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Abstract
Objective

Bevacizumab (trade name Avastin®) is a humanized monoclonal antibody (mAb) that is widely
used in the treatment of various cancers. It is one of the most expensive and best-selling cancer
drugs in the world. Bevacizumab is produced by recombinant DNA technology in a mammalian
expression system, the Chinese hamster ovary. In recent years, plant expression systems have
attracted global attention due to their various benefits for producing recombinant pharmaceutical
proteins. The successful expression of the mAbs is dependent on the proper folding and assembly
of the light chains (LC) and heavy chains (HC). The efficient and controlled co-expression of the
peptide chains is an essential consideration in designing antibody expression vectors. This study
aimed to construct a plant expression vector for the simultaneous expression of HC and LC

peptide chains of bevacizumab mAb using the IntF2A fusion domain.

Materials and methods

In order to construct the recombinant vector, the sequences of genes encoding bevacizumab and
IntF2A were codon-optimized and artificially synthesized for expression in tobacco plants. The
bicistronic recombinant vector was constructed by the routine restriction digestion-ligation
method. Finally, the recombinant construct was used for the transient expression of bevacizumab

in tobacco plants through agroinfiltration approach. RT PCR analysis was used to determine the
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presence of transgene transcripts. The production and accumulation level of the recombinant
antibody was evaluated through western blotting analysis.

Results

Recombinant plasmid construction is verified by colony PCR, restriction digestion, and
sequencing analyses. Expression of the transgenes as a single-transcript unit was confirmed by
RT-PCR analysis. Western blot analysis showed the production of the full-length heterotetrameric
antibody in agroinfiltrated leaves. The level of antibody accumulation was estimated at an average
of 67.20 mg of bevacizumab per kg of fresh weight (3.36% TSP).

Conclusions

The results showed that the IntF2A-based bicistronic vector provides an efficient simultaneous
expression of genes encoding the polypeptide chains of antibody and high accumulation of the
full-length mAb in plant cells. The constructed vector can be used for the possibility of
development and manufacturing of bevacizumab antibody in plant expression system.
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10t | S yoSa T oz duo j> +/+¥ TWeEN20 (Yoo Lo Vo MES (Yo Lo V- MOCI2) g0 |ikiii) (3L )
L 558 (slacs g ST grmilimgs (lalS (5uyly Can 3,5 o Y50 9)Sa Voo 6K gl (g9l (Y50 ke
4 S g il sl 58 hg)ST Al 305 S iy & e gt S Sl 3li 1L g osd bgle il e
b (S0 35 Mo 5 ogme (535095 ool il ) o i S b 4 s g5 b o S odlit ol aal s oy
3 ot 339 b 1 (350 0003 (s odlh) 4,55 oanlie LS )3 Joloos Tl 36 sl 3] (36 S5
L0565l 5905 (sdm ST (gl Sy 51 (el ity

bodd skl ST sl JS RNA Glagjgiul 5 (630 5T 008 0y slogys o)l (omyy 51y (RT-PCR 3461

A5zl (o)p) (oSl ) RNXPIUS glysc! Jglxe 5 eslizwl L PSAR-HCINtF2ALC-EXt oS g5 duauw M

'. Freeze-thaw method
2. Hypersensitive response
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lod )3 4a By Ve Cdo dy Jiols Jolw pld ojlas yuw 558,5 51,8 Fu (65, 4880 Ve e & ladiges ¢ JolS 0505 bgle
9435 Jo gzl Jglore (lon > Jols (g p gy Colod 53 9 Jonks il 4835 53 593 Ve v 315 Sl a2 ¥
ol yo (S diged y iy Jslone 3l )5 5)See B0 dgu> 0 (s (1976) Bradford g, a4y (g sladises clale
slie 4 J5 g9y 31 Bpig g e 5 4 )15, V-7 SDS-PAGE 5 3 5 luibil lsie 4 Slusl I9GL p S5l 8- L
goat Anti- _—olais! glaceol o jl bl 5l alog il (ool T asis jghate 4 bl JUis! ¢ slugyis
goat Anti-human 1gG-Kappa (k)- 4 human 1gG-Gamma (y)-specific AP-conjugated antibody
oS das it (sl 3,5 eslizul 'Lsl e SDS-PAGE Lul,s cos chain specific AP-conjugated antibody
o= (Rasband, 2020) ImageJ 1.53 153l p 5 gy oy yiwg jUT 51 Jols slis gy lassh s (ool 51 Ag )l
8 e ©ygo 4 (63b 5 @eods 9 Wb i o pusmal JKs (oS (slaodls 4 5,5kl diged & i (55l by ;]
(Stevens et al., 2000) 15L 0 55 59 Mo ) 93 Loyl (5 S p gy (Slgime aSul 4 o bls lo Tl
P ES e Sago & 53l g oy 5 30T )3 0ad Ik B s 5 3l | aiges i (8 a5 3L
b alre (TTSPY%) JS' Jslone (8590 5l (so > ©jg0 &1 (ime 9 5 0395 G p 5 5hS
@M 5 g 9 RT-PCR (lolbl e g5 o0k sl o (e 5 0§ ol (soSdoss iorian 2 2055l 540U
deelio g Lol ool 30T 05 1S5 5k s (ialejl 5 5 43,8 ol S5 4w 3 (CRD) (olas Ml b J6 5o
2021 1531 p s bawgs b )loges puy 9 SAS 9.4 138l 55 by (LSD) Iy sxe ciglss Jolas yg03] bl o mosly (1 SSlio

A5 plosl Excel

1. Non-reducing
2, Fold change
3, Total soluble protein
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ol &SU(EY JSei) cl INtF2A 5 Clogjeulsy HC 6,555 o311 gganmo b il jb e Y¥ oo o5 )il b il
bl edyen 5UT o Bl ladad b g3 ol 9 PSAR-EXE agl dawdy 5 00d (s5bu diluan cludab jeis simd
adg) G g b oo ;3 Ve el oad gjlu ailaan clibad g 3l (L5 5l il 43 o3l 3590 adsl sla Jlgs L
o j ssl> PSAR-HCINEF2ALC-EXt Sl 1555 i oty (Y JS8) 3,15 505 gtlS 55 glis 665 guad 5 35,5
il g (2l o5 oS 5 @l ol W5 car INF2A (508 (1093 5 Clogiamls: (o0l 3l et 9 S 0285

ol 215 03,5) PSAR-HCINF2ALC-EXt o 555 tuoodly T-DNA iy Sl ¥ S5 3 05
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_Y kb DNA ladder JsSge 039 sl -M &8l 5 PSAR-HC-Ext - :pSAR-HC-Ext wid ;U1 (A
PSAR- gaaa jJUT (B (3L s 1£1+) BHC 3ol axkid g5 5 Sall + Nhel &8l 5 PSAR-HC-Ext
s Y€) BLC Bbdl z,5 axhd z955 9 Sacl + Sall b «idly 6y pSAR-HC-LC-Ext -y :HC-LC-Ext
(£ «&Bly L5y PSAR-HC-Ext (¥ ¢, Wil 3,90 831531 b o5 s s ¢ Sall b pSAR-HC-Ext i =Y (34
PSAR-HCINtF2ALC-Ext -y :pSAR-HCINtF2ALC-Ext gas ;U1 (C il 6y pSAR-HC-LC-Ext
&9l HUaSI 390 S5 0301 b o] awd s g Sall U pSAR-HC-INtF2A-LC-Ext (4o -Yaidls (i
&BLS )%y PSAR-HC-LC-Ext —£ (V) Sall b o.s (s PSAR-HC-LC-Ext U duulis ;3 (siud oglS colalad
YV o UG 5,90 251051 b BLC 4 INtF2A I i iS5 (gl sobaid] b, S50 51 aaliw! U PCR 3401 (D
J S oylgse a4 pPSAR-HC-LC-Ext -Y pSAR-HCINtF2ALC-EXt g9l cuS yig5 sl Fel5 —) o ¥ (5L Cas
ST 3590 05151 b BHCHINIF2A ol Job 1S5 (glys sobaid] gl ,5 51 51 oalisisl i PCR 34UT (E . o
O94) PSAR-HC-LC-Ext -6 pSAR-HCINtF2ALC-EXt (ggbs cuS g5 sla 5glS —€ G Y ¢jb i YY oo

o J S olgs a4 oI DNA 49y PCR STy - ((INtF2A axlad
Figure 1. Molecular analysis of recombinant constructs containing the genes encoding the
bevacizumab antibody and IntF2A peptide domain. A) Digestion analysis of pPSAR-HC-Ext; 1: Uncut
pSAR-HC-Ext, M- 1 Kb DNA ladder. 2- Digestion of pSAR-HC-Ext with Nhel+Sall released insert
fragment of BHC (1460 bp); B) Digestion analysis of pPSAR-HC-LC-Ext: 1- Digestion of pSAR-HC-
LC-Ext with Sall+Sacl released insert fragment of BLC (764 bp), 2- Digestion of pSAR-HC-Ext with
Sall linearized the plasmid with expected size, 3- Uncut pSAR-HC-Ext. 4- Uncut pSAR-HC-LC-Ext;
C) Digestion analysis of pPSAR-HC-IntF2A-LC-Ext: 1-Uncut pSAR-HC-IntF2A-LC-Ext, 2- Digestion
of pSAR-HCIntF2ALC-Ext with Sall linearized the plasmid with expected large size (containing the
cloned fragments) compared with pSAR-HC-LC-Ext linearized with Sall, 4- Uncut pSAR-HC-LC-
Ext; D,E) Identification of the cloned fragments by PCR analysis. D) PCR analysis using gene-specific
primers amplified the portion of IntF2A+BLC fragment with expected size of 770 bp, 1&2-
Recombinant colonies containing pSAR-HCIntF2ALC-Ext, 3- pSAR-HC-LC-Ext as a negative
control. E) PCR analysis using gene-specific primers amplified the full length of BHC+IntF2A
fragment with expected size of 2200 bp, 1-4- Recombinant colonies containing pSAR-HCIntF2ALC-
Ext, 5- pSAR-HC-LC-Ext without IntF2A as a negative control, 6- Non-template PCR reaction as a
negative control
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Figure 2. Part of sequencing results of the genes cloned into recombinant vector pSAR-

HCIntF2ALC-Ext and pairwise nucleotide alignment with the sequences used in

construction

LB Sacl Sall Sall Nhel RE

‘RB 4 LB .pSAR-HCINtF2ALC-Ext cuS g dwowdy T-DNA aal Sl inled .V IS
oblb Je5 :Ext-Ter aneomycin phosphotransferase ;5 :nptll (T-DNA asU Cowly g o s w0
s oWbgi (5 oLl asl g jluilel, ui )5 4y (NOS-Ter g NOS-P «yg345 EXtENnsin ;5 saiad
CHS 5™ uwi J193 (ow gy S Cusli Jlgi (51,1 CaMV 35S jluilaly :P35SS-Pro ogs 58bg,S1
8oy S s, Sy} BHC 9 BLC (5,8 6lS) i (98la (557 2kigus doar )5 jué aa U :UTR

INtF2A (35908 (w938 mogd IINTF2A clog samwlgy (63U o1 (paSiaw 0y 9 Sopuw
Figure 3. Schematic representation of the T-DNA region of the recombinant plasmid pSAR-
HCIntF2ALC-Ext. LB and RB: the right and left borders of the T-DNA region, bla:
ampicillin carbenicillin-resistance bla gene, Ext-Ter: Terminator of tobacco extensin gene,
Nos-P and Nos-Ter: Agrobacterium nopaline synthase gene promoter and terminator,
P35SS: CaMV 35S promoter with duplicated transcriptional enhancer, CHS 5 UTR: 5'
untranslated region of chalcone synthase gene (Petroselinum crispum), BLC and BHC:

Genes encoding the light chain and heavy chain of bevacizumab antibody, IntF2A: IntF2A
fusion protein domain
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JS5) 2b 3,900 GlaSy g )3 (52 3590 Slodisal 13 B clay] ol Glise s ysbo 4 (BT JS5) RT-PCR
905 gl |y 005 w5l oS g ol 1,15 5 BHCHINF2A+BLC cls’ oy RT-PCR 300 gl (C¥
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I
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B JB-actin m C BHC=IWF14+ELC F-actin

Cmng> dasolyy Clagsaailyy (53U G108 iy 33 lojed bt (812 RT-PCR 5UT (A € S
:C* PSAR-HCINIF2ALC-EXt S yig5 spammi¥ly by 85l yiladinly 5T (39355 b5 1 43 INEF2A
Sabilo 51 5 s cBiges tLi-Ls custo aal ylgis & PSAR-HCINIF2ALC-EXE e 555 wows Yy
DSAR duows Yy b oaid  yilbialy 51 5 53 :C1™ PSAR-HCINIF2ALC-EXt S g9 pomss Yy b 0045
35) B-actin ol (B (o3 Lsio a8l ) 6K RNA ey RT-PCR STy 1o~ o[ Jsl siho aalil ) JI&
2230 03 b Gilwdlo 51 ans g aud o8 38105 baawgi Wil 2 51 deols Sy 1003 ol G5l oS (@2 50
BT 15 ey By b (6 1aSilao .o oyl (FOID change) (sl p i Ol puntd & ygmmo

W (P < +/+0) LSD (y9031 (wlw! y1 45 e
Figure 4. A) RT-PCR analysis of co-expression of the genes encoding bevacizumab antibody
by IntF2A domain in agroinfiltrated tobacco leaves. C+: the recombinant plasmid pSAR-
HCIntF2ALC-Ext as positive control, L1-L3: Leaves agroinfiltrated with the recombinant
plasmid, C1~: leaves agroinfiltrated with pSAR empty plasmid as first negative control, C2~
: RT-PCR reaction without RNA template as second negative control. B) Expression of g-
actin (reference gene). C) Quantification of gene expression. The pick from each band was
quantified by ImageJ software and expressed as fold change after normalization with
reference gene (f-actin). Means with the same letter are not significantly different according
to LSD test (P <0.05)

1. Single transcript unit
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O 9 S 0pn) slag e Sl cwls b S g jeiSy ol B 0 ) S g (S W s
Sl Jgs 9595 XIENSION 5 sdimd bl JIg codd cogss oS Soljge wgpg jlilely dNtF2A yegs clogjumly:
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1. Assembling
2, Proteolysis
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Figure 5. Western blot analysis under non-reducing conditions for tobacco leaves
agroinfiltrated with recombinant plasmid pSAR-HCIntF2ALC-Ext. M: Kaleidoscope™
Prestained Protein marker (BioRad), S (C*: Human IgG1 as standard (50 ng) and positive
control, L1-3: Leaf samples from three different potted plants agroinfiltrated with
recombinant plasmid, NTL (C ): leaves agroinfiltrated with native vector as negative

control

045y Il ol) sl ohen sl S 595 (g 2l W (sl et snim bl g g sl clsul
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(Kay et al., 1987) 54 o a0 )l 5 lalS 3 65 oy ole YU zskaw 4 poxio 03,5 Jos (595 0aiiS Cogs
5 2ablS mgis) sl 98 silee i S e ) loygilion sl b ainlie )3 (5 EXTENSION 5 5ilie s
s Mg Olie 55 EXTENSION oximo bl g sl 5559 ecsladlllae ) 2950 gmnime (315 Gl oS Cogis
Diamos ) sly yzl53l ply & 5935 1, NVCP (Norwalk virus capsid protein) g olse g »lp ¥/0 3905 |, GFP
dox e Sl oolitw] 39 o odlitn | S g5 slapSgp ol 3,Sles dgus (sl &S slacil ! ;) (€T al. 2016

Soko p5 sl isn 4 gy cola ¢l (b 5 alis b JIg cioren s MRNA o 61, 3" UTR 45" UTR
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Figure 6- Relative quantification of bevacizumab antibody accumulation in tobacco leaves
agroinfiltrated with recombinant plasmid pSAR-HCIntF2ALC-Ext. A) The profile plot of
bevacizumab bands obtained from western blot analysis in ImageJ software. The pick from
each band was quantified by the software and expressed as fold change after normalization
with standard (S). Means with the same letter are not significantly different according to
LSD test (P <0.05)
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