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Plant-based vaccines production and conducted experiments in this
case, as an effective strategy to combat infectious diseases, such as
Coronavirus disease (COVID-19)

Azadeh Niknejad, Alireza Shafizadeh EsfandAbadi & Fatemeh Abdollahi Sarvestani

Faculty of Biological Sciences, Kharazmi University, Tehran, Iran
Correspondent author: Azadeh Niknejad, niknejad@khu.ac.ir

Abstract. The emergence of new viruses has always been a threat to the health of people around the world, the latest
example of it is the new strains of the coronavirus (SARS-CoV-2) and the resulting acute respiratory distress syndrome
(ARDS). The current situation underscores the importance of rapidly producing low-cost stable vaccines that do not
require refrigeration equipment for storage and transportation. However, most vaccines are not yet available in
developing countries due to import costs and storage and transportation needs. Therefore, the vaccine must be
affordable for developing countries so that vaccination can be carried out on a large scale. Herbal vaccines are more
cost-effective than other types of vaccines and production methods and can be produced in large quantities. In addition,
herbal vaccines have other benefits that are discussed in this article. However, given that an herbal medicinal product is
to be used as a vaccine in a semi-processed form (such as mashed potatoes or tomato paste), specific regulatory reviews
must apply to injectable vaccines. Products should also be applied to evaluate their side effects clinically. The current
review article investigates the opportunities and challenges of producing plant-based vaccines to deal with diseases like
Coronavirus disease (COVID-19).
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Table 1. List of expression options in plant systems (Niknejad, 2018)

PLS G )3 Gl C> S92 90 Ay 55

Ol oLS lsil

g | sl

St | (S

olS 0,5 syl s by gl

(2LySL | (sws ) JBU g lslo L 5

O b g 3,5 5 oolital b 3ga3) AGroinfiltration i e g Sl o 55 S 5l oolial b slo,d olleos) (So i ks

ol s b,

(1,35) Cdsel b

ol 5l ol (8L 5o i ol f olS lacsl plas jo (LSs (e 4 4L Glo

oy J=e

oL oSy JS

ol 5l Lol il

BLS o ok 0y csS leslanul b o)le

Jobw 50 g g e Joxo

Cadlyou T/ oDy s

[EYw '

el b

o ox) 3l Ll (Mardanova et al., 2017) cel oL <l 59
b STy @ 05 Sl STy @ M ) (0l (ol S
0dds (gl sateds slag s adei gl s & g, oyl 3l eola
ol pdy 8l T den Slagags b ablia jlace 4 asly

o0l )5S 3 sladle j0 C8e ol gy 0 2l i
Can Y B\ by atisy diles e ol ool a5 cul
Sl 5l oslaiul b (Wang & Ma, 2012) oS oo o2,
s W ) eBen ole el YL &S Sdee Gl
ol J s ey crl 08 g 5 s Shsr oSy
wdS S VLP cbously oy ly sowno (lie o
L a5 olS slocyusSly (Shahid & Daniell, 2016) colonds
Cal 00 00,91 T oz 40 Wilesd oy by, ol 5l ol
(Merig et al., 2021)
Cwdlyg IS (i3 et oolistnl b (2L (pnSTg g

oS g jahaie 4y LS slapuSTy Sl eslatul Lol 0yl
P gk 4 Al Glagmgng b ablis lp STy oy
Sl Sher Sl 0y Gog) o el 039 JUbol s g 2
@ools cudlys )5 o ol 03Bl ws g nl b allie
S (S8 e Clgl Cedlig S (S s e S
S5 25 Jsls

19/74

N sgige ool bl oyl ly jitw & olS
HlS yzes ¢ Nicotiana tabacum bl .| benthamiana
o 908 b K3 a8 Arabidopsis thaliana sile s %0
o9 4.l>)a sb.ﬁLf 6&&9}5 ul?w‘ B OB)LC ..\99..» ool M‘}’g_g‘
A6 W 000 25 sl 42 05 45 ol (Sujly b Condy 5
ASLSAlin ..\,wL: asly Bua QSLQ’U"'&’ﬂJ" L)L"’ cla.w By 6‘0..\»9
Ol 00 g8 e 008 e S ol o 4y Agrobacterium s 5
(Post-transcriptional gene silencing) wsss, 3l o o5
Okt e w9 bl imjies Y ug 9 HePro wils
Ol onBan Ol e adg S g g Ol s e (138
0 00l dxwgs M 3l ool b LS il 10 398 b, b s,
(Wang & Ma, 2012) el
Agrobacterium I oolarsl L Cdse Hlo sla s,
2 bl aS slaoy e b 2lS slo g ng b o tumefaciens
I ol 00l ol (slopuSTly dy 0,90 dx g5 4 oo wijlo | g0
Sloghs) b oS | S sl Wlgioe Al 53 Zdge ol
solicial LT ) 1IelisT STy oJs (sl &5 £y 030 s
a3 el majgsm b sl o o Sl pSaes 4 g0
9 05 AR Sl Cepm iyt s gy cnl sl
@l & a5 Gl & Sl (B9 e Ol Jyere soba




Niknejad et al. Plant-based vaccines production

LS slapSTls oy ol e 5 ol

(Rosales-Mendoza et al., 2020) SARS s MERS ,; jiolojl sl 9 (8LS opuSTg adgs sl ol 5o ooty n by slagie, =Y Jaue

Table 2. Description of the expression approaches for the production of plant-based vaccines and precedents for
MERS/SARS-CoV-1 vaccines (Rosales-Mendoza et al., 2020).
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Table 3. Plant-based vaccines developed by nuclear transformation/ stable expression system (Meric et al., 2021).
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Table 4. Plant-based vaccines developed by a transient expression system. (Merig et al., 2021).
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Figure 1. Agroinfiltration method using Agrobacterium: gene insertion into the Ti plasmid (1); recombinant Ti plasmid
insertion into the bacterium (2); bacterial cell growth in the medium (3); Agroinfiltration by infiltration of
Agrobacterium by direct injection of a suspension containing Agrobacterium into the back of the leaf (4A); or
permeability using a vacuum (4B); insertion of T-DNA containing the gene into the plant cell (5), culture of plant cells

and production of a transgenic plant containing the gene (6) (Modified from Chincinska, 2021; Rivera et al., 2012).
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Joloro (g JS Wy
05l pSaSaly

o5 JUsl o slasgyos! L5 4564 b 5 slow
o3 Jl og GRS ol 0555 oty 5 o ol oiFh b 6ol Ol
319
b gloyd e
ORV) sl,s5 icoti _ ; 5 o
5 e Jodic (ORV) Sls> Nicotiana tabacum JUbl &l g 9 (REETTI T
b sl ollor O3S ReSeSe VP @l Sz oo
2 ORV) 515 Nicoti : - 2Pl M (g
S ol o> Nicotiana tabacum o o5 HIV gp41 5 gp120
b slo,d ol bes &l V0 JESAT-6 4
ORV) 5,65 icoti - i i Mtb72F ; ESAT-6
5 S askizd ( ) Shy Nicotiana tabacum ol VY IMIbT2F Moycobacterium tuberculosis 3
J5SlS bl _ Nicotiana ~ Mycobacterium leprae o ol o2 s MMPI
(PEG) benthamiana Mjycobacterium avium (LTB) by oS gi5ad
b glo)d e
ORV) sl,s5 icoti - :
5 i Jolicd ( ) Sl  Nicotiana tabacum HIV CAV3 oy b
b glo)d e Jaio L1 (goasS 059
— : . Y I s > "
5t o Nicotiana tabacum /. St gloskaly (g9 LTB o
b clod o Y- 55 iy iy
ORV) sl,s5 i _ . F59r (2598 (R
5 i ki ( ) Sy Lactuca sativa Dengue virus (OrM/E)
b glod oo SQV) gal> ,; Plasmodium-(s) Vibrio cholera Cholera toxin-B
[COti ARAR VAR A AN VA i
i Jaslid  (ORV) sl Vicotiana tabacum ? LY AMA1 MSP1
L ‘510 )s o )LA.. SQV) ul> ). 5 Lactuca sativa SVT V¥ Plasmodium-(is) Vibrio cholera Cholera toxin-B
o5 S ledlinad  (ORV) STy L (L, AMA1 MSP1
b sloyd libeer Chlamydomonas OrSSgyed 4 Jate (e
o5 S5 3 eoliziud ¢ )y reinhardtii N Staphylococcus aureus CTB+D2
b slod e ol g il
jcoti INWA FMDV)
5 S 5 ol (o5 sl Nicotiana tabacum /. ( ) o2 b (g lews s VP1
bish Sl i Nicotiana s HIV HIV-1 Pr55™
5 S 3l oolictl benthamiana polyprotein
b gl o))l labile toxin B subunit
i Fii o ool (ORV) sl,s>  Nicotiana tabacum I/, ETEC ;| b Jlgd heat-stable toxin
[©)) J
(LTB-ST)
v b Nicotiana tab 1N, 5 18 L cloglol E7:y555,, s ETCP HPV
o K aolicd - icotiana tabacum ERLT bl slagkaly s s 9
b slod oo Corynebacterium diphtheria, L
T ORV) 1.z L TN . Lo multi-epitope DPT
o5 S oolizd ( ) Sl Nicotiana tabacum IN. Bordetella pe;;gttsfltgv, Clostridium fusion protein
bstsd Ol (ORV) Slss  Nicotiana tab VI ) Yersinia pesti
5 S 5 ol She icotiana tabacum . (o9¢lb) Yersinia pestis F1-V
A. tumefaciens
N 51 s ¥ ~
)‘l oolizl L) s.M N. benthamiana » t5“) 4‘,"?;3){3‘; HIV HIV-1 Pr55Gag ‘p24 3
(Dl IS o oo ijg p 5 pl7/p24
bish? e Saw 3 3,5 Nicoli b ¥/ Ll (slokols L1 sonS o5
5 e J odic Seo B 5,5 icotiana tabacum . Sl glogboly s g S (3B
bt e Nicotiana tab o/ e ol L1 soS o5
o i oaliz - icotiana tabacum . Sl slogkal g 29 oS g
b glo)d e by il ;
icoti YoV s s s S
i ool e Nicotiana tabacum 7/ (CSFV) Se5 5 Gugps E2 sl (pusigp
b gloyd o)lleas o= B g Sl . .
icoti Ve 15) Clos
5 Keis oslin Ny Nicotiana tabacum A 55 Clostridium tetani TetC
b slo® olylos Spike SARS-CoV
ORV) 1.8 L Y . . pike 0
Py ( ) Sl  Nicotiana tabacum IY7. Ly,S oy (oS Sl oy Protein
bt Ol Nicotiana tab YL, o VIV s s o) Bacillus anthraci PA) Lislo o5 5]
o K osliz - icotiana tabacum L9 YIVL. (o> olew) Dacuilus anthracis PA) OF S
b gl o)l
PP oo - Nicotiana tabacum A 999l VP6

o S ool

24/v¥



Nova Biologica Reperta 10(1): 17-32 (2023)

OF D V-TY ) ojlad v als o pole 5o (ns sboasily

Sdige mSly oy sleanze 5 STy G0 Jlade alS
sy 2l VLP oJg 51l ol (Hefferon, 2014)
Sl 089y dae Jxie wlide jo See o lem booj)lw

.(Balke & Zeltins, 2019; Maharjan & Choe, 2021)

sohie & oad alojT (ALS slopmsTy gly
gl b alslio
s 95 & Glgee 3l ol 1) (BLS slagrSTy
cf‘)"o éu))».a‘o Slas lp a5 @Lﬁb&f‘e 10,5 S
iloads b Sy Bolas sl 4 albopmSly 5 Wload
Sy Blae A
sobie 4y (Bl STy adgi sl dse Ly s, S
sl lon o 5 LVl 5 Vsl Gl deslly ceales
J.Jy 6‘)‘5 grevee) L) ok £ Cwsloais oolau @b;ﬁb
Sl Epop 3 oslinal b IlglT STy 315 ol
o obs Wcad 5L Sl clols & osSsl
s BB aae vz b ol o lSly aen
oLl Medicago <S,s  oliixe  pioed Sl
aJg o Newark, Delaware ,o Fraunhofer CMB
R e e R N L.
Vb psS e o STy ol ek CuBBge 4y s,
adl cwws eiidllles Jlg gilulax 51w ol
(Lobato et al., 2021; Wang & Ma, 2012)
oad )l ol slapSly oy ax slosl i
—stl sl bople sl (LS S50 SSsn b
slplglesT A HINT 6l5Ysal asle Sanil 5 S
SARS- 5 SARS-CoV d; Vgl (yeel H5NI
LS slsly e 58 Jl= s Cov-2
(Merig et al., 2021) ol oo 03]
sboislh boablie olp ks & olS slagsTs
Sly oo adg oo by b ablas gl &S >,
odnalSsinl S Bosladole psad by o Jle
S b bl selenSly 5 sl g0 olais
Ol ey on dpie (b A SO el gslSgie]
soal 0ardS poid (byae 13 6518 Ry 3 STy
Sras LS 5l colaiul Coje bxul jo aS oo obxl

25/Y0

STy Hlsle g9 SO plgieay (VLPS) (cwgpg and ©l)d
PS5 STy s ks eyl b ol dulio 9 BLS
My g (Plb (LS oSty ady sl 5l S
Balke & ) ol ollS o (VLPs) sile wgpms )3
9 WVLP (Zeltins, 2019; Maharjan & Choe, 2021
903 p95 S35 oo (Fsiepeé (VNP) (s g 0,350
Olgiee WVLP 5l plpls (Steele et al., 2017) s
(Shoeb & Hefferon, 2019) s,5 solatwl puSly lgica
Rybicki, ) wei ole ollS ;o ailg o 29> 4 LVLP
alies g, 90 5l eolawl b yol> Jl> ,0 anl g ol (2010
5500 ol oS s
I ol ey & P i Geoetsn Wy )
g 00 (o) (ot (25 sla gl Lawgs
sheslinal b (o> (G551 Slagetsn <B9e ola
LS 5l eoliiul b oS oS 595 Agrobacterium sap

-y

Ngdee Ol oS Sy o)ls alie slagls,
(Hefferon, 2014)

Fely oll jo olles Sl 5l LVLP o jlse 51 (ke 5o
Wlodgy 0wy wang Py 2 x5S JSle (el
S slouSTly s cren 4 (LeBlanc et al., 2020)
g 5l peiinns pobds (S slagpuSly B » e
OLd b oS e swgmy oy 5l Al wigd sed aSlu
B,b 5l 0gd go oolaiul L@QT adgs gl (VLPS) wgypmg and
oSty Glsiea oyite (5l slagetisy oSy
oSty adls o Wl gxan olj sl Subunit
Syhie bl Glaiisy laid sol> 45 Jsero Subunit
Sleslawl 4y ol sl sl g Wil il oli cesl wiin
Monreal-Escalante et ) ai,ls ;L5 Y0 slajgo g lacslgsol
Sl S lp a5 cadl oas ool las blie o «(al., 2022
555 (HPV — Ll slasholy os s Jla olsica) WVLP
oY b sl adg o4 gl olml gl calgzol S lojen
Hefferon, ) sas o ols | STty anie oplply cas
et ax Jaas Jae SO So,elS sLVLP (2014
Sloass hSis il slagsel o5an] 5l G taiien
Fang et al., 2017; Monreal-Escalante et al., 2022; )
5l sdale Ll oyogr o8 b s> (Rutkowska et al., 2019
el 5 0 plwl B Jsho (3lolad oy 451, (5001
3ol s slacg ol 5l eslaill Lo plply s o
e o5 5,5 oolital STy LUl Ligl3él lyy WVLP



Niknejad et al. Plant-based vaccines production 2LS slaSTly oy ol San 5 ol5s

COVID- b ablio jakio a5 aLS (pusSly adyi Lol g oy aSl s Goy3 slr @ ol (S
19 obys ulp |y wolams! (usly cole oSl oS el

Slp Kired GRS Wz owang Sbdige b -0 @ald C8ge Lol esliinl LB Jske poid o )len
Ggw ol dged cppaaz a5 ol o0g ez o8l cldle pgo B Sliglel jo caws ol 5l eSTe VY JBlas oS
Coeal (adn! (pl G5 Cumdy sl Bg)S wgpg o (Wang & Ma, 2012) wloass il
@ oS ) el ohl b GboeSly me g Sy sloo 5L LS (slapSTy Y

Ot 505 515 J& g Joor g (5500455 jslite 4 loariS Sis Ll (Sdjals (gloo 5L LS (slanaSly by,
;I (Venkataraman et al., 2021) seo o lis w51 (g9, adlhe & (gyomb Caio 4 S5 podle
s3] sl SARS-COV-2 s sl oy j50b 3yb  JolSTsd (6 slams Ty S oo <SS 58 Jobo Sl
Zieneldien et al., ) odb o STy adgs slp 1) calide  olS lawg a5 og oLS STy sl ek (6l
85 GoulS iS5 STy 0y slacs il ol 25150 1021 e 85 5wl 3 j9e 5 b g a3
Sgiis eSS 4 Ll 5l a8 cul cpl g g0 ad S L 0 L oablie sliie 4 oje> o (2LS slapSTy
sk 4 ugs 0909 BT Cel ) Lmgnglis,S bl Shyism Gl 5 000 5L s)lors 5 (S sl
a5 L o ol il gileiis adgl Bas wigh e (Wang & Ma, 2012) wiloas 0 g os5 5
(Y JS8) 9 s

Prefusion Spike
glycoprctein (S)

Viral RNA genome and
Nucleocapsid protein (N)

Nucleocapsid (N)

st alacly SPike (S) (s w99 oo JSts (6 bles sloiniinn b la o oiiisy slié Ky 5l Lug g SARS-COV-2 g s Jsle =¥ JSis
olsreas HE) jlaul crisslSlon sails wiien (g 09,5 (55 4 o8 &5 col plasoli ST o slp Sl (Ban 5 (b Jsbo loonsi S &
529 Mg Glp & Sl Glid (5SS SO M asS e ee liae Jsbe i 50 Sl sl (gloosi 15 55 5 Jlasl (s (558 abanly SO
N seS9l5's5 Getign Jold eizman (wong SElo ams JSa5 |y gy by U sz oo ML (i 0 o5 ol sy 0ign B g ol oo

(Rosales-Mendoza et al., 2020) w5 oo aJg |, dpunsS 925 g3 0955 RNA L ol o a5 ol
Figure 2. Structure of the SARS-CoV-2 virus. The virus is formed by an envelope membrane associated with the
following structural proteins: spike protein (S), which mediates binding to the host cell receptors and is considered a
critical target for the induction of antibodies capable of neutralizing the virus; hemagglutinin-esterase dimer (HE),
which acts as a potent mediator of attachment and destruction of sialic acid receptors on the host cell surface; a
membrane glycoprotein (M), which is important to generate the virus; and the envelope protein (E), which adheres to

the M protein to form the viral envelope. The viral structure also comprises a nucleocapsid protein (N) that produces the
nucleocapsid along with the RNA genome (Rosales-Mendoza et al., 2020).
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