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Figure 1- Schematic of the rT1 gene designed sequence including Kozak, His tag, KDEL sequences and enzymes restriction sites by

SeqBulilder software
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Figure 2- Analysis of the designed sequence by Genscript server. The codon compatibility index (CAIl) is 0.92 (a) and the GC content is

42.32% (b).
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Figure 3- Predicted secondary structure of RNA transcribed from the designed gene by RNA fold software. The position of the start codon

and 5' and 3' ends of mMRNA molecule shown on the figure.
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Table 1- Prediction of some important parameters for the designed peptide rT1 and the main peptide of Hibiscus sabdariffa by ProtParam

program.
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Figure 4- Predicting of third structure of the designed rT1 peptide (a), the quality of the peptide structure in the range of crystallographic

proteins or structured determination by NMR method (b).
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Figure 5- Electrophoresis of PCR product on 2% agarose gel, M: marker, 1, 2 and 3 indicate 144-bp fragment belonging to the designed
sequence (a), electrophoresis of digested product by enzymatic reaction on 1% agarose gel, M: marker, 1: PMCS5 vector, 2 pMCS5 vectors
digest with BamHI and Xbal enzymes, 3: pBI1121 expression vector, 4: pBI121 vector digesedt by BamHI and Sacl enzymes (b), E. coli Top
10 transformed bacteria by ligation product, white colonies, potential colonies containing recombinant vector pMCS5 (c), PCR product
electrophoresis and restriction enzyme digestion for final confirmation of recombinant pMCS5 plasmids, M: marker, 1: pMCS5 vector
without restriction enzyme digestion, 2: nonrecombinant pMCS5 vector digested with BamHI and Xbal enzymes, 3: extracted pMCS5
vector from white colonies digested by BamHI and Xbal enzymes, 4: PCR product from nonrecombinant pMCS5 vector and 5: PCR product
from pMCS?5 vector isolated from white colonies (d).

Voo Ll g jleg /) o losds /p0d 0590 / (s § (Fod] § Sl (koo -


https://dor.isc.ac/dor/20.1001.1.25885073.1400.10.1.1.1
http://gebsj.ir/article-1-370-fa.html

[ Downloaded from gebg.ir on 2026-02-22 ]

[ DOR: 20.1001.1.25885073.1400.10.1.1.1]

G Oldas 5 (gAS aidx (gligm

05 Gl wlan 5 Sla il o b

E. coli Top 10 (s ,SU a4 Jlasl [aSly Jseame (g3lwdilaan
el Sl S Al eyl s (S Sl s
Sl A e S ke 00 (sl Lol LB Lo (555 02
L (655 03,5 Liy gl galS 5l as el CiS e LllS
el b sl A sl ey (2 1 I8 cis
2 Sl 5 PCR sty 5l edd ol sl sladaandly
5 BamHI ;5 Sacl 5 BamHI 3 slaws 31 ab sy oou 5
J5 G ey w28 5 PCR Jsams L3 o3lizul ECORI
@3k i VYA askad a5 S (SOIISLL A3 V/0 56T
s Sl s a3l ean s PCR 2S1s Jpame 3
05 ol S 00Y asbad el ieees 5 Sacl 5 BamHI
EcoRl ;5 BamHI lap 3l Loy ol Sy J e
0555 ool 5 PBIL2L Sl BU s 53 1T 05 2o Sk
g3 3 Olwabl gl (o= IK3) 55 PBI2LITL S 55
il oS 55 585 PBI2L L s 1TL 05 JI5 oo
o s S sl Gene seript &S s 4 b I8 sl el
maleen 3 5 Gletiles (s 5SS Sl oL I 4
o lo 5 Jlsl cg PBIL2L BL 55 1T 05 el (g3l

.(o—-\ J&.Z)J};QLALS)J vﬁsj:f"\‘::ﬁ&iu‘j"""

S Sl S s sl 4 B aS el S5 e A1
slroseltide o3l gl sy gilwailawn ioman 5 S5 JIs
Ol ) ol Shassy 5 Cul oldd & S5 glr oS
o3l gl b 5103 K olwdlocen 2w o o5 &:le

ey <=U v.ALf 6&%

3 PCR sy Sl el 7l el gladandly ol 4l sl
Xbal 5 BamHI 5, slae 5l ab g ol oan 2S5
V0 58T U5 555 sl maa 5 PCR J oo dd s3lina
A6l ol i Vi a8 (ISSL dsss
MCS 4l s ead b Jis 200 Sl 281y 5o

.33 PMCS5 s> (Multiple Cloning Site)

PBI12L by J5U 55 s, g s5letiloen 5]

Sl BU s L 05 ead ~1b s olealoan 5
S g At SO Ol olS 3 03 ol Ol Gua L pBI121
0S5 sk b gl el el YL sl el L
En Gl kes L 05 s> PMCSS S5y
an Jyame 235 )13 sl oan 3,4 Sacl 5 BamHI
L3 ML el o abi b do s Y 8T J5 s e
5SS edd e (o5b ca V8 aades (T S
I Genl o538 J5 5 DNA - jadss oS a5 PMCSS
L e PBI21 Ly e85 o ol el 5 i 5 s
(E Salbr -0 -0 JS2) ws esls o alie glagsl
VAQE aaksd O i Sl das 45 PBIL2Y Jly S5 gyl
VEE axss 3las 34 olile 3L 5L kS VYA S0 5L i
Golwalaan 3 Jskiens A gl U5 s Sl ol ca
PMCS5 555 51 ol 1 1TL 05 e 1 b JIg5 203 5
A5 s S B o Jlasl sy pBII2L SL L s
eds b I Jlasl (usty o IS s el i e
do o lee s e 0L PBIL2L LS, s |, (ITL 03)

Voo Ll g jleg /) o losds /p0d 0590 / (s § (Fod] § Sl (koo -


https://dor.isc.ac/dor/20.1001.1.25885073.1400.10.1.1.1
http://gebsj.ir/article-1-370-fa.html

[ Downloaded from gebg.ir on 2026-02-22 ]

[ DOR: 20.1001.1.25885073.1400.10.1.1.1]

S Gl Wlan 5 Sley skl b St Olins 5 S 4l (gdigm

(12,304) NotT

(12,352) PasI_ jonh)

| / ECONI (1627)
o 7 |RB T-DNA repeat)
| Pmel (2492)
/ |NOS promoter
BSu361 (2700)
Nhel (2715)

(11,347) Miul
(11,243) BSEIL _

(10,913) BsXX_ A

Bmtl (2719)

_BStBI (3645)

/ PSpOMI (3899)
T (3903)

pBI121-rT1L
13,000 bp

(9280) SFT~
o

(8951) PAMI*

(8717) Ndel .~
(8593) Alel

HindITI (4950)
T SBII (49665)
- Bsal (5045)
Scal (5179)
p bal (5515)
(7937) FspAL
(7440) NruL 7
(7339) KL /
(7248) BbvCI
(7195) AhdL
|LB T-DNA repeat)
(6532) Dralll

. ECOS53KI (5955)
" sacl (5957)

INOS terminator)

Start (0) Sadl (497) End

2000 2007 5007

pBI121-rT1

761 bp.

D (-
/WO M40 &0 & M S & 40 4 M 50 5100 520
FTiSyseq SRRTLCGLCACARTGGLTCATCACCHTCACCRTCACTG TATTCCAMGABGABSTHTTTGLCTIGTTRCTTTGTCTBGATGTTGLAATT
ruchm AGGRAAGTTCRTTTCATTTGGAGAGARCACGGEGEACTCTRGAGSATCCGLCACARTGLTCATCACCATCACCATCACTGTRTTCCRRGRGGAGETATTTELCTTGTTGCTTTGTCTGRATETTGRRTT
....... BGATCCGCCRCARTGECTCATCACCATCACCATCRCTGTRTTCCARGRGGAGETATTTGCCTTTTGLTTTGTCTBGATETTGLARTT

51 53 540 550 560 50 580 590 500 610 620 630 64 650

rT1Synseq CACCTGATETATTTTTGRTATTTECSLTARGACRAGLTTTORGRRCTE )
rTll:l.nmq AL ToGATGTATTTTTGGTATT 66 TARGGACGAGL TTTGAGAGC TCBART TTCCCCGATCGTTCARRCAT TTGGCAATRARRGT TTCTTARGATTGARTCCTGTTGLCGRTCTTGCEATGATTATCA
Consensus CACCTGGATGTATTTTIGGTATTTGCGCTAAGGACGAGCTTTEAGRGCTC

:I'A'Gr'%GGrTCC GOCACAATBOCTCAT CACCAT CACC ATCA C TR ATTOCAAGAGBAGBT ATTTBCCTTBTTRCT TTBTCTEGATETTGCAATT CACC TRBATGTA GGTATTTGOBCTAAGG LG BCTTTBAGAGCTCGAATI

mlm“Mn“xdd“h“nﬂ“hﬁﬂ“lUMI“HUM“Ilmlllhhllﬂﬂh“ﬂ“ﬂlmm

Sheds 1= ITL 05 g3lms Jlasl (WD ITL 03 JI5 05 1, 4ke o Sacl ; BamHI s, L;ufj\ L. s PMCS5 ;s _;u,,l -1 ss
() GrbllS s 5T 20 2 p S ke 00 sl olr LB Laoms (555 03,8 435 0 o5kl 5 slags 8L () PBIL2L ity 5555 L PMCSS 55
Lzl i PBII21-rT1 S 5 s aendl ¥ PBI121 Jlt aedl ) S5 M PCR aS15 5 e 5 s Lo s PBII2] S 5 5 slatandly ol
Lasl 5, PBI121 Js sty it Sacl 5 BamHI sy slag 316 asl 5, pBI121-rTL (s 56 aandly ¥ (ECORI 5 BamHI s 5 sl 51
PBI121-rT1 .5 55 dwedy 55, 51 PCR (2S1y Jseame A PBI121 1t ety 655 51 PCR 2815 Jpes 0 SaCI , BamHI s, éuﬁﬂ

() el 02 OIS 5 b M5 sdosn Ve s Sl 53 S5 PBII2L 585 55 edd 048 15 5 sme gl el b IS s es ()

Figure 6- Restriction enzyme digestion of pMCS5 vector by BamHI and Sacl enzymes to isolate rT1 gene sequence (a), virtual ligation of
rT1 gene isolated from pMCS5 vector to pBI1121 expression vector (b), transformed bacteria grown on LB medium containing 50 mg/L
kanamycin (c), confirmation of pBI1121 recombinant plasmids by restriction enzyme digestion and PCR reaction, M: marker, 1: pBI121 intact
plasmid, 2: recombinant pB1121-rT1 plasmid digested by BamHI and EcoRI enzymes, 3: recombinant pBI1121-rT1 plasmid digested with
BamHI and Sacl enzymes, 4: intact pBI121 plasmid digested with BamHI and Sacl enzymes, 5: PCR product from intact plasmid pBl1121, 6:
PCR product from recombinant pB1121-rT1 plasmid (d), alignment of designed sequence for synthesis and cloned sequence in pBl1121
vector, red color indicates 100% similarity between designed and cloned sequences (E).
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Abstract

Respiratory diseases and pneumonia are among the most common diseases affecting more
than 50% of the world's population. Various drugs have been developed to prevent and treat
these diseases. rT1 peptide is a plant peptide isolated from the medicinal plant of Hibiscus
sabdariffa. This 27-amino-acid peptide with inhibitory properties of human neutrophil
elastase has been shown to have drug potential in the prevention and treatment of
inflammatory lung diseases. Due to the high economic value of the compounds with
neutrophil elastase inhibitory properties, in this study, for the first time, recombinant
expression vector pBI1121-rT1 was constructed with the aim of expressing rT1 peptide in
plants. Because of the lack of rT1 gene sequence in databases, first, its appropriate gene
sequence was designed and synthesized based on the Nicotiana tubaccum codon usage, the
vectors used in this research, the structure and stability of its transcript and characteristics
of the produced protein. For the designed sequence, the Codon Adaptation Index (CAl) and
the GC frequency were 0.92 and 42.32%, respectively. In comparison to the main peptide,
the stability of the designed peptide in human cells increased 25 times and its instability
index calculated to be 20.90. Following amplification of the synthesized sequence by PCR
reaction, it was cloned into pMCS5 vector. In order to express in plant-based systems, sub-
cloning was performed in the expression vector pB1121 under the CaMV 35S promoter.

Keywords: respiratory inflammation, rT1 peptide, Hibiscus sabdariffa, neutrophil elastase
inhibitor, pBI1121-rT1
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