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1. Long-chain polyunsaturated fatty acids (PUFA)
2. a-Linolenic acid(ALA)

3. Eicosapentaenoic acid (EPA)

4. Docosahexaenoic acid (DHA)

5. Al5Desaturase (A15d)

6. Pichia Pastoris
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6. Denaturation

7. link

8. Extension

9.Final extension

10. TA cloning vector
11. Faza Biotech
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3. Reverse primer
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Table 1 The primers used in this study

Product

Primer Sequence (bp) ™
D15-F 5’-ggcTCTAGAgccaccatgtcaaaagtcactgtttcggg-3” 1246 bp  65°C
DI15-R 57- gccGAGCTCttaggtatccttaggtttaacacc-3
Pro. N-F 5-AAACCGTTCGGCTCCTATCC-3’ 1210bp 57°C
A15d-R 5’- ACCAGTAGCATTCGTGGCAA-3’
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Fig 1 schematic feature of recombinant vector pBI121: Nap + Al5de, containing Napin promoter and Delta 15
Desaturase gene construct.
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Fig 3 Electrophoresis pattern of RT-PCR products on
a 1% agarose gel. M: 100 bp Ladder, lanes 1 and 2:
amplified 1246 bp fragments using Delta 15
Desaturase gene specific primers. Lane 3: PCR
positive control using yeast actin gene (148 bp), lane
4: negative control (without template).
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Fig 2 Electrophoresis pattern of PCR product using
Delta 15 Desaturase internal primers. M: 100 bp
Gla el b sl gl SIS 655 » PCR- S48 sl Ladder, lanes 1: amplified expected 322 bp fragment.
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Fig 6 Agarose gel electrophoresis pattern of double
digestion of recombinant pBluescript KS(+) vector
using Sacl and HindlIII restriction enzymes. M: 100
bp Ladder, lane 1: non-recombinant plasmid. Lane 2:
recombinant plasmid harboring napin promoter and
Delta 15 desaturase gene, Lane 3: double digested
recombinant plasmid created two fragments,
including 2145 bp gene construct and 2896 bp rest of
the plasmid.
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Fig 7 Agarose gel electrophoresis pattern of clony-
PCR on Agribacterium containing recombinant
pBI121 vector. M: 100 bp Ladder, lanes 1,2,3:

amplified 1246 bp fragments using Delta 15

Desaturase gene primers. Lane 4: amplified 1210bp

using internal primer of napin promoter and Delta 15
desaturase primer, Lane 5, 6: negative control (non
recombinant plasmid).
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Fig 4 Agarose gel electrophoresis pattern of clony-
PCR on recombinant pTZ57R/T vector. M: 100 bp
Ladder, lanes 1,2,3,5,6 : amplified 1246 bp fragments
using Delta 15 Desaturase gene primers. Lane4:
negative control (non recombinant plasmid).
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Fig 5 Agarose gel electrophoresis pattern of clony-
PCR on recombinant pBluescript KS(+) vector. M:
100 bp Ladder, lanes 2,3,5: amplified 1246 bp
fragments using Delta 15 Desaturase gene primers.
Lane 6: amplified 1210bp using internal primer of
napin promoter and Delta 15 desaturase primer, Lane
1, 4: negative control (non recombinant plasmid).
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Fig 9 Two domains of the Delta 15 desaturase
enzyme. A: Domain with unknown function, B:FA-
desaturase domain.

(http:/pfam.x fam.org/search/sequence).

SlamSda hils Wl szmms 581 odd ol Slalllas 5L
TMHMM .o 5l ol s aiil e Slan il 5
LS Glitsn s 8 sl O s oS 5l UL
Wil LBl Sl 0 gl a8 5 i e sdueib
O U2

TMHMM posteriar probabities for WEBSEQUENCE

o .

Probabsity

) 100 ] 200 =0 300 ) 400

Irinsmembrang —— insije —— outsde -
Fig 10 Prediction of trans-membrane regions of the
Delta 15 desaturase enzyme using TMHMM server.
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Fig 8 The nucleotide and amino acid sequences of the
Delta 15 desaturase gene.
(http://web.expasy.org/translate/)

0 Ja g ol ey 5 o s Do 2 g2 L
VWYV 1y s ) Js—S35s 055« ProtParam 15l
oar s S dlows VoA ST (PT) K 01550 adais o0 3l
abasl ad ) 5s a0l (65l Ol SOl baiis 2 5oL
SlagrSs s b 5l RS ez li b glagets 5 A2L o
3 352 5o Sl eV O3 3T e e 1L
4S Al e YOVO (bl sy syl Ppastoris s
SOOI et L 53 e s Al SlacnSs e
Ol Ol sdias OLES &l o, .3 8 aulos Ar/r0
Ole Al oo S50 S b sd oot g0 sk G 05 05
foemme 3 ds S alons 110700 55 5 cnl gl o
DL LI (i 5 55D aeldal Y0 il gladeul IS
i 5 hls (Gl 418 5 Sblewl ) aslind ¥ 5 oo
Sl s sl SOPMA il 5l fols il s g
05 ol b St S sl glis asel glanul o5
ST 0 5 Lz e sl VY (oSl AT YA (51
S Sl Sl V0L (S ens Al on 0 5S e
Slacess ol ol 23 S 13 ) 5,5 Plam slesibl

bV olds O Ay o QLS B 5,00 g a5



3o g3 VOIS 05 (Sl 5l g s 2 5SS 5IS (s3lultr

UL 5 e 4 0

[ o ‘
Pichia pastoris GS115 } i
Lomagataella pastoris

achancea kluyveri

achancea kluyveri

achancea thermotolerans

Wickerhamomyces ciferrii

“yberlindnera jadinii

“andida tropicalis -
;

Lachancea kluyveri :
] Cluyveromyces marxianus DMKU3-1042 :r" 3
Zygosaccharomyces bailii ISA1307 E

Mortirerellaalpine i
I_I-E!\Iorticrcllaalpinv .
Saprolegnia diclina
“hlorella vulgaris

Fig 12 Phylogenetic trees using ClustalW software,
to determine the proximity of the delta 15 desaturase
protein in yeast P. pastoris with other species. The
accession No. of proteins is: Pichia pastoris
GS115:(VIRT26852) , Komagataella pastoris
:(ABL63813), Lachancea kluyveri: (ADE06664),
Lachancea kluyveri : (BAD11952) , Lachancea
thermotolerans: (XP-002553950), Wickerhamomyces
ciferrii: (XP_011275445), Cyberlindnera jadinii:
(BAJ78984),Candida tropicalis: (ADN42964),
Lachancea kluyveri:(BAD08375),
Kluyveromycesmarxianus:(BAO38850),
Zygosaccharomyces:(CDH15170) , Mortirerella
alpine:(BAA81754) , Mortierella Ipine:
(BAD91495), Saprolegnia diclina: (AAR20443),
Chlorella vulgaris: (BAB78716)
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Fig 11 Hydrophobicity graph of the Delta 15
desaturase enzyme using TopPred software.
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Alpha-linolenic acid is an omega-3 fatty that is essential for maintaining a healthy body but can't produce
in the human body. The oils of some oilseeds, as well as some plants are the main sources of alpha-
linolenic acid but the content of alpha-linolenic acid, in important oilseed plants like soybean and
rapeseed are relatively low. The aim of this study was the cloning of Delta 15 Desaturase gene to increase
alpha-linolenic acid production in the oilseed plants. For this purpose, after extracting total RNA and
cDNA synthesis from Pichia pastoris GS115, the gene was amplified using gene-specific primers
containing Kozak sequence and then cloned in PTZ57R / T vector and transformed into E.coli strain
DHS5a. After sequencing, the recombinant fragment was isolated from TA vector and was cloned into
pBluescript KS(+) vector containing Napin promoter. The designed gene construct was cloned in pBI121
binary vector and then was transformed into Agrobacterium tumefaciens strain LBA4404. Bioinformatics
characterization of the target gene was investigated by servers TopPred, TMHMM, ProtParam and
SOPMA. The results of the colony PCR and amplification of the 1246 bp fragment, confirmed the
accuracy of the gene cloning. The amplification of a 1210 bp fragment using an internal primer of napin
promoter and Delta 15 desaturase, as well as the production of the 2145 bp fragment in enzymatic
digestion confirmed the correct incorporation of the gene along with Napin promoter. Nucleotide
sequencing results showed that the cloned CDS include 1246 nucleotides and translated to a protein with
415 amino acids. The amino acid sequence analysis confirmed the presence of two domains and five
Transmembrane helices. Also, prediction of the protein's properties, signal peptides, and the second
structure, proved that this enzyme is stable transmembrane enzymes.

Key words: Gene cloning, Alpha-linolenic acid, Delta 15 Desaturas, Pichia pastoris.
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