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Abstract

Due to the increasing demand for recombinant proteins free from animal products, plant cells are considered as a suitable
platform for the production of these proteins. Plant cells have advantages such as low maintenance cost, ease of separation and
purification of the produced products, and independent cultivation from weather conditions, soil quality, seasons, day length,
and weather conditions. In this study, BY-2 plant cells were used as a platform for producing recombinant proteins. BY -2 cells
have a high cell division rate, which is an important feature of these cells. To optimize the transfer and expression of genes in
BY-2 cells, the gus reporter gene was transferred to these cells. Expression of this gene leads to a measurable phenotype. To
confirm the presence of the gus gene in BY-2 cells, the expected 521bp fragment was observed using PCR. Additionally, to
further confirm the biochemical expression of GUS in BY-2 cells, cell blue staining was observed. To express the beta-1,3-
glucanase enzyme, the intron containing bgnl gene from the T. virens fungal strain was transferred to BY-2 cells using the
pBI1121CYS- dual vector. The expression of the protein in BY-2 cells was confirmed by SDS-PAGE analysis. The activity of the
beta-1,3-glucanase enzyme (Bgnl) was determined using the dinitrosalicylic acid (DNS) method to measure the amount of
reducing sugars produced by the enzyme. The results showed that the transgenic BY -2 cells were capable of expressing active
beta-1,3-glucanase enzyme.

Keywords: beta-1,3-glucanase enzyme, recombinant proteins, bgnl gene, BY-2 cell, glucan.
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Primers name Primers sequence Tm
Fbgnl 5'-CG TCTAGA ATG TTGAAGTCACTGGCCTTTG-3 66.8°C
Rbgnl 5'-GCTCTAGA CTA GGTTGTGTAGCGGCCAACATC -3 70.8°C
GUS F 5"-GGT GGT CAGTCCCTT ATGTTACG -3’ 62°C
GUSR 5'-CCG GCATAG TTA AAG AAATCATG -3’ 57°C
NPTF 5'-GTC GCC TAA GGT CAC TAT CAG CTA GC -3’ 66.4°C

35SF 5-GGC GAA CAG TTC ATA CAG AGT CT-3 55°C
noskR 5'-CGCGATAATTTATCCTAGTTTGC-3" 55.9°C

VPeY lmo) 9 jusly /¥ o losds /203190 0590 / (S § (o] 9 S § (owkieo


http://dx.doi.org/10.61186/gebsj.12.2.157
https://gebsj.ir/article-1-463-en.html

[ Downloaded from gebs.ir on 2026-05-31 ]

[ DOI: 10.61186/gebsj.12.2.157 |

g_)b\g.o.h 9 a:\j.\.w

AL Sadsh 8 gl s g, Sl eslizad

s Jime sl b w oy Jaleee S Sk Tl aids
Sai b Bl 5l ad e V0 s s sl e 4 s
LS 5 Sl oS AL Lls (High-Salt Solution Buffer) YL
az):ijsg&br.g;;mdq}ub}})?}ﬂgf\ﬁw
03 05ld e AL 035 0b peblae Ojes () 3 Ssla
i Bl 3 G5B sy 6 s 4 ek sl Iyl 3 Oles
D3N0 e g s s DS slate 4 el 6] oo sl
b e 5 A3 Sty Bl ai3s Vo Sle 3l Sl s 8
R P AL | VG g P i P e
Sl Bl s b S s edd J Sliad BL 1 ) e 0 o
L5 Josdl s Jote b Jolome 035580 S day 5 43 3lbs
S Zsle am s Y0 s Ve e O olg clils b (PMSF)

NEJTSNVLS

Srss 4 BUS plaisn o el cllb o
ml oJld i (Gallagher, 2012).x plo<il Gallagher
el ULer 5 male B 4 USSPk

{(Bahramsari et al. 2005) =

oy ml
askd BY-2 LS b 53 SUIIS Yok w5l Ol sl
PUCRML sl 5l (bgnl) LSS ¥od-lw 0F s>
pBI1121°YS L8 45 , iS5 45 (Mohammadzadeh et al., 2008)
e PBIRML o & fol S 55 o3le 5 (s3lo wlonr
P par S B S sjle (VA IS A 6,108
PCR Jyame o5l win 8 imen 5 OB JS2)
Rbgnl 5 Fbgnl (sla S5LET 51 eslizal L ol 51 edtel vty

s HindI Pstl Sacl o 31 baw 5 (05 S b 53 sl S5LD
odal ol m 23S 3 aadlas 5,5 (PBR 2 )Sall
s 3 b e 1) PBIRML oS 550 dandly s
bgnl 03 sl axkad slgl 3 Sl 4 x5 L .(V-CIS2)
oo ooty sl (o XDAL 5T (5l 2 e (51
sl Sl wix e S 3 3 axksd (53

i L 03 O ol s ol s Al eslanal S sl

J5U pBI12L LS Sl 55585 55 bgnl O3 (g5lwailuer
Sambrook & ) LB 33 55, 4 bgnl o s> pUCRML
ol o 5 ol 1 Sl E. coli DH5a (5 SL ;I (Russell,2001
Jole s edsesls 5 Xbal o 3T L pBIL21YS Ly 8L L
o9 &k Eocoli DHSo (¢ ,sL 4 Jlsl 5 (gslaailonn
S S is Gbedadl bitl g .25 S plal 5l
oslizl CiS Jases 5 (00 PO/ML) s LS S0
5 kel Joa, 4 bgnl O3 ssl= pBII21SYS sl s
o mbe 3l s Q¥4 e Y0) S IS 51 eslinal b 3
Sambrook ) 4 |ize LBA4404 « 5. A. tumefaciens s St
.(& Russell, 2001

S Jshe 025 335 olnil BY-2 alE slad b oS
gors 313 sasie Dbt & 05 W S e tege S N
Sl BY-2 alS ladyle cis 2y b 0) J
L oslinad 055 5 olS BY-2 sladshu 5l Gadsw pl 45 35
2o MS b 28 Jass 53 BY-2 gl ok ool sl
Myo-2-4-D (Img/L) JoLs asl,

Y+ ¢g/L Thiamine.HCI (10.1 mg/L) Jdmositol(100mg/L)
sk ol 51 Las i8S 8TV gIL Ol 5 pH 5.7 8L
S Ay S A el cle Ll b 05 Wl ol
S oain Jler o Sl alob 4 wedd S BY-2 glad s
Al o SIS 5 L ke 4 BY-2 slad sl

Sldsle (S5, gl Al Glr fPAE fs s gl Al
Cole Y8 Cle w5 Ldd pized b iul ki Of L BY-2
Do o 5als gy aeadl /) SLa 5 sl Sl am s = gl s
=S5 e 4 BY2 Wl 5l Bonl sl 2l s
(Cervone =i pll s SAIL el en Favaron sCervone
53 ek b g s sl rjf &S et al., 1987; Favaron, 2001)
(Low- Salt Solution Buffer) o oS L5 ) e Yo
Y EDTANa2 pH 5 Vse e 0+ PH 5 Sliol e Lol
©os s = N Js S 5 Vs ke VDTT (Ve L
o2 peebline Ojen (535 S Rl a3 s csla s e

Yool w ol Sl azn £ 3 Vet g s e S 03

VPV liwo g s ly 1Y oylous [ n203190 0590 [ g § (Soos g S (owdigen -


http://dx.doi.org/10.61186/gebsj.12.2.157
https://gebsj.ir/article-1-463-en.html

[ Downloaded from gebs.ir on 2026-05-31 ]

[ DOI: 10.61186/gebsj.12.2.157 |

thlﬁf ‘5LAJJJ..~ ka:.wy C_,Cli J\ oalail Ql)&a.»ﬁ 9 ab\)'.,\.a:ua

PCR plouil L S syl PCR U pame LS (U352 Cogr o0 Gla S5l by HUatl 5,5 Sladad Bl edd OS
Como il 55 50 Sladas 03,51 Cons 5 s SHET pl b sl S5l «Yrig+oesbp)  ssa>-  (Rbgnl/35sF)
=D JKE) Al asl odd OIS 05 cr 53 ssd e sl (YWEE+ YEV DP) 354> (nosR/Fbgnl)

4 4> 5 L) (Rbgnl/nosR) 5 (Fbgnl/35sF) sla S5l aSl~

IR TT  —
214y

Fhgnl

—

24hp
NOS-ter RB

g NOSpro metf J55F

—_ NOS-ter
< iy — ——
NPTOkan ) * R CaMVIES-Pro L
S e i
23444 24Thp

£00+2344+24Thp

A

D

C
Sl eslizad L PBIRMI st J.ﬁba\ PRy wan 16 (B bgnl of ol (3L i YYEE andd 5= PBIRMT ety bt S8 (A s

2344 ) (Rbgnl/Fbgnl) sta S5eT i L ool ey PCR U pame (Y 3k i YYEE andad) 05 B b 55 5o XDAl @ 5T b 5 s 51 a5 81
bgnl o5 PCR Jsams (v «PBR 25, s PCR (¢S5 eslinad L PBIRMI S 555 el a6 (C S, (M (T.virens 8 55 DNA (bp
~a» (RbgNI/FbgND) sls $51T i L DGNI 05 PCR J o 5 5 4 (0 1Y (st DNA 51 (2344 bp) (Rbgnl/Fbgnl) sta S5l i L
(v PBIRMI sedty s bgnl o s o408 e g b (D Sl (M Glasl s 50 (5,80 sl L Sall ; Hindlll Pstl Sacl shm’ﬂ Lol

sl 55T L PCR Jsams (v «(0bp) (Fbgnl/35sF) e S5l L PCR Jya=s (Y o 2344 bp) (Rbgnl/Fbgnl) s S561 L PCR U seams

(NosR/Fbgnl) st S5l L PCR Jsa=s (0 (0bp) (GUSR/35SF) sl ST L PCR Jswme (¢ (2344+500bp) (Rbgnl/35sF)
3l ga Ul 5 e skl oy slas3Il ples S5 (M (1550bp) (NOSR/NEF) sla S51T L PCR Jsams (1 (2344+247hp)

Figl. A) Schematic diagram of plasmid pBIRM1 containing a 2344 bp fragment of the bgnl gene. B) Restriction pattern Digestion,
1)Confirmation of the plasmid pBIRM1 using the enzyme digestion pattern by Xbal (2344 bp), 2) PCR product obtained from genomic DNA
and (Fbgnl/Rbgnl) ( 2344 bp) , M) Marker, C) Verification of the plasmid pBIRM1 using PCR and PBR technique, 1) The PCR product of
the bgnl gene using (Fbgnl/Rbgnl) ( 2344 bp) from plasmid DNA , 2-5) PCR product digested with Sacl, Pstl, HindlIl, and Sall created the
expected pattern. M) Marker, D) Verification of the correct orientation of the bgnl gene cloned into the plasmid pBIRM1, 1) PCR product
obtained using primers Fbgnl/Rbgnl (2344 bp), 2) PCR product obtained using 35sF/Fbgnl (0 bp) 3) PCR product obtained using
35sF/Rbgnl (2344+500bp), 4) PCR product obtained using 35s F/GusR (0 bp), 5) PCR product obtained using Fbgnl/nosR (2344+247bp),
6) PCR product obtained using netF/nosR (1550bp), M) Marker. The fragment sizes are as expected.

o ya> olantl gls ST 5l eslize! LPCR 0505l 5 Jize (LBA4404) o5 ;SLs S1 (5 S 4 PBIRML sedl,

am s e S 5l s e St ST 05 sl LU (g5l i3S Jams 555 2 680 A3, G b

s


http://dx.doi.org/10.61186/gebsj.12.2.157
https://gebsj.ir/article-1-463-en.html

[ Downloaded from gebs.ir on 2026-05-31 ]

[ DOI: 10.61186/gebsj.12.2.157 |

Qb&aﬁ 3 AAUM

e LS Sad sk O sl g 2k Sl eslind

Sl bl lwang cpiomen 5 ALS Glad e 55 05 0L
ooy it iy b e 03Ul O sl ol e i
Li; b 5l s Jime (LBA4404) oy iS5 S| 4, pBIT21OYS
PCR 0ye3l 5 ombellS (55l K 8 Lo 535 2 5,5k
(GUSRIGUSF) —slamst! gL a 51T 5l esli ol L
«(nosR/GusF)
(Y JS3) 4 1t (Rbgnl/35sF)

g (Rbgnl/Fbgnl) «(GusR/35sF)

BY-2 6L&J}L~u )l salaal uﬂw B ol dﬁ)‘ﬁ da.l& CL«A
= G ol 53 S5 e sl s Ol S
s ol bgnl 05 0l el Ol O s BY-2 (glad s

05 3 esliwl L BY-2 slad g & 05 JGESI 5lwang
5 JUasl s o3V il G ol 53 4Ll 51 gus K158
05 5l ot pd o (olwane BY2 glad e 3 05 0L
JoB o s e 03 ol Ol il eslizad gus K158

oo 5 2 8l SIS 05 e 3l 35 e i

—ﬂ!ﬂ'bp—\

$La ST L PCR Jgams (Vg s 515 81 5L 53 PCR (801 L s PBIL21CYS" oy b (B pBI121CYS* sy Sl s (A-Y g2
(¢ (2050 bp) (nosR/GUSF) sl 35T L PCR Jsuams (v (1021 bp) (GUSR /35SF) sla $5leT L PCR J sas (¥ (521bp) (GUSR/ GusF)
S,k (M (0bp) (Rbgnl/35SF ) sla S5leT L PCR Jsame (0 (( Obp) (Rbgnl/Fbgnl) s $5T L PCR J yame

Fig 2. A) Schematic diagram of plasmid pB11216YS* B) Confirmation of plasmid pBI121%YS* in Agrobacterium by PCR. 1) PCR product
using primers GusR/GusF (521 bp), 2) PCR product using primers 35sF/GusR (1021 bp), 3) PCR product using primers GusF/nosR (2050
bp), 4) PCR product using primers Fbgnl/Rbgnl (0 bp), 5) PCR product using primers 35sF/Rbgnl (0 bp), M) Marker.

Gl shaas eeSU st LS A5 BY-2 slad sl 4 QUS O
BY-2 (sladshos 555 o ealital i Lo 5l p s 515 S
3 peeSUe ol s 5o 5L SO ads v 8 c )l 5
Gl 31 Oluabl gyl 53 ld e iS5 elabls
sladsbu 0o Com )l 5 5 ke CiS Jas 5l e SUs S
O340 5 bl (g5l S Ls & ad sl ol BY-2

Ol 5 spa> OUl S plerdsm Sioriw 3 PCR 0o
ol p 5 S S5l BY-2glead g 55 gUS O3
BY-2 sladslo «gus o Jlasl g pBI121CYS" i
S = el BY-2 glad s iy 5 b sl o eslal
5 () g T 0l gm) pmblS (g5l Kty 8 s
Il olantl sla ST Law 5 PCR 050515 0oL yinn

\f.Y uw) 9 )&l{. 1Y o ylou /pﬁd}'sé 099 /w) LS‘““' 9SGy (I



http://dx.doi.org/10.61186/gebsj.12.2.157
https://gebsj.ir/article-1-463-en.html

[ Downloaded from gebs.ir on 2026-05-31 ]

[ DOI: 10.61186/gebsj.12.2.157 |

r LS Slad sk O sl s 2l Sl eslind

Ql)&a.»ﬁ 9 ab\)'.,\.a:ua

A edaliie (dals BY-2 (sladsho L aslis s Wad sbe 02

(1B JsLs)
o525y B1 31 eslinal L BY-2 (slad shw 4 BNl 03 Jlas!
BY-2 ladsdu & 03 JUs! s3lutng 3| - ((LBA4404)
Sheslial Ly 0,2l sl bgnl 03 gus K5035 05 kw5
Ay Gk las e BY-2 glad v an sy cer
St S los (555 p ool ol ) 5 BY -2 slad sl
S eslial Ly PCR 0031 5 S gin 5 peeallS (551>
Jslw « bgnl o3 Jls) (Rbgnl/Fbgnl) olaz| gls S 5L

J)-b@)m‘.})}dé\&wjuﬁ)‘}w)j))jﬁ BY'2 dLﬁ
(8 JS5) L8 saalie YYETDD

2500bp
2000bp

L500bp

1000bp
750bp
S00bp

A

sladslo 5ledd 7l 5anl DNA Sl esliza LPCR J gy (\ (GUSR/GUSF) sla S5LT 5 BY-2 lad ke 055 DNA jleslizul LPCR O3l (A ¥ JSs

ol e m,:su.bf\ 3does A pde LS S8 5 S shu
5heole BY=2 gladbw coiS s aS sls Olis Lail 2
Flote 03,5 SIS 5 ien A3k e 0 SLs ST S
Ladshe 5 laee Jiste sla cos 5 ol as 3 Lad 5l
5oL S5l e 035 sole Sl sSus Sr 25 2
A Jeol Qb ad b 035 ol 5 5l Lyl (rean
PCR & 5031 51 BY-2 slad shu 53 0US 05 5 s Ll
(GUSF/GUSR) gus 05 _—wlwat! gla S5LT 5l ealic ol Ly
OL&S 4 S ud odalie jLlanl 5, 50 OVVDP axdad 5 A3 eslaza
55 (A JS2) ik o BY-2 slad sl 40 05 opl Ll s

51 3l U PCR J yames (7 (521bP) (e J,5) PBIL21CUS* 1y 5 DNA i 3l L PCR J g (¥ o( it J,55) sl 5, 5BY-2

(1 i )| 5 BY -2 slad e 55 05 0l 5l Ol g GUS plas s ionie B Sl (M (521 b) sl 5 BY-2 (slad s 51 ot ] 55 DNA

e 5t BY-2 glad o 3l eslinel L GUS Ll s o (Y e 5 BY-2 (slad sk 51 eslizad U GUS _olars s i

Fig 3. A) PCR assay using genomic DNA from BY-2 cells and primers (GusF/GusR), 1)PCR product using DNA extracted from non-
transgenic BY-2 cells (negative control), 2)PCR product using DNA from the pBI121%YS* plasmid (positive control) (521 bp), 3)PCR
product using DNA extracted from transgenic BY-2 cells (521 bp), M) Marker. B) Biochemical GUS assay to confirm gene expression in
transgenic BY-2 cells, 1) Biochemical GUS assay using transgenic BY -2 cells, 2) Biochemical GUS assay using non-transgenic BY-2 cells.
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Fig 4. PCR assay to demonstrate the transfer of the bgnl gene to BY-2 cells using primers (Rbgn1/Fbgnl). 1) PCR product using DNA from
non-transgenic BY-2 cells (negative control), 2) PCR product using DNA from the pBIRM1 recombinant plasmid containing the bgnl gene
(positive control) (2344 bp), 3) PCR product using DNA from transgenic BY -2 cells (2344 bp), M) Marker.
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Fig 5. SDS-PAGE results of bgnl gene expression in BY-2 cells. 1) Protein pattern of BY-2 cells without plasmid, 2) Protein pattern of BY-2
cells with pB1121CYS- plasmid, 3) Protein pattern of BY-2 cells with pBIRM1 (containing the bgnl gene) M) Marker.
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Fig 6. Samples for enzyme assay by DNS method from BY-2 cells protein. 1) Protein extracted from transgenic BY-2 cells containing the
bgnl gene, 2) Protein extracted from BY-2 cells containing pBI121%YS-, 3) Protein extracted from non-transgenic BY-2 cells, 4) Fungal
culture medium containing glucose, 5) an induced culture medium of Trichoderma virens, 6) Water as a control.
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