity, there is a path of the
molecule from initial generation by proteolytic processing to its presentation to
immune cells by major histocompatibilty complex (MHC) molecules in
immune system. Therefore, key players are MHC-1 and MHC-II that form a
noncovalent complex with antigen peptides and present these peptides in the
context of antigen-presenting cells to T cells of the immune system

Although the antigenic peptides are known to be an effective manner for
stimulating immune response, many researches and studies still focus on
finding novel antigenic peptides with improved effect. Therefore, an object of
the present disclosure is to find an adjuvant, which can effectively transport to
immune target organs for adaptive immunity route to achieve the purpose of

enhancing the stimulation of the immune response.

SUMMARY

The present disclosure provides a fusion polypeptide, which can be used
as an enhancer for stimulating the immune response.

The present disclosure also provides a composition for enhancing a
stimulation of an immune response, which comprises the aforesaid fusion
polypeptide. In addition, the present disclosure further provides a method with
the aforesaid fusion polypeptide.

The fusion polypeptide of the present disclosure comprises: (a) a mucosa
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targeting polypeptide; (b) a first translocating peptide for translocation; and (c)
a first antigenic epitope.

The mucosa targeting polypeptide is a binding epitope facilitating the
binding of the fusion polypeptide to a receptor in a subject in need. The first
translocating peptide for translocation is used as a carrier which is able to
facilitate cytosolic localization and antigen presentation. The first antigenic
epitope can enhance the immune-modulating activityy When the fusion
polypeptide of the present disclosure comprises the aforesaid three
components, the fusion polypeptide can be effectively delivered into a subject
in need and enhance immune response to endogenously process target antigens.

Furthermore, another fusion polypeptide of the present disclosure
comprises: (b) a first translocating peptide for translocation; and (c) a first
antigenic epitope selected from SEQ ID NOs: 5 and 6. (E622, E713).

The first translocating peptide for translocation is used as a carrier which
is able to facilitate cytosolic localization and antigen presentation. The first
antigenic epitope is a modified antigenic epitope, which can enhance the
immune-modulating activity. Especially, the sequence shown by SEQ ID NOs:
5 and 6 (i.e. E622 and E713) is modified and different from the known
polypeptides of viral proteins of E6 and E7, which can further enhance the
immune-modulating activity. When the fusion polypeptide of the present
disclosure comprises the aforesaid two components, the fusion polypeptide can
be effectively delivered into a subject in need and enhance immune response to
endogenously process target antigens.

In addition, the present disclosure also provides a composition for
enhancing a stimulation of an immune response, comprising: a vaccine and any
one of the aforesaid fusion polypeptide. Herein, the vaccine may comprise: a
second translocation peptide for translocation and a second antigenic epitope.
The second translocation peptide is similar to the first translocation peptide,

and the second antigenic epitope is similar to the second antigenic epitope.
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Thus, the descriptions about the second translocation peptide and the second
antigenic epitope are not repeated again. Furthermore, in the present disclosure,
the first antigenic epitope and the second antigenic epitope has to be
compatible to each other. For example, both the first antigenic epitope and the
second antigenic epitope are HPV antigenic epitopes; but the first antigenic
epitope and the second antigenic epitope is not necessarily the same. Or, both
the first antigenic epitope and the second antigenic epitope are Myostatin
epitopes; but the first antigenic epitope and the second antigenic epitope is not
necessarily the same. Or, both the first antigenic epitope and the second
antigenic epitope are PRRSV antigenic epitopes; but the first antigenic epitope
and the second antigenic epitope is not necessarily the same.

Moreover, the present disclosure also provides the method for enhancing
a stimulation of an immune response, comprising: administering the aforesaid
composition to a subject in need. Herein, the subject can be mammalian, such
as human, pig, etc.

In one embodiment of the present disclosure, the antigenic epitope can be
an HPV antigenic epitope, a Myostatin epitope, or a PRRSV antigenic epitope..
In another embodiment of the present disclosure, the composition is orally
administered to the subject in need.

Other objects, advantages, and novel features of the disclosure will

become more apparent from the following detailed description.

EMBODIMENT

Without intent to limit the scope of the invention, exemplary instruments,
apparatus, methods and their related results according to the embodiments of
the present invention are given below. Note that titles or subtitles may be used
in the examples for convenience of a reader, which in no way should limit the

scope of the invention. Moreover, certain theories are proposed and disclosed
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herein; however, in no way they, whether they are right or wrong, should limit
the scope of the invention so long as the invention is practiced according to the
invention without regard for any particular theory scheme of action.

The present disclosure is related to a platform for generating some
immune-modulating chimeric polypeptides evolved in local mucosa systems,
including the type-I and type-II mucosa immune system that contains a mucosa
targeting polypeptide which can be a M-cell or an epithelial cell targeting
domain, a translocating peptide for translocation which can be from
pseudomonas exotoxin, and a antigenic epitope which can be a Thl antigenic
epitope.

We survey the immune responses against the antigenic epitopes of
chimeric polypeptides. Especially, the immune responses can be elicited when
the fusion polypeptide of the present disclosure is administered through orally
administration. The fusion polypeptide of the present disclosure evolves the
mucosal immune system in the intestine. Hereinafter, there are three groups of
PE-based fusion antigens to demonstration the present disclosure that their
specific immunities can be enhanced.

1. Mucosa targeting polypeptide construct

The significant advances have been made in the identification of M-cell-
specific surface markers (Kim SH et al, J Immunol.2010 Nov
15;185(10):5787-95). In the oral route, it should comprise the M-cell or
epithelial cell ligand for mucosal targeting (Azizi et al., PLoS Pathog 2010
Nov 11;6(11); K J Syrjénen, J Clin Pathol. 2002 Oct; 55(10): 721-728; Roy
C. et al., GI Motility online (2006) doi:10.1038/gimo15). We have explored
efficient recombinant production of several bio-polypeptides by exploiting
the natural peptides as a fusion partner polypeptide.

The following embodiments use three kind peptides of binding epitopes
as examples of the M-cell target peptides in type-I mucosa immune system.

Also, one kind peptide of binding epitope is as an example of the epithelial cell
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targeting peptide in type-II mucosa immune system (Azizi et al., PLoS
Pathog. 2010 Nov 11;6(11); K J Syrjanen, J Clin Pathol. 2002 Oct; 55(10):
721-728; Roy C. et al., GI Motility online (2006) do1:10.1038/gimo15; Mulder
DJ et al., Dig Dis Sci. 2012 Mar;57(3):630-42). The M-cell target peptides used
in the following examples are shown in Table 1. The epithelial cell targeting
peptide 1s HPV L2-200, as shown in Table 2) for epithelial targeting ligand

(Mulder DJ et al., Dig Dis Sci. 2012 Mar;57(3):630-42).
Table 1. The M-cell targeting polypeptides in type-I mucosa immune

system
SEQ ID Name of Amino acid codon
NO. peptide
01 CO-1 SFHQLPARSPAPLQ
02 DQ-2 SSFHLFHHLPARAPLAPSELQP
03 RV-3 STPFHPLPARKPLPLQP

Table 2. The intestine epithelial cell targeting peptide

SEQID | Name of peptide Amino acid codon

NO.
04 L2-200 EFEMVDGMSIRAKRRKRASATQLYKTC
(from HPV L2 KQAGTCPPDIIPKVEGKTIAEQILQYGSM
protein) GVFFGGLGIGTGSGTGGRTGYIPLGTRPP

TATDTLAPVRPPLTVDPVGPSDPSIVSLVE
ETSFIDAGAPTSVPSIPPDVSGFSITTSTDT
TPATLDINNNTVTTVTTHNNPTFTDPSVL
QPPTPAETGGHFTLSSSTISTHNYEEIPMD
TKDELLE

*: EF, VD and LE shown in italics are the restriction enzyme sites, EcoR1 and

Xhol, which are added for subcloning purpose.

1-1. Construction of M-cell targeting polypeptide

The CO-1 peptide core sequence, SFHQLPARSPAPLQ (SEQ ID NO.
01), is chosen as described in Kim SH et al., J Immunol. 2010 Nov
15;185(10):5787-95. The DQ-2 and RV-3 amino acid code sequence are

6
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searched by Basic Local Alignment Search Tool (BLAST) to find the regions to
mimic CO-1 sequence. The program compares protein sequences to sequence
databases and calculates the statistical significance. From the amino acid codon
sequence, we can find two CO-1-like peptides, DQ-2 (SEQ ID NO. 02):
SFHLFHHLPARAPLAPL in Daedalea quercina Fr. (Polyporus-like Fugus),
and RV-3 (SEQ ID NO. 03): STPFHPLPARKPLP in Dasypus novemcinctus.

To design and generate a DNA codon sequence without DNA template,
the codon substitutions without altering the original amino acid sequence of the
selected peptide segment was made for avoiding spurious restriction sites and
for optimal expression in E. coli. Restriction site linkers were added at the ends
of the peptide segment-encoding DNA sequence, EcoR1 and Xhol at 5’end and
3’end, for insertion and sub-cloning into vector plasmids. The DNA fragment
was generated by PCR and multiple primers extension. The PCR DNAs, as
shown in Table 3, encoded above amino acid sequences were respectively
subcloned in to E coli vector plasmids by recombinant technique.

All synthesized and/or subcloned nucleotide fragments were analyzed by
restriction enzyme cutting and electrophoresis to check if they were of the
expected sizes and right cutting sites. Once a sample had been obtained, DNA
sequences were produced automatically by machine and the result displayed on
computer. Sequence analysis performed to identify the sequence of nucleotides

in a nucleic acid, or amino acids in a polypeptide.

Table 3. The DNA sequence encoded M-cell target peptide epitopes

SEQID | Name of DNA codon

NO. DNA

05 CO-1 GAATTCAGCAGCTTTCATCTGTTCCACCATCTG
CCAGCGCGTGCGCCATTAGCGCCTTCTGAATT
ACAGCCCCTCGAG
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06 DQ-2 GAATTCAGCAGCTTTCATCTGTTCCACCATCTG
CCAGCGCGTGCGCCATTAGCGCCTTCTGAATT
ACAGCCCCTCGAG
07 RV-3 GAATTCTCTACTCCTTTCCACCCATTGCCTGCC
CGCAAACCATTGCCTCTGGTGCCCCTCGAG

1-2. Construction of intestine epithelial targeting polypeptide

L2-200 DNA fragment encoding the N-terminal domain (aa 1 to 200;

“L2-200") of HPV16 L2 protein was synthesized by multi-step PCR using

primer pairs listed in Table 6. The primer pairs 1-10 generated DNA fragments
of size 82 bp, 147 bp, 219 bp, 285 bp, 354 bp, 420 bp, 492 bp, 552 bp, and 613

bp, respectively. The final DNA product was digested by restriction enzymes

Mun I and Sal I to isolate a 630 bp large DNA fragment, which was then

subcloned into an EcoRI and Xho I digested vector.

Table 4
Nucleotide SE . SE
Target I\i(i)l'n(i Fw.* |sequence of|Q |Rv.** Is\iu(;lee:l);lede of the Q
peptide pairs primer [the  forward |ID |primer re\q/lerse rimer ID
P primer NO. P NO.
gttgacccggttgge
. tcegtecgacecegt aggteggageaccagegt
Pair1 |F1 ccategtitceetge 55 |R1 cgatgaaggaggtttcttc | 56
ttgaa aaccagggaaac
gacaccctggctce
accggaaacgteecggeg
. ttcgtcegeege
Pair2 |F2 ifaccgg ttgiccc%g 57 |R2 ggatggacggaacggag |58
L2-200 oftagt gtcggageaccage
tacatcccgcetgge A0CC taototcoot
. tacccgtcecgecga ECCEEEE1ABIEICEs
Pair3 |F3 cogctaccgacac 59 |R3 ggaggtgeteatgeagaa | 60
cctggcteog accggaaacgteecgg
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taccggttcc
%i tog fgg tcg%ag tacggtagtaacggtgttgt
Pair 4 |F4 coggttacateecg 61 |R4 tgttgatgtccaggatage |62
cteggt cggggtagtgtc
ttctatgggtottt
%c%ttcggc%g%g%c%g cgggteggtgaaggtcgg
Pair5 |F5 63 |RS gttgttgtgagtggettacgg | 64
ggcatcggtaccg
tagtaacggt
gttccggt & &8
taaaaccatcgc
. %égaacagatcctgc geitteageeggggiogs
Pair 6 |F6 aatacggtictatgg 65 |R6 cggttgcagaacggacgg | 66
ottt gtcggtgaaggt
tacctgcecgece
ggacatc%ltccfga ggagalgglggaagags
Pair 7 R7 acagggtgaagtgaccac | 68
F7 aagttgaaggtaaa 67
accatcgct cggtitcageegggst
acccagctgtacaa
‘ aacct gcaiacag gtccatcgggatttcttcgt
Pair 8 |Fg actgatacctacee 69 |R8 agttgtegotogoagatggt | 70
scce ggaaga
ccgtgctaaacgte
staaacgtgcttce "o attatttttctcgagcagttc -
Pair9 |Fo9 71 gtetttggtetccatcggga
gctacccagcetgta tttette
caaaa
cccgaattccatatg
. attatttttctcgagcagttc
Pair tcgacggtatgtc
10 F10 gatc%cgfg%: taagac 73 |R10 | gtctttggtgtccatcggga | 74
tttctte
gtegt

*Fw: Forward.
**Rv: Reversed.

Table 5. The DNA sequence encoded 1.2-200 target polypeptide

SEQ ID DNA codon
NO.

Name of
DNA
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08

L.2-200
(from HPV
L2 protein)

GAATTCCATATGGTCGACGGTATGTCCATCCGTGCTA
AACGTCGTAAACGTGCTTCCGCTACCCAGCTGTACA
AAACCTGCAAACAGGCTGGTACCTGCCCGCCGGAC
ATCATCCCGAAAGTTGAAGGTAAAACCATCGCTGAA
CAGATCCTGCAATACGGTTCTATGGGTGTTTTCTTCG
GCGGTCTGGGCATCGGTACCGGTTCCGGTACTGGCG
GTCGTACCGGTTACATCCCGCTGGGTACCCGTCCGC
CGACCGCTACCGACACCCTGGCTCCGGTTCGTCCGC
CGCTGACCGTTGACCCGGTTGGTCCGTCCGACCCGT
CCATCGTTTCCCTGGTTGAAGAAACCTCCTTCATCG
ACGCTGGTGCTCCGACCTCCGTTCCGTCCATCCCGC
CGGACGTTTCCGGTTTCTCCATCACCACCTCCACCG
ACACTACCCCGGCTATCCTGGACATCAACAACAACA
CCGTTACTACCGTAACCACTCACAACAACCCGACCT
TCACCGACCCGTCCGTTCTGCAACCGCCGACCCCGG
CTGAAACCGGTGGTCACTTCACCCTGTCCTCTTCCA
CCATCTCCACCCACAACTACGAAGAAATCCCGATGG
ACACCAAAGACGAACTGCTCGAG

As shown in Tables 1 and 2, the mucosa targeting polypeptide used in the
fusion polypeptide of the present disclosure may be an M-cell targeting
polypeptide (such as CO1, DQ2 and RV3) or an intestine epithelial targeting
polypeptide (such as L2-200). The polypeptides CO1, DQ2, RV3 and L2-200
respectively have an amino acid sequence represented by SEQ ID NOs: 1 to 4.

In the present disclosure, the antigenic epitope comprised in the fusion
polypeptide of the present disclosure is a Th1 antigenic epitope. Examples of
the Thl antigenic epitope can be an HPV antigenic epitope, a Myostatin
epitope, or a PRRSV antigenic epitope. Hereinafter, the syntheses of the HPV
antigenic epitope, the Myostatin epitope and the PRRSV antigenic epitope are
described in detail.

2. The HPV Th1 epitopes and its modified polypeptides of viral proteins of
E6 and E7

In the present disclosure, the HPV antigenic epitope can be an E7 peptide

sequence or an E6 peptide sequence of human papillomavirus type 16.

Sarkar A.K. et al (2005) suggest that cellular immune responses specific

10
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to the E6 and E7 peptides have a role in the protective immunity against HPV-
associated CIN (Sarkar AK et al., Gynecol Oncol. 2005 Dec;99 (3 Suppl
1):5251-61). A  fused peptide E601, SEQ ID NO. O
EFVDOLLRREVFCGFRDLVYDFAFSDLKLPQLCTELKLPQLCTELLE was
introduced since the peptide QISL (QLLRREVYDFAFRDL) and V10C
(VYDFAFRDLC) of HPV-16 E6 had a good CMI response.

A fused peptide E701, SEQ ID NO. 11:
EFVDOQAEPDOAEPDRARAHYNIRARAHYNILRAHYNIVIFRAHYNIVIF
LE was synthesized, according to Tindle R.-W et al in 1995 (Tindle R.W et al.,

Clin Exp Immunol. 1995; 101:265-271). They report that an ISCAR (=
Immunostimulatory Carrier) with a BT5 peptide of HPV16 E7 which contains
the linear B epitope 44QAEPDA48, the Th epitope 48DRAHYNIS4, and the
overlapping CTL epitope 49RAHYNIVTFS57, has a good therapeutic effect.

The E622 and E713 were modified from E601 and E701-polypeptide
sequences according to the proteasome cleavage site prediction software
(http://www.imtech.res.in/raghava/pcleavage/): an SVM based method for
prediction of constitutive proteasome and immunoproteasome cleavage sites in
antigenic sequences for Th1 pathway. The polypeptides sequence of E601,
E622, E701 and E713 are shown as Table 6.

Table 6: The Th1 epitopes and its modified polypeptides of viral proteins
of E6 and E7

SEQ ID | Name | Amino acid codon
NO. of
peptide

09 E601 | EFVDQLLRREVFCGFRDLVYDFAFSDLKLPQLCTELKLPQ
LCTELLE

10 E622 | EFVDKDELREVYNFAFLLVLRREVYDKDELLLLLEDRQL
LRREVFCGFRDLLEDRVYDFAFSDLKLPQLCTELKLPQLC
TELKDELKDELVLLLLE

11
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11 E701 | EFVDQAEPDOQAEPDRARAHYNIRARAHYNILRAHYNIVIF
RAHYNIVIFLE

12 E713 | EFVDQAEPDQAFEPDRDELVLRARAHYNIRARAHYNILED
RLLVLRAHYNIVIFRAHYNIVIFKDELLVLE

*: EF, VD and LE shown in italics are the restriction enzyme sites, EcoR1 and

Xhol, which are added for subcloning purpose.

The DNA encoded of the E601, E622, E701 and E713 was designed.
Codon substitutions without altering the original amino acid sequence of the
selected peptide segment were made for avoiding spurious restriction sites and
for optimal expression in E. coli. Restriction site linkers were added at the ends
of the peptide segment-encoding DNA sequence, EcoR1, Sall and Xhol at
5’end and 3’end, for insertion and sub-cloning into a vector plasmid. The target
DNA sequence of E601, E622, E701 and E713 were generated by PCR
(polymerase chain reaction) and multiple primers extension, the DNA condones
are shown as Table 7. The DNA fragments of the modified nucleic acid
sequence encoding target chimeric polypeptides were synthesized by PCR with
multiple primers (US 8,372,407). Non-DNA template PCR was performed.
After the first run PCR, 0.01-1 ul of the DNA product were used as a DNA
template for the second run PCR, in which the second primer pair was added
together with dNTPs, reagents and Pfu polymerase. The remaining primer pairs
were sequentially added in this manner at the subsequent runs of PCR until the
target peptide-encoding DNA fragments were respectively synthesized (US
8,372,407).

Table 7: The DNA codon sequences of various HPV polypeptides

SEQ |Name |[DNA sequence
ID of
NO. |DNA

12
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13

E601

GAATTCGTCGACCAACTGTTGCGTCGTGAAGTTTTC
TGTGGCTTTCGTGATCTGGTCTATGACTTCGCCTTTA
GTGATTTGAAGCTGCCACAATTGTGTACGGAACTGA
AACTGCCTCAACTGTGTACAGAACTGAAGGATGAG
CTGCTCGAG

14

E622

GAATICGTCGACAAAGATGAACTGCGTGAGGTGTAT
AACTTTGCGTTCCTGTTAGTGTTACGCCGTGAGGTTT
ATGACAAGGACGAGTTGTTACTGCTGTTAGAAGATC
GCCAACTGTTGCGTCGTGAAGTTTTCTGTGGCTTTC
GTGATCTGTTAGAAGACCGCGTCTATGACTTCGCCT
TTAGTGATTTGAAGCTGCCACAATTGTGTACGGAAC
TGAAACTGCCTCAACTGTGTACAGAACTGAAGGAT
GAGCTGAAAGATGAATTAGTGCTGTTATTGCTCGAG

15

E701

GAATTCGTCGACCAGGCGGAACCAGATCAAGCGGA
ACCTGACCGTGCCCGCGCACATTATAACATTCGCGC
ACGTGCACACTATAATCTGGAGGCGCATTATAACATT
GTCATCTTCCGCGCACATTATAACATCGTCATTTTCC
I'CGAG

16

E713

GAATTCGTCGACCAGGCGGAACCAGATCAAGCGGA
ACCTGACCGTGACGAGCTGGTGTTACGCGCCCGCG
CACATTATAACATTCGCGCACGTGCACACTATAATCT
GGAGGATCGTTTACTGGTCTTGCGTGCGCATTATAAC
ATTGTCATCTTCCGCGCACATTATAACATCGTCATTTT
CAAAGATGAGTTGCTGGTTCTCGAG

3. The polypeptides of Myostatin epitopes

Myostatin

(also  known asgrowth differentiation factor 8

>

abbreviated GDF-8) is a myokine, a protein produced and released

by myocytes that

acts on muscle cells” autocrine function to

inhibit myogenesis: muscle cell growth and differentiation. In humans, it is

encoded by the MSTN gene. Myostatin is a secreted growth differentiation

factor that 1s a member of the TGF beta protein family. Animals either lacking

myostatin or treated with substances that block the activity of myostatin have

significantly more muscle mass. Furthermore, individuals who have mutations

in both copies of the myostatin gene have significantly more muscle mass and

are stronger than normal. Studies into myostatin shows that myostatin may

13
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have therapeutic application in treating muscle wasting diseases such
as muscular dystrophy (Hamrick MK, /BMS BoneKEy. 2010 January;7(1):8-
17).
3-1. M14 and M27 construct

M14 peptide epitope was selected a partial fragment of myostatin
binding domain;
DFGLDCDEHSTESRCCRYPLTVDFEAFGWDWIIAPKRYKANYCSGECEF
VELOKYPHTHLVHOQANPRGSAGPCCTPTLMSPINMLYFNGKEQITYGKIP

AMVVDRCGCS, which has been patented in US20020127234. The M14
peptide core sequence, FLOKYPHTHILVHOQA. was selected. Codon

substitutions without altering the original amino acid sequence of the selected
peptide segment were made for avoiding spurious restriction sites and for
optimal expression in E. coli. Restriction site linkers were added at the ends of
the peptide segment-encoding DNA sequence, EcoR1- Sall and Xhol at 5’end

and 3’end, for insertion and sub-cloning into a vector plasmid. The DNA

sequence encoded the amino acid sequence of EFVDFLOKYPHTHLVHOQALE
was 5-
GAATTCGTCGACGTGTTTTTACAAAAATATCCTCATACGCACCTGG
TCCATCAGGCGCTCGAC-3". The DNA fragment was generated by PCR

and multiple primers extension. Furthermore, the polypeptide with four
repeated core sequence,
EFVDVFLOKYPHTHLVHQAILDVFLOKYPHTHLVHOALDVFLOKYP
HTHLVHQALDVFLOKYPHTHLVHQALE (SEQ CO NO. 17), was

generated with repeated insertion by recombinant technique.

M27 was modified polypeptide to present a Th1l epitope characteristics
according to the proteasome cleavage site prediction software
(http://www.imtech.res.in/raghava/pcleavage/): an SVM based method for
prediction of constitutive proteasome and immunoproteasome cleavage sites in

antigenic sequences. There are two polypeptide fragments: HTHLVHOA
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peptide and EFLOKYPH peptide are fused and modified to create the M27
chimeric polypeptide (no. 3). The HTHLVHQA peptide is searched by Basic
Local Alignment Search Tool (BLAST) to find regions of similarity between
biological sequences. The program compares protein sequences to sequence
databases and calculates the statistical significance. Its amino acid codon
sequence can be found in the CHLNCDRAFT 134428 protein of Chlorella
variabilis (sequence ID: ref XP 005847307). The amino acid codon sequence
of EFLQKYPH peptide can be found in the ROOT PRIMORDIUM
DEFECTIVE 1 isoform X4 of Cicer arietinum (sequence ID: ref
XP 012571622.1). The two fusion peptide genes are respectively subcloned in
to E coli vector plasmids and then fused together by recombinant technique.
The modified DNA  fragment encoded of LEP-HTHLVHQA-
NVLLALQLLLEDREF, which added one Xhol restriction enzyme site at 5’-
end and a DNA linker or bridge encoded with NVLLALQLLLEDREF peptide
at 3’-end, is generated by primer extension and PCR running method. This
DNA linker encoded NVLLALQLL peptide is created by an SVM based
method for proteasome cleavage prediction. LEDR signal also is added into
fusion peptide in order to enhance Th1l immune response when the peptide is
sorted nearby ER location. The DNA fragment encoded of
LEPHTHLVHOANVLLALQLLLEDREF peptide is generated by PCR
technique. The DNA fragment encoded of HTHLVHQA is inserted into the

site of Xho1 and EcoR1 of E. coli plasmid vector. The DNA fragment encoded
of EFLOKYPHVD with two restriction enzyme sites, EcoR1 and Sall, is

generated by PCR technique. The DNA fragment encoded of the peptide of
LEPHTHLVHOQANVLLALQLLLEDREFVFLOKYPHVD is fused the DNA
fragment encoded of HTHLVHQA and the DNA fragment encoded of

EFLOQOKYPHVD by recombinant technique. Furthermore, a DNA fragment

with eight repeated insertion was created.

As shown in Table 8 a core of fused epitope:
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EFVFLOKYPHVEPHTHLVHQANYV was generated, and the amino acid

sequence 1s similar to the EFVFLOQKYPHTHLVHOAN of Myostatin domain

in US20020127234. Finally, the polypeptides sequence of M14 (SEQ ID NO.
17) and M27 (SEQ ID NO. 18) are shown as Table 8. The DNA coded M14 and
M27 are shown as Table O.

Table 8. The modified polypeptides of Myo14 and Myo27

SEQ ID |Name of | Amino acid codon

NO. peptide

17 M14 EFVDVFLOKYPHTHLVHOALDVFLOKYPHTHL
VHQALDVFLOKYPHTHLVHQALDVFLOKYPHT
HLVHOQALE

18 M27 EFLLEPHTHLVHQANVLLALQLLLEDREFVFLQ

KYPHVEPHTHLVHOANVLLALQLLLEDREFVFL
QKYPHVEPHTHLVHOANVLLALQLLLEDREFV
FLOKYPHVEPHTHLVHOANVLLALQLLLEDREF
VFLOKYPHVEPHTHLVHOANVLLALQLLLEDR
EFVFLOKYPHVEPHTHLVHOQANVLLALQLLLE
DREFVFLOKYPHVEPHTHLVHOQANVLLALQLL
LEDREFVFLOKYPHVEPHTHLVHOQANVLLALQ
LLLEDREFVFLOKYPHVD

*: VD, EF and LE shown in italics are the restriction enzyme sites, EcoR1 and

Xhol, which are added for subcloning purpose.

Table 9. The DNA code sequences of Myo14 and Myo27

SEQ ID |Name of | DNA code sequence
NO. DNA
19 M14 GAATTCGTCGACGTGTTTTTACAAAAATATCCTCAT

ACGCACCTGGTCCATCAGGCGCTCGACGTGTTTTT
ACAAAAATATCCTCATACGCACCTGGTCCATCAGG
CGCTCGACGTGTTTTTACAAAAATATCCTCATACGC
ACCTGGTCCATCAGGCGCTCGACGTGTTTTTACAA
AAATATCCTCATACGCACCTGGTCCATCAGGCGCTC
GAG
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20

M27

GAATTCCTCCTCGAGCCACATACGCACTTAGTGCAT
CAAGCGAACGTTTTGCTGGCACTGCAATTATTATTA
GAAGATCGTGAATTTGTCTTCTTGCAAAAATATCCA
CACGTCGAGCCACATACGCACTTAGTGCATCAAGC
GAACGTTTTGCTGGCACTGCAATTATTATTAGAAGA
TCGTGAATTTGTCTTCTTGCAAAAATATCCACACGT
CGAGCCACATACGCACTTAGTGCATCAAGCGAACG
TTTTGCTGGCACTGCAATTATTATTAGAAGATCGTG
AATTTGTCTTCTTGCAAAAATATCCACACGTCGAGC
CACATACGCACTTAGTGCATCAAGCGAACGTTTTG
CTGGCACTGCAATTATTATTAGAAGATCGTGAATTT
GTCTTCTTGCAAAAATATCCACACGTCGAGCCACAT
ACGCACTTAGTGCATCAAGCGAACGTTTTGCTGGC
ACTGCAATTATTATTAGAAGATCGTGAATTTGTCTT
CTTGCAAAAATATCCACACGTCGAGCCACATACGC
ACTTAGTGCATCAAGCGAACGTTTTGCTGGCACTG
CAATTATTATTAGAAGATCGTGAATTTGTCTTCTTGC
AAAAATATCCACACGTCGAGCCACATACGCACTTA
GTGCATCAAGCGAACGTTTTGCTGGCACTGCAATT
ATTATTAGAAGATCGTGAATTTGTCTTCTTGCAAAA
ATATCCACACGTCGAGCCACATACGCACTTAGTGCA
TCAAGCGAACGTTTTGCTGGCACTGCAATTATTATT
AGAAGATCGTGAATTTGTCTTCTTGCAAAAATATCC
ACACGTCGAC

4. The fusion polypeptides of PRRSYV epitope

Porcine reproductive and respiratory syndrome virus (PRRSV) causes
chronic, economically devastating disease in pigs. Frequent mutations in the
viral genome result in viruses with immune escape mutants. Irrespective of
regular vaccination, control of PRRSV remains a challenge to swine farmers.
At present, enhancing the early immunological mechanisms in PRRS V-infected
pigs can improve preventive or therapeutic purpose (O. J. Lopez et al., Clin
Vaccine Immunol. 2007 Mar; 14(3): 269-275). Recently, we try to develop an
immune enhancer for oral administration. Three immunomodulating
polypeptides (GP317, GP417 and GP437) from PRRSV GP3 and GP4 epitopes
are selected.

4-1. GP317, GP417 and GP437 construct
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GP317, GP417 and GP437 DNA fragment encoding the virus
neutralization domain of PRRSV GP3 and GP4 proteins, as shown in Table 10,
were synthesized by multi-step PCR using primer pairs. Codon substitutions
without altering the original amino acid sequence of the selected peptide
segment were made for avoiding spurious restriction sites and for optimal
expression in E. coli. Restriction site linkers were added at the ends of the
peptide segment-encoding DNA sequence, EcoR1 and Xhol at 5’end and
3’end, for insertion and sub-cloning into a vector plasmid. The final DNA
products, as shown in Table 11, were digested by restriction enzymes EcoR1
and Xhol to isolate DNA fragments, which were then subcloned into an EcoRI
and Xho I digested vector. Once a sample had been obtained, DNA sequences
were produced automatically by machine and the result displayed on computer.
Sequence analysis performed to identify the sequence of nucleotides in a

nucleic acid, or amino acids in a polypeptide.

Table 10. The immunomodulating polypeptide-enhancers

SEQ ID |Name of | Amino acid codon
NO. peptide

21 GP317 |EFVSFSTGGSQNWTVERLLQAEFCSTSQAARQRLE

TGRNCSTGQAARQRLEPGRNLVLCLTSQAAQQRLE
PGGNCQTSQAAHQRLEPGRNCRTSQAASQRLEPGR
NCRTSQAAHQRLEPGRNCSTRQAAQQRLEPGRNLL
CPTSQAAHQRRLEPGRNCSTSQAAYQRLEPGRNCP

TSRAARQRLEPGRNLLCSTSQAALQRLEPGRNLCPT
SQAAKQRLEPGRNLVVCLTSQAARQRLEPGRNCST

SQAASQRLEPGRNCPTSQAARQRLEPGRNVLLLCL

TSQAAHQRLEPGRNLE

22 GP417 | EFGVSAAQEKISFGLLGVPTAQETTSIREVLEVSTAQ
ENSPFMLGASATEEKTSLRLGASTTQETSFGKCLRP
HGVSAAQGTTPFRGVSTTQENTSFGRVPTAQENVSF
GLHGVPAAQKTNSFGGVPTAQENISFKEVSATQREI
PFRCLRPHGVSTAQETPFRGVSTAQETIPFRGVSATH
ENISFGCLRPHGVSAAQESIPIRLGASAAQENTSFRG
TPAAQEKIPLE
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23

GP437

EFLGVSAAQERIPIREVSADKEVSAEKKEISFGVSTA
QGNISFGLGVSTAQEAIPFLALGVSTAQETIPFGLLG
VSTAQGIISFGGVSTAQENISFGGVSTAQETISFGLLG
VSTAQENISFGCLRTHEVSAAQEKISFGGVSEAQKIS
FGVSAAGVSAAQEEIPFGCLRPHGLPAAQEKTSFGG
VSAAQEKTSFGGVSAAQEEFSFGCLRPHRVSAAQE
KISFEVSALEVSAAQEKISFGVSAALGVSAAQEKNS
FGCLRPHGVSAAQEKTSFGGVSAAQKKISFGLE

*: VD, EF and LE shown in italics are the restriction enzyme sites, EcoR1 and

Xhol, which are added for subcloning purpose.

Table 11. The DNA sequence encoded the immunomodulating polypeptide-

enhancers

SEQ ID
NO.

Name of
peptide

Amino acid codon

24

GP317

GGAATTCGTGAGCTTTAGCACGGGTGGCAGCCAG
AACTGGACGGTGGAACGTCTGCTGCAAGCCGAGT
TCTGTAGTACTTCTCAGGCGGCGCGCCAGCGTCTG
GAACCAGGGCGTAATTGTTCTACAGGCCAGGCCGC
ACGTCAACGTTTAGAGCCAGGTCGCAATTTAGTTT
TGTGTCTGACGAGCCAGGCCGCACAGCAGCGCTT
GGAACCAGGCGGTAACTGTCAAACTTCTCAAGCG
GCCCATCAACGCCTGGAACCAGGTCGCAACTGTCG
CACTAGCCAAGCCGCCAGCCAACGTTTAGAGCCA
GGCCGCAACTGTCGCACGAGTCAGGCGGCGCACC
AACGTCTGGAACCAGGCCGTAATTGTAGTACGCGC
CAAGCAGCCCAGCAACGCTTAGAACCAGGGCGCA
ACCTGTTATGTCCAACTTCTCAGGCGGCCCATCAA
CGCCGCTTAGAACCAGGGCGTAATTGTAGCACGTC
TCAAGCAGCATATCAACGTCTGGAACCAGGCCGCA
ACTGTCCAACTTCTCGTGCGGCACGCCAGCGCTTA
GAACCAGGTCGTAATTTATTATGTTCTACTAGCCAA
GCCGCATTACAGCGTTTAGAGCCAGGGCGTAACCT
GTGTCCAACTAGCCAAGCAGCAAAACAACGCCTG
GAGCCAGGTCGTAATTTAGTGGTCTGTTTAACGAG
CCAAGCGGCGCGTCAACGCTTAGAACCAGGTCGC
AATTGTTCTACTAGCCAAGCGGCCAGTCAACGTTT
AGAACCAGGGCGCAACTGTCCAACGAGCCAAGCG
GCGCGCCAACGTTTAGAGCCAGGGCGCAACGTTTT
ATTGTTGTGTCTGACGAGTCAAGCCGCCCATCAAC
GTCTGGAACCAGGTCGCAATCTCGAG
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GP417

GAATTCGGCGTGAGCGCGGCCCAGGAAAAGATCA
GTTTCGGCCTGTTAGGTGTGCCAACGGCCCAAGAG
ACTACAAGTATTCGCGAGGTTTTGGAAGTCAGTAC
TGCACAAGAAAACAGTCCATTTATGTTAGGCGCGA
GTGCCACGGAGGAAAAAACGTCTTTGCGCCTGGG
GGCAAGCACAACGCAGGAGACGAGTTTTGGCAAG
TGTTTACGTCCACATGGGGTTTCTGCAGCCCAAGG
GACGACTCCATTTCGCGGTGTCAGTACAACGCAAG
AAAACACGAGTTTTGGTCGTGTCCCAACGGCACA
AGAGAACGTGTCTTTTGGCCTGCATGGTGTTCCAG
CAGCGCAAAAGACGAACAGCTTCGGTGGCGTTCC
AACGGCACAAGAAAACATTAGTTTTAAGGAGGTTA
GTGCCACGCAACGTGAAATCCCATTCCGTTGTTTA
CGCCCACACGGGGTTAGCACAGCCCAGGAGACTC
CATTTCGCGGGGTGAGTACTGCCCAGGAGACGATC
CCATTCCGTGGGGTTTCTGCAACGCATGAAAACAT
CAGTTTTGGGTGTTTGCGTCCACATGGTGTCAGCG
CCGCACAGGAATCTATTCCAATCCGTCTGGGCGCG
AGCGCAGCCCAAGAGAATACCAGTTTTCGCGGGA
CACCAGCGGCACAGGAGAAAATCCCATTGGAACT
CGAG
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GP437

GAATTCCTGGGCGTGAGCGCAGCCCAAGAGCGCA
TCCCAATTCGCGAGGTGAGCGCCGACAAAGAGGT
GAGTGCCGAGAAGAAAGAGATCTCTTTCGGGGTG
AGCACCGCGCAGGGTAATATCAGTTTTGGTTTGGG
CGTCAGCACCGCACAGGAGGCAATTCCATTCTTGG
CACTGGGGGTCAGTACCGCCCAGGAAACTATTCCA
TTTGGCTTGCTGGGGGTTAGCACTGCACAAGGTAT
CATTAGTTTCGGCGGGGTCTCTACTGCGCAGGAGA
ATATCAGCTTTGGCGGGGTTAGTACTGCGCAAGAG
ACCATTAGTTTTGGTTTGCTGGGCGTTTCTACCGCC
CAGGAGAATATTAGCTTTGGTTGTTTACGCACTCAT
GAAGTTAGTGCCGCACAAGAGAAAATTAGCTTCGG
CGGCGTTAGTGAAGCGCAAGAGAAGATTAGTTTCG
GGGTCTCTGCAGCAGGCGTCAGCGCCGCCCAAGA
GGAGATTCCATTTGGGTGTCTGCGCCCACACGGCC
TGCCAGCGGCGCAGGAGAAAACCAGCTTCGGCGG
CGTTAGTGCCGCCCAGGAAAAGACCTCTTTCGGTG
GTGTCAGCGCAGCACAAGAAGAGTTCTCTTTTGGT
TGTTTGCGCCCACATCGTGTTAGTGCCGCACAGGA
AAAGATCAGCTTTGAAGTTAGCGCGCTGGAAGTCA
GTGCCGCGCAAGAGAAGATTAGTTTTGGCGTTAGC
GCGGCATTGGGTGTCAGCGCAGCACAAGAAAAGA
ACTCTTTCGGTTGTTTACGCCCACACGGTGTTAGC
GCCGCGCAAGAGAAAACCAGCTTCGGGGGTGTTA
GTGCCGCACAAAAAAAGATCAGCTTTGGGCTCGA
G

As shown in Tables 6, 8 and 10, the antigenic epitope used in the fusion

polypeptide of the present disclosure may be E622, E713, Myo27, Myol4,
GP317, GP417 or GP437, which respectively has a sequence shown by SEQ ID
NOs: 10, 12, 17, 18, 21, 22 or 23.

In the present disclosure, a translocating peptide is comprised in the

fusion polypeptide of the present disclosure as a carrier. The translocating

peptide can be from pseudomonas exotoxin. In one aspect of the present

disclosure, the translocating peptide comprises a pseudomonas exotoxin A

fragment deleted of only domain III. Hereinafter, the synthesis of the

translocating peptide is described in detail.

5. Pseudomonas exotoxin (PE) toxoid carrier constructs for delivered
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peptide antigens in the intracellular processing system

Pseudomonas exotoxin A (PE) polypeptide contains domains Ia, II, Ib
and III. It has a total of 613 amino acids, the full length PE-DNA fragment was
published (Liao CW et al., Applied Microbiology and Biotechnology, July
1995, Volume 43, Issue 3, pp 498-507) and the subcloned strains are stored in
Liao Lab. To investigate whether the C-terminal deletions of the PE
polypeptide fragment would impact the immunogenicity of PE-fused Thl
epitopes, A series of DNA fragments encoding various lengths of Pseudomonas
exotoxin A polypeptide were synthesized using primer pairs listed in Table 12:
PE-425, PE-407, PE-49. The term “PE-N" stands for a PE fragment consisting
of aa 1-N, in which N is an integer. For example, “PE-425” is a PE fragment
consisting of aa 1-425, and “PE-407” 1s a PE consisting of aa 1-407.
5-1. Example 1: pPE49 plasmid

PE49 target gene is cloned in pET15b plasmids under control of strong
bacteriophage T7 transcription and (optionally) translation signals; expression
1s induced by providing a source of T7 RNA polymerase in the host cell.
Plasmid pPE49 was constructed as follows. A 159bp DNA fragment
comprising a nucleotide sequence encoding PE aa 1-49 was synthesized by
PCR using the primer pair PE-F1 and PE-R1, as shown in Table 12. The 165bp
PCR product was digested by Xhol I and Nde I to isolate a 159bp fragment. It
was then subcloned into the 5.9 kb large DNA fragment which was cut from
pET15b with Xho1 I and Nde I to generate plasmid pPE-49 (6079bp).
5-2. Example 2: pPE407 plasmid

PE407 target gene is cloned in pET15b plasmids under control of strong
bacteriophage T7 transcription and (optionally) translation signals; expression
i1s induced by providing a source of T7 RNA polymerase in the host cell.
Plasmid pPE407 was constructed as follows. A 1224bp DNA fragment
comprising a nucleotide sequence encoding PE aa 1-407 was synthesized by

PCR using the primer pair PE-F1 and PE-R2 as shown in Table 12. The 1238bp
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PCR product was digested by Xhol I and Nde I to isolate a 1224bp fragment. It
was then subcloned into the 5.9 kb large DNA fragment which was cut from
pET15b with Xhol I and Nde I to generate plasmid pPE-407 (715%9bp).
5-3. Example 3: pPE425 plasmid

PE425 target gene 1s cloned in pET15b plasmids under control of strong
bacteriophage T7 transcription and (optionally) translation signals; expression
1s induced by providing a source of T7 RNA polymerase in the host cell.
Plasmid pPE425 was constructed as follows. A 1299bp DNA fragment
comprising a nucleotide sequence encoding PE aa 1-425 was synthesized by
PCR using the primer pair PE-F1 and PE-R3 as shown in Table 12. The 1299bp
PCR product was digested by Xhol I and Nde I to isolate a 1293bp fragment. It
was then subcloned into the 5.9 kb large DNA fragment which was cut from
pET15b with Xhol I and Nde I to generate plasmid pPE-425 (7213bp).

The nucleotide and amino acid sequences of the above PE fragments are
poly-His epitopes, flanked by linkers MGSSHHHHHH and LEHHHHHHZ at
5’-and 3’- (or N- and C-) ends, respectively.

Table 12
Target | Fw.* iju cleotide  sequence IS]])E Q Rv.** | Nucleotide sequence ISIEQ
primer | oo od primer No. |primer of the reverse primer No.

tttctcgagttgaattccatgga

PE49 |PE-F1 ;:cccatatggccgaagaagc 75 PE-R1 | gtagttcatcactceetggeeg | 76
ttgg
tttctcgaggaattcgacgtcg

PE407 | PE-F2 ;:cccatatggccgaagaagc 77 | PE-R2 |ccgccgtegecgaggaacte | 78
cg

PE425 | PE-F3 ccccatatggccgaagaage 79 PE-R3 tttctcgaggaattccgectgg 30

t agcagccgctccaccg

*Fw: Forward.
**Rv: Reversed.
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The target DNA fragment of PE-fused antigenic epitopes can be inserted
into Xhol restriction enzyme site of pPE407 and pPE425.
6. Plasmid constructions for the Mucosal targeting fused polypeptides of
immune enhancer
6-1. Plasmid vector construction for subcloning

PE49-3, plasmid construction for insertion of the DNA fragment of M-
cells target peptide epitopes. The plasmid is original from the pPE49 plasmid.
It was modified by PCR and recombinant manipulation. The primers and

sequence modification were shown in Tables 13 and 14.

Table 13

SE SE
Target |Fw.* |Nucleotide sequence of |Q |Rv.** |Nucleotide sequence of | Q

PE primer | the forward primer ID |primer |the reverse primer ID
No. No.

tataccatggccgaacaattggt tttctcgaggaattcttcc
PE49-3 |PE-F4 |¢g 81 |PE-R4 atgcagtagtgcagcac | 82
gacctc geee

*Fw: Forward.
**Rv: Reversed.

Table 14. The difference of N-terminal amino acid sequence and DNA

sequences and its restriction sites between pPE49 and pPE49-3

The N-terminal amino acid sequence of P49:

MGSSHHHHHHSSGLVPRGSAMAEEAFDLWNECAKACVLDLKDGVRSS

RMSVDPAIADTNGQGVLHYSMEFLEHM

The N-terminal amino acid sequence of P49-3:
MAEQLVDLWNECAKACVLDLKDGVRSS

RMSVDPAIADTNGQGVLHYCMEFLEHM
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The 5°-end pP49 DNA sequence behind T7 promotor site direction:
ATGGGCAGCAGCCATCATCATCATCATCACAGCAGCGGCCTGGTGCC
Ndel
GCGCGGCAGCGCCATGGCCGAAGAAGCTTTCGACCTCTGGAACGAA
TGCGCCAAAGCCTGCGTGCTCGACCTCAAGGACGGCGTGCGTTCCAG
CCGCATGAGCGTCGACCCGGCCATCGCCGACACCAACGGCCAGGG
Ncol EcoR1 Xhol Ndel
CGTGCTGCACTACTCCATGGAATTCCTCGAGCATATGGCCGAAG
HindIII
AAGCTTTCGACCTCTGGAACGAATGCGCCAAAGCCTGCGTGCTCGA
Sall
CCTCAAGGACGGCGTGCGTTCCAGCCGCATGAGCGTCGAC

The 5’-end pP49-3 DNA sequence behind T7promotor site direction:

Nceol Mfel
TTTTGTTTAACTTTAAGAAGGAGATATACCATGGCCGAACAATTGGT
GGACCTCTGGAACGAATGCGCCAAAGCCTGCGTGCTCGACCTCAAG
GACGGCGTGCGTTCCAGCCGCATGAGCGTCGACCCGGCCATCGCCG

EcoR1
ACACCAACGGCCAGGGCGTGCTGCACTACTGCATGGAATTC
Xhol Ndel HindIII
CTCGAGCATATGGCCGAAGAAGCTTTCGACCTCTGGAACGAATGCGC
CAAAGCCTGCGTGCTCGACCTCAAGGACGGCGTGCGTTCCAGCCGCA
TGAGCGTCGAGCACCACCACCACCACCACTGA

6-2. Plasmid constructions for the M-cell targeting polypeptides

Three DNA fragments (CO1, DQ2, RV3) of M-cell ligand were
respectively ligated into EcoR1 and Xhol restriction enzymes digested pPE49-
3/pET plasmids so that the DNA fragment encode the M-cell ligand was
inserted down-stream of T7 promoter. Plasmids containing inserts were
respectively transformed into E. coli and clones selected for by ampicillin
resistance. The partial DNA sequences of the insertion portions of pP49-3-
COl1, pPE49-3-DQ2, and pPE49-3-RV3 plasmids are shown in Table 15.

Table 15

Plasmid name | SEQ ID NO. | DNA sequence
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pP49-3-CO1

27

GTTTAACTTTAAGAAGGAGATATACCATGGC
CGAACAATTGGTGGACCTCTGGAACGAATG
CGCCAAAGCCTGCGTGCTCGACCTCAAGGA
CGGCGTGCGTTCCAGCCGCATGAGCGTCGA
CCCGGCCATCGCCGACACCAACGGCCAGG
GCGTGCTGCACTACTGCATGGAATTCTCTTT
TCATCAGCTGCCAGCGCGTTCTCCAGCCC
CACTGCAGCTCGAGCATATGGCCGAAGAAG
CITTCGACCTCTGGAACGAATGCGCCAAAG
CCTGCGTGCTCGACCTCAAGGACGGCGTGC
GTTCCAGCCGCATGAGCGTCGAGCACCACC
ACCACCACCACTGAGATCCGGCTGCTAAC

pP49-3-DQ2

28

GTTTAACTTTAAGAAGGAGATATACCATGGC
CGAACAATTGGTGGACCTCTGGAACGAATG
CGCCAAAGCCTGCGTGCTCGACCTCAAGGA
CGGCGTGCGTTCCAGCCGCATGAGCGTCGA
CCCGGCCATCGCCGACACCAACGGCCAGG
GCGTGCTGCACTACTGCATGGAATTCAGCA
GCTTTCATCTGTTCCACCATCTGCCAGCGC
GTGCGCCATTAGCGCCTTCTGAATTACAG
CCCCTICGAGCATATGGCCGAAGAAGCTTTCG
ACCTCTGGAACGAATGCGCCAAAGCCTGCG
TGCTCGACCTCAAGGACGGCGTGCGTTCCA
GCCGCATGAGCGTCGAGCACCACCACCACC
ACCACTGAGATCCGGCTGCTAAC

pP49-3-RV3

29

GTTTAACTTTAAGAAGGAGATATACCATGGC
CGAACAATTGGTGGACCTCTGGAACGAATG
CGCCAAAGCCTGCGTGCTCGACCTCAAGGA
CGGCGTGCGTTCCAGCCGCATGAGCGTCGA
CCCGGCCATCGCCGACACCAACGGCCAGG
GCGTGCTGCACTACTGCATGGAATTCTCTAC
TCCTTTCCACCCATTGCCTGCCCGCAAACC
ATTGCCTCTGGTGCCCCTCGAGCATATGGC
CGAAGAAGCITTTCGACCTCTGGAACGAATG
CGCCAAAGCCTGCGTGCTCGACCTCAAGGA
CGGCGTGCGTTCCAGCCGCATGAGCGTCGA
GCACCACCACCACCACCACTGAGATCCGGC
TGCTAAC

6-3. Plasmid construction of the epithelial cell targeting polypeptides
L2-200 of targeting ligand DNA was ligated into EcoR1 and Xhol
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restriction enzymes digested pPE49-3/pET plasmid. Plasmid containing insert

was respectively transformed into E. coli and clones selected for by ampicillin

resistance. The partial DNA sequences of the insertion portion of pL2-200

plasmid are shown in Table 16.

Table 16

Plasmid name

SEQ ID NO.

DNA sequence

pP49-3-1L2-200

30

GTTTAACTTTAAGAAGGAGATATACCATGGC
CGAACAATTGGTGGACCTCTGGAACGAATG
CGCCAAAGCCTGCGTGCTCGACCTCAAGGA
CGGCGTGCGTTCCAGCCGCATGAGCGTCGA
CCCGGCCATCGCCGACACCAACGGCCAGG
GCGTGCTGCACTACTGCATGGAATTCCATAT
GGTCGACGGTATGTCCATCCGTGCTAAAC
GTCGTAAACGTGCTTCCGCTACCCAGCT
GTACAAAACCTGCAAACAGGCTGGTACC
TGCCCGCCGGACATCATCCCGAAAGTTG
AAGGTAAAACCATCGCTGAACAGATCCT
GCAATACGGTTCTATGGGTGTTTTCTTCG
GCGGTCTGGGCATCGGTACCGGTTCCGG
TACTGGCGGTCGTACCGGTTACATCCCG
CTGGGTACCCGTCCGCCGACCGCTACCG
ACACCCTGGCTCCGGTTCGTCCGCCGCT
GACCGTTGACCCGGTTGGTCCGTCCGAC
CCGTCCATCGTTTCCCTGGTTGAAGAAA
CCTCCTTCATCGACGCTGGTGCTCCGAC
CTCCGTTCCGTCCATCCCGCCGGACGTT
TCCGGTTTCTCCATCACCACCTCCACCG
ACACTACCCCGGCTATCCTGGACATCAAC
AACAACACCGTTACTACCGTAACCACTCA
CAACAACCCGACCTTCACCGACCCGTCC
GTTCTGCAACCGCCGACCCCGGCTGAAA
CCGGTGGTCACTTCACCCTGTCCTCTTC
CACCATCTCCACCCACAACTACGAAGAA
ATCCCGATGGACACCAAAGACGAACTGC
TCGAGCATATGGCCGAAGAAGCTITCGACCT
CTGGAACGAATGCGCCAAAGCCTGCGTGCT
CGACCTCAAGGACGGCGTGCGTTCCAGCCG
CATGAGCGTCGAGCACCACCACCACCACCA
CTGAGATCCGGCTGCTAAC

27




WO 2018/081355 PCT/US2017/058419

6-4. Preparation of the expressed Mucosa targeting fused polypeptides

The chimeric polypeptides had expression in £. coli, BL21(DE3) system.
Codon substitutions without altering the original amino acid sequence of the
selected peptide segment were made for avoiding spurious restriction sites and
for optimal expression in £. coli. Restriction site linkers were added at the ends
of the peptide segment-encoding DNA sequence for insertion into the
expression vector.

7. Plasmid constructions and preparations of the recombinant PE-based
fused antigens and immune enhancers
7-1. PE-based chimeric antigens construct

Two DNA fragments (E601; SEQ ID NO. 13, and E701; SEQ ID NO.
15) of HPV Thl-antigenic epitopes were respectively ligated into EcoR1 and
Xhol restriction enzymes digested pPE425 plasmids (PE toxoid vector
derivative plasmids) so that the fusion protein was added at the PE(AIII)
fragment C-terminal. Plasmids containing inserts were respectively
transformed into E. coli and clones selected for by ampicillin resistance.

Two DNA fragment (M14; SEQ ID NO. 19, and M27; SEQ ID NO. 20)
of the Myostatin epitope was ligated into EcoR1 and Xhol restriction enzymes
digested pPE407 plasmids.

Three DNA fragments (GP317; SEQ ID NO. 24, GP417; SEQ ID NO 25.
and GP437; SEQ ID NO. 26) of PRRSV epitopes were respectively ligated into
EcoR1 and Xhol restriction enzymes digested pPE425 plasmids (pET and PE
toxoid vector derivative plasmids) so that the fusion protein was added at the
PE(AIIl) fragment C-terminal. Plasmids containing inserts were respectively

transformed into E. coli and clones selected for by ampicillin resistance.

Table 17. The examples of the PE-based recombinant chimeric antigens
Groups SEQ IO NO. Name of PE-based chimeric antigen
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HPV E601, E701 |31 PE-E601
32 PE-E701
M14, M27 33 PE-M14
34 PE-M27
GP317 35 PE-GP317
GP417
GP437 36 PE-GP417
37 PE-GP437
SEQ ID NO. |Name of peptide | Amino acid codon
31 PE-E601 MGSSHHHHHHSSGLVPRGSHMAEEAFDLW

NECAKACVLDLKDGVRSSRMSVDPAIADTN
GQGVLHYSMVLEGGNDALKLAIDNALSITS
DGLTIRLEGGVEPNKPVRYSYTRQARGSWS
LNWLVPIGHEKPSNIK VFIHELNAGNQLSHM
SPIYTIEMGDELLAKLARDATFFVRAHESNE
MQPTLAISHAGVSVVMAQTQPRREKRWSE
WASGKVLCLLDPLDGVYNYLAQQRCNLDD
TWEGKIYRVLAGNPAKHDLDIKPTVISHRLH
FPEGGSLAALTAHQACHLPLETFTRHRQPRG
WEQLEQCGYPVQRLVALYLAARLSWNQVD
QVIRNALASPGSGGDLGEAIREQPEQARLAL
TLAAAESERFVRQGTGNDEAGAANADVVS
LTCPVAAGECAGPADSGDALLERNYPTGAE
FLGDGGDVSFSTRGTQNWTVERLLQAEFQL
LRREVFCGFRDLVYDFAFSDLKLPQLCTELK
LPQLCTELKDELLEHHHHHH*
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32

PE-E701

MGSSHHHHHHSSGLVPRGSHMAEEAFDLW
NECAKACVLDLKDGVRSSRMSVDPAIADTN
GQGVLHYSMVLEGGNDALKLAIDNALSITS
DGLTIRLEGGVEPNKPVRYSYTRQARGSWS
LNWLVPIGHEKPSNIK VFIHELNAGNQLSHM
SPIYTIEMGDELLAKLARDATFFVRAHESNE
MQPTLAISHAGVSVVMAQTQPRREKRWSE
WASGKVLCLLDPLDGVYNYLAQQRCNLDD
TWEGKIYRVLAGNPAKHDLDIKPTVISHRLH
FPEGGSLAALTAHQACHLPLETFTRHRQPRG
WEQLEQCGYPVQRLVALYLAARLSWNQVD
QVIRNALASPGSGGDLGEAIREQPEQARLAL
TLAAAESERFVRQGTGNDEAGAANADVVS
LTCPVAAGECAGPADSGDALLERNYPTGAE
FLGDGGDVSFSTRGTQNWTVERLLQAEFQ
AEPDQAEPDRARAHYNIRARAHYNLEAHY
NIVIFRAHYNIVIFLEHHHHHH*

33

PE-M14

MGSSHHHHHHSSGLVPRGSHMAEEAFDLW
NECAKACVLDLKDGVRSSRMSVDPAIADTN
GQGVLHYSMVLEGGNDALKLAIDNALSITS
DGLTIRLEGGVEPNKPVRYSYTRQARGSWS
LNWLVPIGHEKPSNIK VFIHELNAGNQLSHM
SPIYTIEMGDELLAKLARDATFFVRAHESNE
MQPTLAISHAGVSVVMAQTQPRREKRWSE
WASGKVLCLLDPLDGVYNYLAQQRCNLDD
TWEGKIYRVLAGNPAKHDLDIKPTVISHRLH
FPEGGSLAALTAHQACHLPLETFTRHRQPRG
WEQLEQCGYPVQRLVALYLAARLSWNQVD
QVIRNALASPGSGGDLGEAIREQPEQARLAL
TLAAAESERFVRQGTGNDEAGAANADVVS
LTCPVAAGECAGPADSGDALLERNYPTGAE
FLGDGGDVEFVFLQKYPHTHLVHQALDVFL
QKYPHTHLVHQALDVFLQK YPHTHLVHQA
LDVFLOKYPHTHLVHQALEHHHHHH*
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34

PE-M27

MGSSHHHHHHSSGLVPRGSHMAEEAFDLW

NECAKACVLDLKDGVRSSRMSVDPAIADTN
GQGVLHYSMVLEGGNDALKLAIDNALSITS
DGLTIRLEGGVEPNKPVRYSYTRQARGSWS

LNWLVPIGHEKPSNIK VFIHELNAGNQLSHM
SPIYTIEMGDELLAKLARDATFFVRAHESNE
MQPTLAISHAGVSVVMAQTQPRREKRWSE

WASGKVLCLLDPLDGVYNYLAQQRCNLDD
TWEGKIYRVLAGNPAKHDLDIKPTVISHRLH
FPEGGSLAALTAHQACHLPLETFTRHRQPRG
WEQLEQCGYPVQRLVALYLAARLSWNQVD
QVIRNALASPGSGGDLGEAIREQPEQARLAL
TLAAAESERFVRQGTGNDEAGAANADVVS

LTCPVAAGECAGPADSGDALLERNYPTGAE

FLGDGGDVEFLLEPHTHLVHQANVLLALQL
LLEDREFVFLOKYPHVEPHTHLVHQANVLL
ALQLLLEDREFVFLQKYPHVEPHTHLVHQA
NVLLALQLLLEDREFVFLQKYPHVEPHTHL

VHQANVLLALQLLLEDREFVFLQKYPHVEP
HTHLVHQANVLLALQLLLEDREFVFLQKYP
HVEPHTHLVHQANVLLALQLLLEDREFVFL

QKYPHVEPHTHLVHQANVLLALQLLLEDRE
FVFLQKYPHVEPHTHLVHQANVLLALQLLL
EDREFVFLQKYPHVEHHHHHH*
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35

PE-GP317

MGSSHHHHHHSSGLVPRGSHMAEEAFDLW
NECAKACVLDLKDGVRSSRMSVDPAIADTN
GQGVLHYSMVLEGGNDALKLAIDNALSITS
DGLTIRLEGGVEPNKPVRYSYTRQARGSWS
LNWLVPIGHEKPSNIK VFIHELNAGNQLSHM
SPIYTIEMGDELLAKLARDATFFVRAHESNE
MQPTLAISHAGVSVVMAQTQPRREKRWSE
WASGKVLCLLDPLDGVYNYLAQQRCNLDD
TWEGKIYRVLAGNPAKHDLDIKPTVISHRLH
FPEGGSLAALTAHQACHLPLETFTRHRQPRG
WEQLEQCGYPVQRLVALYLAARLSWNQVD
QVIRNALASPGSGGDLGEAIREQPEQARLAL
TLAAAESERFVRQGTGNDEAGAANADVVS
LTCPVAAGECAGPADSGDALLERNYPTGAE
FLGDGGDVSFSTRGTQNWTVERLLQAEFVS
FSTGGSQNWTVERLLQAEFCSTSQAARQRL
ETGRNCSTGQAARQRLEPGRNLVLCLTSQA
AQOQRLEPGGNCQTSQAAHQRLEPGRNCRTS
QAASORLEPGRNCRTSQAAHQRLEPGRNCS
TRQAAQQRLEPGRNLLCPTSQAAHQRRLEP
GRNCSTSQAAYQRLEPGRNCPTSRAARQRL
EPGRNLLCSTSQAALQRLEPGRNLCPTSQA
AKQRLEPGRNLVVCLTSQAARQRLEPGRNC
STSQAASQRLEPGRNCPTSQAARQRLEPGR
NVLLLCLTSQAAHQRLEPGRNLEHHHHHH*
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36

PE-GP417

MGSSHHHHHHSSGLVPRGSHMAEEAFDLW
NECAKACVLDLKDGVRSSRMSVDPAIADTN
GQGVLHYSMVLEGGNDALKLAIDNALSITS
DGLTIRLEGGVEPNKPVRYSYTRQARGSWS
LNWLVPIGHEKPSNIK VFIHELNAGNQLSHM
SPIYTIEMGDELLAKLARDATFFVRAHESNE
MQPTLAISHAGVSVVMAQTQPRREKRWSE
WASGKVLCLLDPLDGVYNYLAQQRCNLDD
TWEGKIYRVLAGNPAKHDLDIKPTVISHRLH
FPEGGSLAALTAHQACHLPLETFTRHRQPRG
WEQLEQCGYPVQRLVALYLAARLSWNQVD
QVIRNALASPGSGGDLGEAIREQPEQARLAL
TLAAAESERFVRQGTGNDEAGAANADVVS
LTCPVAAGECAGPADSGDALLERNYPTGAE
FLGDGGDVSFSTRGTQNWTVERLLQAEFG
VSAAQEKISFGLLGVPTAQETTSIREVLEVST
AQENSPFMLGASATEEKTSLRLGASTTQETS
FGKCLRPHGVSAAQGTTPFRGVSTTQENTS
FGRVPTAQENVSFGLHGVPAAQKTNSFGGV
PTAQENISFKEVSATQREIPFRCLRPHGVSTA
QETPFRGVSTAQETIPFRGVSATHENISFGCL
RPHGVSAAQESIPIRLGASAAQENTSFRGTP
AAQEKIPLEHHHHHH*
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37

PE-GP437

MGSSHHHHHHSSGLVPRGSHMAEEAFDLW
NECAKACVLDLKDGVRSSRMSVDPAIADTN
GQGVLHYSMVLEGGNDALKLAIDNALSITS
DGLTIRLEGGVEPNKPVRYSYTRQARGSWS
LNWLVPIGHEKPSNIK VFIHELNAGNQLSHM
SPIYTIEMGDELLAKLARDATFFVRAHESNE
MQPTLAISHAGVSVVMAQTQPRREKRWSE
WASGKVLCLLDPLDGVYNYLAQQRCNLDD
TWEGKIYRVLAGNPAKHDLDIKPTVISHRLH
FPEGGSLAALTAHQACHLPLETFTRHRQPRG
WEQLEQCGYPVQRLVALYLAARLSWNQVD
QVIRNALASPGSGGDLGEAIREQPEQARLAL
TLAAAESERFVRQGTGNDEAGAANADVVS
LTCPVAAGECAGPADSGDALLERNYPTGAE
FLGDGGDVSFSTRGTQNWTVERLLQAEFLG
VSAAQERIPIREVSADKEVSAEKKEISFGVST
AQGNISFGLGVSTAQEAIPFLALGVSTAQETI
PFGLLGVSTAQGIISFGGVSTAQENISFGGVS
TAQETISFGLLGVSTAQENISFGCLRTHEVSA
AQEKISFGGVSEAQKISFGVSAAGVSAAQEE
IPFGCLRPHGLPAAQEKTSFGGVSAAQEKTS
FGGVSAAQEEFSFGCLRPHRVSAAQEKISFE
VSALEVSAAQEKISFGVSAALGVSAAQEKN
SFGCLRPHGVSAAQEKTSFGGVSAAQKKISF
GLEHHHHHH*

7-2. PE-based HPV Fusion Polypeptides

To develop a PE-based HPV fusion protein as a vaccine, a reverse

genetic engineering method was employed to construct a highly efficient, viral

fusion protein expression vector. Through injection administration, the PE-

based HPV vaccine can deliver the viral polypeptides into cells including

antigen presenting cells (APCs) to elicit a strong immune response (Liao;

Cancer research 2005). Thus, the strategy for developing a PE-based fusion

polypeptide was also to fuse the C-terminus of the PE fragment with a viral

protein Th1 epitope such as E601 and E701 polypeptides from HPV type 16 as

shown in Table 6. However, any other types of HPV (e.g., type 18, type 35 and

any other HPV types) can also be used as the HPV antigenic epitope.
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Four DNA fragments (E601, E622, E701, and E713) of HPV antigens
Thl-epitope were respectively ligated into EcoR1 and Xhol restriction
enzymes digested pPE425 plasmids (pET23a and PE toxoid vector derivative
plasmids) so that the fusion protein was added at the PE(AIII) fragment C-
terminal. Plasmids containing inserts were respectively transformed into E. coli
and clones selected for by ampicillin resistance.

All synthesized and/or subcloning nucleotide fragments were analyzed
by restriction enzyme cutting and electrophoresis to check if they were of the
expected sizes and right cutting sites. Once a sample had been obtained, DNA
sequences were produced automatically by machine and the result displayed on
computer. Sequence analysis performed to identify the sequence of nucleotides
in a nucleic acid, or amino acids in a polypeptide.

7-3. PE-based Myostatin epitopes fused polypeptides construct

The strategy of developing a PE-based fusion protein was to fuse the C-
terminus of the PE fragment with a myostatin protein binding epitope (M14) to
elicit anti-Myostatin antibodies for blocking the activity of myostatin.

Two DNA fragments (M27, M14) of Myostatin binding epitope were
respectively ligated into EcoR1 and Xhol restriction enzymes digested pPE407
plasmids (pET23a and PE toxoid vector derivative plasmids) so that the fusion
protein was added at the PE(AIII) fragment C-terminal. Plasmids containing
inserts were respectively transformed into E. coli and clones selected for by
ampicillin resistance. Once a sample had been obtained, DNA sequences were
produced automatically by machine and the result displayed on computer.
Sequence analysis performed to identify the sequence of nucleotides in a
nucleic acid, or amino acids in a polypeptide.

7-4. PE-based GP3 and GP4 fused polypeptides construct

The strategy of developing a PE-based fusion protein was to fuse the C-

terminus of the PE fragment with virus serum neutralization epitopes (GP3 and

GP4) to elicit antibodies against PRRSV infection.
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The DNA fragments (GP317, GP417, and GP437) were respectively
ligated into EcoR1 and Xhol restriction enzymes digested pPE425 plasmids
(pET23a and PE toxoid vector derivative plasmids) so that the fusion protein
was added at the PE(AIIl) fragment C-terminal. Plasmids containing inserts
were respectively transformed into E. coli and clones selected for by ampicillin
resistance. Once a sample had been obtained, DNA sequences were produced
automatically by machine and the result displayed on computer. Sequence
analysis performed to identify the sequence of nucleotides in a nucleic acid, or
amino acids in a polypeptide.

8. Plasmid construction of the PE-based mucosal targeting fused peptides

All the constructed plasmids, as shown in Table 18, are belonged to the
fusion biogenic polypeptides, which can serve an immune enhance functions
through the mucosal targeting and Th1 immuno-proteasome processing.

The larger DNA fragment containing DQ2 epitope was cleaved from
pP49-3-DQ2 plasmid with HindIII and Pstl, followed by respectively ligating
into various DNA fragments, which containing PE and Th1 epitope plasmids,
such as pPE-E713, pPE-E622, pPE-M 14, pPE-M37, pPE-GP317, pPE-GP417
and pPE-GP437. Those new plasmids containing DQ2 epitope were cleaved
with Mfel and HindIII and then exchanged other two DNA fragments (P493-
COl1, and RV3). The larger DNA fragment containing HPV epithelial cell
targeting epitope was cleaved from pP49-3-1.2-200 plasmid with HindIII and
Pstl1, followed by ligating with HindIII and Pstl restriction enzymes digested
pPE-E713 or pPE-E622 plasmid which containing PE with HPV Th1 epitope.

Table 18. The examples of the fusion biogenic polypeptides for immune

enhance functions

Group Name of immune enhancer

HPV E6 and E7 Thl-epiopes: | CO1-PE-E622, CO1-PE-E713
E622, E713

DQ2-PE-E622, DQ2-PE-E713
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RV3-PE-E622, RV3-PE-E713

L2-200-PE-E662, L2-200-PE-E713

Myostatin-like polypeptide: | CO1-PE-M27, CO1-PE-M14
M27, M14

DQ2-PE-M27, DQ2-PE-M14

RV3-PE-M27, RV3-PE-M14

PRRSV VN-epitopes: DQ2-PE-GP417, DQ2-PE-GP437
GP417, GP437, GP317 DQ2-PE-GP317

SEQ ID NO. |Name of peptide |amino acid codon

38 CO1-PE-E622 | MAEQLVDLWNECAKACVLDLKDGVRSS
RMSVDPAIADTNGQGVLHYCMEFSFHQL
PARSPAPLQLEHMAEEAFDLWNECAKAC
VLDLKDGVRSSRMSVDPAIADTNGQGVL
HYSMVLEGGNDALKLAIDNALSITSDGLT
IRLEGGVEPNKPVRYSYTRQARGSWSLN
WLVPIGHEKPSNIK VFIHELNAGNQLSHM
SPIYTIEMGDELLAKLARDATFFVRAHES
NEMQPTLAISHAGVSVVMAQTQPRREKR
WSEWASGKVLCLLDPLDGVYNYLAQQR
CNLDDTWEGKIYRVLAGNPAKHDLDIKP
TVISHRLHFPEGGSLAALTAHQACHLPLE
TFTRHRQPRGWEQLEQCGYPVQRLVALY
LAARLSWNQVDQVIRNALASPGSGGDLG
EAIREQPEQARLALTLAAAESERFVRQGT
GNDEAGAANADVVSLTCPVAAGECAGPA
DSGDALLERNYPTGAEFLGDGGDVSFST
RGTQNWTVERLLQAEEFVDKDELREVYN
FAFLLVLRREVYDKDELLLLLEDRQLLR
REVFCGFRDLLEDRVYDFAFSDLKLPQ
LCTELKLPQLCTELKDELKDELVLLLLE
HHHHHH*
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39

DQ2-PE-E622

MAEQLVDLWNECAKACVLDLKDGVRSS
RMSVDPAIADTNGQGVLHYCMEFSSFHL
FHHLPARAPLAPSELQPLEHMAEEAFDL
WNECAKACVLDLKDGVRSSRMSVDPAI
ADTNGQGVLHYSMVLEGGNDALKLAID
NALSITSDGLTIRLEGGVEPNKPVRYSYTR
QARGSWSLNWLVPIGHEKPSNIK VFIHEL
NAGNQLSHMSPIYTIEMGDELLAKLARD
ATFFVRAHESNEMQPTLAISHAGVSVVM
AQTQPRREKRWSEWASGKVLCLLDPLDG
VYNYLAQQRCNLDDTWEGKIYRVLAGN
PAKHDLDIKPTVISHRLHFPEGGSLAALTA
HQACHLPLETFTRHRQPRGWEQLEQCGY
PVQRLVALYLAARLSWNQVDQVIRNALA
SPGSGGDLGEAIREQPEQARLALTLAAAE
SERFVRQGTGNDEAGAANADVVSLTCPV
AAGECAGPADSGDALLERNYPTGAEFLG
DGGDVSFSTRGTQNWTVERLLQAEFVDK
DELREVYNFAFLLVLRREVYDKDELLLL
LEDROLLRREVFCGFRDLLEDRVYDFA
FSDLKLPQLCTELKLPQLCTELKDELK
DELVLLLLEHHHHHH*

40

RV3-PE-E622

MAEQLVDLWNECAKACVLDLKDGVRSS
RMSVDPAIADTNGQGVLHYCMEFSTPFH
PLPARKPLPLVPLEHMAEEAFDLWNECA
KACVLDLKDGVRSSRMSVDPAIADTNGQ
GVLHYSMVLEGGNDALKLAIDNALSITS
DGLTIRLEGGVEPNKPVRYSYTRQARGS
WSLNWLVPIGHEKPSNIK VFIHELNAGNQ
LSHMSPIYTIEMGDELLAKLARDATFFVR
AHESNEMQPTLAISHAGVSVVMAQTQPR
REKRWSEWASGKVLCLLDPLDGVYNYL
AQQRCNLDDTWEGKIYRVLAGNPAKHD
LDIKPTVISHRLHFPEGGSLAALTAHQAC
HLPLETFTRHRQPRGWEQLEQCGYPVQR
LVALYLAARLSWNQVDQVIRNALASPGS
GGDLGEAIREQPEQARLALTLAAAESERF
VRQGTGNDEAGAANADVVSLTCPVAAG
ECAGPADSGDALLERNYPTGAEFLGDGG
DVSFSTRGTQNWTVERLLQAEFVDKDEL
REVYNFAFLLVLRREVYDKDELLLLLED
ROLLRREVFCGFRDLLEDRVYDFAFSD
LKLPOLCTELKLPQLCTELKDELKDEL
VLLLLEHHHHHH*
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L2-200-PE-E662

MAEQLVDLWNECAKACVLDLKDGVRS
SRMSVDPAIADTNGQGVLHYCMEFHM
VDGMSIRAKRRKRASATQLYKTCKQAGT
CPPDIIPKVEGKTIAEQILQYGSMGVFFGG
LGIGTGSGTGGRTGYIPLGTRPPTATDTLA
PVRPPLTVDPVGPSDPSIVSLVEETSFIDAG
APTSVPSIPPDVSGFSITTSTDTTPAILDINN
NTVTTVTTHNNPTFTDPSVLQPPTPAETG
GHFTLSSSTISTHNYEEIPMDTKDELLEH
MAEEAFDLWNECAKACVLDLKDGVRSS
RMSVDPAIADTNGQGVLHYSMVLEGGN
DALKLAIDNALSITSDGLTIRLEGGVEPNK
PVRYSYTRQARGSWSLNWLVPIGHEKPS
NIKVFIHELNAGNQLSHMSPIYTIEMGDE
LLAKLARDATFFVRAHESNEMQPTLAISH
AGVSVVMAQTQPRREKRWSEWASGKVL
CLLDPLDGVYNYLAQQRCNLDDTWEGK
IYRVLAGNPAKHDLDIKPTVISHRLHFPEG
GSLAALTAHQACHLPLETFTRHRQPRGW
EQLEQCGYPVQRLVALYLAARLSWNQVD
QVIRNALASPGSGGDLGEAIREQPEQARL
ALTLAAAESERFVRQGTGNDEAGAANA
DVVSLTCPVAAGECAGPADSGDALLERN
YPTGAEFLGDGGDVSFSTRGTQNWTVER
LLQAEFVDKDELREVYNFAFLLVLRREV
YDKDELLLLLEDRQLLRREVFCGFRDL
LEDRVYDFAFSDLKLPQLCTELKLPOL
CTELKDELKDELVLLLLEHHHHHH*
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42

CO1-PE-E713

MAEQLVDLWNECAKACVLDLKDGVRSS
RMSVDPAIADTNGQGVLHYCMEFSFHQL
PARSPAPLQLEHMAEEAFDLWNECAKAC
VLDLKDGVRSSRMSVDPAIADTNGQGVL
HYSMVLEGGNDALKLAIDNALSITSDGLT
IRLEGGVEPNKPVRYSYTRQARGSWSLN
WLVPIGHEKPSNIK VFIHELNAGNQLSHM
SPIYTIEMGDELLAKLARDATFFVRAHES
NEMQPTLAISHAGVSVVMAQTQPRREKR
WSEWASGKVLCLLDPLDGVYNYLAQQR
CNLDDTWEGKIYRVLAGNPAKHDLDIKP
TVISHRLHFPEGGSLAALTAHQACHLPLE
TFTRHRQPRGWEQLEQCGYPVQRLVALY
LAARLSWNQVDQVIRNALASPGSGGDLG
EAIREQPEQARLALTLAAAESERFVRQGT
GNDEAGAANADVVSLTCPVAAGECAGPA
DSGDALLERNYPTGAEFLGDGGDVSFST
RGTQNWTVERLLQAEFVDQAEPDQAEP
DRDELVLRARAHYNIRARAHYNILEDR
LLVLRAHYNIVIFRAHYNIVIFKDELLVL
EHHHHHH*

43

DQ2-PE-E713

MAEQLVDLWNECAKACVLDLKDGVRSS
RMSVDPAIADTNGQGVLHYCMEFSSFHL
FHHLPARAPLAPSELQPLEHMAEEAFDL
WNECAKACVLDLKDGVRSSRMSVDPAI
ADTNGQGVLHYSMVLEGGNDALKLAID
NALSITSDGLTIRLEGGVEPNKPVRYSYTR
QARGSWSLNWLVPIGHEKPSNIK VFIHEL
NAGNQLSHMSPIYTIEMGDELLAKLARD
ATFFVRAHESNEMQPTLAISHAGVSVVM
AQTQPRREKRWSEWASGKVLCLLDPLDG
VYNYLAQQRCNLDDTWEGKIYRVLAGN
PAKHDLDIKPTVISHRLHFPEGGSLAALTA
HQACHLPLETFTRHRQPRGWEQLEQCGY
PVQRLVALYLAARLSWNQVDQVIRNALA
SPGSGGDLGEAIREQPEQARLALTLAAAE
SERFVRQGTGNDEAGAANADVVSLTCPV
AAGECAGPADSGDALLERNYPTGAEFLG
DGGDVSFSTRGTQNWTVERLLQAEFVDQ
AEPDQAEPDRDELVLRARAHYNIRARA
HYNILEDRLLVLRAHYNIVIFRAHYNIVI
FKDELLVLEHHHHHH*
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RV3-PE-E713

MAEQLVDLWNECAKACVLDLKDGVRSS
RMSVDPAIADTNGQGVLHYCMEFSTPFH
PLPARKPLPLVPLEHMAEEAFDLWNECA
KACVLDLKDGVRSSRMSVDPAIADTNGQ
GVLHYSMVLEGGNDALKLAIDNALSITS
DGLTIRLEGGVEPNKPVRYSYTRQARGS
WSLNWLVPIGHEKPSNIK VFIHELNAGNQ
LSHMSPIYTIEMGDELLAKLARDATFFVR
AHESNEMQPTLAISHAGVSVVMAQTQPR
REKRWSEWASGKVLCLLDPLDGVYNYL
AQQRCNLDDTWEGKIYRVLAGNPAKHD
LDIKPTVISHRLHFPEGGSLAALTAHQAC
HLPLETFTRHRQPRGWEQLEQCGYPVQR
LVALYLAARLSWNQVDQVIRNALASPGS
GGDLGEAIREQPEQARLALTLAAAESERF
VRQGTGNDEAGAANADVVSLTCPVAAG
ECAGPADSGDALLERNYPTGAEFLGDGG
DVSFSTRGTQNWTVERLLQAEFVDQAEP
DQAEPDRDELVLRARAHYNIRARAHY
NILEDRLLVLRAHYNIVIFRAHYNIVIFK
DELLVLEHHHHHH*
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L2-200-PE-E713

MAEQLVDLWNECAKACVLDLKDGVRSS
RMSVDPAIADTNGQGVLHYCMEFHMVD
GMSIRAKRRKRASATQLYKTCKQAGTCP
PDITPKVEGKTIAEQILQYGSMGVFFGGL
GIGTGSGTGGRTGYIPLGTRPPTATDTLAP
VRPPLTVDPVGPSDPSIVSLVEETSFIDAG
APTSVPSIPPDVSGFSITTSTDTTPAILDINN
NTVTTVTTHNNPTFTDPSVLQPPTPAETG
GHFTLSSSTISTHNYEEIPMDTKDELLEH
MAEEAFDLWNECAKACVLDLKDGVRSS
RMSVDPAIADTNGQGVLHYSMVLEGGN
DALKLAIDNALSITSDGLTIRLEGGVEPNK
PVRYSYTRQARGSWSLNWLVPIGHEKPS
NIKVFIHELNAGNQLSHMSPIYTIEMGDE
LLAKLARDATFFVRAHESNEMQPTLAISH
AGVSVVMAQTQPRREKRWSEWASGKVL
CLLDPLDGVYNYLAQQRCNLDDTWEGK
IYRVLAGNPAKHDLDIKPTVISHRLHFPEG
GSLAALTAHQACHLPLETFTRHRQPRGW
EQLEQCGYPVQRLVALYLAARLSWNQVD
QVIRNALASPGSGGDLGEAIREQPEQARL
ALTLAAAESERFVRQGTGNDEAGAANA
DVVSLTCPVAAGECAGPADSGDALLERN
YPTGAEFLGDGGDVSFSTRGTQNWTVER
LLQAEFVDQAEPDQAEPDRDELVLRAR
AHYNIRARAHYNILEDRLLVLRAHYNIV
IFRAHYNIVIFKDELLVLEHHHHHH*
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CO1-PE-M14

MAEQLVDLWNECAKACVLDLKDGVRSS
RMSVDPAIADTNGQGVLHYCMEFSFHQL
PARSPAPLQLEHMAEEAFDLWNECAKAC
VLDLKDGVRSSRMSVDPAIADTNGQGVL
HYSMVLEGGNDALKILAIDNALSITSDGLT
IRLEGGVEPNKPVRYSYTROARGSWSLN
WLVPIGHEKPSNIKVFIHELNAGNQLSHM
SPIYTIEMGDELLAKLARDATFFVRAHES
NEMOPTLAISHAGVSVVMAQTOPRREKR
WSEWASGKVLCLLDPLDGVYNYLAQOQR
CNLDDTWEGKIYRVIL AGNPAKHDL DIKP
TVISHRLHFPEGGSLAALTAHOACHILPLE
TFTRHROPRGWEQLEQCGYPVORLVALY
LAARLSWNOQVDOQVIRNALASPGSGGDLG
EAIREQPEQARLAITLAAAESERFVROGT
GNDEAGAANADVVSITCPVAAGECAGPA
DSGDALLERNYPTGAEFLGDGGDVEFVD
VFLOKYPHTHLVHQALDVFLOKYPHT
HLVHOALDVFLOKYPHTHLVHQALDV
FLOKYPHTHLVHQA/LFHHHHHH*

47

DQ2-PE-M14

MAEQLVDLWNECAKACVLDLKDGVRSS
RMSVDPAIADTNGQGVLHYCMEFSSFHL
FHHLPARAPLAPSELQPLEHMAEEAFDL
WNECAKACVLDLKDGVRSSRMSVDPAI
ADTNGQGVLHYSMVLEGGNDALKLAID
NALSITSDGLTIRLEGGVEPNKPVRYSYTR
QARGSWSLNWLVPIGHEKPSNIK VFIHEL
NAGNQLSHMSPIYTIEMGDELLAKLARD
ATFFVRAHESNEMQPTLAISHAGVSVVM
AQTQPRREKRWSEWASGKVLCLLDPLDG
VYNYLAQQRCNLDDTWEGKIYRVLAGN
PAKHDLDIKPTVISHRLHFPEGGSLAALTA
HQACHLPLETFTRHRQPRGWEQLEQCGY
PVORLVALYLAARLSWNQVDQVIRNALA
SPGSGGDLGEAIREQPEQARLALTLAAAE
SERFVRQGTGNDEAGAANADVVSLTCPV
AAGECAGPADSGDALLERNYPTGAEFLG
DGGDVEFVDVFLQKYPHTHLVHQALD
VFLQKYPHTHLVHQALDVFLQKYPHT
HLVHQALDVFLQKYPHTHLVHQALEH
HHHHH*
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RV3-PE-M14

MAEQLVDLWNECAKACVLDLKDGVRSS
RMSVDPAIADTNGQGVLHYCMEFSTPFH
PLPARKPLPLVPLEHMAEEAFDLWNECA
KACVLDLKDGVRSSRMSVDPATADTNGQ
GVLHYSMVLEGGNDALKLAIDNALSITS
DGLTIRLEGGVEPNKPVRYSYTROARGS
WSINWLVPIGHEKPSNIKVFIHELNAGNQ
LSHMSPIYTIEMGDELLAKI ARDATFFVR
AHESNEMOPTLAISHAGVSVVMAQTQPR
REKRWSEWASGKVLCLLDPLDGVYNYL
AQORCNLDDTWEGKIYRVLAGNPAKHD
LDIKPTVISHRLHFPEGGSLAALTAHOQAC
HLPLETFTRHROPRGWEQLEQCGYPVOR
LVALYLAARLSWNOQVDQVIRNALASPGS
GGDLGEAIREQPEQARLALTLAAAESERF
VROGTGNDEAGAANADVVSITCPVAAG
ECAGPADSGDALLERNYPTGAEFLGDGG
DVEFVDVFLQKYPHTHLVHQALDVFLQ
KYPHTHLVHQALDVFLQKYPHTHLVH
QALDVFLQKYPHTHLVHQALEFHHHHH
H*
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CO1-PE-M27

MAEQLVDLWNECAKACVLDLKDGVRS
SRMSVDPAIADTNGQGVLHYCMEFSFH
QLPARSPAPLQLEHMAEEAFDLWNECA
KACVLDLKDGVRSSRMSVDPAIADTNGQ
GVLHYSMVLEGGNDALKLAIDNALSITS
DGLTIRLEGGVEPNKPVRYSYTRQARGS
WSLNWLVPIGHEKPSNIK VFIHELNAGNQ
LSHMSPIYTIEMGDELLAKLARDATFFVR
AHESNEMQPTLAISHAGVSVVMAQTQPR
REKRWSEWASGKVLCLLDPLDGVYNYL
AQQRCNLDDTWEGKIYRVLAGNPAKHD
LDIKPTVISHRLHFPEGGSLAALTAHQAC
HLPLETFTRHRQPRGWEQLEQCGYPVQR
LVALYLAARLSWNQVDQVIRNALASPGS
GGDLGEAIREQPEQARLALTLAAAESERF
VRQGTGNDEAGAANADVVSLTCPVAAG
ECAGPADSGDALLERNYPTGAEFLGDGG
DVEFLLEPHTHLVHQANVLLALQLLLED
REFVFLOKYPHVEPHTHLVHQANVLLAL
QLLLEDREFVFLQKYPHVEPHTHLVHQA
NVLLALQLLLEDREFVFLQKYPHVEPHT
HLVHQANVLLALQLLLEDREFVFLQKYP
HVEPHTHLVHQANVLLALQLLLEDREFV
FLOKYPHVEPHTHLVHQANVLLALQLLL
EDREFVFLOKYPHVEPHTHLVHQANVLL
ALQLLLEDREFVFLQKYPHVEPHTHLVH
QANVLLALQLLLEDREFVFLQKYPHVEH
HHHHH*
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DQ2-PE-M27

MAEQLVDLWNECAKACVLDLKDGVRS
SRMSVDPAIADTNGQGVLHYCMEFSSF
HLFHHLPARAPLAPSELQPLEHMAEEA
FDLWNECAKACVLDLKDGVRSSRMSVD
PAIADTNGOGVLHYSMVLEGGNDALKL
AIDNALSITSDGLTIRLEGGVEPNKPVRYS
YTROARGSWSINWIVPIGHEKPSNIKVFI
HELNAGNOLSHMSPIYTIEMGDELLAKL
ARDATFFVRAHESNEMQPTLAISHAGVS
VVMAQTOQPRREKRWSEWASGKVLCLLD
PLDGVYNYLAQORCNLDDTWEGKIYRV
LAGNPAKHDI DIKPTVISHRLHFPEGGSL
AALTAHOACHLPLETFTRHROPRGWEQL
EQCGYPVORLVALYLAARLSWNOQVDQVI
RNALASPGSGGDLGEAIREQPEQARLALT
LAAAESERFVROGTGNDEAGAANADVV
SLTCPVAAGECAGPADSGDALLERNYPTG
AEFLGDGGDVEFLLEPHTHLVHOQANVLL
ALQLLLEDREFVFLOKYPHVEPHTHLVH
OANVLLALQLLLEDREFVFLOKYPHVEP
HTHLVHOANVLLALQLLLEDREFVFLOQK
YPHVEPHTHLVHOANVLIALQLLLEDRE
FVFLOKYPHVEPHTHLVHOANVLLALQL
LLEDREFVFLOKYPHVEPHTHLVHOANV
LLALQLLLEDREFVFLOKYPHVEPHTHLV
HOANVLLALOQLLLEDREFVFLOKYPHVE
PHTHLVHOANVLLALOLLLEDREFVFLQ
KYPHVEFHHHHHH*
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RV3-PE-M27

MAEQLVDLWNECAKACVLDLKDGVRS
SRMSVDPAIADTNGQGVLHYCMEFSTP
FHPLPARKPLPLVPLEHMAEEAFDLWN
ECAKACVLDLKDGVRSSRMSVDPAIADT
NGOGVILHYSMVLEGGNDALKLAIDNAL
SITSDGLTIRLEGGVEPNKPVRYSYTROQA
RGSWSILNWLVPIGHEKPSNIKVFIHELNA
GNOLSHMSPIYTIEMGDELL AKL ARDATF
FVRAHESNEMOPTLAISHAGVSVVMAQT
QPRREKRWSEWASGKVLCLLDPLDGVY
NYLAQORCNLDDTWEGKIYRVLAGNPA
KHDLDIKPTVISHRI HFPEGGSLAALTAH
QACHLPLETFTRHROPRGWEQLEQCGYP
VORLVALYLAARLSWNQVDQVIRNALAS
PGSGGDLGEAIREQPEQARLAITLAAAES
ERFVROGTGNDEAGAANADVVSLTCPVA
AGECAGPADSGDALLERNYPTGAEFLGD
GGDVEFLLEPHTHLVHOANVLLALQLLL
EDREFVFLOKYPHVEPHTHLVHOQANVLL
ALQLLLEDREFVFLOKYPHVEPHTHLVH
OANVLLALQLLLEDREFVFLOKYPHVEP
HTHLVHOANVLLALQLLLEDREFVFLOK
YPHVEPHTHLVHOANVLIALQLLLEDRE
FVFLOKYPHVEPHTHLVHOANVLLALQL
LLEDREFVFLOKYPHVEPHTHLVHOANV
LLALQLLLEDREFVFLOKYPHVEPHTHLV
HOANVLLALOLLLEDREFVFLOKYPHVE
HHHHHH*
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DQ2-PE-GP317

MAEQLVDLWNECAKACVLDLKDGVRS
SRMSVDPAIADTNGQGVLHYCMEFSSF
HLFHHLPARAPLAPSELQPLEHMAEEA
FDLWNECAKACVLDLKDGVRSSRMSVD
PAIADTNGOGVLHYSMVLEGGNDALKL
AIDNALSITSDGLTIRLEGGVEPNKPVRYS
YTROARGSWSINWIVPIGHEKPSNIKVFI
HELNAGNOLSHMSPIYTIEMGDELLAKL
ARDATFFVRAHESNEMQPTLAISHAGVS
VVMAQTOQPRREKRWSEWASGKVLCLLD
PLDGVYNYLAQORCNLDDTWEGKIYRV
LAGNPAKHDI DIKPTVISHRLHFPEGGSL
AALTAHOACHLPLETFTRHROPRGWEQL
EQCGYPVORLVALYLAARLSWNOQVDQVI
RNALASPGSGGDLGEAIREQPEQARLALT
LAAAESERFVROGTGNDEAGAANADVV
SLTCPVAAGECAGPADSGDALLERNYPTG
AEFLGDGGDVSFSTRGTONWTVERLLOA
EFVSFSTGGSONWTVERLLOQAEFCSTSQ
AARORLETGRNCSTGOAARQRLEPGRNL
VLCLTSQAAQOQRLEPGGNCOTSQAAHOQR
LEPGRNCRTSQAASQRLEPGRNCRTSQA
AHORLEPGRNCSTROAAQORLEPGRNLL
CPTSOAAHORRLEPGRNCSTSQAAYOQRL
EPGRNCPTSRAARQRLEPGRNLLCSTSQA
ALQRLEPGRNLCPTSOAAKQRLEPGRNL
VVCLTSOAAROQRLEPGRNCSTSOQAASOR
LEPGRNCPTSQAARQRLEPGRNVLLLCLT
SOAAHORLEPGRNLZEFHHHHHH*
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DQ2-PE-GP417

MAEQLVDLWNECAKACVLDLKDGVRSS
RMSVDPAIADTNGQGVLHYCMEFSSFHL
FHHLPARAPLAPSELQPLEHMAEEAFDL
WNECAKACVLDLKDGVRSSRMSVDPAI
ADTNGOGVLHYSMVLEGGNDALKLAID
NALSITSDGITIRLEGGVEPNKPVRYSYTR
OQARGSWSINWLVPIGHEKPSNIKVFIHEL
NAGNOLSHMSPIYTIEMGDELLAKIL ARD
ATFFVRAHESNEMOPTLAISHAGVSVVM
AQTQPRREKRWSEWASGKVLCLLDPLDG
VYNYLAQORCNLDDTWEGKIYRVLAGN
PAKHDILDIKPTVISHRLHFPEGGSLAALTA
HOACHLPLETFTRHROQPRGWEQLEQCGY
PVORLVALYLAARLSWNQVDOQVIRNALA
SPGSGGDLGEAIREQPEQARLALTLAAAE
SERFVROGTGNDEAGAANADVVSILTCPV
AAGECAGPADSGDALLERNYPTGAEFLG
DGGDVSFSTRGTONWTVERLLOQAEFGVS
AAQEKISFGLLGVPTAQETTSIREVLEVST
AQENSPFMLGASATEEKTSLRLGASTTOE
TSFGKCLRPHGVSAAQGTTPFRGVSTTQE
NTSFGRVPTAQENVSFGLHGVPAAQKTN
SFGGVPTAQENISFKEVSATQREIPFRCLR
PHGVSTAQETPFRGVSTAQETIPFRGVSAT
HENISFGCLRPHGVSAAQESIPIRLGASAA
QENTSFRGTPAAQEKIPLEHHHHHH*
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DQ2-PE-GP437

MAEQLVDLWNECAKACVLDLKDGVRSS
RMSVDPAIADTNGQGVLHYCMEFSSFHL
FHHLPARAPLAPSELQPLEHMAEEAFDL
WNECAKACVLDLKDGVRSSRMSVDPAI
ADTNGOGVLHYSMVLEGGNDALKLAID
NALSITSDGITIRLEGGVEPNKPVRYSYTR
OQARGSWSINWLVPIGHEKPSNIKVFIHEL
NAGNOLSHMSPIYTIEMGDELLAKIL ARD
ATFFVRAHESNEMOPTLAISHAGVSVVM
AQTQPRREKRWSEWASGKVLCLLDPLDG
VYNYLAQORCNLDDTWEGKIYRVLAGN
PAKHDILDIKPTVISHRLHFPEGGSLAALTA
HOACHLPLETFTRHROQPRGWEQLEQCGY
PVORLVALYLAARLSWNQVDOQVIRNALA
SPGSGGDLGEAIREQPEQARLALTLAAAE
SERFVROGTGNDEAGAANADVVSILTCPV
AAGECAGPADSGDALLERNYPTGAEFLG
DGGDVSFSTRGTONWTVERLLOQAEFLGV
SAAQERIPIREVSADKEVSAEKKEISFGVS
TAQGNISFGLGVSTAQEAIPFLALGVSTAQ
ETIPFGLLGVSTAQGIISFGGVSTAQENISFE
GGVSTAQETISFGLLGVSTAQENISFGCLR
THEVSAAQEKISFGGVSEAQKISFGVSAA
GVSAAQEEIPFGCLRPHGLPAAQEKTSFG
GVSAAQEKTSFGGVSAAQEEFSFGCLRP
HRVSAAQEKISFEVSATLEVSAAQEKISFG
VSAALGVSAAQEKNSFGCLRPHGVSAAQ
EKTSFGGVSAAQKKISFGLEHHHHHH*

Among the fusion polypeptides shown in Table 18, the mucosa targeting

polypeptide 1s located at an N-terminal of the fusion polypeptide, the antigenic

epitope 1is located at a C-terminal of the fusion polypeptide, and the

translocation peptide is located between the mucosa targeting polypeptide and

the antigenic epitope. However, the present disclosure 1s not limited thereto. In

other embodiments of the present disclosure, the translocating peptide is

located at an N-terminal of the fusion polypeptide, the antigenic epitope is

located at a C-terminal of the fusion polypeptide, and the mucosa targeting

polypeptide is located between the translocating peptide and the antigenic
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epitope.
9. Fusion polypeptide expression and purification

The plasmids, under the control of T7 promoter, were transformed into E.
coli BL21 (DE3) for expression. After the induced expression of the
recombinant polypeptides, the inclusion bodies in the lysates were recovered;
inclusion granules were harvested from the insoluble fraction by differential
centrifugation (1,450 x g, 10 min). The pellet was then homogenized in TNE
buffer (10 mM Tris-HCI pH7.5, 1 mM EDTA, 50 mM NaCl) containing 100
mM PMSF and 1 mg/ml DOC, and a further 1,450 x g supernatant was
collected. After three harvests, the pellets were collected from the combined
supernatants by centrifugation (27,000 x g, 20 min). Urea soluble contaminants
were removed by re-suspending in three washes of 0.1 M Tris-HCI, pH 8.5
containing 1 M urea followed by centrifugation (27,000 x g, 20 min). The final
granule preparation was solubilized in 20 volumes of 8 M Urea in TNE, with
gentle stirring for overnight at room temperature. The proteins were then
purified by S200 gel filtration chromatography in denatured and reduced
condition (10 mM DTT) with 6 M urea in TNE buffer. Protein elution fractions
were renatured by dialysis against TNE buffers containing from 4 M to 0 M
urea in a Pellicon device (Millipore, Billerica, MA, USA).

The clones were grown up from 2 ml of glycerol storage stocks by
inoculation into 500 ml flask containing 200 ml of LB with 500 pg/ml
Ampicillin. The flasks were shaken at 150 rpm and 37°C, until the cultures had
an ODesoo of 1.0+0.3. Aliquots of 50ml were inoculated in each one of eight
sterilized 3000 ml flasks containing 1250 ml LB fortified with 500 pg/ml of
Ampicillin and 50 ml 10% glucose, incubated 1n a 37°C rotating incubator and
shaken at 150 rpm for 2-3 hours. IPTG was then added to a final concentration
of 50 ppm, and the culture was incubated at 37°C with shaking for another 2
hours to complete the protein induction. The chimeric peptides were quantified

by densitometry of Coomassie Blue stained SDS-PAGE. 0.03+0.003 mg of
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chimeric polypeptides was used for high-dose administration, and 0.01+0.0001
mg was used for low-dose administration in the mice animal test. For each 10
liters of bacterial culture about 300-400 mg of polypeptides was obtained,
which was sufficient for 3000-9000 administrations.

10. Preparation of microspheres of chimeric antigens and immune
enhancers for oral administration

The recombinant polypeptides of chimeric antigens and immune enhancer
preparations

The polypeptides production and sample preparation performed in a class
100 laminar flow. Each recombinant polypeptide solution was equivalent to
300 mg protein content. It was transferred in 3L volumetric flask and then
added 70-80ml of 8M urea with powder carriers as described in Table 19.

Table 19 presents the microsphere formulations. Microsphere powders
were prepared with a co-spray drying procedure using a Model L-8 device
(Ohkawara Kakohki) as described in Liao et al. (2001). The spray drying
process was set based on several manufacturing factors: atomizer speed at
30,000 rpm, feeding rate at 1 mL/min, hot air inlet temperature of 50°C,
exhaust temperature of 35°C, and cyclone pressure of ~110 to 120 mm H;O.
Microspheres were stored at 4°C (Liao et al., 2001).

Table 19. The formulation of microsphere powder preparation

300 mg recombinant polypeptide solution in 8M urea | 80 ml

Sterile water | 1920 ml

HPMC-AS | 10 gram

Ethyl-cellulose N20 | 35 gram

Talc | 50 gram
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Sodium alginate | 5 gram

To test the stability of microsphere formulation, the size and surface
structure of microspheres and an in vitro protein-release study were analyzed
after the formulations were stored at various temperatures for at least 3 months.
The dissolution test of the enteric-coated microspheres was conducted
according to the pH-changing method of USP-XXII A (United States
Pharmacopoeia, 1990). Microspheres with a total weight of 3 g were placed in
a jacketed beaker containing 500 mL of 0.02 N HCI solution (pH 1.5) at 37°C
and rotated at 100 rpm. 5 mL of 0.2 M tri-sodium phosphate buffer were added
to adjust the pH to 7 for further dissolution experiments, and each test was
performed in triplicate. During dissolution testing, 1.5 mL of the samples were
taken out at 30-min intervals, which were replaced by 1.5 mL of buffer solution
to maintain the volume in the dissolution vessel. Samples were centrifuged at
15,000 g for 5 min, and the supernatants were aspirated and stored at -20°C.
Finally, the quantity of protein released was determined by using a Coomassie
protein assay.

11. Experiment: Oral administration of M-cell ligand chimeric
polypeptides enhancing the mice antibody titers against specific antigens
11-1. To demonstrate that immune enhancement effect of the fusion
biogenic polypeptides, vaccination program in mouse tests through orally
administration of recombinant antigens

Male ICR mice were obtained at age 4 weeks, quarantined for 1 week
before the study, and maintained throughout the study on libitum with pelleted
food and water. Growth curve analysis were marked at 4th weeks and weighed
twice a week up to 10 weeks. Males and females were separated at 4 weeks and
littermates of the same sex placed in the same cage in order to keep the same

environment for the different treatment during the rest of the experiment. The
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animals were assigned randomly to groups, which received combinations of
oral dosing fusion antigen with bio-peptide enhancers as shown in Table 20.
For each treatment, at least four mice were analyzed. Weights were plotted on
growth curves and Anova statistical analysis using Stat View software was
performed.

Used for oral immunization of PE-based vaccines and/or mucosal
targeting bio-peptide enhancers were 2 different dosing schedules (3 mg low
dose and 6 mg high dose of recombinant antigen formulation, 1.e., equal to 10
mcg and 20 mcg protein concentrations). Mice were orally administered with
one dose / one time/per week and 4 times with this microsphere solution using
a blunt-tipped feeding needle inserted into their stomachs. The positive control
group was immunized by subcutaneous injection with 0.25 mL PE-based
vaccine that included 20 mcg (H dose) protein antigens at 2-week intervals for
a total of four times immunizations.

Two weeks after each immunization, three mice were exsanguinated and
blood was collected by puncturing their retroorbital plexuses. From the results
in serum and intestinal specific antibodies titers against the fusion antigen was
examined. Serum was obtained by coagulation at 4°C for 12 h followed by
centrifugation. Intestine lavage samples done at necropsy were collected by
instilling 1 mL of washing buffer (PBS containing 100g/mL soybean trypsin
inhibitor, 50mM EDTA, 1mM PMSEF, 0.5% gelatin, and 0.05% NaN3) into the
intestine. The lavage was collected and stored at -20°C, and lung samples after
necropsy were gathered by homogenizing one-half of the lung with 0.5 mL of
washing buffer. Finally, the supernatant of a lung-homogenized sample was
collected and stored at -20°C following centrifugation. Blood samples were
taken and the serum assayed in an ELISA for the titer of anti-E7 or anti-E6 or
anti-M14 or anti-GP3 or anti-GP4 specific antibodies using serial ten-fold
dilutions. The specific IgA or IgG or IgG1 or IgG2a antibody titer was detected

after the second round of immunization. The PRRS virus neutralization assay
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was examined with PE-GP417, 437 &317 by oral and injection vaccine groups.
The very high dose (VH) (100 mcg protein) and high-dose injections (H)

(20 mcg protein) induced similar titers after the third round immunization and

reached a plateau after the fourth round. The low dose of injection induced a

lower titer, but was still detectable at a 1:3250 dilution after the fourth round

immunization.

11-2. Experimental tables:

Table 20. The vaccination program and examination of immune

enhancement effect of the fusion biogenic polypeptides in mouse tests

Table 20-1. Experiment No.1

Vaccine groups Immune enhancer

one dose / 1 time/per week L dose/ 1 time/per week

and 4 times orally and 4 times orally

1. Blank 0 dose - 0 dose
2. PE-E6 L dose PE-E622 L dose
3. PE-E6 L dose DQ2-PE-E622 L dose
4. PE-E601 L dose - 0 dose
5. PE-E6 L dose - 0 dose
6. Positive control through subcutaneous injection PE-E6* or PE-E106 (4
times injection with H dose)

PE-E6 or PE-E106 monovalent vaccine H dose (20 mcg total protein /dose)

*. PE-E6 vaccine published in Cheng WF et al., PLoS One. 2013 Sep
13;8(9):e71216.

Table 20-2. Experiment No.2

Vaccine groups Immune enhancer
one dose / 1 time/per week L dose/ 1 time/per week
and 4 times orally and 4 times orally
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7. Blank 0 dose - 0 dose
8. PE-E601 2 L-doses - 0 dose
9. PE-E601 L dose L.2-200-PE-E622 L dose
10. PE-E601 L dose COI1-PE-E622 L dose
11. PE-E601 L dose DQ2-PE-E622 L dose
12. PE-E601 L dose RV3-PE-E6222 L dose

Table 20-3. Experiment No.3

Vaccine groups Immune enhancer
one dose / 1 time/per week L dose/ 1 time/per week
and 4 times orally and 4 times orally
13. Blank 0 dose - 0 dose
14. PE-E601 2 L-doses - -
15. PE-E601 L dose CO1-PE-E601 L dose
16. PE-E601 L dose DQ2-PE-E601 L dose
17. PE-E601 L dose RV3-PE-E601 L dose
18. PE-E601 L dose L2-200-PE-E601 -
Table 20-4. Experiment No.4
Vaccine groups Immune enhancer
one dose / 1 time/per week L dose/ 1 time/per week
and 4 times orally and 4 times orally
19. Blank - - -
20. PE-E7 L dose PE425-E713 L dose
21. PE-E7 L dose DQ2-PE425-E713 L dose
22. PE-E701 L dose - -
23. PE-E7 L dose - -

with H dose)

24. Positive control through subcutaneous injection PE-E701 (4 times injection

PE-E7 monovalent vaccine

H dose (20 mcg total protein /dose)
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Table 20-5. Experiment No.5

Vaccine groups Immune enhancer

one dose / 1 time/per week L dose/ 1 time/per week

and 4 times orally and 4 times orally

25. Blank - - 0 dose
26. PE-E701 L dose PE-E713 L dose
27. PE-E701 L dose L2-200-PE-E713 L dose
28. PE-E701 L dose CO1-PE-E713 L dose
29. PE-E701 L dose DQ2-PE-E713 L dose
30. PE-E701 L dose RV3-PE-E713 L dose

Table 20-6. Experiment No.6

Vaccine groups Immune enhancer

one dose / 1 time/per week L dose/ 1 time/per week

and 4 times orally and 4 times orally

31. PE-M 14 2 L-doses - -
32. PE-M14 L dose CO1-PE-M14 L dose
33. PE-M14 L dose DQ2-PE-M14 L dose
34. PE-M14 L dose RV3-PE-M14 L dose
35. PE-M14 L dose PE-M27 L dose
36. PE-M14 L dose CO1-PEM27 L dose
37. PE-M14 L dose DQ2-PE-M27 L dose
38. PE-M14 L dose RV3-PE-M27 L dose
39. Blank L dose - 0 dose

Table 20-7. Experiment No.7

Vaccine groups Immune enhancer

one dose / 1 time/per week L dose/ 1 time/per week

and 4 times orally and 4 times orally

40. Blank - - -
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41. PE-GP417 L dose CO1-PE-GP417 L dose
42. PE-GP417 L dose DQ2-PE-GP417 L dose
43. PE-GP417 L dose RV3-PE-GP417 L dose
44. PE-GP417 2 L-doses - -
45. PE-GP437 L dose CO1-PE-GP437 L dose
46. PE-GP437 L dose DQ2-PE-GP437 L dose
47. PE-GP437 L dose RV3-PE-GP437 L dose
48. PE-GP437 2 L-doses - -
49. Positive control through subcutaneous injection PE-GP417&437 (4 times
injection with H dose)

PE-GP417&437 bivalent vaccine  H dose (20 mcg total protein /dose)

Table 20-8. Experiment No.8

Vaccine groups Immune enhancer

one dose / 1 time/per week L dose/ 1 time/per week

and 4 times orally and 4 times orally

50. Blank - - -
51. PE-GP317 L dose CO1-PE-GP317 L dose
52. PE-GP317 L dose DQ2-PE-GP317 L dose
53. PE-GP317 L dose RV3-PE-GP317 L dose
54. PE-GP317 2 L-doses - -

11-3. Oral immunization experiment in pig model : Oral administration of
M-cell ligand chimeric polypeptides enhancing the swine antibodies titer
against specific antigens

In the pig model, each 24 piglets were selected respectively from six
sows source in a healthy pig farming. Three piglets from each sow were
assigned and marked with ear-number randomly to the vaccinated and control
groups as listed in Table 21. The oral vaccine group totally contained nine

piglets, which received orally L dose (3 mg) or H dose (6 mg) suspended in a
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2% acetate solution at the ages 4, 6, 7, 9, 12, 14, 16, 18, 21, 24, 26 and 28-day.
The intramuscular administration group contained another three piglets that
received a VH dose (100 mcg for each antigen) of PE-GPs trivalent with two
times injection. These were immunized at ages 14 and 28-day by intramuscular
injection with 1 mL of vaccine that included 0.5 mL of formalin-inactive broth
(300 mcg total protein of GP417, 437, and 317 antigens) and 0.5 mL aluminum
gel. These last 3 piglets served as controls. After accomplishment of the oral
and injection administration program, all the experiment piglets, age 29-30-day,
were moved and kept in groups of ten in straw-bedded pens 3.8 m x 4.5 m (17
m?). Air temperature and humidity were recorded twice a day throughout the

testing period. Animals were fed the same complete feed mixture.

Table 21. The vaccination program and examination of immune

enhancement effect of the mucosal targeting polypeptides in piglet tests

Vaccine groups (N=3) Immune enhancer (N=3)

L dose / 3 time/per week L dose/ 3 time/per week

and 12 times orally/ 4 weeks and 12 times orally/ 4 weeks
Blank 0 dose - 0 dose
PE-M14 L dose DQ2- PE-M14 L dose
PE-M14 L dose DQ2- PE-M27 L dose
PE-M14 H dose - -
PE-GP417, 437,317 |L dose DQ2-PE-GP417 |L dose
PE-GP417, 437,317 L dose, additional with PE-GP417 L dose
PE-GP417, 437,317 |H dose - -

Positive control through intramuscular injection (N=3) twice at ages 14 and
28-day

PE-GP417, 437, 317 trivalent vaccine | VH dose (300mcg total protein /dose)
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The observation and monitored for grow performance and health was
preceded by a 2-day period during which the piglets were adapted to the new
environment. The data was subjected to analysis of variance (ANOVA) to
obtain the effect of post-weaning age on weight gain and linear measurements.

Two weeks after finishing immunization program, piglet blood was
collected by puncturing their retroorbital plexuses. From the results in serum
and intestinal specific antibodies titers against the fusion antigen was
examined. Serum was obtained by coagulation at 4°C for 12 h followed by
centrifugation. Blood samples were taken and the serum assayed in an ELISA
for the titer of anti-Myol4 or anti-GP317 or anti-GP417&437 specific
antibodies using serial 2.5-fold dilutions. The specific IgA or IgG or IgG1 or
IgG2a antibody titer was detected after the second round of immunization. The
PRRS virus neutralization assay was examined PE-GP417, 437 &317 oral and
injection vaccine groups.

11-4. Measurement of antibody responses by ELISA

Polystyrene microdilution plates (Costar) were coated with antigens. The
plates were coated with 100 ul per well with this antigen at a concentration of 2
ug/mL protein in coating buffer (carbonate-bicarbonate buffer at pH 9.6).
Binding antibody titers induced the six proteins (E7, E6, Myo14, Myo27, GP3,
GP4) were analyzed using ELISA tests. Following overnight adsorption each
protein antigens at 4'C, in-directed ELISA was performed as described (Liao
2003). Horse radish peroxidase (HRP)-conjugated secondary antibodies (goat
anti-Mouse IgG, IgA, IgG2, IgG1) were diluted at the optimal concentration
(x1000 fold) in blocking buffer immediately before use. Note that a positive
reference sample with a high antibody titer should be used to determine the
titers of antibodies. This reference sample was made into aliquots and
preserved in the lyophilized state. The serum sample was diluted 500x, 2500x,
12500%, and 62500x, respectively. The intestinal and lung samples were diluted

10-fold times for routine work. To interpret the results accurately, ELISA (E)
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value was determined by the following formula: E value = D x (S-N)/(P-N),
where the OD value of injection vaccine sample = positive control serum or
lavage, N = negative control serum or lavage, S = test sample, and D = sample
dilution fold.
11-5. PRRSV serum neutralization test by indirect immunofluorescence
PRRS virus neutralization test by indirect immunofluorescence assay. All
filtered oral fluid and serum samples (0.2-um filter) used in the NA assay were
treated with UV light (254 nm) at a distance of two inches from the samples in
plates for 45 min and were then heat inactivated for 30 min at 56°C. Each test
sample was 2-fold serially diluted (1:2 to 1:128) in serum-free DMEM (100 pl
per well) and incubated with an equal volume of 100 TCID50 of one of the
PRRSYV strains (PRRSV TC-01) for 1 h at 37°C. After incubation, 100 pl of the
supernatant was transferred into a 96-well microtiter plate containing a
confluent monolayer of Alveolar macrophage 3D4/31 (ATCC CRL-2844;
Alveolar macrophage; immortalized with SV40 large T antigen); each sample
was run in duplicate. After 1 h of incubation, 100 ul of DMEM containing 2%
horse serum and an antibiotic-antimycotic mixture was added, and the plate
was incubated for 48 h at 37°C in a CO; incubator. Cells were fixed using an
acetone/Milli-Q water (8:2) mixture for 10 min at room temperature (~20°C),
and plates were dried completely before being immunostained as described
previously. Cells were treated with anti-PRRSV nucleocapsid protein-specific
monoclonal antibody (SDOW17) (Rural Technologies, Inc., SD) (1:5,000) for 2
h at 37°C, followed by treatment with Alexa Fluor 488 conjugated goat anti-
mouse IgG(H+L) (Invitrogen, CA) secondary antibody (1:3,000). The plate
was examined under a fluorescence microscope after mounting with glycerol—
phosphate-buffered saline (PBS) (6:4). The virus-neutralizing antibody (NA)
titer was determined to be the reciprocal dilution ratio of the sample at which
>90% inhibition in the PRRS V-induced immunofluorescence was observed.

12. Result of experiments
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12-1. The efficacy of fusion polypeptides as immune enhancers on the PE-
based E6 oral vaccine

The high-risk human papillomavirus E6 (hrHPV E6) protein has been
widely studied due to its implication in the process of malignant transformation
of human cells. HPV 16 E6 oncoprotein could affect the IL-18 induced IFN-y
production in human PBMCs to elucidate the possible immune escape
mechanisms of HPV infected cervical lesion including cervical cancer. The E6
oncoprotein of HPV-16 and HPV-18 inhibit immune response by interacting
with host IRF3 and TYK2 (Li S et al., Oncogene. 1999 Oct 14;18(42):5727-37;
Masaud Shah et al., Scientific Reports 5, Article number: 13446 (2015); Cheng
WF et al., PLoS One. 2013 Sep 13;8(9):€71216.; Cho YS et al., FEBS
Lett. 2001 Jul 20;501(2-3):139-45). In our previous research, the E6-specific
immune responses generated by the PE-E6 vaccine were weaker than the E7-
specific immune responses of the PE-E7 through injection mice model. In this
disclosure, we evaluated the efficacy of PE-E6 oral vaccine on immune
response through oral administration in mice model. In the experiments, we
demonstrated that the mucosal targeting epitopes, including DQ2 and RV3 had
something enhancement activity of E6-specific immune response from
fallowing data analysis.

In Table 22, oral administrations of PE-E6 or PE-E601 demonstrated
weak immune response against E6 or E601 antigen according to the mice
serum antibodies activity data of the group no. 4 and 5 by ELISA test.
However, the serum IgA and IgG antibodies activity of PE-E6 vaccine with
additional PE-E622 or DQ2-PE-E622 immune enhancer, group no. 2 and 3,
could be enhanced. From the E6-specific IgG activity in serum dilution 500-
fold samples, the data of the group No.3 was significantly higher than other

oral vaccine groups without enhancer additional (p< 0.05).

Table 22. Serum levels of IgG and IgA against HPV-16 E6 in the mice
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roups by ELISA test
Group | Serum anti-E6 IgG | dilx 200 dilx 500 dilx 1250
no. activity in ELISA-
(n=3) | Test
Vaccine | Enhancer | Average | Stdev | Average | Stdev | Average | Stdev
1 Blank - 0.35 0.10 027 0.03 0.22 0.02
2 PE-E6 PE-E622 | 0.70 0.11 0.45 0.06 (0.19 0.06
3 PE-E6 DQ2-PE- | 0.77 0.08 |0.59 0.08 (0.25 0.08
E622
4 PE-E601 - 0.39 0.05 022 0.05 ]0.18 0.05
5 PE-E6 - 0.55 0.14 034 0.10 ]0.22 0.10
6 Inject (H - 0.90 0.05 071 0.07 035 0.07
dose)
Group |Serum anti-E6 IgA | dilx 200 dilx 500 dilx 1250
no. activity in ELISA-
(n=3) | Test
Vaccine | Enhancer | Average | Stdev | Average | Stdev | Average | Stdev
1 Blank - 0.15 0.08 ]0.18 0.03 0.18 0.03
2 PE-E6 PE-E622 | 0.40 0.14 ]0.30 0.11 0.25 0.06
3 PE-E6 DQ2-PE- | 0.43 0.10 ]0.33 0.08 (0.24 0.08
E622
4 PE-E601 - 0.27 0.05 ]0.20 0.05 ]0.18 0.05
5 PE-E6 - 0.38 0.14 |0.26 0.10 10.19 0.10
6 Inject (H - 0.45 0.05 037 0.07 10.22 0.07
dose)

In the table 23, E6 or E601-specific serum IgG1 and IgG2a responses

were assayed by ELISA, 2-3 weeks after oral administration of vaccine and/or

additional immune enhancers. From the data of the group No.3, oral

administration of PE-E6 vaccine with additional DQ2-PE-E622 immune

enhancer could elicit a good Thl pathway according to the high ratio of
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IgG2a/lgG1. The IgG2a/lgG1 ratio was 1.4-1.5 in the group no.3 (PE-E6 oral

vaccine with additional DQ2-PE-E622 enhancer). It was significantly higher

than other groups without enhancer additional (p<0.05). The IgG2a/IgG1 ratio

of the E6-specific antibodies in group no.2 (PE-E6 oral vaccine with additional

PE-E622 enhancer) was 1.13, that was not strong significantly compared with

other groups which without enhancer additional (p> 0.05).

Table 23. Serum activity of IgGs anti-E6 or anti-E601 and its I1gG2a/lgG1

ratio
Group | Anti-E6 activity in | IgG1 IgG2 IgG2a/1gGl
no. ELISA-Test
(n=3)
Vaccine | Enhancer |Average |Stdev |Average |Stdev
1 Blank - 0.17 0.10 0.09 0.03
2 PE-E6 PE-E622 |0.36 0.11 0.45 0.06 1.24
3 PE-E6 DQ2-PE- [0.42 0.08 0.59 0.08 1.41
E622
4 PE-E601 - 0.19 0.05 0.18 0.05 0.96
5 PE-E6 - 0.38 0.14 0.24 0.10 0.63
6 Inject (H - 0.48 0.05 0.42 0.07 0.08
dose)
Group | Anti-E601 activity in |IgG1 IgG2 IgG2a/1gGl
no. ELISA-Test
(n=3)
Vaccine | Enhancer |Average |Stdev |Average |Stdev
1 Blank - 0.15 0.08 0.18 0.03
2 PE-E6 PE-E622 |0.40 0.14 0.45 0.11 1.13
3 PE-E6 DQ2-PE- [0.43 0.10 0.65 0.08 1.51
E622
4 PE-E601 - 0.29 0.05 0.27 0.05 0.94
5 PE-E6 - 0.32 0.14 0.24 0.10 0.75
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6 Inject (H - 0.33 0.05 0.22 0.07 0.67
dose)

In Table 24, five groups of mice were oral administration of PE-E601
vaccine additional with various enhancers including PE-E601, L2-L200-PE-
E622, CO1-PE-E622, DQ2-PE -E622 and RV3-PE-E622, respectively.

The immune responses of those groups of mice against E601 antigen
were examined according to mice serum IgGl, IgG2a antibodies activity by
ELISA test. Through the IgG2a/IgG1 ratio data, the Thl or Th2 immune
pathway could be prospected. The 1gG2a/IgG1 ratio was 1.56 or 1.46 in the
group no.11 or 12 (PE-E601 oral vaccine with additional DQ2-PE-E622 or
RV3-PE-E622 enhancer), but those of the group 8 or 9 or10 (PE- E601 oral
vaccine additional with PE-E601 or L2-200-PE-E622 or COI1-PE-E622
enhancer) was lower than 1.05. According to the high ratio of E601-specific
IgGs and IgG2a/IgG1 data in mice experiments, the DQ2-PE-E622 and RV3-
PE-E622 enhancers could strongly elicit a good Th1 immunity when PE-based
E601 oral vaccine administration with additional the enhancers. The Thl
immunity enhancing efficacy of DQ2-PE-E622 and RV3-PE-E622 were

significantly different from other groups (P<0.05).

Table 24
Group | Anti-E601 activity in |IgG1 IgG2 IgG2a/1gGl
no. ELISA-Test
(n=3)
Vaccine | Enhancer |Average |Stdev |Average |Stdev
7 Blank - 0.15 0.08 0.18 0.03
8 PE-E601 2 L-doses 0.33 0.04 0.28 0.07 0.83
9 PE-E601 L2-200- |0.40 0.03 0.38 0.03 0.94
PE-E622
10 PE-E601 COI1-PE- |0.42 0.03 0.44 0.03 1.04
E622
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11 PE-E601 | DQ2-PE- |0.29 0.04 0.45 0.05 1.56
E622

12 PE-E601 | RV3-PE- |0.31 0.03 0.45 0.04 1.46
E6222

In Table 25, five groups of mice are oral administration of PE-E601
vaccine additional with various enhancers including PE-E601, L2-200-PE-
E601, CO1-PE-E601, DQ2-PE-E601 and RV3-PE-E601, respectively.

The immune response of those groups of mice against E601 antigen
examined according to mice serum IgG1, IgG2a antibodies activity by ELISA
test. Through the 1gG2a/IgG1 ratio data, the Thl or Th2 pathway could be
prospected. The IgG2a/IgG1 ratio is 1.24 or 1.28 in the group no.16 or 17 (PE-
E601 oral vaccine additional with DQ2-PE-E622 or RV3-PE-E622 enhancer),
but those of the group 14 or 15 or18 (PE-E601 oral vaccine additional with PE-
E601 or CO1-PE-E622 or L2-200-PE-E622) was lower than 1.05. According to
the high ratio of 1gG2a/IgG1 data in mice experiments, the DQ2-PE-E622 and
RV3-PE-E622 enhancers can elicit a good Th1 pathway when PE-based E016

oral vaccine administration additional with the enhancers (p<0.05).

Table 25

Group | Anti-E601 activity in |IgG1 IgG2 IgG2a/1gGl

no. ELISA-Test

(n=3)

Vaccine | Enhancer |Average |Stdev |Average |Stdev

13 Blank - 0.15 0.08 0.18 0.03

14 PE-E601 2 L-doses 0.33 0.05 0.28 0.07 0.83

15 PE-E601 COI1-PE- |0.34 0.05 0.34 0.03 1.00
E601

16 PE-E601 | DQ2-PE- [0.35 0.05 0.44 0.03 1.24
E601

17 PE-E601 RV3-PE- |0.35 0.04 0.45 0.05 1.28
E601
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18 PE-E601 L2-200-

PE-E601

0.33 0.05 031 0.04 0.94

12-2. The effect of fusion biogenic polypeptides enhancers on the PE-based
E7 oral vaccine

Our previous studies indicated that a based E7 fusion protein vaccine
enhanced MHC class I and II presentation of E7, leading to dramatic increases
in the number of E7-specific CD8+ and CD4+ T-cell precursors and markedly
raised titers of E7-specific antibodies. These results indicated that retrograde-
fusion protein via the delivery domains of exotoxins with an antigen greatly
enhances in vivo antigen-specific immunologic responses and represents a
novel strategy to improve cancer injection vaccine potency (Ebrahimpoor S et
al., fran J Allergy Asthma Immunol. 2013 Aug 28;12(4):361-7.). In the present
disclosure, we try to evaluate the efficacy of PE-E7 oral vaccine on immune
response of mice test through oral administration. We performed a study on the
oral administration experiments of PE-E7 in mice immunization test that we
got similar results that were found in PE-E6 study. Orally administrations of
PE-E7 or PE-E701 demonstrated weak immune response against E7 or E701
antigen. In the present disclosure, we demonstrated that the mucosal targeting
epitopes, including DQ2 and RV3 had something enhancement activity of E6-
specific antibodies from fallowing data analysis.

In Table 26, oral administrations of PE-E7 or PE-E701 demonstrated
weak immune response against E7 or E701 antigen according to the mice

serum antibodies activity data of the group no. 22 and 23 by ELISA test.

Table 26
Group | Serum anti-E7  IgG | dilx 200 dilx 500 dilx 1250
no. activity in ELISA-Test
(n=3)
Vaccine | Enhancer Average | Stdev | Average | Stdev | Average | Stdev
19 Blank - 0.30 0.10 (0.24 0.03 |[0.18 0.04
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20 PE-E7 PE-E713 0.72 0.15 (043 0.10 [0.30 0.07
21 PE-E7 DQ2-PE- 0.93 0.05 [0.55 0.06 [0.39 0.05

E713
22 PE-E701 - 0.44 0.07 (022 0.06 [0.19 0.05
23 PE-E7 - 0.68 0.14 (034 0.10 [0.22 0.10
24 Inject (H - 1.50 0.15 [0.75 0.07 (0.48 0.07
dose)
Group | Serum anti-E7  IgA | dilx 200 dilx 500 dilx 1250
no. activity in ELISA-Test
(n=3)
Vaccine | Enhancer Average | Stdev | Average | Stdev | Average | Stdev
19 Blank - 0.21 0.08 |[0.18 0.03 |[0.18 0.03
20 PE-E7 PE-E713 0.50 0.16 (030 0.10 [0.25 0.06
21 PE-E7 DQ2- PE- |0.60 0.12 (033 0.05 (024 0.08
E713
22 PE-E701 - 0.21 0.15 (020 0.07 (0.18 0.05
23 PE-E7 - 0.43 0.20 |[0.26 0.07 (0.19 0.10
24 Inject (H - 0.60 0.15 (037 0.07 (022 0.07
dose)

However, the serum IgA and IgG antibodies activity of PE-E7 vaccine

group with additional PE-E622 or DQ2-PE-E622, group no. 20 and 21, could

be enhanced. From the E7-specific IgG activity in serum dilution 200-fold

samples, the data of the group No.21 was significantly higher than other oral

vaccine groups without enhancer additional (p< 0.05).

In Table 27, five groups of mice were oral administration of PE-E701

vaccine additional with various enhancers including PE-E713, L2-L200-PE-

E713, CO1-PE-E713, DQ2-PE-E713 and RV3-PE-E713, respectively.

Table 27
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Group | Serum anti-E701 IgGs | I1gG1 IgG2 IgG2a/1gGl

no. activity in ELISA-Test

(n=3)

Vaccine | Enhancer |Average |Stdev |Average |Stdev

25 Blank - 0.18 0.09 0.19 0.05

26 PE-E701 PE-E713 |0.36 0.06 0.37 0.10 1.03

27 PE-E701 L2-200- |0.42 0.06 0.65 0.05 1.55
PE-E713

28 PE-E701 COI1-PE- |0.47 0.06 0.63 0.07 1.34
E713

29 PE-E701 | DQ2-PE- [0.47 0.08 0.67 0.09 1.43
E713

30 PE-E701 RV3-PE- |0.48 0.06 0.69 0.05 1.44
E713

The immune responses of those groups of mice against E701 antigen
were examined according to mice serum IgGl, IgG2a antibodies activity by
ELISA test. Through the 1gG2a/IgG1 ratios data, the Thl or Th2 immune
pathway could be prospected. The IgG2a/IgG1 ratios were 1.55, 1.34, 1.43 and
1.44 in the group no.27, no. 28, no. 29 and no0.30 which were PE-E701 oral
vaccine with additional L2-200-PE-713, CO1-PE-E713, DQ2-PE-E713, RV3-
PE-E713 enhancers, respectively. The IgG2a/IgG1 ratios of group 26 (PE-E701
oral vaccine additional with PE-E713 enhancer) was lower than 1.05.
According to the high activity of E701-specific IgG2a and high IgG2a/IgG1
ratios data, the L2-200-PE-713, CO1-PE-E713, DQ2-PE -E622 and RV3-PE -
E622 enhancers could strongly elicit a good Thl immunity when PE-based
E713 oral vaccine administration with additional these enhancers in mice
immunization model. The immunity enhancing efficacy of E701-specific [gG2a
showed that L2-200-PE-713, CO1-PE-E713, DQ2-PE-E713 and RV3-PE-E713
groups had significantly different from PE-E713 enhancer groups (P<0.05).

12-3. The efficacy of fusion polypeptides as immune enhancers on the PE-
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based myostatin oral vaccine

Recombinant myostatin can induce immune responses to myostatin by
oral route, resulting in increasing body weight in mice. It is an important step
towards transforming cells into edible vaccine to improve meat production in
farm animals and combat muscle-waste genetic diseases in human (Zhang T et
al., BMC Biotechnol. 2012 Dec 19;12:97; Aravind S et al, J Virol
Methods. 2012 Nov;185(2):234-8).

We have established a PE-based myostatin fused oral vaccine for animal
use. There were several fusion biogenic polypeptide enhancers were developed
for PE-based myostatin fused oral vaccine formulation. In the present
disclosure, we demonstrated that the mucosal targeting epitopes, including
CO1, DQ2 and RV3 had something enhancement activity of myostatin epitope-
specific antibodies from fallowing data analysis.

In Tables 28 and 29, the M14-specific serum IgG and IgA activities of
ELISA in serial serum dilutions (1:200-1:1250) were examined in various

serum samples.

Table 28

Group | Serum anti-M14 IgG | dilx 200 dilx 500 dilx 1250
no. activity in ELISA-Test

(n=3)

Vaccine |Enhancer | Average | Stdev | Average | Stdev | Average | Stdev

31 PE-M14 2 L-doses 0.56 0.20 |0.51 0.07 (034 0.04

32 PE-M14 COI1-PE- |0.80 0.23 |0.78 0.16 (041 0.04

M14

33 PE-M14 | DQ2-PE- |0.8l1 0.16 |0.66 0.06 (044 0.04
M14

34 PE-M14 RV3-PE- |0.95 024 |0.74 0.17 036 0.06
M14

39 Blank - 0.30 0.10 [0.27 0.03 (022 0.02

Table 29
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Group | Serum anti-M14 IgA | dilx 200 dilx 500 dilx 1250
no. activity in ELISA-Test
(n=3)
Vaccine | Enhancer Average | Stdev | Average | Stdev | Average | Stdev
35 PE-M14 PE-M27 |0.58 024 (045 0.01 [0.29 0.09
36 PE-M14 CO1-PE- |0.75 0.12 [0.69 0.16 [0.35 0.05
M27
37 PE-M14 DQ2-PE- |0.75 0.06 (0.64 0.07 (033 0.03
M27
38 PE-M14 RV3-PE- |0.79 0.13 [0.66 0.16 [0.29 0.05
M27
39 Blank - 0.27 0.02 (0.25 0.03 (0.23 0.03

According to serial dilutions ELISA data of the group no. 31 (PE-M14
vaccine group), it demonstrated that oral administration of PE-M14 vaccine
elicited a good M14-specific IgG and IgA serum titers in the 1:200 to 1:1250
fold serum dilutions. Furthermore, the serum IgA and IgG antibodies activities
of the groups of PE-M 14 vaccine with additional CO1-PE-M14, DQ2-PE-M 14
and RV3-PE-M14, COI-PE-M27, DQ2-PE-M27 and RV3-PE-M27,
corresponded to the group no. 32, 33 34, 36, 37 and 38 could be extremely
enhanced. From the M14-specific IgG activity in serum dilution 500-fold
samples, the data of the group No.32, No. 33 and No.34 were significantly
higher than other oral vaccine groups (p< 0.05).

In Table 30, the data demonstrated that PE-based M14 fused oral
vaccines could be enhanced by the mucosal targeting ligands, CO1, DQ2 and
RV3. The serum specific-M 14 antibodies activities (with serum 500 dilutions-
ELISA) of IgG and IgA of the groups no. 32, 33 and 34, which treated with
additional COI1-PE-M14, DQ2-PE-M14 and RV3-PE-M14 enhancer
respectively, were slightly higher than that of activities of the group No.31 (p>
0.1). Furthermore, the activities of groups no. 36, 37, 38 presented very high

level than that of groups no. 31 or no. 35, without Mucosal targeting ligands
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additional. Specifically, the IgG and IgA levels of group no. 37 and 38 were
significantly higher (p<0.05) when compared with the control group (such as

group no. 31 or 35).

Table 30

Group | Serum anti-M14 IgA | Value of OD405 by |Value of OD405 by

no. activity in ELISA-Test | ELISA (the level of IgG | ELISA (the level of

(n=3) antibody) IgA antibody)

Vaccine | Enhancer Average Stdev Average Stdev

31 PE-M14 2 L-doses 0.48 0.07 0.40 0.05

32 PE-M14 CO1-PE- |0.62 0.10 0.53 0.10
M14

33 PE-M14 DQ2-PE- |0.60 0.16 0.55 0.08
M14

34 PE-M14 RV3-PE- |0.65 0.13 0.57 0.05
M14

35 PE-M14 PE-M27 |0.51 0.07 0.45 0.08

36 PE-M14 CO1-PE- |0.78 0.22 0.69 0.16
M27

37 PE-M14 DQ2-PE- |0.68 0.05 0.64 0.07
M27

38 PE-M14 RV3-PE- |0.75 0.10 0.66 0.06
M27

39 Blank - 0.30 0.10 0.27 0.1

12-4. The efficacy of fusion polypeptides as immune enhancers on the PE-
based PRRS GP3-GP4 epitopes oral vaccine.

Porcine reproductive and respiratory syndrome (PRRS) causes
devastating economic losses due to late-term reproductive failure and severe
pneumonia in neonatal pigs. PRRS disease is a high-consequence animal
disease with current vaccines providing limited protection from infection due to

the high degree of genetic variation of field PRRS virus. Serum neutralizing
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antibodies (NAs) considered being an important correlate of protective
immunity against PRRSV. The role that NA have in protection against infection
with PRRSV had been demonstrated by Lopez et al (2007). His results
identified certain threshold of serum virus neutralization (SVN) titer (>1:8) at
which the dissemination of PRRSV in the serum of a young pig would be
blocked, as well as a higher threshold (>1:32) that could imply complete
protection of the animal from PRRSYV infection. We had been developed a PE-
based PRRSV subunit vaccine. However, the subunit vaccine has to be
improved about SVN titer eliciting against PRRS disease control. In the present
disclosure, the fallowing experimental result could show that the efficacy of
fusion polypeptides as oral immune enhancers could elicit SVN.

In Table 31, the data demonstrated that PE-based GPs fused oral vaccines
could be enhanced by the mucosal targeting ligands, CO1, DQ2 and RV3.

According to serial dilutions ELISA data of the group no. 44 and 48 (PE-
GP417 and PE-GP437 vaccine groups), it showed that oral administration of
PE-GP417 and PE-GP437 elicited a good GP417 and GP437-specific IgG
serum titers in the 1:200 to 1:1250 fold serum dilutions. The serum IgG
antibodies activities of PE-GP417 or PE-GP437 vaccine with additional CO1-
PE-GP417 or CO1-PE-GP437, DQ2-PE-GP417 or DQ2-PE-GP437 and RV3-
PE-GP417 or RV3-PE-GP437 immune enhancers, corresponded to the group
no. 41 or 45, 42 or 46 and 43 or 47, could increase the antibodies activity. From
the GP417-specific IgG activity in serum dilution 500-fold samples, the data of
the group No.41, No. 42 and No.43 were significantly higher than other oral
vaccine groups (p< 0.02). From the GP-437-specific IgG activity in that
dilution fold samples of the group No. 46 and 47, it showed good immune
enhancing effect, but No. 45 group was not. From the result, the mucosal
targeting epitopes including CO1, DQ2 and RV3 had good enhancement
activity in GP417 epitope-specific antibodies, and DQ2 and RV3 had good

enhancement activity in the GP437 antibodies.
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Table 31

Grou | Serum anti-GP417 | dilx 200 dilx 500 dilx 1250 dilx 3125

pno. | & 437 IgG activity

(n=3) | in ELISA-Test
Vaccine | Enhancer | Aver | Stdev | Ave | Stdev | Ave | Stdev | Ave | Stde

age rage rage rage |v

40 Blank - 031 |0.10 10231008 [0.22(0.05 |0.2710.08

41 PE- CO1-PE- [0.60 |0.11 0491006 |028 (006 |0.2210.06
GP417 GP417

42 PE- DQ2-PE- |0.77 [0.08 059|008 [0.39|0.08 |0.22(0.03
GP417 GP417

43 PE- RV3-PE- [0.69 |0.11 0521005 (038|005 |0.25]0.05
GP417 GP417

44 PE-GP417 052 10.13 1034 10.10 [0.2510.11 0.28 [0.05
2 L-doses

45 PE- CO1-PE- [0.64 |0.11 0.5110.11 0.26 |0.08 [0.24 10.05
GP437 GP437

46 PE- DQ2-PE- |0.85 [0.12 |0.63 |0.08 [0.44|0.09 |0.32(0.03
GP437 GP437

47 PE- RV3-PE- [0.75 |0.10 (054 |0.10 [0.38 {0.10 |0.28 |0.05
GP437 GP437

48 PE-GP437 058 [0.14 (1034 10.10 (022 |0.10 |0.25(0.06
2 L-doses

49 Inject - 1.50 [{0.20 |0.10 1030 [0.58 |0.20 |0.25(0.06
(H
dose)

Table 32

Grou | Serum anti-GP417 | dilx 200 dilx 500 dilx 1250 dilx 3125

pno. | & 437 IgA activity
(n=3) | in ELISA-Test

Vaccine | Enhancer | Aver | Stdev | Ave | Stdev | Ave | Stdev | Ave | Stde
age rage rage rage |v

40 Blank - 0.28 |0.10 |0.27]0.03 |0.21 |0.08 |0.21 [0.03
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41 PE- COI1-PE- [0.65 |0.12 038 |0.08 [0.29]0.05 |0.24 [0.04
GP417 GP417

42 PE- DQ2-PE- |0.70 [0.10 |045]0.05 [0.28 |0.05 |026(0.10
GP417 GP417

43 PE- RV3-PE- [0.60 |0.12 (038|006 (027006 |0.28]0.10
GP417 GP417

44 PE-GP417 0.50 |0.11 0311013 (025010 |0.2210.10
2 L-dose

45 PE- CO1-PE- [0.59 |0.15 039 (0.09 [0.28 {0.03 |0.22(0.06
GP437 GP437

46 PE- DQ2-PE- |0.81 [0.11 04510.10 |0311(0.05 |0.2710.07
GP437 GP437

47 PE- RV3-PE- [0.72 |0.14 [0.48 |0.11 034 {005 027 1(0.05
GP437 GP437

48 PE-GP437 0.53 [0.10 1029 10.13 [0.26 |0.05 |0.22(0.09
2 L-doses

49 Inject - 0.80 [0.20 |05010.15 (030008 |0.23(0.04
(H
dose)

From the results shown in Table 32, the GP417 and GP437-specific IgA
activity in PE-GP417 and PE-GP437 vaccine were slightly enhanced by the
mucosal targeting epitopes, including CO1, DQ2 and RV3 (p>0.02).

In Tables 33 and 34 , the data showed that serum virus-neutralization
(VN) antibodies has increased when PE-based GP417&437 and GP317 fused
oral vaccines additional with the mucosal targeting ligands, CO1, DQ2 and

RV3.

Table 33

Serum titers of the oral vaccine immunization in the experiment group in mice
model
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‘ PRRSV TC-
GIrl?p Group treatment Igg-g)ucii itllltgers 0 111 :; rz:i)\}/lea(;:r
(n=3) ant1gen4§};34l7 & 3D4/31
Oral vaccine Enhancer VN titers
40 Blank - 0 0
41 PE-GP417 CO1-PE-GP417 149 16
42 PE-GP417 DQ2-PE-GP417 207 32
43 PE-GP417 RV3-PE-GP417 167 16
44 PE-GP417 2 L-doses 63 8
45 PE-GP437 CO1-PE-GP437 161 16
46 PE-GP437 DQ2-PE-GP437 230 32
47 PE-GP437 RV3-PE-GP437 178 16
48 PE-GP437 2 L-doses 64 8
49 Inject (H dose) - 500 64
Table 34
GIrl?p ig&ﬁ;ﬁ}%}gf%ﬁ dilx 200 dilx 500
(n=3) Vaccine Enhancer Average Stdev Average Stdev
50 Blank - 0.28 0.10 0.22 0.08
51 | PE-GP317 CC?PI;;S' 0.50 0.10 0.35 0.06
52 | PE-GP317 DC?PZ;;E' 0.62 0.10 0.51 0.07
53 | PE-GP317 Rgsgg' 0.58 0.10 0.44 0.07
54 PE-GP317 2 L-doses 0.52 0.10 0.46 0.11
55 Ingif)"stegH - 0.88 0.12 0.68 0.10
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Group Serum anti-GP317 IgG activity in ‘ PRRSV TC-

o, ELISA-Test IgG-ELISAtiters | 01 in Alveolar
(=) (S/P) GP317

Oral vaccine Enhancer VN titers

50 Blank - 0 0

51 PE-GP317 CO1-PE-GP317 141 8

52 PE-GP317 DQ2-PE-GP317 315 32

53 PE-GP317 RV3-PE-GP317 239 8

54 PE-GP317 2 L-doses 261 8

55 Inject (H dose) - 500 32

From the results shown in Tables 31 and 32, only the group of No. 42,
46, 52 had the highest level of VN titers. The oral administration of PE-GP317,
PE-GP414 and PE-GP437 vaccine without the immune enhancer, such as the
group no. 44, 48 and 54, all showed a lower VN titers and only 8 score.
However, the DQ2 fused polypeptide, which proposed a good mucosal
targeting ligand, demonstrated a good immune enhancing efficacy when it
added into vaccine groups such as the group No. 42, 46 and 52.
13. Pigs experiment: Oral administration of M-cell ligand chimeric
polypeptides enhancing the swine antibody titer against specific antigen

The vaccination program and examination of immune enhancement
effect of the fusion biogenic polypeptides in swine tests is shown in Table 21.
In pig oral vaccine experiment of PE-M14 H-dose group without enhancer,
there were no interaction effects of age x dietary program on growth
performance from weaning to 10 weeks of age. The PE-M 14 H-dose group did
not affect growth performance from weaning to 10 weeks of age. It had no
effect (P>0.05) on pig weight at 10 weeks of age. However, preweaning ADG
(0.172 kg/day for < 0.104 kg birth weight to 0.27 kg/day for > 1.99 kg birth
weight), weaning weight (5.26 kg to 8.85 kg), weaning BCS (2.69 to 2.93), and
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preweaning mortality (24.2% to 4.6%) were improved for pigs of heavier birth
weight categories.

Over the entire 5-wk postweaning phase, PE-M14 H-dose oral vaccine
additional with DQ2-PE-M14 or DQ2-PE-M27 enhancer group, the piglets had
a 23-24% higher weight gain (P < 0.05) and showed more play behavior (4.0 +
0.3 vs. 2.8 £ 0.3 freq/h, P <0.05) than that of placebo group.

Table 35

Vaccine group (N=3) Immune enhancer (N=3) IgG-ELISA |PRRSV
L dose/ 3 times/ per|L dose/ 3 times/ per week |titers (S/P)|TC-01 in

week and 12 times|and 12 times orally/ 4 weeks | coating Alveolar

orally/ 4 weeks antigens: macrophage
GP417, 3D4/31
GP437 and

GP 317 VN titers

Blank 0 dose |- 0 dose 1 0
PE-GP417, L dose |DQ2-PE-GP417 |L dose 320 32
437,317

PE-GP417, 437,317 L dose 160 16
and PE-GP417 L dose

PE-GP417, H dose |- - 160 8
437,317

Positive control through intramuscular injection (N=3) | 640 128

From the data shown in Table 33, the IgG-ELISA and VN titers in oral
vaccine groups were lower than that of injection groups. VN titers could
increase the score when the oral vaccine additional with DQ2-PE-GP417. It
showed that DQ?2 fused polypeptide, which proposed a good mucosal targeting
ligand, demonstrated a good immune enhancer for PE-based PRRSV-NT oral
vaccine.

In conclusion, when the vaccine 1s used with a fusion polypeptide of the

present disclosure, good immune response can be achieved when the
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composition is orally administered. Especially, when the fusion polypeptide of
the present disclosure comprises a mucosa targeting polypeptide, the immune
response 1s significantly increased.

Although the present disclosure has been explained in relation to its
embodiment, it is to be understood that many other possible modifications and
variations can be made without departing from the spirit and scope of the

disclosure as hereinafter claimed.
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What is claimed is:

1. A fusion polypeptide, comprising:

(a) a mucosa targeting polypeptide;

(b) a first translocating peptide for translocation; and

(c) a first antigenic epitope.

2. The fusion polypeptide of claim 1, wherein the mucosa targeting
polypeptide is located at an N-terminal of the fusion polypeptide, the first
antigenic epitope is located at a C-terminal of the fusion polypeptide, and the
first translocation peptide is located between the mucosa targeting polypeptide
and the first antigenic epitope.

3. The fusion polypeptide of claim 1, wherein the mucosa targeting
polypeptide is an M-cell targeting polypeptide or an intestine epithelial
targeting polypeptide.

4. The fusion polypeptide of claim 1, wherein the mucosa targeting
polypeptide comprises an amino acid sequence selected from SEQ ID NOs: 1
to 4.

5. The fusion polypeptide of claim 1, wherein the first translocating
peptide 1s from pseudomonas exotoxin.

6. The fusion polypeptide of claim 1, wherein the first translocating
peptide comprises a pseudomonas exotoxin A fragment deleted of only domain
II1.

7. The fusion polypeptide of claim 1, wherein the first antigenic
epitope 1s a Th1 antigenic epitope.

8. The fusion polypeptide of claim 1, wherein the first antigenic
epitope 1s an HPV antigenic epitope, a Myostatin epitope, or a PRRSV
antigenic epitope.

9. The fusion polypeptide of claim 8, wherein the HPV antigenic
epitope 1s an E7 peptide sequence or an E6 peptide sequence of human
papillomavirus type 16.
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10. The fusion polypeptide of claim 1, wherein the first antigenic
epitope is selected from SEQ ID NOs: 10, 12, 17, 18, 21, 22 and 23.

11. A method for enhancing a stimulation of an immune response,
comprising:

administering a composition to a subject in need, wherein the
composition comprises a vaccine and a fusion polypeptide, and the fusion
polypeptide comprises:

(a) a mucosa targeting polypeptide;

(b) a first translocating peptide for translocation; and

(c) a first antigenic epitope.

12. The method of claim 11, wherein the mucosa targeting polypeptide
is located at an N-terminal of the fusion polypeptide, the first antigenic epitope
is located at a C-terminal of the fusion polypeptide, and the first translocation
peptide is located between the mucosa targeting polypeptide and the first
antigenic epitope.

13. The method of claim 11, wherein the mucosa targeting polypeptide
is a M-cell targeting polypeptide or an intestine epithelial targeting polypeptide.

14. The method of claim 11, wherein the mucosa targeting polypeptide
comprises an amino acid sequence selected from SEQ ID NOs: 1 to 4.

15. The method of claim 11, wherein the first translocating peptide is
from pseudomonas exotoxin.

16. The method of claim 11, wherein the first translocating peptide
comprises a pseudomonas exotoxin A fragment deleted of only domain III.

17. The method of claim 11, wherein the first antigenic epitope 1s a Thl
antigenic epitope.

18. The method of claim 11, wherein the first antigenic epitope is an
HPYV antigenic epitope, a Myostatin epitope, or a PRRSV antigenic epitope.

19. The method of claim 18, wherein the HPV antigenic epitope is an
E7 peptide sequence or an E6 peptide sequence of human papillomavirus type
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16.

20. The method of claim 11, wherein the first antigenic epitope is
selected from SEQ ID NOs: 10, 12, 17, 18, 21, 22 and 23.

21. The method of claim 11, wherein the composition is orally
administered to the subject in need.

22. The method of claim 11, wherein the vaccine comprises: a second
translocation peptide for translocation and a second antigenic epitope.

23. The method of claim 22, wherein the second translocating peptide is
from pseudomonas exotoxin.

24. The method of claim 22, wherein the second translocating peptide
comprises a pseudomonas exotoxin A fragment deleted of only domain III.

25. The method of claim 22, wherein the second antigenic epitope is a
Th1 antigenic epitope.

26. The method of claim 22, wherein the second antigenic epitope is an
HPYV antigenic epitope, a Myostatin epitope, or a PRRSV antigenic epitope.

27. The method of claim 11, wherein the vaccine 1s an anti-HPV
vaccine, an anti-Myostatin vaccine or an anti-PRRSYV vaccine.

28. A fusion polypeptide, comprising:

(b) a first translocating peptide for translocation; and

(c) a first antigenic epitope selected from SEQ ID NOs: 10 and 12.

29. The fusion polypeptide of claim 28, wherein the first translocating
peptide 1s from pseudomonas exotoxin.

30. The fusion polypeptide of claim 28, wherein the first translocating
peptide comprises a pseudomonas exotoxin A fragment deleted of only domain
II.

31. A method for treating or preventing HPV, comprising:

administering a composition to a subject in need, wherein the
composition comprises an anti-HPV vaccine and a fusion polypeptide, and the
fusion polypeptide comprises:
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(b) a first translocating peptide for translocation; and

(c) a first antigenic epitope selected from SEQ ID NOs: 10 and 12.

32. The method of claim 31, wherein the first translocating peptide is
from pseudomonas exotoxin.

5 33. The method of claim 31, wherein the first translocating peptide

comprises a pseudomonas exotoxin A fragment deleted of only domain III.

34. The method of claim 31, wherein the composition is orally
administered to the subject in need.

35. The method of claim 31, wherein the vaccine comprises: a second

10 translocation peptide for translocation and a HPV antigenic epitope.

36. The method of claim 35, wherein the second translocating peptide is
from pseudomonas exotoxin.

37. The method of claim 35, wherein the second translocating peptide

comprises a pseudomonas exotoxin A fragment deleted of only domain III.
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-***-Continued from Box No. |li: Observations Where Unity of Invention is Lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Groups I+, Claims 1-37, SEQ ID NO: 1 {(mucosa targeting polypeptide) and SEQ ID NO: 10 (first antigenic epitope) are directed toward a
fusion polypeptide, comprising: (a) a mucosa targeting polypeptids; (b) a first translocating peptide for translocation.

The fusion peptide will be searched to the extent that it encompasses SEQ ID NO: 1 (mucosa targeting polypeptide) and SEQ ID NO: 10
(first antigenic epitope). Applicant is invited to elect additional mucosa targeting and/or antigenic epitope polypeptide sequence(s), with
specified SEQ ID NO: for each, to be searched. Additional mucosa targeting and/or antigenic epitope polypeptide sequence(s) will be
searched upon the payment of additional fees. It is believed that claims 1-3, 4 (in-part), 5-9, 10 (in-part), 11-13, 14 (in-part), 15-19, 20
(in-part), 21-27, 28 (in-part), 29 (in-part), 30 (in-part), 31 (in-part), 32 (in-part), 33 (in-part), 34 (in-part), 35 (in-part), 36 (in-part) and 37
(in-part) encompass this first named invention and thus these claims will be searched without fee to the extent that they encompass SEQ
ID NO: 1 (mucosa targeting polypeptide) and SEQ ID NO: 10 (first antigenic epitope). Failure to clearly identify how any paid additional
invention fees are to be applied to the "+" group(s) will result in only the first claimed invention to be searched/examined. An exemplary
election would be fusion polypeptide comprising SEQ 1D NO: 2 (mucosa targeting polypeptide); SEQ ID NO: 12 (first antigenic epitope).

No technical features are shared between the antibody sequences of Groups I+ and, accordingly, these groups lack unity a priori.

Additionally, even if Groups I+ were considered to share the technical features including: a fusion polypeptide, comprising: (a) a mucosa
targeting polypeptide; (b) a first translocating peptide for translocation; and (c) a first antigenic epitope; a method for enhancing a
stimulation of an immune response, comprising: administering a composition to a subject in need, wherein the composition comprises a
vaccine and a fusion polypeptide, and the fusion polypeptide comprises: (a) a mucosa targeting polypeptide; (b) a first translocating
peptide for translocation; and (c) a first antigenic epitope; a fusion polypeptide, comprising: (b) a first translocating peptide for
translocation; and (c) a first antigenic epitope; a method for treating or preventing HPV, comprising: administering a composition to a
subject in need, wherein the composition comprises an anti-HPV vaccine and a fusion polypeptide, and the fusion polypeptide
comprises:

(b) a first translocating peptide for translocation; and (c) a first antigenic epitope.

However, these shared technical features are previously shared by the publication entitled ‘Fusion Protein Vaccines Targeting Two
Tumor Antigens Generate Synergistic Anti-Tumor Effects’ by Cheng, et al. (hereinafter 'Cheng’) in view of US 7,485,321 B2 to O’'Mahony
et al. (hereinafter ‘O’'Mahony’).

Cheng disclose a fusion polypeptide (fusion protein; abstract), comprising: (a) a first polypeptide (PE(dslta I1l); abstract; figure 1A); (b) a
first translocating peptide for translocation (KDEL3 translocating peptide for translocation; figure 1A; page 6, second column, first
paragraphy); and (c) a first antigenic epitope (E6 epitope (first antigenic epitope); abstract; figure 3); a method for enhancing a stimulation
of an immune response (a method for generating more potent immune responses (enhancing a stimulation of an immune response;
page 6, first column, second paragraph; figure 5), comprising: administering a composition to a subject in need (administered to mice for
tumor protection (subject in need); page 3, first column, second paragraph), wherein the composition comprises a vaccine and a fusion
polypeptide (wherein the composition comprises a vaccine and a fusion polypeptide; page 3, first column, third paragraph), and the
fusion polypeptide comprises (abstract): (a) a first polypeptide (PE(delta Ill); abstract; figure 1A); (b) a first translocating peptide for
translocation (KDEL3 translocating peptide for translocation; figure 1A; page 6, second column, first paragraph); and (c) a first antigenic
epitope (E6 epitope (first antigenic epitope); abstract; figure 3); a fusion polypeptide (abstract), comprising: (b) a first translocating
peptide for translocation (KDEL3 translocating peptide for translocation; figure 1A; page 6, second column, first paragraph); and (c) a
first antigenic epitope (E6 epitope (first antigenic epitope); abstract; figure 3); a method for treating or preventing HPV (page 7, second
column, first paragraph), comprising: administering a composition to a subject in need (administered to mice for tumor protection
(subject in need); page 3, first column, second paragraph), wherein the composition comprises an anti-HPV vaccine and a fusion
polypeptide (vaccine comprises PE(AIII)YE6 (composition comprises an anti-HPV vaccine and a fusion polypeptide); page 3, first column,
third paragraph; page 7, second column, first paragraph), and the fusion polypeptide (abstract) comprises: (b) a first translocating
peptide for translocation (KDEL3 translocating peptide for translocation; figure 1A; page 6, second column, first paragraph); and (c) a
first antigenic epitope (E6 epitope (first antigenic epitope); abstract; figure 3).

Cheng does not disclose a mucosa targeting polypeptide.

O'Mahony discloses a mucosa targeting peptide (abstract; column 8, lines 55-59).

It would have been obvious to one of ordinary skill in the art at the time of the invention to modify the disclosure of Cheng, to include a
mucosa targeting polypeptide, as previously disclosed by O'Mahony, in order to provide a superior method for transporting an immune
enhancing vaccine across mucosa to effectively treat or prevent HPV infection.

Since none of the special technical features of the Groups I+ inventions is found in more than one of the inventions, and since all of the

shared technical features are previously disclosed by a combination of the Cheng and O’Mahony references, unity of invention is
lacking. :

Form PCT/ISA/210 (patent family annex) (January 2015)
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