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Vaccine
Translated by: Darvishalipour Sh.
Faculty of Biotechnology, Semnen University, Semnan, I.R. of Iran

Abstract

Most vaccines for diseases in low- and middle-income countries fail to be developed because of weak or
absent market incentives. Conquering diseases such as tuberculosis, HIV, malaria, and Ebola, as well as
ilinesses caused by multidrug-resistant pathogens, requires considerable investment and a new sustainable
model of vaccine development involving close collaborations between public and private sectors.

Key words: World health, vaccine, Immunogenicity

SARS-COV-2 Jlis ;3 LS (5,5l comyy o5l slas 8

A Sl b o7 il Lo e
Ol Slaioss 5 pshe dly D! si3T ol &zils Ol g

0 S

&S 3l (Severe acute respiratory syndrome coronavirus-2)(SARS-COV-2) Y 5,505 S sl> oS p 9t
ol (V4= 559) i iy Jl=5s SLusl (pandemic) (s, SUis G slegl Col 0581 5 258 0 50 Lodm s sl S
sl 5 Sty RIS 50 M Slach s b bilse anas Gl ook Mallins ga N ol-d- s ol
“om Sl S s e bl s LOLGT Obr Dl 5 olen gt S SRAE skaaay ey 905
S @Sl 5 ol GacS 5 5 Oltiatils w3155 WOl S o IS OaLS (5355 4 35 on Sliioes ol ( Uall
5 e SeS Cotla sl sl ST 5 S5 8T Glanats 5l e 4 by B Llesysl a5 S Oler sl
Shgn rpl 5o b oS Iy Cod cpmg b Slagols 5 lappSTs Cop b b ol Gl i lide Gl 5 st
ke b et a8 8\ b el sl T 53 15 e DS o 1S o s m b o s

Y 53058 sl ki g5 (55318 S VA5 5SS 0TSl pAS

Iranbakhsh@iau.ac.ir : S5 s s shoms oor 0 3

P (59l s 485 NS
Fo98 &1y dda LS oS Wiy ol 53 Ll 0

‘SARS-COV-Z) J»}ﬂ}U}JS 9.3.1...15 a_}ﬂl{ ‘:).AJJ._’_} C_}:&
DL (Wuhan) QLA}} Jé,_:, BE (W b 4l ajb

A4



WA ol A ol F s

Ly,s ) Diamante =S 5 (4,5l Llwl) Agrenvec
Ventria <5 ,5 5 (WhyDORF  Sof 85 (Ul
(Kl odme LI (IS oy 58) Bioscience/Invitria
Mg eadie (IS gisliS oS8 e
Gl me Olgew OLLS Sl sddirie ety
5 allaer OVsame ol pesdle At askls
s oo s S 5 bl sy L gl ol
sl 3 Siy e Olsiear LOT 51 oS slaas 1]
25 sl sl IGAIG G e (V.Y Wlasil ol L1530
Sy sl Olse w a5 5 SLS OlalS s s
SL 2l Ol Saws Sl 6,8 s (gl (CaroRX)
Sl w3l S5 e s b (M)l
ghals o wd Wy SRR
s pB) sl Ol LS ol Ssails s
& M Ol sl Elelyso oS 3 51 TWT 51w JKJG
SLliy (D) spde ase Lk 3 T aS Sl
el 1y SALS 31 eslital o se  JiSge (555012
“4 Oe salasl Bl a4 LS led e 455
Ol o o hias pal 5 s lide K5 G b 5l 5 4,0
(Sl Ghssbean Jolse ) 4 Sepl Dss 1 OlalS
35 eSS (Sop e elie 53 g oS wupr bens SaS
S Lsd ol b da oS LB 01 Llge opl Ll L0)
5ol Ulpsh s G5 mlo w3 LS
AV Ysmme K 15 el sppe My by
N B L AT AP N IR S
Olseas Ok Joho Cilite glaos, 55 5 Ko
e S eolid 8 sl 50 bl
b 2l Gl 68 IS 5 GOl sbo sl
Dlpe andy s OlalS b opl L) sl s
L1 it Slsn il e Ly it 55 LS gLl
S I i) S 5 e SIS e Sy
ol 5 L SIS Wl e Grames (YV)(WI
" S Se slp oS G Oles) S bl 0328
4 8 DLl Cupe (Gl S sy HIV STl
2 OLLS oSl pl 558 o byse on b Conis

2 -Chimeric secretory IgA/G
, ~Glucocerbrosidase
. -taliglucerase alfa
o -Gaucher disease
, -Escherichia coli
-niche .
-configuration
-microbicides

8
9

(JwLG) Q\J-;‘ qu G 3 s

L5 (V8=559) (6,8 aen G oabwl Eel YN lis
D3 el e masy 3 1) Ol el glacdss
el ol ) Comds LS e &S Sosba ol
Lodal s aslen U odas el | S oblasl 5 aes
L oetSd xS Sloltsl dacdys sl J xS o
o2 4w (S aS Sblasl Ll sl Gaa g wisls el
K] Q\.,\..A)ks LQL:): r.,\id L 40.3(2.»:)&:{ 6\.&;@' = 2
dmit 53 5 LIshe fah Lo e RS g (S sl
o Ll Sy s sl sl S slaas el
Sl s e bt (Saibansl 5l g8
03y iy Oley ST ol pioman S SS
G simlosl G iss b das oo 5l 3 Oliiss Las]
Oeomen 5 ks anw g (Golew 8L Sl (6l
geals als ) WOl wud Wl B sl | pladks
" Ol pl(BbSlS S S e L sie
Sl by LS oSty U sy o3lrl Olids 4 Ll
Golow 220 3 &S Camax 3l gla s 5l Clable
Q&Sdusfjgéjjédwzﬂmvﬁﬂu\;‘o}y
Wl Sl pbl cnl 03 epe M il S 0 S
ke gl el s Gl Sl wilg e ol s
3 R S R, aaas Gl GOl Olgea s s
Olse 4 Ll o QLS oy S eslinal L= b ys
Sy ol o gl e e Cxle Gl el
3550 Ol 4 S Oleg (pl 5 LS fee (glazis L
= bl L aS sl pne Glagtecn Gl 5L
B .Lu\jﬁda QLALLS/ Sy gl s aw ‘l"u'l\ BLIRE SR
6LMJJM P.;.SL;A B 4.\,.&[4 ails LS“’J"“"G r@,.u QT
S wnlsgg b oosdl a3l oLl gl asis
b s nshs coxle 5 Sisie 5l S5l gl mSTs
e Oleys gl

folals | >

L oosmolr Olpea ObLS 5les ool L Yo 51 iy
SLoSsn 5 il b me Ay ol ol
é)'))m" ‘LILJ) Uﬂ‘ LY vl&‘ Ly J}.};dn oalazu! LS’J-)\;
S der 500 w8 M IS (Cely))

! _Molecular farming



WA ol A ol F s

L3S ot L (2520 RNA S 05 4l anw s
L g a5 Sl SARS-COV-2 IS5 bl aen ol oS
55 (WHO) il Sl olsle aBalsl glaeus
5 blodd HLulis CPMV 1ol i gl VLPs |1
Bl 53 WVLPS 58 o Sse 5 Mg OlS s
Lol VL 2SS sdamadd 5 2B Ll o~
T S Ll i pelie sl solllul Glacs e
RT- Sliulesl 53 e J 28 RNA e Olse & il
o3l 5 Cegige i) )N LS I3 eslizad 5 5s PCR

(ToYe & st Dbl

Ll sy G Es el Gl CS arn s
Lol Lol 4 s s ol polant] sl
SARS- &l 653 G 55 pn e abyr e slagssl
Olge b oS cul goltle 055 5 5l el CoV-2
635 Sl s (N LS S 5 M) Lz (B) 2ty
i i oS 5l Ll Wi e wlis (9)° UKo
g 3 s ol Gags aen 3IS (S (bl
RBD" L o, S« Jlail (usd 5 (L300 O O s
G (VIS8 Ams o 13 sl s (2 53 L)
S 55 RBD / S:55 s L SARS-COV-2 Sl ys 5 IS
SLosls Ay Gl Llg e b hse 4 sddslalir
OS5 15 eslizal 350 lagily yea
L 56 gl ol wbuls s SJL: &l RBD/S 155
Mg el ol Culg 5 S eslinad alie glagies
@k ke S sphe gl S b s
sl ST e Wil plde A5 Al S s
@A Dy msps el gbasS Ay Cel
$la faeen ELISAS i SAE S Soly el
Gl e Gl by e Obr
S 55 S 3 elial bl Sl T s
S 015 e LS s (o3l (ST LIS Ol 5 s ns
23 M5 e B Gl plielde Sdda Ol e
Sk Femm e gle w50 S sbel bSOl

gl n 03580 a5 LS bu g 50 Ol

2 -personal communication
; -Envelope

¢ -Membrane

o “Nucleocapsid

- Fgl e o .

17 -Receptor-binding domain

1, -Nybridoma

1, -lateral flowassay
-assays based on protein chips

q)

(JwLG) Q\J-;‘ qu G 3 s

SRIBl ks e b lg e LIS Ol glagiann
ol s i 5 SEL blols wilen b das ol
Mg sl el Sl el (VDA es,50 4 1
slsls 5 Ll Glapasly (pats gl xe
L oS Sl Saes olen SO L agrlpe 3 s p s

sl u,aj.....f J s e

s ol 4o

"o Gl ke 5 SWSU S-S me et
3 B me Ll 558 Sl 53 S Ol et gla
S 53 SIS sk el e T A5 i
Py u.a,am.: Sl Bl sy Ll L;,a.;;;m_;
S 5 e Camer oLl e g3 s esgs
Slasl a1 asiis K3 5 Sole o5l lactias
a8l g ol A plalid amS 53 5 e s b eliSalilis

w58l sl sl 3l

s gl sl
ons S5 RNA Lasis o one sla bl
sy, el il o o Ll 5 s
SLasl 5 dm ol RNA b i iy ol ey s
S5 GenBank L K5 <CL s SARS-CoV-2 I
125 <L anws (NC_0544122 NCBI oSl a0

.b‘ L 92 eSS

LS 5 350 o3y jaRll RT-PCR Lwy gy
a8 des el polan S gl
(il ) o 5l K il s e
e e RS S s
sysl el p il elKislesT o 1) (g5les il
o (Ol o ) John Innes S s s S K

Ll oS ol

db 3 oy sle 5 gige)) o
dted V=58 Gl s RS Jele S s
Sledd i (VLPST) ey ps ad Sbpd ulul oS
el CPMVT) (S5 58 (o5 Salise s
Sl 0y ey s sltle Olea pws g ad Oly3
e 53 5 Sl (native genome) Lol OS5 W36 L
Sl aS a3l eslanl LIIC oy 5 s 55 4 30
OV Obas 5 L sy Solem gt sl DL sl

;—George Lomonossoff

; -Hadrien Peyret

, -Virus-like particles
-Cowpea mosaic virus



WA ol A ol F s

STy e s G b 51l Y ol Ol sl
At e (sl sl ol sl 5 e S0l
3 S Gl SO O00F) s s 4 sdeme (O
G 2 SR SRS GaeSly M e e
SARS- (sla05 51 &y pot b Sl o 45 ol ws s
s ekd Sy sl Jl 5 K s 5 Cov2
LVLPs s b ooopd dl)) ol (SeS S 5 S
S sy &S SARS-CoV-2 slaos sl 5l S ook
55 ) leds hld i,y s e e
~L3sS S aen bojle gl olpl Olpea 51l
SARS- (g ltle 59 Sler A g e eslixal N4
5 oS s sl gal BT sl el A5l e CoV-2
Jcal b (W) 53 T glad b CDA'ICDE’ sl
oS ol 0313 OLES SARS-COV kool a4 gue 05l 53 i
o3l gl glasl o s 1 Sl bl N 5y
el &S (65,050 aher ) cleds Cblis L CoOV
3Ll (st 5 LOTL (So) b IS5 0
Gl igde miS N s Jlie s S gl
mablie glagesl ol oS s aeS o sl olbblors
iles Glageoly Lid M 5 E slapgtis, b oS
Sns S SARS-CoV-2 (VA S o sbmyl ams
T 4SS S il b psls S G 03 Jsene 8
(ol el PAD) SL dorlg o5 o a0 Sl 5555 & 50
= (Aol el OA) Lid w0l a2y S2 U1y 05 K s
Sl €OV o3l 5l liasl o 53 82 doly 5 a5 Sls
Ve L ST o(Blis 53 el (/A4) edd Clablows
des e Ol SLGICoV sl o sl 4 | cals
4 Jlal L «S ke RBD 4 by Liese biosw
G 53 (ACE2) b5l oauS fods ¥ 35l
03,8455 (VLS o fged 1) s 2505 Jske
Ciste RS Gl G LA S s 200
Sl L gla STy i (Jds e 4 5l
gl S e Saa 1, S S, kel SARS-COV
b Gl ES S (e i Ve LapSly
el 5 d g daalyty (Jobo oo b o3l S sl
Dok dasds 0 on 8 oo oo 2 5) 3L AT 4

» -Prime-boost schedule
5 -neutralizing antibodies
-Angiotensin-converting enzyme-2

ay

(wlﬁ) Q\J-;‘ qu G 3 s

Lot dbe ¥ 3l e (Jss050 s500laS a6
S ek sl Wsoobn gl Ll
Shaak cplacdel 5 (VF) s )'L&«T (Nicotiana tabacum)
ty} Shls 5 L o O 2oy S Laes Yy
5 0k el (ool Bl B L Bl s gl es 28
@bml Wy ol s s mfOlse sl S
3L bl Llg o OLLS ;5 SARA-COV-2  asls
Slpedd marzme Hils 5 028 il e cdilacils
OLLS Sl ediiie glagal sl & frisn ol et
Lo A5V ea3b by s (g3 Shes 5 1L
5 5,50 ledMbl  SARS-CoV-2 Iy jLisl poan
TS e Olgsas s s S S Sl A S sl e
e O3mm s 53 35l Al 1 et sl
gasis B AS e eal b, Ol sl (o Ss
“a 38 Do 4l g Olsles 3 o lagssl s
Llodd W5 S (89 n ade S Slaeal Bl o st
e 5 Loyl s gly Sl QLS
Ql;&W‘Mm.u?uz,o);hé)mL;
5 Mg ARLLST Se s mss gl b bes
L1 b e Ol sl ST ulie 53 38 o0
i8S o Jsb ole o ™ Sl slaes 3l eslanal
‘(,)"51 Cla_.u Ly e b sy Vgl K bl
o350 1y sl e g 2L 5L Ol e & L
5 812 I8 Ol sl 3101 3 4 038 6 e
s Obey e 53 acs e ol 3L uslis 4 (e 3L
OLLS 5l eslizal byl opl o355 o aslizal (sle #LY)
3 Bop sbebie 5 W5 4 Sdes S wl g
S 4 aged Olpea ed 0 JoS SV b e gl
G 3 S8 108 oo 05l 0l 3l D3 oS (65,505,
-5 Ol sl sSLs l Diamante ru 4 Ukl g,k
55 eslizal (gl SARS-CoV-2 RBD . _cie W0
e Sl sl plls ks ELISA clacs
AS 0 eslizal

&l 2 Ll Csl SARS-COV-2 sddiwmnd L Il 8 sla
S M 4 STy A8 4 e 3 S, ! S0



WA ol A ol F s

de:ﬂ g s Ol TG st a5
4> TGEV dea.o-\ éu@bw\ Tos Lol S5
05551 0) 15 sien! 6Lw)dd\ S35l 5 ad e
Wy OlS s Wil e eyl S (Ll ptee

(YA) X5
SARS-COV-2 (slaoj ol ghils 45 SWVLPS wxwy
Ol s s Cage cpdar LIS (ST Olge 4 sy
by Sim Ji,w o Oligleeslil s a4 ol )3
S el s g 2de 03T sl slad sk
e 55 slaolle 5 Lo e sl e
Slgal WS (bl h bdlSow Olsen
CLVLPs (Y8) S G w1y e 5 Jshe o33
2l Glol pl Y S alS Sl 2 e
Ol 53 Al pad oo g O3 o 3 Lyl o0
Geob 3 WOl 31 53k ke Ol gr o 53 2SS
el ) a8 Wy Sl s IS g5oslis
W5 Oljpe Olpear Sk OLS 51 0T ;s S VLP ¢ 5
(5L «£S) Medicago =S 8 a5 353 o0 oslanal
W5 50 g e ot S LOI 5 el axn s
Sl 593 Osabe Vo Sl i Klanadly s lasl cos
A5 HIND (Gl pVaT b i gl olesS Jsb s 1y
sl i el 4 gl 5l s el 5 S
Aab 4 035 edlel Medicago |1 .(f\) 5, DARPA®
SlSls w5 sl Olilap s ol 51l
S oslizul SARS-COV-2 L ablis gl VLP , o
molile 3L aile ;oe > s WaVLP 5385 coale dq.;l
o (Kol TX) iBio o8 2 alin j5ba (FY) ol
SLsab 5 VIP e Sy SO aneys o
il olamtl e ST L LS l;wl

..thdn ft}u\ >_5> ij

4 WVLPS 5 sy sladsls 5 slaos sl S Jb s
Carh b oagrlse oK oS Wload b sk ol
s gslen Jolot blie 53 pal fuly slml Csly
SARS-COV-2 Jlie )3 53 <5 i5 slaabisl Gy
OL 4 5 LS SGS Sigis S alS 4 Lly s
S gd e Golom Jilds 3 Sl 1 i U das oo 3

5 *_Arabidopsis thaliana
-DARPA Blue Angel
® _FastPharming

qr

(JwLG) Q\J-;‘ qu G 3 s

&),/(ADCC") (wsb s b L;UT 4 atly on 5
Cowd skeS e bla J}.Lw L;.a.o“\;g_h:ﬁjs UJ”JuJJJ'u:w
(Y0) b

OLLS 53 M3 (gdly 55 LIS SlacmSTy Sl (5 kmn
Sl s b ablie (gl STy iy D il A 55
S 3 LIS Ol b IpYLaT s s Saes b s
Calos Gl e s 4w b Sl Lleds Al
5 () Lo wstlo Sl g5 i oS an sla JIs
IR R e elianSs bS5l eslanad L
Agrobacterium  lew & ol il o SLS SKolsse
e Jl Yoolysls 5 sy ol L) tumefaciens
eSS a3l 4 (YD) L5 15 (el Bl n s
seas (V) ws g s, pi e Yoo w3l S,
IR TR R NG S R Vi E K
Oy bl 5 5 S e LIS VA-asS STy
SLS 0LlS 3 SARS-COV-2 iy, sladsly )
95553 Kentucky BioProcessing (oS ,5 -l .ASL
GBS 5 516 sl ol (Gl sdoete VL) ¢ S2S
s Sl LY Wil e oK el o SLs anbs
Vil bl g pgoe o > Slasr ol
b o ik S Ol S1 S I e
6 bge ST glagss ol OF s S S RBD
Lo a3 SIS Susa SARS-CoV-2 5 SARS-CoV
3 ok glagtue S 5l oS 5 OIS 5 (Y7 (Y0)
PRU LD B JUPE N N
i S Lk e Jiwe N gladay Ju&L.. ;s RBD
(V) S o ol [ glie 515 s 45 L85
SLOKIS bl Sls LT oS G pibae S
53 sl Cel Wig e olalS 5 oLl s el

. ey

5gi0 OLS 5 sz SARS-COV-2 (sla STy 033 50
om0 b 3l s OIS el (Jl-cpl L b
Sosba Cusleds Clabloes jlos ab iy slacu S5
S L iz L a5 gl ool S S Ol e S
ohiOks s sba S S s 2osm 03 S S S
L;f.v.ﬁ w}f}b}; u,wJJ,S\ 2ol sy OLLE s
L;Lm;) 53 &S (TGEV") o35, ol oS sl usf

—antlbody dependent cell-mediated cytotoxicity
—ectodomaln
® -Transmissible gastroenteritis coronavirus



WA ol A ol F s

S o lge eSS 5 Al 5l ge 5 (6 ke

—dssS Oloys gl p G pl bl e oS (gL sl 5s
5 Sarilumab/Kevzara .S 13 eslizul 3550 V4
ok, S 4 ol (33,8 45 Axa tocilizumab/Actemra
Slys Gly s Lsd e bos (LBR) $— oS4 =l
LT 55,8 0,8 o 13 eslinad 5 5m A los, o5
died NA-dsS sl L ol A s

(YY¥0)

B s p st

e b sns A A x s psds syl
a5 Las o JalS ) Cosie co o pl by S
i 2 Sl 8l (S ke Ol O el e
So S sbdmly (st bl Sl gk
3 Sy Sladul B 5l Sse ealital b oS dies Sl
G A et S Sl A 5 Ll WS (g mand
Lol ke o b e QoS 2 i W5 e
ronshs Olsen Lilg o ool 5 (F o lJlgnl
ok foate glacnts e XSS 15 eslizal 35
ma a0 0LS Sl ol (b eSY) gl a5 S
Shgles muS Cib 4 &S Wl axlis e Olgs
slaobrle 035 4S5l b5 Lsd e Joy s s
- b 5 a0l da s s o 35 ge SIS
Sl sl WYY S0 S § Olze (Y9) S
Coul Griffithsia o 5150 8 Sl S o gh o5 ol

Jos odate Sla g e liS lee Olgea et S
HIV. Jols 23,106 3 g 5 WOT gl STs ot 45 4S 0
gord Jse Goanslis S 5 (FA) Vsl Gesns (YY)
s Ol gl gaed 5 (F4) (SARS-CoV) Lol SARS
Otets S (04 )(MERS-COV) &ilus 55l s p 3ok
Ldﬂwuw)ﬁj g_)‘i‘ JJLEA DL (.5‘)""“‘3)')‘5 C,.:jo.e 6‘)\3
Sloos By Ll gladshe sl OF oS oo

'MJ@ 45\)‘\.&44.‘).\?5.&)0)_):.»5

|, SARS-COV-2 «ipiteniy S LT 45 o pokne 55m
SARS-COV ;38 aw ptisp Lol & b S o Jlad
S bl s cwleds cbli> L SARS-COV-2
sl bli= Sl 5 3 e el SIS lacad s

(Y8 X0)

af

(JwLG) Q\J-;‘ qu G 3 s

Loy gxlaal pl s IR L;Lask;;lf‘-g':ﬂ
Lhods aiS Tl oS e slaasl Sl gl as pome
e 5l Sole LBl nl apde b s Sl
le il el gl el 5550 4o s Ol
osliial 3550 (935 055 4 OddSn S 5 Solew
5 Sl 15 e OWLS iy (1D XF) 5K i3
(s gasis Gl e Olsew LS & sl i
Sl 3550 b b oy el o5 Ol oS
Mapp =S5 bes 5 S5s) ool b N R
b 5 (K el Lalls SLsle) Biopharmaceutical
ot 03 5 YT L s LeafBio x Ol ol
S S b SOk My BT e Yl s
5 (7F) ZMpp clay oS it gl 3l a3 S8
(Sl i) ol oty W 4 555 b
Wl g30Ll glaoslinal gl s glaay S 555
VL) VL slasss i cnl sl (FVFA) s
rl el 53550 630 BT Glaw 2 sl p S e Ve
3 asbdl, asesls OblS L S culas gl
(S same iz W5 Gl Kl e 03,28 Sl lide
A5 Jeily alia jsba banils ol 4,0
ssba S HIV olasl gt o1 wlieS 5
2F5 52612 [t SauS st ool (gles 1S
e s () ©d (M) SLs w )l oblS s
Zwlodss colb (YY) (Oryza sativa)

2G12 AJ 55 (5 Fraunhofer IME &S 3 4 (OlJl &dss
Fp Sl sl 56 b gl 6l st
Cole GhlsD GMPY ol a4 ol il bl
“S Gl Jde Gl alis 51015 e 5 s S ael (5
oslitul SARS-CoV-2 L abilis (gl oS ot slacsals
Gl s S Olgsa g Sl Ll e dle 5 S
53 elen 4 2612 WS gl oolSaes 5 oy
T S ekl ealital (Us 1) Sday (i5) (g5 9k
Ly dled slge odds dge 3 i 51 gla 5SS w58 Kl
ssba S Ll 1T g pesdle (FF) das ials
Sl QLS 5l Ol S o (B ) e ek
aS 5 S eslanal gleys glaggsl ol sk pslie A g

531, SARS-COV-2 Sigie 5l iU mlSmle 0byb

! _good manufacturing practice



A9 L A ol F s (o) Ol i 5 aloms

" ” \\. SARS-CoV-2 r =
& 51/RED SARS-COV-2 288 A sle ol A

"L( 4 for virs)

f:’“\ U

4

I_’.l.lll_.ﬁ'l.u'l.lu‘sld.lf_lﬂ .F

Lo _® B
5w .

B sla dsb Sy e
Al 4.'131.1_ 3 gags Slal€ 48 .'.&'--"1451 3 SARS-COV-2 sui = sha ouasd

Ny 5S (6 S aan 3l3)l 3 s (5l s s Slacnts 5 LS GlapSly (pasiis s xe w5 gl OLLS 5 )l8 -V IS
Jelse 5 LSty gl Sl ola s otinsOlid ol sla 23 Nites asids (slach e (6l o5l (Sls s s dunsOlES (T (sla 25
IS 4 oS w5 DWalS 5 LIS Ol il s 53 ekuasOli 4 edd esls OLES i SLS ol S s Ll slasplS sl Sless
4 Joate s S Ll (hitp://biorender.com/) <.l Biorender 5l s Se Jols S5 opl Lledd fds ) Slae Aol 4 ol

ol b BLL2 55 ledbl SSU LB s nes NGL sy 5 eslanal U 55l 5l 28 OIS

W s B s Gesia s

A g
U- 'LH. _J“I
O ) e il 0 i 5 sl Sl

53 Golem JRS S0 s 15l 03 psedl ol el (Syea 5 B s LI Caxdse sbiasOli S SARS-COV-2 ksl —Y S
el o &) S pal glDT

a0



A4 5ol A ojled F A

Js a obeys 5 la Sty ann s 5 A8 bt L,
Bl a4 ol slacs 5 bt Slibesl 4 Sl
L;i))" SlaySs L pl e dle ol u.:\b]o ;ujl,aj
S3s 3 S ol 5 Npk M GMP B b oo
LS Gl bagsa g ann s Ol 4 L S ol
J;L;.L.ALSLAoJL.M.:)l ;@ﬂ “_)LALS): \).\f UL:J Sy
&= ey XS e Jose Oblblny lad e 5 e S
L sle dsame S L Jolo Glaes; sbl 4 3L
s 4 G mA Grmed e S e A5
Srdobie 125 20 sy pdyelde gladls
L Ol ) LA Ol oplpls ol g xi OLLS
Lo 5 b glaces ¢l p'Y;l),aéajﬂdar_a\J}
S olds 5o W5 raman 5 Lpd U5 6B S ants
33,5 pdy Ol (108 by Blas L ol slse
b3l 4 L NS s B e 5 Jol s
«EJLNL;:&@LESJ]@)‘ASCNA]@WJSJL@}
ke M a4 o g ) L Oler oo
W}S Jl}-)}_ﬁ wl{. W}S éu)f:s)) &.LAJI ))k:.lcﬁ
M 5 by e (Dl SLS OLLS L > o,
S s Mg o glacatla s 5heslanal b il s e
Slp ol d s &S col a5 a5 Oles Wids
S 9 cl.ajw QJ«PU) “ )L\.v Q)J.' e LSLAM") 9 lalds
¢l EU Pharma-Planta o35, 5> 5,555, ol 0
-olks HIV L5j:‘<‘:""l Caoy 3 aliags i glaaal
Corexr o ity 4en gl |; SARS-COV-2 ilesl
Pharma-Planta o5, .(FYFY) &S fewd ler
L S50 o0sliS aes 5 Gl glaair piomen
Ol o 9 38 18 w3550 Ml o slas e s

(Y) 55 Jlasl VA= 558 sl 1y goline 5!

2o sl sll s S5 (555l anls
Sl Sl 5 e Glagssy My sl oblS
p oS Ol 53 el Jlad 5l VA= 55 Lol
LS e sled s 5e (65osLES aue 5o Lyl agsll

a5

(ode) Ol ) wlid s 5 aloms

osba s sy bl g 281y Jlesl
S Ghelgel A0 S S Sl il
23 &S (0)) c.ul Scytonema varium el a4 Sl
sans HIV das 51l Jbd oy s L Jlie
adlas G L(OY) SARS-COV 5 S 5l ey ps Nl
LA Y oS 58 jasie o3 ol S VY lacasd )
Sslie Glyls 5 Lies SARS-COV ade b glls
L e 4555 geod 5 il Lo ge ¥ 50 50 wsls 53 ECso
Lol 2 e s r;ﬁjg:ﬂ Voo YL slackle s
A Spl el et GlageSd Vsans (OF)
das e 0L opl 5 s | SARS-COV 4l 53 olles
bt Sl o 5 e Gale Sl o GO &S
SN e 5 SNE ol olansl glan oS (Jl
2 oSS LN 5 SIS (s sV fd
52 ECsp 4z ST edinls OLES 5550 51 s s ool
A S e sl Gaey ik S
A Sl oslie A e 0 LS e
(.M:;KA o asOLES pl g ckias o 518 U |y ey
Sl U S s Sl S Gl S
3 n3hs S S 5l mws ib W5 gl OlalS
Dins b OF00) ity S Jald 5 e eslizu
Bl b edplisl Glasss, 5 (07-0%)
Oty S 45 a5 g laens 4 OIS e e
L L) Lasdls 53 39 g0 glacn posilow 55 5 S (o0 Ol
53 LIS ol (F¥)s S oslil (2612 (ol sT Osk
b esnsts GLoSsn 4 me eies QLS
oS A olde 53 M5l Ol 5 2osl e eal b
25 e cplie (RGBS wde L 58 o
ol e SO Ol ol 5 OLLS 51 Ol e e
38 elital 5555 Jot slaplde

oy 51 iz 16 S o

Slats g ¢l b Jo pm S OllS s LIS Ol
st Gt 5 LA GlapuSly (el
I, SARS-COV-2 o 5 5¢b 5 (sl5sle Jalse s oy 5o
Lo s Gailisn S I Dales S el b
ons ol sl ST L sy oS
e i glaadlpe 5 LS 5 Ol geas Aol Wl 5 e
5 eslinad sy (il 5 bl Sl ) LS



A4 5ol A ojled F A

L’d‘}.\; VJ)LM.:\)‘-;U\A ‘fd‘&d r_..s S V4
B oig\ L;LQLSJS;A*A O Ledda Er CSNH S5 ol
(o |y e SV e 250) 5 S sl

3wl ) a5 Jlae ol

Potential applications of Plant Biotechnology against
SARS-CoV-2, Teresa Capell, Richard M. Twyman,
Victoria Armario-Najera, Julian K.-C. Ma, Stefan
Schillberg and Paul Christou, Trends in Plant Science,
2020.

=

Schillberg, S. et al. (2019) Critical analysis of the
commercial potential of plants for the production of
recombinant proteins. Front. Plant Sci. 10, 720

2. Fischer, R. and Buyel, J.F. (2020) Molecular farming — the
slope of enlightenment. Biotechnol. Adv. 40, 107519

3. Ma, J.K.-C. et al. (1998) Characterization of a recombinant
plant monoclonal secretory antibody and preventive
immunotherapy in humans. Nat. Med. 4, 601-606

4. Mor, T.S. (2015) Molecular pharming’s foot in the FDA’s
door: Protalix’s trailblazing story. Biotechnol. Lett. 37,
2147-2150

5. Ma, J.K.-C. et al. (2003) The production of recombinant
pharmaceutical proteins in plants. Nat. Rev. Genet. 4,
794-805 6. Stoger, E. et al. (2014) Plant molecular
pharming for the treatment of chronic and infectious
diseases. Annu. Rev. Plant Biol. 65, 743-768

7. Fischer, R. et al. (2018) Glyco-engineering of plant-based
expression systems. Adv. Biochem. Engin./Biotechnol.
Published online August 2, 2018.
https://doi.org/10.1007/10_2018_76

8. Sabalza, M. et al. (2013) Seeds as a production system for
molecular pharming applications: status and prospects.
Curr. Pharm. Des. 19, 5543-5552

9. Vamvaka, E. et al. (2014) Can plant biotechnology help to
break the HIV-malaria link? Biotechnol. Adv. 32, 575—
582

10. Whaley, K.J. et al. (2011) Emerging antibody products
and Nicotiana manufacturing. Hum. Vaccines 7, 349-356

11. King, D.P. et al. (2007) Development of a novel
recombinant encapsidated RNA particle: evaluation as an
internal control for diagnostic RT-PCR. J. Virol. Methods
146, 218-225

12. Gao, Y. et al. (2018) A brief review of monoclonal
antibody technology and its representative applications in
immunoassays. J. Immunoassay Immunochem. 39, 351-
364

13. Yuan, Y. et al. (2017) Protein arrays I: antibody arrays.
Methods Mol. Biol. 1654, 261-269

14. Hiatt, A.H. et al. (1989) Production of antibodies in
transgenic plants. Nature 342, 76-78

15. Jiang, S. et al. (2005) SARS vaccine development. Emerg.
Infect. Dis. 11, 1016-1020

16. Regla-Nava, J.A. et al. (2015) Severe acute respiratory
syndrome coronaviruses with mutations in the E protein
are attenuated and promising vaccine candidates. J. Virol.
89, 3870-3887

17. Shang, W. et al. (2020) The outbreak of SARS-CoV-2
pneumonia calls for viral vaccines. NPJ Vaccines 5, 18

18. Gralinski, L.E. and Menachery, V.D. (2020) Return of the
coronavirus: 2019-nCoV. Viruses 12, 135

19. Wan, Y. et al. (2020) Receptor recognition by novel
coronavirus from Wuhan: an analysis based on decade-
long structural studies of SARS. J. Virol. 9, e00127-20

v

(ode) Ol ) wlid s 5 aloms

Db Dshane olaonSs i M4 DL AN S
03)).9 Llea dl—,’.)" BE) H2020 ojjﬁ: 93 J»pb— JL}- BE)
J= s Lol $3>» « (Newcotiana y Pharma-Factory

e G gl DLW sae glbae ity ann s
5 easii gbes 8 les b oK s

o e el 3 3550 5 e St (S 3nS sl s

LS b S Dl w @ B S b ) s b
GL:»

20. Du, L. et al. (2009) The spike protein of SARS-CoV—a
target for vaccine and therapeutic development. Nat. Rev.
Microbiol. 7, 226-236

21. Pandey, A. et al. (2010) Egg-independent vaccine
strategies for highly pathogenic H5N1 influenza viruses.
Hum. Vaccines 6, 178-188

22. Vaquero, C. et al. (1999) Transient expression of a
tumorspecific single-chain fragment and a chimeric
antibody in tobacco leaves. Proc. Natl. Acad. Sci. U. S. A.
96, 11128-11133.

23. Shoji, Y. et al. (2011) Plant-based rapid production of
recombinant subunit hemagglutinin vaccines targeting
H1N1 and H5N1 influenza. Hum. Vaccines 7, 41-50

24. British American Tobacco (2020) BAT Working on
Potential COVID-19 Vaccine through US Bio-tech
Subsidiary, BAT

25. Vankadari, N. andWilce, J.A. (2020) EmergingWuHan
(CoVID- 19) coronavirus: glycan shield and structure
prediction of spike glycoprotein and its interaction with
human CD26. Emer. Microb. Infect. 9, 601-604

26. Walls, A.C. et al. (2020) Structure, function, and
antigenicity of the SARS-CoV-2 spike glycoprotein. Cell
181, 281-292

27. Krokhin, O. et al. (2003) Mass spectrometric
characterization of proteins from the SARS virus: a
preliminary report. Mol. Cell. Proteom. 2, 346-356

28. Gomez, N. et al. (1998) Expression of immunogenic
glycoprotein S polypeptides from  transmissible
gastroenteritis coronavirus in transgenic plants. Virology
249, 352-358

29. Lua, L.H.L. et al. (2014) Bioengineering virus-like
particles as vaccines: virus-like particles as vaccines.
Biotechnol. Bioeng. 111, 425-440

30. Rybicki, E.P. (2020) Plant molecular farming of virus-like
nanoparticles as vaccines and reagents. WIRES Nanomed.
Nanobiotechnol. 12, e1587

31. D'Aoust, M.A. et al. (2010) The production of
hemagglutininbased virus-like particles in plants: a rapid,
efficient and safe response to pandemic influenza. Plant
Biotechnol. J. 8, 607-619

32. Phillip Morris International (2020) Medicago Develops a
Plant-Based Vaccine for Coronavirus, Phillip Morris
International

33. iBio (2020) iBio Announces Development of Proprietary
COVID-19 Vaccine Candidates, iBio

34. Duan, K. et al. (2020) Effectiveness of convalescent
plasma therapy in severe COVID-19 patients. Proc. Natl
Acad. Sci. U. S. A. Published online April 6, 2020.
https://doi.org/10.1073/ pnas.2004168117

35. Shen, C. et al. (2020) Treatment of 5 critically ill patients
with COVID-19 with convalescent plasma. JAMA
Published online March 217, 2020.
https://doi.org/10.1001/jama.2020.4783

36. Hiatt, A. et al. (2015) The emergence of antibody
therapies for Ebola. Hum. Antibod. 23, 49-56




A4 5ol A ojled F A

37. Qiu, X. et al. (2014) Reversion of advanced Ebola virus
disease in nonhuman primates with ZMapp. Nature 514,
47-53

38. Na, W. et al. (2015) Ebola outbreak in Western Africa
2014: what is going on with Ebola virus? Clin. Exp.
Vaccine Res. 4, 17-22

39. Ma, J.K.-C. et al. (2015) Regulatory approval and a first-
inhuman phase | clinical trial of a monoclonal antibody
produced in transgenic tobacco plants. Plant Biotechnol. J.
13, 1106-1120

40. Rademacher, T. et al. (2008) Recombinant antibody 2G12
produced in maize endosperm efficiently neutralizes HIV-
1 and contains predominantly single-GIcNAc N-glycans.
Plant Biotechnol. J. 6, 189-201

41. Ramessar, K. et al. (2008) Cost-effective production of a
vaginal protein microbicide to prevent HIV transmission.
Proc. Natl. Acad. Sci. U. S. A. 105, 3727-3732

42. Vamvaka, E. et al. (2016) Rice endosperm produces an
underglycosylated and potent form of the HIV-neutralizing
monoclonal antibody 2G12. Plant Biotechnol. J. 14, 97—
108

43. Vamvaka, E. et al. (2018) Unexpected synergistic HIV
neutralization by a triple microbicide produced in rice
endosperm. Proc. Natl. Acad. Sci. U. S. A. 115, E7854—
E7862

44. Long Island Press (2020) Northwell Health Initiates
Clinical Trials of 2 COVID-19 Drugs, Long Island Press

45. Swiss Broadcasting Corporation (2020) WHO and Roche
Launch Trials of Potential Coronavirus Treatments, Swiss
Broadcasting Corporation

46. Mazalovska, M. and Kouokam, C. (2018) Lectins as
promising therapeutics for the prevention and treatment of
HIV and other potential coinfections. Biomed. Res. Int.
2018, 3750646

47. Mori, T. et al. (2005) Isolation and characterization of
grlfflthsm a novel HIV-inactivating protein, from the red
alga Griffithsia sp. J. Biol. Chem. 280, 9345-9353

48. Barton, C. et al. (2014) Activity of and effect of
subcutaneous treatment with the broad-spectrum antiviral
lectin griffithsin in two laboratory rodent models.
Antimicr. Ag. Chemother. 58, 120-127

49. O'Keefe, B. et al. (2010) Broad-spectrum in vitro activity
and in vivo efficacy of the antiviral protein griffithsin
against emerging viruses of the family Coronaviridae. J.
Virol. 84, 2511-2521

(ode) Ol ) wlid s 5 aloms

50. Millet, K. et al. (2016) Middle East respiratory syndrome
coronavirus infection is inhibited by griffithsin. Antiviral
Res. 133, 1-8

51. Bokesch, H.R. et al. (2003) A potent novel anti-HIV
protein from the cultured cyanobacterium Scytonema
varium. Biochemistry 42, 2578-2584

52. Garrison, A.R. et al. (2014) The cyanobacterial lectin
scytovirin displays potent in vitro and in vivo activity
against Zaire Ebola virus. Antiviral Res. 112, 1-7

53. Keyaerts, E. et al. (2007) Plant lectins are potent inhibitors
of coronaviruses by interfering with two targets in the viral
replication cycle. Antiviral Res. 75, 179-187

54. O’Keefe, B.R. et al. (2009) Scaleable manufacture of
HIV-1 entry inhibitor griffithsin and validation of its
safety and efficacy as a topical microbicide component.
Proc. Natl. Acad. Sci. U. S. A. 106, 6099-6104

55. Vamvaka, E. et al. (2016) Rice endosperm is cost-
effective for the production of recombinant griffithsin with
potent activity against HIV. Plant Biotechnol. J. 14, 1427-
1437

56. Sexton, A. et al. (2006) Transgenic plant production of
cyanovirin-N, an HIV microbicide. FASEB J. 20, 356-358

57. Drake, P.M.W. et al. (2013) Transformation of Althaea
officinalis L. by Agrobacterium rhizogenes for the
production of transgenic roots expressing the anti-HIV
microbicide cyanovirin-N. Transgenic Res. 22, 1225-1229

58. O’Keefe, B.R. et al. (2015) Engineering soya bean seeds
as a scalable platform to produce cyanovirin-N, a non-
ARV microbicide against HIV. Plant Biotechnol. J. 13,
884-892

59. Vamvaka, E. et al. (2016) Cyanovirin-N produced in rice
endosperm offers effective pre-exposure prophylaxis
against HIVV-1BaL infection in vitro. Plant Cell Rep. 35,
1309-1319

60. Sexton, A. et al. (2009) Design, expression, and
characterization of a multivalent, combination HIV
microbicide. FASEB J. 23, 3590-3600

61. Ma, J.K.-C. et al. (2005) Molecular farming for new drugs
and vaccines. Current perspectives on the production of
pharmaceuticals in transgenic plants. EMBO Rep. 6, 593-
599

62. Paul, M.J. et al. (2013) Target product selection - where
can Molecular Pharming make the difference? Curr.
Pharm. Des. 19, 5478-5485

63. Sparrow, P.A. et al. (2007) Pharma-Planta: road testing

the developing regulatory guidelines for plant-made
pharmaceuticals. Transgenic Res. 16, 147-161

Potential applications of Plant Biotechnology against SARS-CoV-2

Translated by: Iranbakhsh A.R. and Mehrbani far S.
Research and Science Branch, Islamic Azad University, Tehran, I.R. of Iran

Abstract

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a novel coronavirus responsible for
an ongoing human pandemic (COVID-19). There is a massive international effort underway to develop
diagnostic reagents, vaccines, and antiviral drugs in a bid to slow down the spread of the disease and save
lives. One part of that international effort involves the research community working with plants, bringing
researchers from all over the world together with commercial enterprises to achieve the rapid supply of
protein antigens and antibodies for diagnostic kits, and scalable production systems for the emergency
manufacturing of vaccines and antiviral drugs. Here, we look at some of the ways in which plants can and

are being used in the fight against COVID-19.
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