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1. Introduction

Fruit ripening is a complex metabolic process involving changes in color, flavor,
texture, and aroma that are catalyzed by highly regulated specific enzyme activi-
ties. The onset of ripening involves the expression of specific genes, and the ex-
pression specificity lies in the genes promoter region. Although chitinases are
abundant proteins found in a wide variety of plants, the presence of chitin has

not been reported in higher plants. Since chitin is the major structural compo-

DOI: 10.4236/ajps.2022.131004 Jan. 18, 2022 50 American Journal of Plant Sciences


https://www.scirp.org/journal/ajps
https://doi.org/10.4236/ajps.2022.131004
https://www.scirp.org/
https://doi.org/10.4236/ajps.2022.131004
http://creativecommons.org/licenses/by/4.0/

L. M. Suarez-Rodriguez et al.

nent of fungal cell walls, it has been proposed that chitinases serve as defense
proteins with antifungal activity [1]. Chitinases are reported to be induced in
higher plants by several different types of stress [2] [3]. Many plant chitinases
are expressed although at a low level constitutively [1]. Some evidence exists for
the development regulation of chitinase expression in specific tissue and all de-
fined stages during plant development [4] [5] [6]. The abundant 31 KDa banana
pulp protein is homologous to class III chitinases [7]. There are several reports
about chitinase genes expression during fruit ripening like avocado [8] [9] [10],
pineapple [5], grapes [11] and pears [12]. However, in contrast to the ripening
associated PR-proteins studied in some fruits, banana acidic chitinase decreases
in abundance during ripening [7]. Although it is possible that this banana chiti-
nase serves a protective role during fruit development, an alternate hypothesis is
that it serves as a storage protein in this tissue [7] [13]. One of the most abun-
dant proteins in tamarind seeds is an acidic class III chitinase based on its abun-
dance accumulation without any pathogenesis-related stimulus, temporal regu-
lation, amino acid composition, and very low enzyme activity; this 34 KDa pro-
tein designated “tamarinin” physiologically serves as the major storage protein
[4]. In this work, we isolated a fragment of 2.1 Kb of the promoter of the banana
acidic chitinase class III (MaChlII), and using GUS reaction as reporter gene

detected its expression in transgenic tomato fruit (Solanum Iycopersicum,).

2. Material and Methods
2.1. Genomic Library Construction and Screening

Banana genomic library for Musa acuminata cv Giant Nain was constructed with
DNA isolated from immature green leaves, using the EMBL3 vector (Stratagene)
[14]. Approximately, 2 x 10° primary plaques from the genomic library were
plated, blotted and hybridized with **P labeled banana p31 ¢cDNA [7]. Three
successive hybridizations identified positive clones, from which DNA was iso-
lated by restriction mapping. The genomic clone, Musa acuminata acidic chiti-
nase class III was subcloned into plasmid Sport (Invitrogen) and sequenced by
Sanger Method (GenBank: AY525367.1).

2.2. pGPT-31G Vector Construction

The 2.1 Kbp 5’ region of banana acidic chitinase class III (MaChlIII) gene was
obtained from genomic DNA clone. The Ncol site at 1739 bp from the start codon
was removed by cutting with Ncol and filling the ends with Klenow enzyme.
Then, a Ncol site was created at the start codon by PCR. The 2.1 Kbp Bam-
HI-Ncol fragment containing the MaChlIII promoter was fused to the GUS gene
with the CaMV 35S 3’ region from pRTL2-GUS [15] and the expression cassette
was inserted into pGPTV-Kan [16] to make pGPT-31G vector (Figure 1(A)).

2.3. Tomato Plant Transformation

Agrobacterium-mediated transformation of tomato cotyledons (variety Tanksley
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Figure 1. (A) Binary vector map pGPT-35G. GUS gene is under control of banana p31 promoter, CAMYV terminator is the
3’ end of GUS gene. (B) Banana (Musa acuminata) Acidic Chitinase III (MaChIII) promoter PCR detection. Total DNA was
extracted from banana and tomato transgenic lines. The amplified band of 480 bp corresponds to the promoter amplicon.

Line 1 molecular weight marker, line 2 negative control wild type tomato DNA, line 3 plasmid DNA with MaChIII con-

struction, line 4 - 6 transgenic tomato lines DNA, line 7 banana DNA.

TA234TM2R) was performed according to Frary [17], except those seeds were
sterilized by soaking in 70% ethanol for 2 min before rinsing in sterile water and
washing in a mixture of 10% bleach and 1% Tween-20 for 10 min. The seeds
were rinsed three times in sterile distilled water before plating on half-strength
MS medium [18] (half-strength MS: 50 mg-L™' myo-inositol, 2 mg-L™" thiamine
HCl, 0.5 mg-L™ pyridoxine HCl, 0.5 mg-L™" nicotinic acid, 10 g-L™' sucrose and 8
g-L™! Difco bacto agar, pH 5.8). Plantlets were regenerated on medium contain-

ing kanamycin at 300 mg/L.

2.4. PCR MacChlll Promoter Detection

PCR MacChIII promoter fragment was amplified from transgenic tomato lines
using total DNA as template and two internal primers for a 480 bp fragment of
the promoter sequence (promoter region 1691 to 2152 pb): MaPromP31FW
CCA AGA GGA TTT AAA TTT GGG C and MaPromP31RW CGG GGA CTT
GTC GAA GTT TTC G under the following conditions: 5 min denaturation at
95°C, followed by 25 cycles of amplification (95°C for 30 s, 57°C 30's, 72°C 30 s)
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in an Applied Biosystems 2720 Thermal Cycler.

2.5. Analysis of $-Glucuronidase (GUS) Expression by Fluorometry

We made fluorometric GUS assay following the method described by Jefferson
[19]. Samples of leaves and fruits tissues were assayed. Transgenic tomatoes
fruits were pick up at three ripening stages; green, brake and red (ripen). Fruits
were divided in pericarp and placenta tissues. The volume equivalent to 20 pg of
protein was incubated with 1 mM MUG buffer at 37°C for 90 min. The enzy-
matic reaction was measured by spectrofluorometer Bio-Rad VersaFluor fluo-
rometer (Bio-Rad Laboratories, Hercules, CA). Fluorescence was measured at an
excitation wavelength of 365 nm and an emission wavelength of 450 nm. Pro-
teins were extracted from different tissues and total protein concentration was
determined according to Bradford assay and bovine serum albumin as standard.
All the samples had three repetitions. To determine the pmol/min/mg value in
each sample, a MU standard curve was constructed from the standard readings
and absolute amount of MU (nM). Samples O.D. readings were applied to the
equation, and a linear estimation was done to get protein activity/minute. The
slope value (nM/min) was obtained for each sample, and conversions were ap-
plied to convert nM to nmolar, and then to nmol/min. Using the values obtained
from the Bradford standard curve and several dilution factors, a value was ob-

tained for each sample in units of pmol/min/mg.

2.6. Histochemical Assay

Fruit sections were cut by hands and fixed in 0.3% formaldehyde in 10 mM
MES, pH 5.6, 30 mM mannitol for 45 min at room temperature followed by sev-
eral washes in 50 mM NaH, PO,, pH 7.0. The samples were put in 1 mM X-Gluc
(5-bromo-4-cloro-3-indolyl- f-glucuronic acid) solution and incubated at 37°C

overnight for blue color development [19].

3. Results and Discussion
3.1. Analysis of p31 Promoter Expression in Tomato Plants

The banana acidic chitinase promoter vector pGPT-31G was introduced into A.
tumefaciens LBA4404 by electroporation. Transformants were selected on LB
medium containing kanamycin and confirmed by PCR. Using pGPT-31G vector
Tomatoes cotyledons were transformed using Agrobacterium system. Four
transgenic plant lines were obtained; we chose the line GPT31G-2 for the next
experiments. Transgenic line was grown under greenhouse conditions and grown
over a period of six months. Tomato total DNA was obtained and used for PCR
assays to verify the MaChlIIl promoter incorporation in the tomato genome
(Figure 1(B)).

3.2. Fluorometry Analysis of f-Glucuronidase (GUS) Expression

Samples from pericarp and placenta of transgenic tomato fruits of GPT31G-2
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line at three stages of tomato fruit ripening; green, brake and ripen, were col-
lected. We made fluorometric assay in these three tomato ripening tissues and
leaves samples. Data was quantified, and then arrayed in column graphs plotting
the pmol/min/mg values obtained for each sample. We can observe that the
higher expression is specified in the pericarp and placental regions at tomato
brake stage. Low values were obtained in pericarp and placenta tissues of green
and ripen stages of tomato fruit ripening. Fluorometric leaves values are lower

than obtained from fruit tissues (Figure 2(A)).

3.3. Histochemical Fruit GUS Staining Assay

Figures 2(D)-(I) shows histochemical tomato GUS assays in the three tomato
fruit ripening stages (green, break and ripe). In tomato green fruits the expres-
sion is confined to the vascular and funiculus tissues (Figure 2(D) & Figure
2(E)). In the tomato brake stage, the blue staining is hard in all pericarp, locular
gel, vascular and placental tissues (Figure 2(F) & Figure 2(G)). This ripening
stage is just before climacteric ethylene burst. During the ripen stage (red) af-
ter the climacteric period the expression was reduced to vascular and funiculus

fruit tissues (Figure 2(H) & Figure 2(I)). This pattern of expression is like to the
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Figure 2. (A) Analysis of S-glucuronidase (GUS) expression under the control of p31 promoter through fluorimetry. Protein was
extracted from transgenic tomatoes fruits at three ripening stages; green, brake and red (ripen). Fruits were divided in pericarp
and placenta tissues. Leaves samples of transgenic plants were processed too. (B - C) Negative and Positive controls of transgenic
tomato GUS staining. (D - I) GUS staining of tomatoes fruits carrying MaChIII promoter. Tomatoes sections of three fruit ripen-
ing stages. (D - E) Green stage; (F - G) Breaking stage; (H - I) Red stage; GUS expression under the control of banana acidic chiti-
nase claslII promoter. Rules 0.5 cm.
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acidic chitinase class III banana protein expression during fruit ripening [7]. The
expression of the banana acidic chitinase class III promoter in a dicot model
plant like tomato is interesting and suggests that this sequence gives organ speci-
ficity to the coding region and that is associated to fruit development too. The
turn off the expression of the gene in presence of ethylene is similar, when cli-
macteric ethylene production occurs during fruit ripening, the promoter turns
off the expression of the gene in pericarp and placenta tissue. An interesting ob-
servation is the funiculus intense expression during three ripening stages, this
result suggests that this acidic chitinase could be involved in seed development.
Banana express abundantly this gene in the green pericarp like tomato, both

fruits before of climacteric fruit stage.

3.4. In Silico p31 Promoter Analysis

The sequence of the 5 flanking promoter DNA of the MaChIII was determined.
The likely start codon is located at position 2153. The putative cis-element of this
promoter was analyzed using PLANT Care program and Table 1. The TATA
Box was found at position 1043. Potential regulatory cis elements associated with
phytohormones, and stress related response were located within the MaChIII
promoter, including 1 W-box, 5 light response, 4 stress, 3 Abscisic Acid, 1 Me-
thyl JA and 4 for transcription factors related elements. The presence of these
elements demonstrates that MaChIII may be involved in banana response to

biotic and abiotic stresses and development more than pathogenic response.

Table 1. Prediction cis-acting elements of MaChIII promoter using PLANT CARE data-
base analysis.

Motif name Sequence Function Motif No
AAGAA-motif GAAAGAA Unknown 2
ABRE ACGTG Abscisic acid responsive element 3
ABRE3a TACGTG Abscisic acid responsive element 2
ABRE4 CACGTA Abscisic acid responsive element 1
cis-acting regulatory element essential
ARE AAACCA . . 3
for the anaerobic induction
Common cis-acting element in
CAAT-box CAAT . 24
promoter and enhancer regions
CGTCA-motif CGTCA Methyl JA-response 1
GBOX TACGTG Light responsivenes 2
LAMP Element =~ CCTTATCCA Part of light responsive element 1
MYB binding site involved in
MBS CAACTG . ot 1
drought-inducibility
MYB TAACCA Stress response 1
MYB like TAACCA Stress response 1
MYC CAATTG Stress response 2
DOI: 10.4236/ajps.2022.131004 55 American Journal of Plant Sciences
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Continued

Myb CAACTG MYB binding related Cis-elements 1
Myc TCTCTTA Unknown 1
STRE AGGGG Stress response element 3
Spl GGGCGG Light responsive element 1

TATA Box Core promoter element
TCA TCATCTTCAT Salicilic acid responsiveness 1
TCT-motif TCTTAC Part of light responsive element 2
Unnamed_ 4 CTCC Unknown 9
W box TTGACC Stress response 2

4. Discussion

Although chitinases are a family of antifungal proteins, the precise functions of
individual members in this family and their expressional mechanism are still
largely unknown. From deduced amino acid sequence of MaChlII only three of
the five amino acids necessary for chitinase activity are conserved. We reported
previously that the abundance of MaChlII decreased as ripening proceeded. The
MacChlIII antibody recognized a single 31 KDa polypeptide in banana pulp that
was not present in peel, corm meristem or root tissues. These results indicated
that this chitinase is fruit-specific and its physiological role is not for plant pro-
tection, but as a storage protein in banana pulp [7]. It is possible that this pro-
moter response is associated in a tissue-specific way in tomato fruit [20], as
found with the regulation of ethylene biosynthesis in the different tomato fruit
tissues [21]. Another interesting observation is the very specific GUS staining of
the fruit vascular tissue in the three stages of ripening. This suggests that this
promoter could be carpel-specific. More studies are necessary since banana fruit
is a parthenocarpy fruit.

In silico analysis shows that this promoter presents cis-acting elements prin-
cipally related to stress, development and phyto-regulators response does not
have pathogen cis-acting elements, like W Boxes present in chitinase promoters
reported in other plants with antifungal activity [22]. The GUS staining expres-
sion of MaChlII in tomato fruit showed similar behavior like banana fruit, its
expression goes down during fruit ripening and the higher expression was in

green and breaking pericarp and placenta of preclimacteric tomato fruit.

5. Conclusion

Taken together our results suggest that expression of this promoter is develop-
mentally regulated rather than pathogen-induced. It gives organ specificity ex-
pression during fruit ripening, and at least, this fruit promoter should have se-
quences that are conserved between the two genome systems (monocots and di-
cots plants) during fruit ripening and development. It is possible that in the

evolution of plants promoter sequences could be conserved too. This promoter
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could have biotechnological applications, could be useful for the expression of

proteins during fruit ripening of monocots and dicots plants, like oral vaccines.
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