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— - codon G e e
T7 polymerase
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PET-HALA)
BamHI
Sacl
Hind111
s Optimized HAI CDs LB
. Trmnllin/
; Kozak
NOS Promaoter et & His tag NOS Tersahiatos
NOS Tenminator R KDEL signal

peptide Stop codon

pBI-KDHAL (B)

b ol jor HAL 03 g5l> PBI121 olw ((A) pET28a-HAL o3l tedkd >l b slaejle -V K3
plocrl (oD sl K3 3 1) 05 o35 4 5 Extensin y ZERA (KDEL (sladzy JUSw
25995 > (Nospromoter «(D 5 C B) diS o 108 Sus coy gl sbiad 5 by
NOS ¢5 9 o0 e LUK 4 Coglin Cor g0 45 51 Jausl 5 gaud penslo 955 05 INPTI ¢jlew o Jb 65 O3
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TAA  tpdins K BHistag «(GCAACA) Sl sdas Sulsl JIs (KOZAK sequence

s owly i p s g LB s RB L4l O yu8

Figure 1- Designed contructs: pET28a construct (A), pBI121 construct contained HAl
with KDEL, ZERA and Extensin signal peptide which cause protein accumulation
respectively in endoplasmic reticulum, protein bodies and apoplastic space (B, C & D);
NPTII: Neomycin phosphotransferase gene which confers kanamycin resistance;
CaMV35: Cauliflower mosaic virus promoter; KOZAK sequence: The sequence
(GCAACA) that increases the gene expression level; 6His tag: Histidine Tag; TAA: Stop
codon. RB & LB: Right & Left Border.
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Figure 1 (continued)
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Figure 2- Designed contructs verification with PCR (A), Negative Control (NT);
Molecular Marker (M).
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= 5 ATCCGGATAT ACTTCCTCCT TTCAGCRADD
&1 nn
iz21 GEEETTATGC TAGTTATTGC TCAGUCGETGG
81| TT
241 TGTTAGCAGC CGGATCTCAG TGGTGGTGGT
201 AT
361 GATGTTCACGE CTGCGGGEGCTG TTACGCAGGC
421 o=
481 CATATTTCGG GCATTCGCCA ATGGTCAGCS
541 cT
601 TRATCECGCC CATCGGGETC TGGCATTTGES
661 TT
T21 TCATAATCGC GCTATCGECCT TTTTTCACED
781 GT
841 TEGCCGTTGCT TTCRAAAGTTA ATCGCATCGT
S0l SR
26l TACGACCGCT CTGGCCGETTC ACTTTGOCTAC
102 ST
=+ TCAGEGTGCT GETGCCRAATGE CTAATATAGS
108 TT
& CCGCCGCATC GTTCGGATGA TGAATGCCCC
114 T
1 TSTTATAGCT TTTTTTAATGC GCTCGGATAGS
120 GT
At TACGARAAAR GCOTCGGGCTGE CCCAGATACS
126 =TT
= 5 CATEATCGCT CCAGCTGECTT TTCGGAATED
1322 GC
25 TCAGCAGATGE TTTCAGTTCT TCATARTCGT
138 GG
X TCGEGTTCGC TTTTTCCACSA ATATAGCTCC
1ta4 o=

-0 AUl ole ol ol Comp S PET28a-HAL ojle JI g fpmad 4o 51 5w -F S

S

Figure 3- Verification of the pET28a-HA1 construct by DNA sequencing.
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Real time PCR s PCR 0 ga31 (gl o3lizul 5,40 sl 5T I -\ Jga
Table 1- Oligonucleotide primers used to PCR and Real time PCR.

sy 561 srbm A LS 85
Riverse Primer Forward Primer Plant Gene

5GAAGTTCATCTTTTTCTCTTTGTGG 3 5 TAATGGACAATCTGGAAGAATGGAA 3’

™ HA1L
5 GTTCTGCTGCATCATTTGGA 37 5 TGGAGTTTCTTCTGCATGTCC 37 _
™ HA1L
5 CAGTGATTTCCTTGCTCATCCG 37 5 TGATTGGAATGGAAGCTGCTG 3° 5l H &.:ST
Lettuce Actin ™
5" GAAAGCCTTCCTCCTAAACATGG 37 5'GTCGAGTGGATTCCCAACAATG 37 b g H ;,Jyy" o

Soybean B Tubulin"

5 AGCTGAGTCATCAACACCCTCAT 3’ 5 GTTGAAGTAGACATTGGTGCTAACG 3’

H
Medicago MSc27

(5L < Y60 PCR Jguams) 55 sl o5l Al (gl oslinul 3,90 S5LT 5
(b ca> VWb PCR Jsaxe) Real time PCR gla ) (sl o3l 3,50 S50 s
g g by S 55 CEm g 4 ead O HAL 05T
ok Ol HAL 05 o, ls p cuiigis, T e gl 1 5kl 03 :H
# primers used to verify gene constructs (PCR product: 345 bp)
sxprimers used for Real time PCR assey (PCR product: 170 bp)

T: HA1 gene that expressed transiently in Lettuce, Soybean and Medicago
H: Internal standard gene for comparison of HA1 gene transcription level
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10KD - 40KD

(A) 4z 5 VY SDS-PAGE Jj kw g E.COli 31 edi CI,-,'.:...,I g B gyt S
L W5 LS (pet28a-HAL) ol ouisn sladiged ¥ o) ((Glie p oS 58) iy » KL M
¥ eV e LW G e (pet28a-HAL) sol> 59 4905 ¥ ¢(4Y 90 e V) IPTG
Cwlodalin WG o5 4 W 51w 4 ;0 HAL 4 bg e Ogdls 3hS £+ LL &S PTG
S p R M B) KN O fwy o g ECOlE 1 ok ol il iuisp sodigad ()2
IPTG ;¥4 ooV L W51 LS E. cOli 3 ea C|,-,'f:...,| SS9 g Y o) (Gl B S 2)
St L) IPTG 51 Vg Joo ¥V L W51 e Ecoli 3 ed T Al S n Bee Y

(A3 o HAL 55 (J o g0 055 eas 0L O 501
Figure 4- 12% SDS-PAGE gel analysis of protein samples extracted from E.coli cells
(A), Lane M: Protein molecular marker (Fermentase); Lane 1 & 2: protein samples
containing pet28a-HAL before 1 mM IPTG induction. Lane 3: HA1 expressed samples
(pet28a-HA1L) after 1 mM IPTG induction. gel analysis of protein samples extracted
from E.coli cells using western blot analysis (B), Lane M: Protein molecular marker
(Fermentase); Lane 1 & 2: protein samples extracted from infected E.coli cells with
pPET28-HAL before IPTG induction, 40 KD band shows HA1 molecular weight; Lane 3:

protein samples extracted from infected E.coli cells with pET28-HA1l after IPTG
induction, 40 KD band shows HA1 molecular weight.

53 65U Sl eas Lalls HAL 5l &S O s L HAL bl s 5 cill culg
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Figure 6- Standard HA1 curve based on the absorption rate in different concentration of
bacterial HAL. Horizontal and vertical Axis show the absorption rate in Elisa assey and
the protein concentration of the samples (ug) respectively.
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Figure 7- Elisa results (recombinant HAL percent of total soluble protein). Among three
assayed plants, medicago had the most protein accumulation in apoplastic space by
Extensin signal peptide.
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Transient expression of HA1 antigen of avian influenza virus (H5N1) in alfalfa, soybean
and lettuce leaves by agroinfiltration

Farsad A.S.*, Malekzadeh Shafaroudi S. **, Moshtaghi N.*, Fotouhi F.?, Zibaee S.*

! Department of Biotechnology and Plant Breeding, Ferdowsi University of Mashhad, IRAN.
2 Influenza Research Lab, Pasteur Institute of IRAN, Tehran, IRAN.
% Razi Vaccine and Serum Research Institute, Mashhad, IRAN.

Abstract

HAL antigen is the major host protective immunogen of the highly pathogenic H5N1
avian influenza A virus (AlV), which leads to great pandemics and epidemics throughout the
world. Plants are now gaining widespread acceptance as a general platform for the large scale
production of recombinant proteins like influenza vaccines. In present study HAL antigen of
H5N1 was expressed in Alfalfa (Medicago sativa), soybean (Glycine max) and Lettuce
(Lactuca sativa) leaves using agro-infiltration. Also the effect of three signal peptide
including KDEL, Extensin and ZERA which cause protein accumulation respectively in
endoplasmic reticulum, apoplastic space and protein bodies, were analysed. 72 hours after the
agro-infiltration, gRT-PCR results showed that lettuce and soybean respectively had the
maximum and minimum of HA1 transcripts. The expression of HA1 was detected in leaves
extracts by ELISA method. The highest expression was detected in alfalfa leaves with
apoplastic signal peptide while the lowest expression was found in lettuce despite the highest
transcription rate. The results showed that using agro-infiltration system in alfalfa plant with
apoplastic signal peptide was the appropriate strategy for HA1 antigen production in the
assayed plants.

Key words: Agro-infiltration, Alfalfa, HA1 antigen, Lettuce, Soybean.
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