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Abstract:

Molecular farming has become one of the most significant implementations of modern
biotechnology to generate modified plant crops to produce medicinal proteins. Agrobacterium is one plant
genetic engineering tool that integrates genes of interest inside a host plant. In recent years, the need to
produce recombinant proteins as therapeutics has growing rapidly, and human glucocerebrosidase is one of
the proteins that is need to treat disease. In this study, specific primers were designed to amplify Hu-GBA1
gene from constructed pGEM-GBA plasmid which was cloned into the plant expression vector
pCAMBIA1304. The generated recombinant pCAMBIA1304-GBA plasmid was used to transform A.
tumefaciens LBA4404 and applied for transformation of sunflower cotyledon explants. Colony PCR
technique was used to confirm the presence of Hu-GBA1 gene in transformed A. tumefaciens. Agrobacterium
containing pPCAMBIA1304-GBA was suspended in Infection Medium (IM) supplement with 200 mM
acetosyringone. A bacterial suspension was used to transform sunflower cotyledons. After infection,
cotyledons were co-cultivated in Co-cultivation medium (CCM), supplied with 200 mM acetosyringone
without antibiotics. The cotyledons were then transferred to selection media containing 7.5 mg/L
Hygromycin and 250 mg/L Cefotaxime and grown for additional 14 days at 25°Cin photoperiod of 16h L/8h
D. The transformed sunflower cotyledons were successfully generated complete plant with used 6-
Benzylaminopurine and Naphthalene acetic acid as growth hormones. The presence of the Hu-GBA1 gene in
the genomic DNA of transgenic sunflower plant was proven by PCR as a band of 1561bp size. The GBA
MRNA expression in modified sunflowers was detected by gqRT-PCR compared with control GBA mRNA.
Enzyme Linked Immunoassay was done on crude recombinant protein that extracted from transformed
sunflower using Human Glucosylceramide ELISA Kit, the Elisa test results confirmed the production of
recombinant glucocerebrosidase and the concentration of crude recombinant enzyme extracted from
transformed sunflower with GBAL gene was 0.45 ng/ul
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Introduction:

Recently, genetic engineering has employed However, posttranslational modifications
plants as new  factories to  produce are required in several mammalian proteins for their
biopharmaceuticals. The initial pharmaceutical biological activity such as protein glycosylation,
protein that was expressed in transformed tobacco  which cannot be achieved by prokaryotic product
and sunflower in 1986 is human growth hormone  systems. Moreover, in mammalian cells protein
(1). Since then, genetically modified plants were production is very highly in continuous cell
used for expressing vaccines, industrial enzymes, cultures. In contrast, protein synthesis and
antibodies, nutraceuticals, and other pharmaceutical modification pathways in plants have highly
proteins (2, 3, 4, 5). Both prokaryotic and  similarity to those in animal cells (7), so plants are
eukaryotic systems have been used to express  considered as a promising system to produce human
recombinant proteins (6) Prokaryotic systems in pharmaceutically products on a wide range, and at a
comparison  with  mammalian  systems are lower cost (8, 9). In 2012, first recombinant
appropriate and inexpensive in terms of equipment  derivative enzyme, manufactured in carrot cells

requirement. (Taliglucerase alfa), was confirmed by the FDA for
! Pharmacognosay Department, College of Pharmacy, human use (10) is an alternative therapy for treating
2University of Basra, Basra, Iraq patients with gaucher disease. Gaucher disease is a
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blocks lysosomal process (11). In patients with
gaucher disease, the active form of acid-beta
glucocerebrosidase (GBA) is absent, leading to
accretion of its substrate glucosylceramide (also
called glucocerebroside). In addition, any
concerning compounds that are generally
decomposed to glucose and lipid materials by
glucocerebrosidase inside the lysosomes of cells in
patients with GD. Producing effective enzyme
replacement therapy (ERT) for patients with
gaucher disease (GD), was carried in the end 1980s
and early 1990s provide the effectiveness of
glucocerebrosidase that preparatory from human
placenta as ERT to treat patients with GD1. This
experiment elucidated by molecular targeting of the
glucocerebrosidase to tissue macrophages through

mannose receptors on cell surfaces. Improved
targeting of placental glucocerebrosidase by
employing the macrophage mannose receptors

(MMR) led to the first successful treatment with
enzyme replacement therapy in 1991(12). Placental
enzyme originated from (Genzyme, Alglucerase,
and Ceredase) was later substituted by a
recombinant form derived from expressed human
glucocerebrosidase gene in Chinas hamster ovary
cells (13). The enzyme produced in Chinas hamster
ovary must be modified after translation to include
that the terminal residuals are recognized by the
MMR. In plant cells, such post translational
modification is not necessary to expose the
mannose residue because 90% of the enzyme is
produced with mannose terminated at the natural
side chains (14).

A. tumefaciens is an intermediate
transforming agent, used as an indirect and efficient
method to carry recombinant DNA into genomic
plant via the reaction between host plant cells and
bacteria (15). This transformation is highly efficient
and can be used to modify most cultivating plant
species (16). It is a singular pattern system as well
as a main tool in biotechnological for genetic
manipulate of plant cells (17). The aim of this study
is expression of human GBAL gene in the sunflower
plant and using Helianthus annuus L. as an
economical source to produce recombinant
glucocerebrosidase.

Materials and Methods:
Construction of pPCAMBIA1304-GBA Plasmid
Bacteria Strains and Plasmids
Bacterial Strains

Escherichia  coli DH5-alpha  and
Agrobacterium tumefaciens strains. E. coli DH5a
(Invitrogen) was kindly provided by Prof.
Khosraviani Kave (University of Tehran) and used
to grow the recombinant binary vector, while A.
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tumefaciens LBA4404 Cells (Takara Bio Inc.) was
used to transform the plant.

Two vectors were used in this study.

1- pGEM-T (PGEM-GBA): pGEM-GBA
recombinant vector Cat. No. HG12038-G (Sino
Biological Inc.) is a recombinant plasmid which
contains human GBA1 gene cDNA size 1611bp.
RefSeq: NM_000157.

Plant expression vector pCAMBIA1304:
Product No. M1595 from (Marker Gene
Technologies Inc.) Fig.1. This vector carries LB
and RB Left and Right Borders T-DNA
fragment from nopaline strain of Agrobacterium
tumefaciens (18). The plasmid contains a
CaMV35s promoter, Cauliflower Mosaic Virus
promoter to integrate foreign genes into the
plant genome NOS Nopaline Synthase
Terminator, from nopaline synthase gene of A.
tumefaciens.

lacZ alpha
CaMV 355 promoter

P Mgfp5 17.....727=711bp
GUS 734...2539=1806bp
gqusA [N358Q)

N358-Q Glycosylation site mutation
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‘Nhe T (5982)
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Figure 1. A map of the pCAMBIA 1304
including the right (RB) and left (LB) T-DNA
border fragments from a nopaline strain of A.
tumefaciens with R-glucuronidase gene; gusA:
mgfp5 fusion; P35S,CaMV 35S promoter; TEV,
tobacco etch virus

Molecular and Biological Methods
Amplification of Hu-GBA gene from pGEM-
GBA Plasmid

Polymerase chain reaction (PCR) was used
to amplify cDNA coding for Hu-GCD (Human
glucocerebrosidase) constructed from pGEM-GBA
plasmid using the GoTagq®Green Master Mix kit
(Promega, USA), with its special signal peptide
using the forward primer: F.5-
CTAGATCTCCATGGCTGGCTGGCATCACA-3
containing Bglll restriction site and reverse primer:
R.5-CCGGTCACCTCACTGGCGATGCCACAG-
3 contain BstEIl restriction site in bold. The
sequences reference that was used in this study is
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NM_000157.3 from Sino Biological Inc. to
synthesize the cDNA, this created a fragment of
1561bp. Thermal cycling conditions are given in
Table-1 PCR. Conditions were performed according
to (19) except annealing temperature by researcher.

Table 1. PCR Conditions for GBAl Gene
Amplification

Steps Temperature  Time Number
of cycle
Pre- o .
Denaturation 94C Smin 1
Denaturation 94C° 1min
Annealing 58°C 45sec 30
Extension 68C° 3 min
Final extension 68C° 7min 1

PCR product was migrated with DNA
standard (100bp DNA Ladder) and was verified by
electrophoresis on a 1.0 % (w/v) agarose gel
(voltage 72V at 60 min) and visualized with UV
light.

Sequencing of Hu-GBA Gene

The presence of GBAL gene was confirmed
in PCR product of purified and unpurified PCR
amplicons, determined by sequencing in the
forward and reverse direction. Primers and samples
were prepared according to Eurofins Genomic

GmbH protocol, Germany (support-
eu@eurofins.com). The sequences were analyzed
using Basic Local Alignment Search Tool
“BLAST” to search for homologous sequences in
the National Center for Biotechnology Information
database (NCBI), http://WWW.blast.nch.nih.gov
(20).

Constructing Hu-GBA Gene in pCAMBIAL1304
Plasmid

The  purified Hu-GBA gene and
pCAMBIA1304 cloning vector were digested with
Bglll and BstEll (Promega®) to insert the Hu-GBA
gene in reporter gene region of pCAMBIA1304
downstream the CaMV35s promoter and upstream
the NOS terminator by ligation process according to
the protocol provided along with enzyme system.
The purified digested Hu-GBA gene and
pCAMBIA1304 vector were ligated using
AccuPower® Ligation PreMix Kit (Bioneer) and the
recombinant plasmid was obtained according to the
molar ratio specified by standard ligation protocol:
Molar ratio of vector: inserted DNA (gene) was 1:3
in the current study, the ratio was 4l
(pPCAMBIAL1304): 12ul (Hu-GBA gene) total
concentration (12ng/ul). The newly constructed
plasmid was named as pPCAMBIA1304-GBA, Fig2.
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Figure 2. T-DNA region of pPCAMBIA1304 LB and RB: Left and Right Borders. A. contains GUS

terminator. Gene between,

CaMV35s promoter and NOS terminator. B .T-DNA region of

pCAMBIA1304 LB and RB: Left and Right Borders, contain GBA1 gene, HYG(R): Hygromycin
selectable marker, CaMV35s: Cauliflower Mosaic Virus promoter, Bglll and BstEII: restriction sites,

and NOS: Nopaline Synthase.

Agrobacterium Transformation

A. tumefaciens LBA4404 competent cells were
prepared using calcium chloride (21). The
transformed constructed plasmid was isolated from
transformed E. coli DH5a into competent A.
tumefaciens LBA4044 by heat shock transformation
method with some modification (22). The
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transformed  colonies were selected using
kanamycin 50ug/ml and streptomycin 100ug/ ml
plates. The colony PCR technique was used to
confirm the presence of Hu-GBA gene in
pCAMBIA1304 after insertion in A. tumefaciens
LBA4404. The molecular and biological work was
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achieved in Genetic Engineering Labs/College of
Science /University of Basra/lrag.

Plant Transformation
Tissue Culture Media

Germinated, infection, pre-culture, co-
cultivation, selection and rooting medium were
prepared as described by Behnoush et al. (2014)
(23) used for Agrobacterium mediated sunflower
cotyledons. All media were maintained in vitro and
basic MS salts (24) containing MS micro-macro
elements and vitamins, with the addition of sucrose

Table 2. Composition of Culture Media

and agar for all plant tissue culture media. The
entire medium was dissolved in distilled water and
the pH of the medium was adjusted to 5.8 with 0.1N
NaOH. Finally, the media was sterilized by
autoclaving at 121C "for 15 minutes. Filter
sterilized plant growth regulators and antibiotics
(naphtalenaceticacid [NAA], benzylaminopurine
[BAP], cefotaxime and Hygromycin) were freshly
added to the sterile medium. The composition and
the purpose of the media are given in Table-2
below.

Rooting Selection co- Infection Pre- Germination
- . cultivation . culture -
Medium Medium - Medium - Medium
(RM) (SM) Medium (IM): Medium (GM):
(CCM): ) (PM): )
MS 44 44 44 44 44 44
Sucrose (g/L) 30 30 30 50 30 30
Agar (g/L) 8 8 - 8 8
Acetosyringone + +
(200mM)
NAA (mg/l) 05 0.1 0.1
BAP (mg/l) 1 2 2
cefotaxime (mg/l) 250 250
Hygromycin mg/L) 7.5 7.5

NAA: 1-naphthalene acetic acid. BAP: 6-benzylaminopurine

Pretreatment of the Explants

Sunflower seeds were obtained from AL-
Mussawi nursery in Basra, and classified as
Helianthus annuus L.by Prof. D. Abd-Ridha Al-
Mayah, College of Science /University of
Basra/lrag. The seeds were sterilized according to
the steps described by (25). The seeds were soaked
for one min in 70% ethanol followed by soaking for
20 min in 14% Clorox, washed with sterilized
distilled water three times. The seeds were released
out of their coats and soaked again in 70% ethanol
for one min, followed by soaking in 14% Clorox for
15 min and wash with sterilized distilled water four
times and then left to dry on sterile Whitman filter
papers (No.5:11 cm diameter) in sterilized petri
plate for 30 min in room temperature.

Seeds Germination

The sterilized seeds were germinated on
germination medium GM (approximately 10-15
seeds in each plate). Petri plates were kept in the
dark for 3 days at 27°C, in an incubator then the
plates were incubated at 25°C under 16h light/8h
dark cycle with florescent light (60pmol m?s™ for
3 days according (26).

Pre- incubation of Sunflower Cotyledons
Cotyledons can be used for transformation
when there are no or minimal true leaves present on
seeding. After 6-7days the cotyledon explants were
cut into two halves at the middle region above the
cotyledonary node. An additional cotyledon surface
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was cut near the distal end in parallel lines and then
the cotyledons were placed upside down on petri
dishes containing pre-culture medium (PM) and
were incubated for 2 days before co-cultivation with

Agrobacterium at 25°C in photoperiod of 16h
light/8h dark (26).
Agrobacterium Transformation Procedure

A. tumefaciens colony carrying the

recombinant vector pCAMBIA1304-GBA from
YEP plate containing kanamycin (50 mg/l), and
streptomycin (100 mg/l) was used to inoculate 2 ml
YEP broth contains the same antibiotics in a 50 ml
falcon tube, and was incubated at 28°C for 2 days,
this Agrobacterium suspension was used for
inoculation 20 ml YEP medium was allowed to
grow overnight at 28°C. After incubation
Agrobacterium culture was centrifuged at 4000 rpm
for 15 min then the bacterial precipitate was re-
suspended in infection medium (IM) supplied with
200 mM acetosyringone in 50 ml falcon tube and
Agrobacterium suspension was further grown for 2
h at 25°C with shaking in a water bath at 100 rpm.
The optical density at 600 nm of culture was
measured and adjusted to 0.50D. The bacterial
suspension was used for plant transformation this
protocol according to Evans et al, (2014) (27) with
some modifications. Specifically (the bacteria
culture was centrifuged at 4000 rpm and instead
3500 rpm and was used IM media). When the pre-
induction step was completed, pre-cultured
cotyledons were removed from PM and soaked
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directly into Agrobacterium suspension followed by
gentle shaking at 45 rpm for 30 min at room
temperature. Some cotyledons were soaked into
infection medium without Agrobacterium as a
negative control.

Co-Cultivation

After infection, cotyledons were blot dried
on sterile filter paper to remove excess
Agrobacterium bacteria and were transferred to the
surface of co-cultivation medium (CCM),
supplemented with 200 mM acetosyringone. The
cotyledons were put upside down on CCM and the
plates were covered and sealed tightly with parfilm
and incubated in dark for 3 days at 28°C. The
negative cotyledons were cultivation on the same
CCM (28). Three days after, the explants were
transferred to a sterile cup and washed with sterile
water containing cefotaxime (500mg/L) for one
minute and washed repeated with shaker for 10
minutes at 75 rpm followed by sterile water for two
times to remove excess Agrobacterium . Then the
explants were dried on a sterile filter paper.

Selection of Transformed Explants

Explants were transferred to the selective
shoot medium and incubated at 25 °C in the dark for
7 days followed by a 16/8h (light/dark) photoperiod
at 25 °C. After 14 days the healthy cotyledons with
young green shoots forming were transferred to the
same media in order to select transformed explant.
The explants were transferred every 2 weeks to a
fresh selection medium for shoot regeneration. At
all the selection stages, comparative control
untransformed explant was prepared in parallel.

Complete Plant Regeneration

The elongated shoots were transferred to
new RM medium and after the root were and the
explants were regenerated (approximately 40 days),
transferred to fresh RM for root development. After
75 days of transformation when the plant had
reached 6 cm in length, hygromycin resistant
clones, which stand out from the selected cotyledon,
were subjected to glucocerebrosidase assay and
molecular analysis. Well rooted transformed
sunflower plants were hardening under controlled
environment conditions for one week at 25°C under
a 16-h photoperiod. The bags were then opened to
acclimate the plants for one week before they were
transferred to the greenhouse. Plant work was
carried out in Plant Tissue Culture Lab/College of
Science /University of Basrah/Irag.
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Isolation of Plant Genomic DNA and Hu-GBA
gene analysis by PCR

Genomic DNA was isolated from 100 mg of
fresh sunflower leaves after 75 days of culturing.
Extraction was performed using the genomic DNA
Mini Plant Kit from Geneaid Company. DNA was
quantified using the nanodrop and gel
electrophoresis on a 1% agarose gel.

PCR of Genomic DNA

Incorporation of T-DNA, carrying the GBA
gene in the genomes of transgenic sunflower plant
was assessed through polymerase chain reaction
(PCR) analysis of total isolated DNA using primers
of the selected gene (Hu-GBA). PCR was
performed according to the PCR program to
amplification of Hu-GBA gene from pGEM-GBA
Plasmid. Agarose gel electrophoresis was carried
out using 1% agar gel and was examined under UV
light to reveal the prorated band. Band intensity and
location was contrasted with the positive sample
constricted plasmid (pGEM-GBAplasmid) and non-
transformed plant genomic DNA as negative
control.

RNA Extraction from Transformed Plant

Total RNA was isolated from transferred plant
using GENEzol™TriRNA Pure Kit from Geneaid
Company using the manufacturer’s protocol with
some modification. RNA concentration and
visualization was determined on a 1% agarose gel.
Five pl of total purified RNA (50 ng/ul) was reverse
transcribed into complementary DNA (cDNA)
using AccuPower®RocketScript RT ~ Premix
(Bioneer), and used for amplification Hu-GBA gene
using primers of the selected Hu-GBA gene. PCR
was performed according to the PCR program
presented in amplification of Hu-GBA gene from
pGEM-GBA Plasmid.

Quantitative Real-Time PCR (qRT-PCR)
Analysis

Real time quantitative polymerase chain
reaction (RT-qPCR) was performed to examine the
MRNA expression of GBA1 gene in transformed
sunflowers by using AccuPower® Green Star "
gPCR PreMix kit (Biooner, Korea). The totals RNA
from human blood and from transformed sunflower
were used in RT-PCR. The forward primer was 5-
CAGCCTCACAGGTTTGCTTCT-3 and reverse
primer was R-5GACACACACCGAGCTGTA-3
used for amplification of exon one of the Hu-GBA
gene (100bp) (29). Gene expression was normalized
to that of Hu-GBA1 gene from blood healthy human
as a positive control gene and the negative control
gene was untransformed sunflower sample. Real
time PCR instrument was loaded as seen in Table-3
display the condition of program.
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Table 3. Real Time PCR Conditions for Detect
GBA Gene Expression in sunflower

step Temperature Time Number
of Cycle

Pre- 95°C 10 min 1
Denaturation
Denaturation 95°C 35°C
Annealing 58°C 45°C 40
Extension 68°C 1°C
Final 68°C 5°C 1
Extension
Melting - 1sec

Extraction Protein from Transformed sunflower

The proteins was extracted according to
Shaaltiel et al. (2011) procedure (30) from
sunflower leaves by grinding the fresh leaf (0.1 g)
in liquid nitrogen and the plant powder was mixed
with 1ml of extraction buffer (20mM sodium
phosphate pH7.2, 20Mm EDTA, 1mM PMSF, 20
mM ascorbic acid, 3.8g polyvinylpolypyrrolidine
(PVPP), ImM DTT AND 1% Triton-x-100 ). The
homogenate was shaken for 30min at room
temperature at 25rpm using Comfy Roller (CR-
1040) and centrifuged at 17000xg at 4°C for 20min.

2000bp
1000bp

The resulting supernatant was adjusted to pH 5.5
using concentrated citric acid and centrifuged at
17000xg at 4C° for 20min. The concentration of

recombinant  glucocerebrosiase  protein  was
determined by using Recombinant Human
Glucosylceramide ELISA Kit (Catalog no.

MBS2885128) from (MyBioSource USA). The
reagent was accomplished as manufactures protocol
and the standard cure was analysis depend on the
curve expert program version-4.

Results:
Construction of pPCAMBIA1304-GBA Plasmid
The original objective of the work was to
produce of recombinant human glucocerebrosidase
(Hu-GBA) in transgenic plant. Therefore Hu-GBA1
gene was cloned into plant expression vectors. The
initial step was amplifying Hu-GBA1 gene from
pGEM- GBA plasmid. The resultant GBA1 gene
band is showed in Fig.3. The presence of GBA1l
gene inserts was screened by direct A. tumefaciens
LBA4044 PCR, specific primers were successful in
detecting clones containing GBAL gene Fig.4.

Figure. 3. The analysis of 1% agarose gel electrophoresis for amplification GBA1 gene from pGEM-
GBA plasmid, M100bp: DNA Ladder, Lanel-4: GBA1 gene 1561bp.

2000bp
1000bp

1561bp

Figure 4. PCR screening for GBA1 gene insertions resulting from colony PCR on transformed A.
tumefaciens LBA4404 M: 1k bp DNA Ladder, Lane. 1, 2, 4: GBAL gene amplify from transformed
bacteria. Lane 4: GBAL gene as positive control.

control (without Hu-GBA gene).
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Lane 3 is an untransformed colony as negative
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Pretreatment of the Explants to Prepare for
Transformation

The result of the germination of sunflower
seeds on germination media confirmed the success
of sterilization method. This sterilization method

Figure 5. Germination of sunflower seeds A: germination seeds

can be used to produce healthy cotyledons ready
for the transformation process. Fig. 5 and 6 show
these stages of germinating seeds and preparing
seeds cotyledons for transformation.

TSy, e

== sk Pl
on GM medium in dark condition B:

formation young green cotyledons on GM medium after incubated at 25°C under 16h light/8h dark

cycle

Figure 6. Pretreatment of sunflower seeds A: Cotyledons were cut into two halves at the middle
region above the cotyledonary node an additional the cotyledon surfer was cut near the distal end in
parallel lines D: cotyledons were placed upside down on petri dishes containing pre-culture medium

(PM).

Shuttling GBA1 Gene from A. tumefaciens
LBA4404 to Sunflower Cotyledons by
Agrobacterium—Mediating Transformation

The cotyledons which were infected with
transgenic Agrobacterium containspCAMBIA1304-
GBA were inoculated on filter paper contains co-
cultivation medium supplied with 200 mM
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acetosyringone for 73h, at 28°C in full darkness and
were selected on selective agar medium for
isolation analysis. It was observed that 7.5 mg/L
Hygromycin concentration would be sufficient, to
kill non-transformed cotyledons Fig.7, so that 7.5
mg/L concentration was used for both selected and
negative controls within the study.
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Figure 7. Sunflower cotyledons transformation by A. tumefaciens A: Inculpating cotyledons with
Infection Medium for 30 minutes; B: cotyledons were incubated on co-cultivation medium for 37h on
dark; C: Incubation of cotyledons on selective medium contain cefotaxim and hygromycin antibiotics

Selection of Stable Transformation Cotyledons untransformed cotyledons on selective agar medium

The healthy remaining cotyledons were  containing cefotaxime only without hygromycin
green in color and generated small young shoots  were had a young shoot larger than the shoot
while non-transformed cotyledons, became yellow  formed from transformed cotyledons, as seen in
in color and smaller in size. The positive control Fig. 8.

\A

Figure 8. Development of shoot from cotyledon of Sunflower plant A: Two week old regeneration
shoot from transformed cotyledons on hygromycin selective medium B: Positive control cotyledons
untransformed on the shoot medium without hygromycin C: Untransformed negative control

Roots Development from Transformed Shoots

Use of growth hormones in rooting medium  any roots. Agrobacterium facilitated sunflower
increased both the development of shoots, transformation successfully to construct transgenic
elongation, and roots produced. The result in Fig.9  sunflower plants to express human GBA gene and
show transformed shoots to develop roots on the  regenerated a complete plant after 75 days on
rooting media supplemented with cefotaxim and selection rooting medium, which was followed by
hygromycin antibiotics after six weeks, compared to molecular analysis of regenerated whole plant Fig.
positive control shoots, which forming roots after 10 and 11.
two weeks on shoot media without hygromycin.
The whole negative control were failed to produce
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Figure. 9. Developing transgenic sunflower plants increased formation shoot and root from
transformed sunflower explants on selective root medium A: Transformed explant B: Positive
control untransformed explant C: untransformed sunflower explant was failed to development new
plant on selective root medium

Figurl0. Complete sunflower plant A: transformed plant regenerated from cotyledons B:
untransformed plant reaenerated from cotvledons

Figurell. Growth transformed sunflower plant in soil

26



Baghdad Science Journal

Vol.16(1)2019

Molecular Analysis of Transgenic Sunflower
Plant

Positive results of transforming sunflower
were revealed by detecting the integrated GBA1l
gene into the plant genome using PCR. Genomic
DNA was isolated from transformed sunflower
leaves and GBAL gene was amplified by PCR with
GBAL gene specific primer, and the predicted size
(1561bp) for GBA gene was amplified from
transformed plants, as shown in Fig.12.

2000bp

1561b
1500bp P

1000bp

Figurel2. PCR product amplification for GBA1
gene integration in the plant genome: M, 1K bp
ladder; lane 1-2, GBA1 gene from transformed
sunflower; lane 3, Positive control Hu-GBA gene,

lane 4, Negative control untransformed
sunflower
Quantitative PCR Analysis of

Glucocerebrosidase Expression in Transgenic
Sunflower

Total RNA was isolated from transgenic
and untransformed plants and submitted, to RT-
PCR. The resulting cDNA was then amplified by
PCR using glucocerebrosidase specific primers. The
results of total RNA isolated are shown in Fig.13; a
correct size (1561bp) fragment corresponding to the
Hu-GBA1 gene was amplified in transgenic plant
sample. Non amplification was found in the
untransformed plant. This result confirmed that the
human glucocerebrosidase gene is currently
expressed in the transgenic sunflower Fig. 14.
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2000bp
1000bp

28S
18S

Figure 13. Total Plant RNA; Lanel: RNA
isolated from transformed sunflower; Lane2:
RNA isolated from untransformed sunflower;
M: 100bp DNA ladder

2000bp

1561bp
1500bp

Figureld . The agarose gel analysis of PCR
amplified GBA1l gene, lane 1,3: GBA1l gene
amplified from transformed sunflower lane4:
positive control GBAL gene lane 2: negative
control from untransformed plant M: 1Kbp
DNA ladder

Real Time-PCR Analysis

The real-time PCR transcript data confirmed
successful transformation events. These results in
Fig.15A,B demonstrated that the target Hu-GBA
gene had successfully integrated into the sunflower
plant genome and was stably expressed in
transgenic plants, light cycler melting curve was
performed to detect the melting temperature for
GBA gene in transgenic plant. Real time efficiency
was calculated from the given slope in light cycle
software. The ratio of gene to the positive control
gene was calculated from threshold cycle (CT).
GBA mRNA expression from transformed
sunflowers was determined according to the CT
method using a GBA mRNA expression in healthy
human blood as positive control. The result showed
that the expression of GBA gene transcript in
transformed sunflower was increased and it was
three folds compared with control Fig.16.
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Figurel6. Gene expressions of GBA gene in
transformed sunflower in compare with
expression in human blood GBA-C mRNA form
human Blood sample as positive control GBA-P
mRNA of recombinant GBA gene from
transformed sunflower.

ELISA Immunoassay for Recombinant
Glucocerebrosidase

The concentration of glucocerebrosidase in
protein extraction solutions was assayed by ELISA
kit technique, as shown in Fig.17, the standard
curve for was made between the concentration of
glucocerebrosidase and absorbance at 450 nm. The
concentrations of recombinant glucocerebrosidase
in this method reach to 0.45 ng/ml.
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|
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Figure 17. The standard curve for glucocere-
Brosidase ng/ml
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Discussion:

As an alternative production system, neither
bacteria hor mammalian expression systems can be
employed here. In contrast, plants offer an efficient
eukaryotic system for protein synthesis, and with
the coming of modern plant genetic engineering,
plants could be used to produce enormous amount
of protein with all set established gene expression
systems.

Constructed recombinant pCAMBIA1304-GBA
Vector

The designed primers resulted in amplified
GBAl gene from cDNA which constructed in
PGEM-GBA plasmid, and was designed to include
Bglll site with 5end and the reverse primer with
BstEIl site at the 5°end. Both enzymes were
required to digest the GBA gene and integrate it in
correct region of pCAMBIA-1304 between the
CaMV35s promoter and the NOS terminator. The
promoter holds the information to prompt the
transcription process and initiate transcription,
while the terminator contains information to stop
transcription and polyadenylation sign. A.
tumefaciens has been the most communal plant
transformed tool date, and any interest gene can
easily integrate inside the T-DNA region using
different types of plant specific vectors to generate
transformed plants (31, 32).

Transformation Sunflower Cotyledons

Agrobacterium were used for genetic
transformation of cotyledonary tissues (33, 34) and
because the sunflower cotyledons were quite large
and easy to cut near the distal end and could be
grown very well in Iragi environment. Sunflower
was selected for genetic modification in our labs
and will be considered as the sources for
glucocerebrosidase in this study.

Sterilized Sunflower Seeds

In this study, sunflower seeds were
sterilized with coat and then the coats were removed
and resterilization occurred because the seeds of
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sunflower are so large and surrounded by a tough
shell consisting of two halves. The embryo has an
air chamber that in general attracts fungal spores
which makes eliminating them very challenging
(35) Therefore, the study the seed coat was
removed to avoid fungal contamination when
germinated on germination medium and this way
was successful in obtaining sunflower cotyledons
free of any fungal contamination result in Fig.5.
Incubation of Sunflower Cotyledons with
Agrobacterium

Transformation via A. tumefaciens is the
main step facilitated by the physical attachment
between A. tumefaciens and plant cells. When the A.
tumefaciens is attached to plant cells, it makes
cellulose fibrils at the wounded sites (36), so it was
important to make cuts in sunflower cotyledons as
in Fig.6A before inoculation with bacteria. The
steps in current study the expose sunflower
cotyledons to A. tumefaciens for 30 min to allow
enough physical contact between bacteria and plant
cells. A, tumefaciens  manufactures  an
exopolysaccharide, unipolar polysaccharide (UPP)
that participates in bacterial connection (37, 38).
Plant factors are involved in bacterial engagement
to the surface of plant cells; vitronectin protein
family factor is one of them. Vitronectin is a special
receptor for many pathogenic bacteria strains (39).
A wide range of chemical compounds secreted from
wounded plant act as agents to engage A.
tumefaciens to the wound sites to infect the affected
plant and act as signals for activation virA and virG
genes which are required to activate vir gen in A.
tumefaciens (40) these signals are phenols, aldose
monosaccharaides, low phosphate, and low pH (41).
The plants excrete sap has acidic distinctive pH (5.0
- 5.8) with elevated content of different phenolic
component, which used to prevent microbial
attachment, but they actually induce the virulence
gene (vir gene) in A. tumefaciens to be expressed
(42). The most studied and most efficientive vir
gene stimulator is 3, 5-dimethoxy acetophenone
(acetosyringone, AS) (43). Therefore 200 mM of
acetosyrinogen was added to infection and co-
cultivation media with pH at 55 to provide
appropriate conditions for Agrobacterium to express
vir gene. In the actual study sucrose was also added
to all the media. In infection medium specifically,
sugars stimulate of VirA/VirG genes, and also bind
to the glucose/galactose binding protein and
enhanced activation of vir gene (44, 45) and induce
many bacterial genes to be expressed (46).
Expression of Virulence gene (vir gene) leads to
produce of a singular strand T-DNA, or so called T-
strand, and then it was transported to the plant cell
by enhanced Agrobacterium to produce proteins
VirD1 and VirD2, which act as a post and strand
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particular endonuclease attached to the coiled Ti
plasmid between the third and fourth bases of the T-
DNA outlines, and causing it to unwind (47, 48). In
this study, sunflower cotyledons were incubated
with Agrobacterium in an infection medium (IM)
supplemented with 200 mM AS for 30 min at 25°C,
as see in Fig.7A. This temperature triggers
expression of virB gene in bacteria (49), where the
virB proteins enables T-DNA and Vir proteins to
penetrate the bacteria’s internal membrane, the
peptidoglycan coat, and external membrane, in
additional to the host plant membrane and cell wall.
Complex VirB is a class of type IV secretion
systems (T4SS), that are presented in many range
of Gram-negative bacteria and are involved in their
pathogenicity (50,51,52,53).

Selecting Transformed Explants

The hygromycin resistance gene is widely
used as a selection gene in plant transformation, and
the results in Fig.8A shown the concentration of 7.5
mg/ml  was sufficient to select transformed
cotyledons because that concentration inhibited
shoot growing as in seen Fig.8C and this result was
in an agreement with (33,54). Who used a
hygromycin 7.5 mg /ml to selection transformed
sunflower. In this study, two types of plant
hormones were used, 6-benzylaminopurine and
naphthalene acetic acid (NAA). In tissue culture the
plant hormones are important for regenerating
explant because they promote growth and
elongation plant cells (55).

Frequency of Stable Transformation

The results showed the healthy cotyledons
with young green shoots were from transformed
sunflower cotyledons and the transformation
frequency were 37.5% from 40 transformed
cotyledons, but only 15 cotyledons able to produce
healthy shoots after two weeks of transformation
seen in Fig.9A, B and could produce roots from
these shoots as seen in Fig.10A, this result is in
agreement with similar work conducted to produce
complete transformed plant from cotyledons (56,57)
.They produced complete transformed tomato from
cotyledons and produced transformed sunflower
from transformed cotyledons. Growing whole plant
from transformed cotyledon on selection medium
confirmed  transformed  T- DNA  from
Agrobacterium to plant cell due to the expression of
T-DNA after a few days (58).

Analysis of GBA Gene Expression in Transgenic
Sunflower

The transgenic sunflowers were analysed
by PCR and real-time RT-PCR. Both techniques
were used to prove steady expression of
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recombinant gene in the transgenic plant, and in this
study used to establish the GBA gene expression at
the RNA level. GBA gene can be amplified from
genomic DNA & RNA that was isolated from
transformed sunflower leaves using the specific
primer, as seen in Fig.12 and 14. They had the
same band size for control GBA1 gene, and the
sequences analysed confirmed that the gene
amplified from plant is GBAL gene, the real-time
RT-PCR result Figl5 showed That GBA gene was
expressed in transformed sunflower plants, more or
less comparable level of GBA gene from the human
blood and the modified gene was detected by
relative expression. No RNA from the GBA gene
was found in the non-transformed control plant.
Quantitative  real-time  reverse transcription—
polymerase chain reaction (QRT-PCR) is the
required method for confirming gene expression
and detection the fold change difference in mRNA
levels of any target gene, due to its high sensitivity
specificity and reproducibility (59) .The quantity of
GBAl gene in transformed sunflower was
confirmed when we converted its RNA to cDNA
and its expression was related to control cDNA
compared to reversed total RNA isolated from
blood sample of a healthy person. Human
Glucosylceramide (GBA) ELISA Kit was used for
the quantitative  determination of  human
glucosylceramidase (GBA). This assay has highly
sensitivity  and specificity  for human
glucosylceramide (glucocerebrosidase), and no
interference was observed between human GBA
and analogues. Findings showed the concentration
of crude recombinant glucocerebrosidase isolated
from transformed sunflower reach to 0.45ng/ml in
0.1g from plant powder.

Conclusion:

In this study, the designed primer
successfully amplified the whole the Hu- GBA ORF
with its signal peptides and was successful in
integrating it within the pPCAMBIA-1304 plasmid
and forming recombinant pCAMBIA1304-GBA
plasmid. Transformed A. tumefaciens was able to
transfer GBA gene to sunflower cotyledons and
these transformed cotyledons were efficient in
generating whole plant on selection media. The real
time analysis showed that transgenic sunflowers
were effectively expressing Hu- GBA gene with
comparable levels of its expression in modified
plant and in healthy human blood, and the mature
transformed plant was successfully produced
glucocerebrosidase protein.

Acknowledgements:
We are thankful to the Director Genetic
Engineering Lab/College of Science /University of

30

Basra/lraq, Prof. Khosraviani Kave (University of
Tehran) whose kindly provided E. coli DH5a strain,
Prof. D. Abd-Ridha Al-Mayah /College of science
/University of Basra/lrag whose classified
sunflower seeds and Dr. Zainab Jwad the director
plant tissue culture Lab/College of science
/University of Basra/lrag.

Reference:

1. Natsumi T, Hiroshi K, Yoshikazu Y. Plant-based
vaccines for animals and humans: recent advances in
technology and clinical trials. Ther Adv Vaccines,
2015; 3(5-6): 139-154 doi:
10.1177/2051013615613272.

2. Jian Y, Yungi W, Alexia D, Kevin YW. Plants as
Factories for Human Pharmaceuticals: Applications
and Challenges. Int. J. Mol. Sci, 2015; 16, 28549-
28565; doi: 10.3390/ijms161226122.

3. Nuttall J, Julian K, Frigerio L. A functional antibody

lacking N-linked glycans is efficiently folded,

assembled and secreted by tobacco mesophyll

protoplasts. Plant Biotechnol. J., 2005; 3, 497-504

Doi.org/10.1111/j.1467-7652.2005.00140.x.

Sexton A, Harman S, Shattock RJ, Ma JK. Design,

expression, and characterization of a multivalent,

combination HIV microbicide. The FASEB Journal,

2009; 23, 3590-3600. https://Doi.org/10.1096/fj.09-

131995.

5. Porowinska D, Wujak M, Roszek K, Komoszynski
M. Prokaryotic expression systems Postepy Hig Med
Dosw (Online). 2013,1;67:119-29.

6. Weiging Z, Jing Lu, Shuwen Z, LulL,
Xiaoyang P, Jiaping Lv. Development an effective
system to expression recombinant protein in E. coli
via comparison and optimization of signal peptides:
Expression of Pseudomonas fluorescens BJ-10
thermostable lipase as case study. Microbial Cell
Fact. 2018; 17:50 doi.org/10.1186/s12934-018-
0894-y.

7. Paul M, Ma JK. Plant-made pharmaceuticals:
Leading products and production platforms.
Biotechnol Appl Biochem, 2011; 9, 58-67. DOI:
10.1002/bab.6.

8. Sack M, Rademacher T, Spiegel H, Boes A ,Hellwig
S, Drossard J, et al. From gene to harvest: insights
into upstream process development for the GMP
production of a monoclonal antibody in transgenic
tobacco plants. Plant Biotechnol. J., 2015; 13, 1094-
105 DOI: 10.1111/phi.12438.

9. Fox JL. First plant-made biologic approved. Nat.

Biotechnol, 2012; 30, 472 doi: 10.1038/nbt0612472.

Nalysnyk L, Rotella P, Simeone JC, Hamed A,

Weinreb N. Gaucher disease epidemiology and

natural history: A comprehensive rev. of the

literature. Hematology, 2016; 1-9.

https://Doi.org/10.1080/10245332.2016.1240391.

Barton N, Brady RO, Dambrosia JM, Di Bisceglie

AM, Doppelt SH, Hill SC, et al. Replacement therapy

for inherited enzyme deficiency-macrophage-targeted

glucocerebrosidase for Gaucher’s disease. N Eng. | J

Med, 1991; 324, 1464-70.

10.

11.


https://doi.org/10.1111/j.1467-7652.2005.00140.x
https://doi.org/10.1096/fj.09-131995
https://doi.org/10.1096/fj.09-131995
https://doi.org/10.1186/s12934-018-0894-y
https://doi.org/10.1186/s12934-018-0894-y
https://doi.org/10.1080/10245332.2016.1240391

Baghdad Science Journal

Vol.16(1)2019

12. Grabowski GA, Barton NW, Pastores G, Dambrosia
JM, Banerjee TK, McKee MA, et al. Enzyme therapy
in type 1 Gaucher disease: comparative efficacy of
mannose-terminated glucocerebrosidase from natural
and recombinant sources. Ann Intern Med, 1995; 122,
33-39.

13. Shaaltiel Y, Bartfeld D, Hashmueli S, Baum G, Brill-
Almon E, Galili G, et al Produced of
glucocerebrosidase with terminal mannose glycans
for enzyme replacement therapy for Gaucher's
disease using a plant cell system. Plant Biotechnol J,
2007; 5, 579-590. DOI:  10.1111/j.1467-
7652.2007.00263.x.

14.Bourras S, Rouxel T, Meyer M. Agrobacterium
tumefaciens gene transfer; how a plant pathogen
hacks the nuclei of plant and nonplant organisms,
Phytopathology, 2015; 10, 1288-130. Doi:
10.1094/PHYTO-12-14-0380-RVW.

15. Mrizova K, Holaskova E, Tufan O M, Jiskrova E,
Frébort 1., Galuszka P. Transgenic barley: A pro-
spective tool for biotechnology and agriculture.
Biotechnol. Advances, 2017; 32: 137-157.

16.Tzfira T, Vaidya M, Citovsky V. Increasing plant
susceptibility to  Agrobacterium infection by
overexpression of the Arabidopsis nuclear protein
VIP1. Proceedings of the NAS of the United States of
America, 2002; 16, 1043510.

17. Zambryski P, Depicker A, Kruger K, Goodman HM.
Tumor induction by Agrobacterium tumefaciens:
analysis of the boundaries of T-DNA. J. Mol. Appl.
Genet., 1982; 1, 4,361 440.

18.Juliana B, Ligia M, Ana M, Adriana, F, Paes L,
Solange M, et al. Generation of a Chinase Hamster
Ovary Cell Line Producting Recombinant Human
Glucocerebrosidase, J. Biomed. Biotechnol., 2012;
1155, 1-10 Doi.org/10.1155/2012/875383.

19.Jenkins C, Ling CL, Ciesielczuk HL, Lockwood J,
Hopkins S, Mchugh TD, et al. Detection and
Identification of Bacteria in Clinical Samples by 16s
rRNA Gene Sequencing: Comparison of two
Different Approaches in clinical Practice. J. Med.
Microbiol., 2016; 61, 483-88. Doi:
10.1099/jmm.0.030387-0

20.Vincze E, Bowra S. Transformation of Rhizobia with

Broad Host-range plasmids by using a freeze-Thaw

method. Appl. Environ. Microbial, 2006; 3, 2290-

2293. Doi: 10.1128/AEM.72.3.2290-2293.2006

.Holsters M, De Waele, D, Depicker A, Messens E,

van Montagu, M, Schell J.  Transfection and

transformation of Agrobacterium tumefaciens. Mol.

Gen Genet, 1978; 163,181-187.

21

22.Behnoush S, Jalali-Javaran M, Rajabi-Memari H,
Mohebodin  M.: Cloning, Transformation and
Expression of Proinsulin  Gene in Tomato

(Lycopersicum esculentum Mill.). Jundishapur J Nat
Pharm Prod., 2014; 9, 9-15.

Murashige T, Skoog F. A revised medium for rapid
growth and bio assays with tobacco tissue cultures.
Phys. Plant, 1962; 15, 473-497.

Ksenija J T, Dragana M V. Different Sterilization
Methods for Overcoming Internal Bacterial
Infection in  Sunflower Seeds. Proc. Nat. Sci, Matica
Srpska Novi Sad, 2005; 109, 59-64.

23.

24.

31

25.Waheed A, lhsan H, Mohammad T, Kirankumar, S,
Bushra, M. Agrobacterium-Mediated Transformation
of Tomato with rolB Gene Results in Enhancement of
Fruit Quality and Foliar Resistance against Fungal
Pathogens, PLoS One, 2014; 9,5. €96979. Doi:
10.1371/journal.pone.0096979.
Nyaboga E, Tripathi J N, Manoharan R, Tripathi, L.
Agrobacterium-mediated genetic transformation of
yam (Dioscorea rotundata): an important tool for
functional study of genes and crop improvement.
Front Plant Sci.,, 2014; 15, 463. Doi:
10.3389/pls.2014.00463
Arvinth S, Arun S, Selvakesavan R K, Arvinth S,
Arun S, Selvakesavan RK, et al. Genetic
transformation and pyramiding of protinin-expressing
sugarcane with crylAb for shoot bore (Chilo
infuscatellus) resistance. Plant Cell Rep., 2010; 29,
383-395. DOI: 10.1007/s00299-010-0829-5.
28.Seulah C, Donghoon K, Tae-In K, Seungpil Y,
Sangjune K, Hyejin P, et al. Lysosomal Enzyme
Glucocerebrosidase  Protects  against ~ AB1-42
Oligomer-Induce Neurotoxicity, PloS One, 2015;
10(12), e0143854. doi:10.1371/journal.pone.014385.
29. Shaaltiel Y, Baum G, Bartfeld D, Hashmueli S,
Lewkowicz A. 2011U.S. Patent No. 7,951,557.
Washington, DC: U.S. Patent and Trademark Office.
30. Lacroix B, Citovsky V. The roles of bacterial and
host plant factors in Agrobacterium-mediated genetic
transformation. Int. J. Dev. Biol., 2013; 57, 467-
481doi: 10.1387/ijdb.130199bl
31.Christie P J, Whitaker N, Gonzalez-Rivera C.
Mechanism and structure of the bacterial type IV
secretion systems. Biochim. Biophys. Acta, 2014;
1843, 1578-1591. Doi: 10.1016/j.bbamcr.2013.12.019
32. Zhifen Z. Use of genetic transformation technology in
oil crops: soybean and sunflower. Ph.D. Thesis .The
Ohio State University, 2016.
33.Sujatha M, Vijay S, Vasavi S, Rao S. Combination
of thidiazuron and 2-isopentenyladenine promotes
highly efficient adventitious shoot regeneration from
cotyledons of mature sunflower (Helianthus annuus
L.) seeds. Plant Cell Tiss Organ Cult, 2012a 111,
359-372.
34.Power CJ. Organogenesis from Helianthus annuus
inbreds and hybrids from the cotyledons of zygotic
embryos. Am J Bot., 1987; 74,497-503.
35.Jeannin G, Hahne G. Donor plant growth conditions
and regeneration of fertile plants from somatic
embryos induced on immature zygotic embryos of
sunflower (Helianthus annuus L.). Plant Breeding,
1991; 107, 280-287 https://doi.org/10.1111/j.1439-
0523.1991.th00551.x
Hau-Hsuan H, Manda Y, Erh-Min L. Agrobacterium-
Mediated Plant Transformation: Biology and
Applications Source: The Arabidopsis Book,
(2017) Published By: The American Society of Plant
Biologists https://doi.org/10.1199/tab.0186.
Heindl JE, Wang Y, Heckel B C, Mohari B, Feirer N,
Fuqua, C.Mechanisms and regulation of surface
interactions and biofilm formation in Agrobacterium.
Front. Plant Sci., 2014; 5, 17.
https://doi.org/10.3389/fpls.2014.00176.

26.

27.

36.

37.



https://doi.org/10.1199/tab.0186
https://doi.org/10.3389/fpls.2014.00176

Baghdad Science Journal

Vol.16(1)2019

38.Paulsson M, Wadstrom T. Vitronectin and type-I

collagen binding by Staphylococcus aurous and

coagulase-negative staphylococci. FEMS Microbiol.

Immunol, 1990; 2, 55-62.

Stachel SE, Timmerman B, Zambryski P. Generation

of single-stranded T-DNA molecules during the

initial stages of T-DNA transfer from Agrobacterium

tumefaciens to plant cells. Nature, 1986; 322, 706-

712.

Brencic A, Eberhard A, Winans SC.  Signal

quenching, detoxification and mineralization of vir

gene-inducing phenolics by the VirH2 protein of

Agrobacterium tumefaciens. Mol. Microbiol, 2003;

51, 1103-1115.doi:10.1046/j.1365-2958. 2003

.03887.x.

41. Andrea P, and Heribert, H:. New insights into an old
story: Agrobacterium-induced tumour formation in
plants by plant transformation, The EMBO Journal,
2010; 29, 1021-1032. doi: 10.1038/emboj.2010.8.

42.Subramoni S, Nathoo N, Klimov E, Yuan Z.
Agrobacterium tumefaciens responses to plant-
derived signalling molecules. Front. Plant Sci, 2014;
5,322 doi: 10.3389/fpls.2014.00322.

43. Xiaozhen H,Jinlei Z, William F D, Andrew NB
Agrobacterium tumefaciens recognizes its host
environment using ChvE to bind diverse plant sugars
as virulence signals PNAS, 2013; 110 (2) 678-
683. doi.org/10.1073/pnas.1215033110.

44, Xiaozhen H, Jinlei Z, William F, Andrew N B.

Agrobacterium tumefaciens recognizes its host

environment using ChvE to bind diverse plant sugars

as virulence signals - Proc Natl Acad Sci U S A, 2013

; 110(2): 678-683. . doi: 10.1073/pnas.1215033110.

Arlene A W, Andrew N B. The Receiver of the

Agrobacterium tumefaciens VirA Histidine Kinase

Forms a Stable Interaction with VirG to Activate

Virulence Gene Expression. Front Microbiol, 2015;

6: 1546. Doi: 10.3389/fmich.2015.01546.

Wang K, Stachel, SE, Timmerman B, Van Montagu

M, Zambryski P. Site-specific nick in the T-DNA

border sequence as a result of Agrobacterium vir gene

expression. Science, 1987; 235, 587-591.

Peter JC, Jay E G , The Agrobacterium Ti Plasmids.

Microbiol ~ Spectr, 2014; 2(6): 10. Doi:

10.1128/microbiolspec.PLAS-0010-2013.

48.Jing Y, Meixia W, Xin Z, Minliang G, Zhiwei H,
Expression of Agrobacterium Homolog Genes
Encoding T-complex Recruiting Protein under
Virulence Induction Conditions. Front Microbiol,
2015; 6: 1379. Doi: 10.3389/fmich.2015.01379.

39.

40.

45,

46.

47.

32

49.Bhatty M, Laverde Gomez JA, Christie P J.The
expanding bacterial type IV secretion lexicon. Res.
Microbiol. 164, 620-639. PMID: 23542405. http://dx.
doi: 10.1016/j.resmic.

Cascales, E., Atmakuri, K., Sarkar, M. K., and
Christie, P. J.: DNA substrate-induced activation of
the Agrobacterium VirB/VirD4 type IV secretion
system. J. Bacteriol, 2013; 11, 2691-2704. Doi:
10.1128/JB.00114-13.

Christie P J, Whitaker N, Gonzalez-Rivera C.
Mechanism and structure of the bacterial type IV
secretion systems. Biochim. Biophys. Acta, 2014;
1843,1578-1591.

Doi: 10.1016/j.bbamcr.2013.12.019.

Gelvin SB. Integration of Agrobacterium T-DNA into
the plant genome. Annu. Rev. Genet, 2017; 51, 195-
217doi: 10.1146/annurev-genet-120215-035320.
Shikha S, Srivastava DK. Agrobacterium-Mediated
Fungal Resistance Gene Transfer Studies Pertaining
to Antibiotic Sensitivity on Cultured Tissues of
Lettuce. Int.J.Curr.Microbiol.App.Sci. 2017; 6, 1687-
1698. https://doi.org/10.20546/ijcmas.2017.607.203.
Shuxuan L, Yahui C, Yaping L, Tingting W, Qin S,
Nana C, et al. Optimization of Agrobacterium-
Mediated Transformation in Soybean. Front Plant
Sci., 2017; 8, 246. Doi: 10.3389/fpls.2017.00246.
Chetty VJ, Ceballos N, Garcia D, Narvaez-Vasquez
J, Lopez W, and Orozco-Cardenas ML. Evaluation of
four Agrobacterium tumefaciens strains for the
genetic  transformation of tomato (Solanum
lycopersicum L.) cultivar Micro-Tom. Plant Cell
Rep., 2013; 32, 239-247, doi 10.1007/s00299-012-
1358-1.

56.Sheng S, Xiu-Ping K, Xiao-Juan X, Xiao-Yong X,
Jiao C, Shao-Wen Z, et al. Agrobacterium-mediated
transformation of tomato (Lycopersicon esculentum
L. cv. Hezuo 908) with improved efficiency.
Biotechnol. Biotechnol. Equip., 2015; 29, 861868.
http://dx.doi.org/10.1080/13102818.2015.1056753
Wu HY, Chen CY, Lai EM. Expression and
functional characterization of the Agrobacterium
VirB2 amino Acid substitution variants in T-pilus
biogenesis, virulence, and transient transformation
efficiency. PLoS One.,, 2014; 9, 101142,
doi.org/10.1371/journal.pone.0101142

Ying L, Lei S, Ling Y, Rui G, Zheng q, Xiao h, Li L,
Hui Z . Hippocampal gene expression profiling in a
rat model of functional constipation reveals abnormal
expression genes associated with cognitive function.
Neurosci. Lett., 2018; 675, 14, 103-109.
https://doi.org/10.1016/j.neulet.2018.03.023.

50.

51.

52.

53.

54.

55.

57.

58.



https://doi.org/10.1073/pnas.1215033110
https://www.ncbi.nlm.nih.gov/pubmed/?term=Binns%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=26779177
https://www.ncbi.nlm.nih.gov/pubmed/?term=Christie%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=25593788
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gordon%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=25593788
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26696988
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26696988
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=26696988
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26696988
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=26696988
https://doi.org/10.20546/ijcmas.2017.607.203
https://www.sciencedirect.com/science/article/abs/pii/S0304394018301927#!
https://doi.org/10.1016/j.neulet.2018.03.023

Baghdad Science Journal Vo0l.16(1)2019

el )93 A Glucocerebrosidase S el g dall as 33U al) il
2zlaall Guaadl 3 daaa 1A Cala danda iy 5

1l 6 ) dadla dlapall IS ¢ ydlEall ¢ 3!
31l b pad) dadla caslall A0S lall gl aud?

sduadAll
LS Ol s Al il g g LY L)y 5 Aame 4l Jrealae LY ag al) 4@l G lad aaf (g sasl5 A jall de )30 e

aalall @l 535 @ il b bl Jals 456 all cilialdl JAaY aaaius ) 430 sl dusighl @l sol (e 3250 5 Agrobacterium
Gaucher sl oyl z3al axiviall Glucocerebrosidase = a3 s Al ) ol duigl) 3yl anadle cilidiy p Z WY
m )zl e Jsall HU-GBAT s _r8d) (pal) andiiail Lald clialy avenal o agllall Al jall 4 i g pll &l s 2a) 5 disease
PCAMBIA1304 il jusill J8 8 adcadll fuall 45K &5 laaxy pGEM-GBA S all 2w 334l (s Glucocerebrosidase
Fll el ame 3 alaaiu)  Glucocerebrosidase  mi) ddl adl ) asall Jesy AK iU e Jgpaall
Sl S pall ae B alals L 58 ) Agrobacterium tumefaciens LBA4404 LSy Jy =il pPCAMBIAL1304-GBA
Agrobacterium LS <ile | Colony PCRibaulss GBAL ol oaall alds Ll 5 8 5me LS e J geanl) il
il lalh g el 3llall 138 2235 5 acetosyringone GeoY sedlie 200de s sl Infection Medium (IM) s (A o) saall
o= a1 (5 GBllad) ey slall il cues 3 ¢ GBAL skl Guall e dsla Ly 5me clils ) uadl l 50
oy A culalall Jas o3 @l 2ay ¢« acetosyringone ceo¥ sadw 200 ae labadl e MBI (Co-Cultivation Medium CCM)
s Cefotaxime il / ol e 250 5 Hygromycin ¢ 53 / alale 7.5 Je (s 53y (Selection Medium SM) )_kss)
Colalal) uAu.u.A.\ﬂ\ J\JJ Sl t\)):\.w‘ C\A.u(ﬂd\ ?)\L 85 c}ua:\.cl.u 16 o).\ss jeZSbJ\);@Jm@ba\ \2}:\ 14 DJAKC._\:\AJ
padaill dais CulS Gua PCR 4hanl 5 (alil) saal) il (o 55ill (anall 8 HU-GBA 7 o) asa s i a5 Uil 5 ) saall
4i)ie PCR & Jul daul 5 jsaall Guaadll 53 8 GBAL sl el (o 2l o3 LS g2elE 7 531561 (s 4o
Human ) sialall ddlsddl sae aladiuliy ELISA midb Lyl elidl JLady) aaaiul | uldll GBAlgene e
Lyl o S 55 paaty ) saall bl (e dvaliiual) QAT G gl (e il a 39 458 2a1l (Glucosylceramide ELISA Kit
Jaloe s5 0,458 GBAL e Jsaall Guedll ) 50 il (e il glucocerebrosidase a i 1S 58 o) gl G o) Eua
il

osadill dbe « pPCAMBIAL304 ¢ Dol s JajsSslall ¢ 4pdse ¢la « Agrobacterium :dzaliial) cilalsl)

33



