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The use of viral translation enhancer and suppressor of gene silencing 2b to
construct binary vector for high expression of protective antigen and lethal factor
of the bacteria that cause anthrax
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ABSTRACT

Bacillus anthracis as a spore-forming bacterium is the causative agent for anthrax. Three proteins from B. anthracis
including protective antigen (PA), lethal factor (LF) and edema factor (EF) are causative factors of this bacteria. To
produce plant-based vaccine, fusion protein of PA 4 domain and LF 1 domain via furin cleavage site joined to subunit
B Vibrio cholera toxin (CTB) as an inducer of immune system. In this research we used 3’and modified 5’
untranslated regions of cowpea mosaic virus (CPMV) as translation enhancer and silencing inhibitor gene 2b of
cucumber mosaic virus (CMV) to construct binary vector and transfer gene. Transient expression of tobacco and
lettuce performed via agrobacterium and transient expression was confirmed at the level of transcriptome and
proteome through RT-PCR and ELISA assay, respectively.
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Table 1. Primer sequences used in vectors construction & transient expression analysis of Protective Antigen and
Lethal Factor of Bacillus anthracis recombinant proteins.

Primer name

Primer sequence

CTB For S'CCATGGGAATTCACTCCTCAAAATATTACTGATTTGTG

CTB furin Rev

S'AAGGATCCACGACGAGCACGAGGAGTACCATTAGCCATAGAAATAGC

LFDO1 Rev 5'CGGGTACCCTCGAGTAGATTTATTTCTTGTTCGTTAAAT
new2b For S'AAGTCGACTAATCTAGATAAACAATGGAATTGAACGTAGGTGCAAT
new2b Rev S'AACTGCAGGAGCTCTTAGAAAGCACCTTCCGCCCATT

1. Cucumber Mosaic Virus (CMV)
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Figure 1. Cloning of 2b gene. A) Total RNA extraction of tobacco infected with CMV. B) PCR amplification of 2b
gene (370 bp in length) through gradient temperature 52-62 °C by Taq DNA polymerase. Ls Molecular size marker
(100 bp Plus DNA Ladder) Sinaclon. C) Lane 1, 2b segment amplified by Pfu DNA polymerase. D) Lane 1,

undigested Plasmid and lane 2, plasmid digested with BamH]I resulted to a 389 bp fragment confirmed cloning of 2b
gene. L Molecular size marker (100 bp Plus DNA Ladder) Fermentas.

CLUSTAL 2.1 multiple sequence alignment

2
2b
=
2b
R

2b

L

SR

o

2b

sleslatuwl b gz 90 50 (b g5 dons g NCBI jo sudsced g st ,00 2D 5 (silwdilucen b Jlg5 doms ¥ S
A plxl ClustalW asl

Figure 2. Cloning of 2b gene confirmed by the sequencing. Multiple sequence alignment of 2b (gh}JX025983]), R
(sequencing result by Reverse primer) and F (sequencing result by Forward primer) by ClustalW software.
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Figure 3. Confirmation of vector p13042b and preparation of pVUTfPA intermediate construct. A) Lane 1 and 2,
confirmation of modified p13042b vector with HindlllI/EcoRI enzymatic digestion. B) pEFP construct digested with
EcoRI/Xhol resulted to a 769 bp fragment containing PA domain 4 and CTB. C) pVUT digested with EcoRI/Xhol in

order to recovery of linearized vector. L Molecular size marker (100 bp Plus DNA Ladder) Fermentas.
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Figure 4. Vectors used in this study. a) p13042b vector derived by insertion of 2b gene into the MCS of pCAMBIA

1304 binary vector. b) pVUT vector harboring elements of translational enhancer UTRs from CPMV. ¢) pVUTfPL
intermediate construct containing PALF::furin cleavage site::CTB flanked by UTRs.
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Figure 5. Insertion of PA::LF antigen between UTRs in pVUT. a) Lane 1, undigested pVUTfPA plasmid and lane 2
enzymatic digestion of pVUTfPA with BamHI/Xhol to linearize vector. b) Lane 1, T-Vector harboring PA::LF

antigen (undigested plasmid as control), Lane 2 and 3 T-Vectors harboring PA::LF antigen digested with
BamHI/Xhol to obtain a 1206 bp PA::LF fragment. L Molecular size marker (100 bp Plus DNA Ladder) Fermentas.
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Figure 6. confirmation of p1304fPL construct. a) Lane 1, Linearize of pPCAMBIA 1304 binary vector through
enzymatic digestion with Ncol/BstEll and lane 2, digestion of p\VUTfPL with Ncol/BstEIl to obtain a 2492 bp
fragment of PA::LF, CTB, Extensin signal peptide and UTRs. b) Confirmation of p1304fPL construct by enzymatic
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DNA Ladder) Fermentas.
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Figure 7. Steps to construct p13042bfPL vector. a) Lane 1, enzymatic digestion of intermediate p\VUTfPL construct
with BamHI/BStEII to obtain a 1464 bp fragment of PA::LF plus 3’UTR. Lane 2, enzymatic digestion of p13042bfLF
with BamHI/BstEII in order to linearize vector. b) Schematic representation of digestion of pVUTfPL and
p13042bfLF with BamHI/BstEIl. L Molecular size marker (100 bp plus DNA Ladder) Fermentas.
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Figure 8. Schematic representation of p1304fPL and p13042bfPL. T-DNA regions of p1304fPL and p13042bfPL

including Extensin signal peptide, PA::LF antigen and CTB adjuvant flanked by UTRs have been figured out. In both
expression cassettes the gene is under the control of CaMV 35S promoter and NOS terminator.
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Figure 9. Transcriptional confirmation of 2b coding sequence by RT-PCR on the agro-infiltrated tobacco and lettuce
leaves using specific 2b primers. a) PCR amplification on total RNA treated with DNasel as template (to analysis
DNA contamination of total RNA) using 2b primers, Cs infiltrated tobacco leaves (with agrobacterium without
plasmid), lane 1 and 2, infiltrated tobacco leaves with p13042bfPL and p1304fPL, respectively. Cl infiltrated lettuce
leaves (with agrobacterium without plasmid), lane 3 and 4, infiltrated lettuce leaves with p13042bfPL and p1304fPL,
respectively. b) RT-PCR amplification of a 370 bp fragment with 2b primers. Cs infiltrated tobacco leaves (with
agrobacterium without plasmid) and Cl infiltrated lettuce leaves (with agrobacterium without plasmid) in three
biological replicates, C” negative control (without template), lane 1-3 and 7-9 indicate three biological replicates of
infiltrated leaves with p13042bfPL for tobacco and lettuce, respectively. Lane 4-6 and 10-12 indicate three biological
replicates of infiltrated leaves with p1304fPL for tobacco and lettuce, respectively. The expected size of amplified
fragment is 370 bp in length. L Molecular size marker (100 bp Plus DNA Ladder) Sinaclon.
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Figure 10. Transcriptional confirmation of CTB coding sequence of 352 bp fragment using specific CTB primers
through RT-PCR amplification on agro-infiltrated tobacco and lettuce leaves. Cs infiltrated tobacco leaves (with
agrobacterium without plasmid) and Cl infiltrated lettuce leaves (with agrobacterium without plasmid) in three
replicates as control. C” Negative control (without template), C* Positive control (pVUTTPL as template), lane 1-3
and 4-6, three biological replicates of infiltrated tobacco leaves with p1304fPL and p13042bfPL, respectively. Lane
7-9 and 10-12, three biological replicates of infiltrated lettuce leaves with p1304fPL and p13042bfPL, respectively. L
Molecular size marker (Lambda DNA/EcoRI+Hindlll Marker) Fermentas.
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Figure 11. RT-PCR amplification of a 1123 bp of CTB coding sequence and LF fragment using CTB forward primer
and LF reverse primer on agro-infiltrated tobacco and lettuce leaves. Cs tobacco control (infiltrated tobacco leaves
with agrobacterium without plasmid) and ClI lettuce control (infiltrated lettuce leaves with agrobacterium without

plasmid) each in three biological replicates. C” Negative control (without template), C* Positive control (pVUTPL as
template). Lane 1-3 and 4-6, three biological replicates of infiltrated tobacco leaves by p1304fPL and p13042bfPL,

respectively. Lane 7-9 and 10-12, three biological replicates of infiltrated lettuce leaves by p1304fPL and
p13042bfPL, respectively. L Molecular size marker (Lambda DNA/EcoRI+Hindlll Marker, 3) Fermentas.
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Figure 12. Comparison of transient expression of recombinant protein in tobacco and lettuce leaves agro-infiltrated with
p13042bfPL and p1304fPL constructs, according to amount of Azsy nm resulted by ELISA assay. Values correspond to
means of three biological replicates of absorbance (optical density) at 450 nm for each sample. S indicate tobacco (samsun)
and L indicate lettuce. FPL and 2bFPL represent p1304fPL and p13042bfPL constructs, respectively.

wals Byei b cdgn olo slodigas dumlia 5 1Y)
On el g Cel oad oy oS He S
alie ;o o3lw 90 5l sdelcunsds Cdge Lo (sladiges
S92 )3 gine 98l 5 (95 olS 93y (sl vl Aigei b
ol 515 512D g 92D (glyls 83Les 90 s glés Lol
Mg Glie 92l )0 45 iz o S o dme (i 5
O oo Ol Lol 99 057 g0ome 10 oy (90

ey b pizmen (Sl (gly Sre gl o3l g0

1. Total soluble protein (%TSP)

slojls g Jll gl 00wl Cawddy =l
Ols=! b ol e PALLF ufob adei gl eadaizle
;0 9 RT-PCR 3l oolaiwl L RNA xlaw o a5 CTB
a5 ols olad ﬁl:;;.il 15! Q}Aﬂ b oSy C““““
g Gl ;0 g A8 S Do awmiy) gl 0 Glo
Jale 5l cwgis, P13042DFPL 35l ;5 soelicwsa
OS0b 5l owasig, PL30APL 85l jo 5 Sob 9 2b



Y7o w290l RS s g oy g Aoz A 00 Sl eoliul 1)) Sen 5 S5 00 (29
S Rwlaw oS g FPL jalls 3ol sl eolaxul b o lasteul loges
Lol b cgae gub LB s esdy o OSan g Oliee ggemme 1 Yl geil s oo S
oads Lol ol Kaagh 5l coles Ggaio 5l Slgi (g oS 09 oy VIV B /YO 5l S g
S8 g a5 bgye (Vs IaS el 5o b (55 (S p slediges Cdge e Sl eFgn
2,8 o el s 452D 50585k e
REFERENCES
1. Arzola, L., Chen, J., Rattanaporn, K., Maclean, J.M & McDonald, K.A. (2011). Transient co-expression of

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

post-transcriptional gene silencing suppressors for increased in planta expression of a recombinant anthrax
receptor fusion protein. International Journal of Molecular Science, 12, 4975-4990.

Brey, R.N. (2005). Molecular basis for improved anthrax vaccines. Advanced Drug Delivery
Reviews, 57, 1266-1292.

Bhatnagar, R. & Batra, S. (2001). Anthrax toxin. Critical Reviews in Microbiology, 27, 167-200.
Bradford, M.M. (1976). Rapid and sensitive method for quantitation of microgram quantities of
protein utilizing principle of protein-dye binding. Analytical Biochemistry, 72, 248-254.

Brossier, F., Levy, M., Mock, M. & Sirard, J.C. (2000). Role of toxin functional domains in anthrax
pathogenesis. Infection and Immunity, 68(4), 1781-1786.

Choi, M.S., Yoon, .S, Rhee, Y., C, S.K,, Lim, S.H., Won, S.Y., Lee, Y.H., Choi, H.S., Lee, S.C,,
Kim, K.H., Lomonossoff, G. & Sohn, S.H. (2008). The effect of cucumber mosaic virus 2b protein to
transient expression and transgene silencing mediated by agro-infiltration. The Plant Pathology
Journal, 24, 296-304.

Daniell, H., streatfield, S.J. & Wycoff, K. (2001). Medical molecular farming: production of
antibodies, biopharmaceuticals and edible vaccines in plants. Trends in Plant Science, 6(5), 219-226.
Edwards, K.A., Clancy, H.A. & Baeumner, A.J. (2006). Bacillus anthracis: toxicology, epidemiology
and current rapid-detection methods. Analytical and Bioanalytical Chemistry, 384, 73-84.

Engvall, E. & Perlmann, P. (1971). Enzyme linked immunosorbent assay (ELISA) quantitative assay
of immunoglobulin G. Immunochemistry, 8, 871-875.

Goto, K., Kobori, T., Kosaka, Y., Natsuaki, T. & Masuta, C. (2007). Characterization of silencing
suppressor 2b of cucumber mosaic virus based on examination of its small RNA-binding abilities.
The Plant Cell Physiology, 48, 1050-1060.

Guy, C., Haskell, D., Neven, L., Klein, P. & Smelser, C. (1992). Hydration-state-responsive protein
link cold and drought stress in spinach. Planta, 188, 265-270.

Kapila, J., Rycke, R.D., Montagu, M.V. & Angenon, G. (1997). An agrobacterium-mediated
transient gene expression system for intact leaves. Plant Science, 122, 101-108.

Koya, V., Moayeri, M., Leppla, S.H., Daniell, H. (2005). Plant-based vaccine: mice immunized with
chloroplast-derived anthrax protective antigen survive anthrax lethal toxin challenge. Infection and
Immunity, 8266-8274.

Marillonnet, S., Thoeringer, C., Kandzia, R., Klimyuk, V. & Gleba, Y. (2005). Systemic
agrobacterium tumefaciens-mediated transfection of viral replicons for efficient transient expression
in plants. Nature Biotechnology, 23 (6), 718-723.

Mock, M. & Fouet, A. (2001). Anthrax. Annual Review of Microbiology, 55, 647-671.

Qu, F. & Morris, T. (2005). Suppressors of RNA silencing encoded by plant viruses and their role in
viral infections. Virology Paper, 579(26), 5958-5964.

Ruhlman, T., Ahangari, R., Devine, A., Samsam, M. & Daniell, H. (2007). Expression of cholera toxin B—
proinsulin fusion protein in lettuce and tobacco chloroplasts—oral administration protects against
development of insulitis in non-obese diabetic mice. Plant Biotechnology Journal, 5(4), 495-510.
Sainsbury, F., Thuenemann, E.C. & Lomonossoff, G.P. (2009). pEAQ: versatile expression vectors
for easy and quick transient expression of heterologous proteins in plants. Plant biotechnology, 7,
689-693.

Sambrook, J. & Russell, D.W. (2001). Molecular cloning: A laboratory manual, 3" edition. Cold
Spring Harbor Laboratory Press, New York.

Voinnet, O., Rivas, S., Mestre, P. & Baulcombe, D. (2003). An enhanced transient expression system
in plants based on suppression of gene silencing by the p19 protein of tomato bushy stunt virus. The
Plant journal: for cell and molecular biology, 33(5), 949-56.

Wang, K. (2015). Agrobacterium protocol third edition, Methods in molecular biology 1223,
Humana press.



22,

23.
24,

VWAD 5l ¥ 8,Les FY 5,00 ool sl LS psle Y55

Watson J., Koya, V., Leppla, S.H. & Daniell, H. (2004). Expression of Bacillus anthracis protective
antigen in transgenic chloroplasts of tobacco, a non-food/feed crop; Vaccine, 22, 4374-4384.

Weller, R.E. (2006). Risk of disease spread through bioterrorism. Veterinaria Italiana, 42(4), 351-367.
Wu, G. (2010). A chimeric protein that functions as both an anthrax dual-target antitoxin and a
trivalent vaccine. Antimicrobial Agents and Chemotherapy, 54(11), 4750-4757.



