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Abstract

Chitinase acts on the chitin present on the cell wall of the fungal pathogen
and hence, identification and characterization of the putative gene and the
protein is very useful in understanding its role in plant defence. Chitinase gene
AT4G01700 was isolated, characterized and expressed from Arabidopsis
thaliana (ecotype Arabidopsis Columbia). We wanted to characterize a putative
chitinases of Arabidopsis, AT4G01700 which resembled most with the chitinase
of Nicotiana tobaccum. The gene was amplified using the cDNA of the plant
Arabidopsis thaliana, cloned and expressed using PET EK/LIC vector in different
hosts like BL21 (DE3), BL21-pLysS, Rosetta and Rosetta DE3 into a protein up
to the size of 31kd. Information obtained from further characterisation of this
protein and of chitinase gene (AT4G01700) which the group is continuing with,
can be used to develop the transgenic plants resistant to the diseases caused
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by the fungal pathogens.
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Abbreviations

Amp:  Ampicillin;  CaCl; Calcium  Chloride; cDNA:
Complementary DNA; CTAB: Hexadecyltrimethylammonium
Bromide; EDTA: Ethylenediamine Tetra Acetic Acid; IPTG: Isopropyl
B-D-1-Thiogalactopyranoside; LB: Luria-Bertani; NaOH: Sodium
Hydroxide; N-terminus: Amino Terminus; ORF: Open Reading
Frame; SDS: Sodium Dodecyl Sulphate; Spp: Species (Plural); TBE
buffer: Tris-Borate-EDTA Buffer; B-ME ; Beta Mercaptoethanol; A; 1
lambda; pL: Micro Litre; uM: Micro Molar

Introduction

Plants are known to produce various proteins like chitinase
in response to the pathogens instead of having their own immune
system [1]. Chitinases (EC 3.2.1.14) are the enzymes that catalyze the
hydrolysis of the -1, 4-N-acetyl-D-glucosaaminidic linkages of the
polysaccharide chitin, [2] found in the cell wall of most fungi, some
algae and in the exoskeleton of arthropods and crustaceans. Chitinase
plays different role in different organisms like for growth and molting
by insects, for availing carbon and energy source by bacteria. Higher
plants and animals produce chitinase to defend themselves from
infection of pathogenic fungi [1,2].

“Plant chitinase have both scientific and economic interest”.
Mostly the plant chitinase are endo-type chitinase which randomly
hydrolyze the internal B-1, 4-N-acetyl-D-glucosaminidic linkages
of chitin producing chitooligosaccharides. Thus plant chitinase
genes can be used to develop the disease resistant transgenic plants
that show the increased resistance to the fungal pathogens due to
the degradation of chitin present on fungal cell wall by chitinase
genes [3,4]. There are data showing the up-regulation of chitinase
in response to fungal elicitors, ethylene and other stress [5,6]. Apart
from the antifungal activity, chitinase also play important role
towards regulation of normal plant development and regulation of

legume response to rhizobial nod factors [7,8]. Chitinase are usually
involved in active or passive defence against pathogens and they
are also known to regulate growth and development by generating
or degrading signal molecule and through Programmed Cell Death
(PCD).

Plant chitinases are generally the monomeric proteins between
22 and 40 kDa in size. Chitinases have been divided into six classes
on the basis of their amino acid sequences [9-11]. Generally plants
synthesize a number of closely related chitinase which are encoded by
a gene family and further, these enzymes are divided into two classes
based upon their acidic or basic isoelectric points [12-14]. Various in
vitro studies have demonstrated a growth inhibitory effect of chitinase
against fungi containing chitin in the cell wall [15]. Researchers have
primarily focused on chitinases from crop plants and ornamental
plants [10,16,17]. Although chitinases have been purified and
characterized from a variety of sources, very little is known about the
enzyme from Arabidopsis thaliana [1]. Simple genome organization
and short life cycle have made it a model organism in plant research
and offers important advantages for basic research in genetic and
molecular biology, the small size of its genome makes Arabidopsis
thaliana useful for genetic mapping and sequencing with about 157
mega base pairs and fine chromosomes, gene encoding chitinase
have also been used to genetically engineered plants to enhance their
protection against fungal pathogens [18]. A. thaliana on the other
hand produces a single basic chitinase, encoded by single copy gene
[1,19]. In spite of being known as model organism, a very less work
has been reported from A.thaliana plant. Since 1991, till date there
has been one report on purification and characterization of chitinase
from A.thaliana. Chitinase gene AT4G01700 [1]. Chitinase gene
AT4G01700 expresses a chitinase family protein. It is involved in
carbohydrate metabolic process, cell wall macromolecule catabolic
process, it is mainly located in the cell wall and is expressed in 18
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plant structure; this gene is expressed during 13 growth stages;
it contains the Interpro domain; glycoside hydrolase, family 19
(Interpro:1PR016283); Glycoside hydrolase family 19, catalytic
(Interpro 1 PR000726).

In our experiment we focused on Arabidopsis thaliana for
the isolation and expression of an uncharacterized chitinase gene
AT4G01700 from A. thaliana which may serve an important role in
plant defence and thus in making successful transgenic plant.

Materials and Methods

Seed sterilization and plant culture

Seeds of Arabidopsis thaliana (ecotype Columbia) were obtained
from IARI, New Delhi. Seeds were taken in separate autoclaved
eppendrof tubes and suspended in 70% ethanol for 5 min and then
treated with 50% bleach (v/v), 0.1% Tween 20 for 10min. Seeds were
resuspended from time to time. Bleach was discarded and seeds
were washed thoroughly with a large amount of sterile distilled
water. Water was then discarded and the same step was repeated for
more than 3 times to remove all bleach from the seeds. Seeds were
inoculated in the MS-media (Himedia) plates supplemented with 2%
sucrose and wrapped the plates in aluminium foil and were stored at
4°C temperature in dark for 3 days. After 3 days plates were taken out
and were kept at room temperature in plant tissue culture room for
germination of seeds.

RNA-isolation from the Arabidopsis thaliana seedlings

RNA isolation was done from the seedlings of the Arabidopsis
thaliana seedlings (one week old) using RNEASY Minikit (QIAGEN),
according to the manufacturer’s instructions RLT buffer was used
to extract the RNA from the plant tissues. The quality of the RNA
isolated was visualized on 1% agarose gel and quantified on nanodrop
(Thermo).

c-DNA synthesis and genomic DNA isolation

c-DNA was prepared from the total RNA according to the
manufacturer’s instructions using the Omni script Reverse
Transcription kit (QUIAGEN). In the reaction mixture we took 10X
buffer RT 2uL, DNTP 2ul, Oligo dT primer 2ul, RTase lul, water
11ul, RNA 2yl, and finally the total reaction mixture was 20pl. The
reaction mixture was mixed thoroughly and carefully by vortexing
for not more than 5 sec and incubated the mixture at 37°C for 60 min.
Genomic DNA was isolated from the fresh seedlings of Arabidopsis
thaliana following the instructions on CTAB-method. The genomic
DNA was further quantified using the nanodrop (THERMO) and
visualized on 1% agarose gel.

Identification of uncharacterized genes of chitinases

As per the protocol published by Xu et al, 2007 (Chitinases in
oryza sativa spp. japonica and Arabidopsis spp. ) and Doxey et al, 2007,
we separated out different chitinases on the basis of the information
given in TAIR data base and using BLAST tool we have short listed
AT4G01700, AT4G19820, AT1G56680 as uncharacterized gene .

Sequence retrieval and primer designing

Selected genes were analyzed in TAIR data base and finally
primers of all these genes were designed. Putative Arabidopsis family
1 members were identified by searching public databases at the
National Centre for Biotechnology information (http://www.ncbi.

nlm.nih.gov/BLAST/) and The Arabidopsis Information Resource
(http://www.Arabidopsis.org/Blast/). The genome sequence of
selected B-1, 3 glucanase genes and the selected ¢ DNA region was
taken and pasted the 24-28 base pair sequence from start codon in
oligodt analyser and sigma primer calculator. Checked their primer
length, GC content, dimer formation and secondary structure.

Ampilification of the desired gene

PCR was done using 2ul of c-DNA as template respectively,
using the Hot star Hifidelity polymerase (QUIAGEN) and primers
for different cycles with modification in annealing temperature and
denaturation time using primer of AT4g01700 gene.

Gel extraction and purification

50pl of the amplified PCR product was loaded on 0.7% agarose
gel and the part of gel containing the amplified PCR product was cut
under the uv-transilluminator. Further the gel-purification was done
following the instruction manual of QIA quick GEL Extraction kit
(QIAGEN). The gel purified was then stored at -40°C temperature.

Transformation and cloning of AT4g01700 gene

The ligation reaction was performed by using NOVAGEN
kit which performed the directional cloning without restriction
digestion; it contained PET 46 EK/LIC vector for ligation with desired
gene, after performing the ligation and annealing of the desired gene
with vector it was transformed in competent cell of DH5a and the
colonies were observed on the next day. Similarly transformation
was also done using BL21DE3, Rosetta, Rosetta DE3, BL21plysS
competent cells. Plating was then done on plates containing
antibiotics accordingly- BL21DE3 on LB amp plate, Rosetta DE3
on LB chlor+amp plate, BL21-plysS on LB amp plate and incubated
overnight at 37°C temperature.

Plasmid Isolation

Plasmid from DH5a culture was isolated following the
instructions of MINI-PREP method of plasmid isolation.

Restriction digestion

Restriction digestion was done using the Hind III enzyme (NEB).
Hind III was used as it’s the only single cutter enzyme present in
the gene AT4G01700 with no other cutting site within the PET EK/
LIC vector, so it appears linear when visualized in 1% agarose gel.
The reaction mixture contained 8.0pl of 10X buffer II, 2.0ul Hind
III and 58.0pl nuclease free water. 17ul of the master mix and 3ul of
the plasmid DNA was added to the each 0.5ml of 4 eppendorf tubes
and in other 1.5ml eppendorf tube 58.0ul of the nuclease free water,
2.0pl of the HIND III and 8l of 10X buffer NEB was taken. Divided
equally i.e. 17ul to the 4 separate 0.5ml autoclaved eppendr of tubes
each and 3yl of the plasmid DNA was added. For uncut mixture two
fresh 0.5ml eppendorf tubes with 17ul of the nuclease free water, 3ul
of the plasmid DNA were taken and incubated for 5-6 hrs at 37°C.
Visualized the digested sample on an agarose gel.

Optimisation for efficient transformation

The plasmid having the insert gene was used to transform BL21
(DE3) competent cells (Novagen), Rosetta competent cells DE3, BL-
21 pLysS competent cells. In competent cells (100pl) 2 pul plasmid was
added with gene of interest. Incubation on ice was given for 5 min.
Heat shock was given at 42°C for 45 sec. Again incubated on ice for
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2 min. Added 250pl SOC media in each eppendrof and incubated at
37°C for 1 hour and plating was done on the selection media plates
having ampicilline and incubated at 37°C overnight. The transformed
colonies were observed the next day.

Induction of target protein at different conditions

a) Using IPTG, BL21, DE3 as expression vector: Initially
we took 5ml of the LB broth with 2pl of amp in it, and inoculated
one colony each from the transformed plate in the LB media and
incubated it overnight at 37°C in incubator shaker. Next day 250ul
primary culture was inoculated in 10ml LB broth as the OD reaches
to 0.4, 1ml culture was taken in a separate eppendorf as uninduced
sample (control) and in remaining media added ImM IPTG to the
final concentration of 0.2mM and 1mM and incubated in incubator
shaker at 37°C temperature 250 rpm. After one hour of IPTG
induction 1ml of the culture was taken and centrifuged at 15000 rpm
for 1 min, discarded the supernatant and stored the pellet at -40 © C
temperatures. Similarly pelleted down 1ml IPTG for every 2, 3, 4 and
6 hour and freeze all the samples at -40°C.Visualized on the (12%)
SDS gel.

b) Using IPTG, BL21 (pLysS) and Rosetta as a expression
vector: The plasmid containing targeted protein was transformed
into expression vector BL21 and Rosetta and visualized on 12% SDS
gel.

¢) Using IPTG, BL21DE3 as expression host with at different
temperature, IPTG conc, time: The media was inoculated with
transformed BL21 DE3 STRAIN and incubated it overnight at 37°C,
200 rpm. For secondary culture 50ml LB media was taken with
1%glucose (40% stock) and added 1 ml primary culture, incubated
it in the incubator shaker at 200rpm, 37 © C temperatures. After the
OD reaches to 0.6, 1ml of the culture was taken in an autoclaved
eppendorf for in induced sample and to the rest culture induced with
the two different concentration of IPTG a) 0.2 mM IPTG b) ImM
IPTG.

And induced the culture at two different temperature i.e. 18°C
and 37°C for both genes, for 2, 4, 6, 8 and 24 hour. 1ml culture was
taken after the given interval of time, pelleted down at full rpm for 1
min and stored at -40°C temperature and visualised on 12% SDS gel.

Analysis of proteins on SDS PAGE gel (12%)

The samples were taken out from -40°C and added 45yl of the
sample buffer already kept at -40°C and mixed the pellet well to the
sample. The buffer was added and boiled at 100°C for 10min. 10ul
of the boiled samples was loaded in the gel (12% PAGE) along with
5ul of the protein marker and run. After 2-3 hours when the samples
are completely run on gel, the gel was took out and was put on the
staining solution (as mentioned above) for 30 min in the rocker, after
30 min decant the staining solution and put the gel in the distaining
solution for 5-10 min in the rocker. After 5-10 min decant the
distaining solution and added the autoclaved distilled water to the
gel and visualized.

Results

Seedling germination and growth

Below are the images showing (A) - showing plate just come
out after the overnight incubation at 4°C and (B) showing seedlings

germination after 15 days of the incubation. Finally we got seedlings
ready for RNA isolation after 15 days of the incubation (Figure 1).

RNA Isolation

From the fresh seedlings of Arabidopsis thaliana we isolated the
m-RNA using RN easy Minikit (QIAGEN). We obtained two bands
of 28S and 18S m-RNA which is shown in the gel image below (Figure
2).

Genomic DNA Isolation

After the mRNA isolation, genomic DNA was isolated from the
seedlings of Arabidopsis thaliana plant using CTAB method and
visualized on 1% agarose gel. Genomic DNA band were seen in the
two lanes.

Amplification of c DNA and genomic DNA using primer of
AT4G01700 Gene

For amplification of ¢ DNA and genomic DNA, in the PCR
reaction the annealing temperature (55°C) was changed and genomic
DNA was taken as template, normal taq polymerase was taken instead
of the hot start and visualized on 1% agarose gel. We got band of the
amplified gene.

Figure 1: Seedlings of Arabidopsis growing on MS agar plates.
Plate A: Showing the seeds came out after overnight 4°C incubation.
Plate B: Showing the 15 days old grown seedlings.

L1 L2

Figure 2: L1-DNA ladder, L2-m RNA; the arrow represents the position of
28S (1000bp) and 18S m-RNA (800bp).
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After getting success with PCR on genomic DNA we modified
conditions for c- DNA for this we used Hi Fidelity Hot start DNA
Polymerase for increasing specificity with modification like addition
of Q solution and MgSO, in reaction mixture. We got an amplified
product of about 843 bp (Figure 3).

Gel elution and purification of PCR product of AT4G01700

After conformation of product size the product was eluted
with the help of sharp blade under UV transilluminator, from 0.7%
agarose gel and finally purified the product from gel by gel elution
kit (QIAGEN). After elution the PCR product was purified and was
finally visualized on agarose gel (1%). Purified PCR product of the
gene AT4G01700 is shown in lane L1 (Figure 4).

Ligation and transformation

After the gel elution and purification of the PCR product was done
thereafter the ligation reaction was performed by using NOVAGEN
kit which performed directional cloning without restriction digestion,
it contained PET46 EK/LIC vector for ligation with desired gene,
after performing the ligation and annealing of the desired gene with
vector it was transformed in competent cell of DH5a and colonies
were observed. We got the number of transformed colonies of strain
DH5a (Figure 5).

Plasmid isolation and restriction digestion

In the next step in order to confirm the positive colony, we isolated

PCR Product

Figure 3: L1-I kb ladder, L2-Negative control, L3-PCR-product.

Purified PCR product

Figure 4: L1-1kb DNA Ladder L2-purify PCR product of AT4G01700 Gene.

Figure 5: Transformed colony of DH5a.

the plasmid from each transformed colony of gene AT4G01700 using
Mini-Prep method. Further on running in gel we visualized the bands
showing the plasmid isolated (Figure 6).

After the plasmid isolation, restriction digestion was performed
to confirm the ligation of the insert with the vector. In this we used
HindIII restriction enzyme because Hind III is the only single cutter
enzyme present in AT4G01700 and it has no other cutting site within
the pET EK/LIC vector and so it become linear when visualized on
the 1% agarose gel (Figure 7).

Next after the confirmation of the ligation of insert with vector,
we transformed the plasmid containing insert in to competent cells
of BL21 (DE) and many other expression hosts like Rosetta, Rosetta
(DE3),BL21(plysS).The resulting transformed colonies are shown
below in (Figure 8).

Further for the confirmation of the transformation we again
isolated the plasmid following the Mini-Prep method and performed
the restriction digestion by using HindIII enzyme. (Figure 9); showing
restriction digestion with Hind III enzyme in which AT4G01700 gene
insert have single cutting site for HindIII enzyme, which becomes
linear after digestion.

Expression of targeted protein using IPTG

For the expression of the targeted protein we used the different
expression host like BL21 (DE3), BL21pLysS, Rosetta, Rosetta DE3.

1000 bp
—

250bp

Figure 6: L1-1Kb ladder, L2-AT4G01700 (a) plasmid, L3-AT4G01700 (b)
plasmid L4-AT4G01700(c) plasmid.
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1 kB

—

1000 bp

—

250 bp

Figure 7: L1-1 kb DNA ladder; L2-AT4G01700 (a) insert having no cutting
site for Hind Il (uncut); L3- AT4G01700(b) insert having no cutting site
for Hind llI( uncut) L4-AT4G01700(a) insert have single cutting site ; L5-
AT4G01700(b) insert have single cutting site.

Figure 8 (A): Transformed colonies of Rosetta.
(B): Transformed colonies of rosetta DES3.

(C): Transformed colonies of BL21 DE3.

(D): Transformed colonies of BL21 plys S.

Figure 9-L1-1 kb DNA ladder L2-uncut (a)no cutting site for Hindlll L3-
uncut(b) no cutting site for Hindlll L4-AT4G01700 (a)gene insert having
single cutting site L5- AT4G01700(b) insert having single cutting site.

We also changed the different IPTG concentration at different
OD and also gave temperature variation like 18°C and 37°C with
IPTG concentration 0.2 to 1. The cells were also induced at lower
temperature as has been for expressing Arabidopsis chitinase V
(Ohnuma et al; 2011). To prevent the leaky expression we used 0.5%
glucose in primary culture and 1% glucose in induced culture. In
first experiment we used BL21 (DE3) as expression host. In this we
induced with IPTG, when O.D. of the secondary culture reached 0.6.
Started the sample collection after each hour until 8 hour, immediately
centrifuged the sample and freezed the pellet at -40°C. Resuspended
the sample with sample buffer and boiled for 10 min and loaded on
12% SDS gel in SDS gel unit (Bio-Rad) (Figure 10).

Similarly on the expression of the AT4G01700 protein in Rosetta
expression host with 0.2 mM IPTG concentration at temperature
18°C temperature with 1% glucose in induced culture we obtained 31
kd of the protein.

And on expressing the AT4G01700 gene protein in plysS
expression host and Rosetta (DE3) with 1mM IPTG and 0.2mM
concentration respectively at temperature 18°C temperature we
again obtained the protein of 31kd. Similarly for the expression of
the AT4G01700 gene protein in Rosetta (DE3) expression host with
0.2mM and 1mM IPTG concentration at temperature 37°C and 18°C
temperature we again obtained the protein of size 31 kd (Figure 11).

Discussion

In the experiment the uncharacterized gene AT4G01700 of the
model plant Arabidopsis thaliana was isolated, characterized and
cloned, further we are trying to express the protein using various
optimization in temperature, IPTG concentration etc. Today fungal
pathogens cause huge loss to the crop plants and chitinase being an
antifungal protein acts on the chitin present in the exoskeleton of the
fungal pathogens hence considered suitable for the management of
the pests and pathogens. The gene of our interest AT4G01700 along
with the other genes can be characterized and in future can be used
for the development of the transgenic plants resistant against the
fungal pathogens. Apart from the model plant Arabidopsis thaliana

144

Pratein band31kDa

Figurel0 - SDS gel image (12%) AT4G01700 gene protein expression of
(BL21DE3) L1- 1 hour induced L2- uninduced sample of 1 hour L3- induced
sample of 2 hour L4- uninduced sample of 4 hour, L5- induced sample of 4
hour, L6- protein marker, L7- induced sample of 6 hour L8- induced sample
of 8 hour L9- induced sample of 10 hour.
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Figure 11- L1- protein marker L2- uninduced sample of 2 hour L3- induced
sample of 2 hour L4- induced sample of 4 hour L5- uninduced sample of 4
hour L6- induced 6 hour L7- induced sample of 8 hour L8- induced sample of
24 hour L9- uninduced sample of 24 hour.

chitinase having antifungal property have also been reported from
the other sources. Molecular cloning, characterization and expression
of chitinase PjChi-1 from fungus Paecilomyces javanicus which
is reported to inhibit the growth of phytopathogenic fungi such as
Sclerotium rolfsii, Colletotrichum gloeosporioides, Aspergillus nidulans
and Rhizoctonia solani [20]. Chitinase gene has also been isolated and
characterized from the carnivorous plant Nepenthes khasiana and the
results showed the involvement of gene encoding chitinase in prey-
trap interaction, and their differential expression and activity during
prey trapping [21]. The gene encoding an extracellular chitinase from
marine Alteromonas spp. strain O-7 was cloned in Escherichia coli
JM109 by using pUC18 [22]. Apart from this several acidic and basic
chitinases have also been isolated from the Arabidopsis thaliana plant
[1]. Chitinase is often produced in higher plants as a general defence
response after wounding or pathogenic attack. A putative role for
chitinase in muskmelon seeds is defence against fungal pathogen
[23]. So on the basis of research paper published by Xu etal and
Doxey et al, 2007, we separated out different chitinases and on the
basis of the information given in TAIR database and using BLAST
tool we found the uncharacterized gene AT4G01700, AT1G56680,
AT4G19820 and analyzed in TAIR database. Putative Arabidopsis
family 1 members were identified by searching public databases at the
National Centre for Biotechnology Information (http://www.ncbi.
nlm.nih.gov/BLAST/) and The Arabidopsis Information Resource
(http://www.Arabidopsis.org/Blast/). In the paper by Verburg et.al,
1991, purification and characterization of basic chitinase from
Arabidopsis Thaliana was reported and the enzyme of 32 kilodalton
was determined by SDS PAGE. And in the paper by Deborah et al
(1990), the genes encoding the acidic and basic chitinase were cloned
and the nucleotide sequence was determined and the expression of
both acidic and basic chitinases on different plants parts was checked.
In our experiment we tried to isolate and express a chitinase family
protein AT4G01700 which can prove to act as an antifungal protein
useful for the preparation of transgenic plants, gene AT4G01700 was
characterized. The gene was amplified using the cDNA of the plant
Arabidopsis thaliana (ecotype Arabidopsis Columbia). The gene was
cloned and expressed using PET EK/LIC vector in different hosts
like BL21 (DE3), BL21-pLysS, and Rosetta DE3. Protein up to 31Kd

was expressed and further trying to express the protein using various
optimization. The chitinase protein is further targeted to develop the
transgenic plants resistant against the fungal pathogens.

Conclusion

The gene AT4G01700 can be further purified and can be used
as an antifungal protein to check the pathogen attack on plants, and
depending upon the expression level in different parts of the plant we
can lead further towards development of transgenic plants through
introducing such genes into different plant species susceptible to
fungal pathogens.
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