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Antiproliferative activity of protein extracts from the
black clam (Chione fluctifraga) on human cervical and
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The wide diversity of the marine environment has been an important resource for the discovery of new
bioactive agents from marine organisms. The aim of this study was to obtain protein extracts from the
clam Chione fluctifraga and determine its antiproliferative activity against cervical and breast cancer
cells. The extracts were obtained by ammonium sulfate fractionation, gel filtration and ion exchange
chromatography. Antiproliferative activity was evaluated by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide assay (MTT). The results showed that 3F3 had antiproliferative effect
against HeLa and MDA-MB-231 cell lines with ICg, values of 138.035 and 157.19 pg/ml, respectively, and
2F2 showed ICsq values of 67.46 ug/ml on Hela cells. These results suggest that protein extracts from
C. fluctifraga might be potential anticancer agents.

Key words: Protein extracts, clam, antiproliferative activity, breast cancer, cervical cancer.

INTRODUCTION

Cancer is a worldwide health issue; it is not just one
disease but a variety of different diseases, which have in
common uncontrolled cell proliferation. There are more
than 100 different types of cancer, most of them take the
name of the organ or cell in which they begin to grow
(Hawkins, 1992; Martinez et al, 2003). Breast and

cervical cancer are the main cancer related cause of
death in women around the world. The high prevalence of
these types of cancer is due to a lack of strategies that
allow detection at early cancer stages (Palacio-Mejia et
al., 2009; Gok et al., 2011). Chemotherapy is the most
commonly used treatment against cancer, however some

*Corresponding author. E-mail: mburboa@correom.uson.mx. Tel: (662) 2592169. Fax: (662) 2592197.

Author(s) agree that this article remains permanently open access under the terms of the Creative Commons Attribution
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patients develop resistance against the drugs and this
has become a major problem in the past years.
Resistance to treatment can be caused by a large variety
of factors, which include individual variations between
patients and genetic differences among tumor cells
(Gottesman, 2002; Jordan and Wilson, 2004; Bhutia and
Maiti, 2008). The discovery of new compounds from
natural sources has been very important in
pharmaceutical science research. The past decade has
seen an increase in the number of compounds obtained
from the screening of diverse marine invertebrates, such
as soft corals, tunicates and mollusks, that are advancing
to preclinical trials (Liang et al., 2008; Simmons et al.,
2005; Amador, 2003; Bhatnagar and Kim, 2010).
Examples of anticancer agents extracted from marine
organisms include bryostatin-1, a macrocyclic lactone
from Bugula neritine, with antitumor activity; ziconotide, a
peptide from cone snail, is an N-type calcium-channel
blocker in chronic pain treatment; ectenaisdin 743 is a
tetrahydroisoquinolone alkaloid, isolated from
Ectinascidia turbinate, with cytotoxic activity. It has been
previously reported that the peptide dolastatin, obtained
from the marine mollusk Dollabella auricularia, possesses
an impressive growth inhibition of cancer cells. Another
example is Kahalalide F, a cyclic depsipeptide obtained
from Elysia rufescens; this peptide shows antitumor
activity against colorectal, lung and prostate cancer cells,
being lysosomes the cellular target (Haefner, 2003;
Amador, 2003; Aneiros and Garateix, 2004; Faircloth and
Cuevas, 2006; Bhatnagar and Kim, 2010).

Many peptides with different biological activities such
as antioxidant (Wenyan et al., 2012), immune-regulatory
(Lixin et al, 2005), antihyperglycemia and
antihyperlipemia activity (Tsai et al., 2008) have been
isolated from the clam Meretrix meretrix; polypeptide
Mer2, MGPgso; and MGPy,0s inhibits cell proliferation of
several cancer cell lines; Mere-15 shows antitumor
activity in vitro and in vivo; the protein (MML) shows
growth inhibition in several cancer cell lines such as
breast, colon and hepatic (Leng et al., 2005; Ning et al.,
2009; Wang et al., 2012). Two peptides, 18 and 16 kDa,
with cytotoxic activity in vitro against HelLa cells have
been purified from Arca subcrenata (Song et al., 2008).
The Gulf of California has a great diversity of clams, such
as the black clam (Chione fluctifraga), that represent a
popular seafood and a very important income source for
the community (Martinez-Cordova and Martinez-Porchas,
2006). The aim of the present study was to evaluate the
capability of C. fluctifraga’s protein extract to inhibit the
cellular growth on HeLa and MDA-MB-231 cultured cells.

MATERIALS AND METHODS

Materials

The clams (C. fluctifraga) were obtained from the experimental unit
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of the University of Sonora (Kino Bay, Sonora). All the reagents
were obtained from Sigma-Aldrich (St. Louis, MO, USA).

Preparation of the crude extract

The clams were cut into small pieces and homogenized with 0.01 M
phosphate buffer (0.1 M NaCl, pH 7.2) in a 1:3 ratio (w/v). The
homogenate was centrifuged at 3000 x g. The supernatant was
fractionated by ammonium sulfate precipitation up to 60%
saturation. After 12 h of stirring the precipitate was collected by
centrifugation (3000 x g, 10 min) and the pellet was suspended in
phosphate buffer and collected as the crude extract.

Preparation of protein extract

The crude extract was passed through a Sephadex G-25 column
(1.5 x 50 cm) pre-equilibrated with 0.01 M phosphate buffer (0.1 M
NaCl, pH 7.2) at a flow rate of 1 ml/min and the absorbance was
monitored at 280 nm. The fraction collected was dialyzed against
0.025 M Tris-HCI and then loaded onto a HiPrep 16/10 Q XL
column (BioRad) pre-equilibrated with 0.025 M Tris-HCI pH 8.2. The
column was eluted with a linear gradient 0 to 1 M NacCl prepared in
Tris-HCI buffer at a flow rate of 1 ml/min, each fraction was
collected at a volume of 5 ml and detection was performed at 280
nm. Fractions were lyophilized then dialyzed and antiproliferative
activities were determined.

Measurement of protein content

The protein concentration was measured by the BCA method using
the BCA protein assay kit (Pierce, USA) and bovine serum albumin
as standard.

Tricine-SDS-PAGE

The extraction process was monitored by electrophoresis tricine-
SDS-PAGE (Schagger, 2006) using a Bio-Rad Mini-Protean Il
electrophoresis unit (Bio-Rad, CA, USA) with an acrylamide
concentration of 16% for the running gel. The protein bands were
detected by silver stain.

Cell culture

The breast cancer cell (MDA-MB-231), cervical cancer cell (HeLa)
and a human retinal pigment epithelial cell line (ARPE-19) were
obtained from American Type Culture Collection (Rockrville, MD).
HelLa and ARPE-19 cell were grown in Dulbecco’s Modified Eagle
Medium (DMEM) supplemented with 10% fetal bovine serum
(GIBCO, BRL, Grand Island, NY), 1% penicillin-streptomycin and
1% gentamicin; MDA-MB-231 was grown in DMEM supplemented
with 15% fetal bovine serum, 2 mM glutamine, 1% penicillin-
streptomycin, 1% gentamicin and 1% non-essential amino acids
(SIGMA-Aldrich, St. Louis, MO, USA) and were maintained at 37°C
under humidified atmosphere with 5% CO,.

Antiproliferative assay

MDA-MB-231, HeLa and ARPE-19 cells were cultured in a 96 wells
microplate (1 x 10* cell/ml) for 24 hours; then 50 pl of the extracts
were added in serial concentrations, PBS or Cisplatin as controls,
and incubated for 48 h. At the end of the incubation period, 10 pl of
MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
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Figure 1. Fractionation of crude extract by gel filtration chromatography on a Sephadex G-
25 column. Column specification: 1.5 x 50 cm; the elution was performed with 0.1M
phosphate buffer at a flow rate of 1 ml/min. The elution was monitored at 280 nm.

solution (SIGMA-Aldrich, St. Louis, MO, USA) were added to each
well and the microplate was incubated for 4 h to allow the formation
of formazan by the viable cell. The formazan crystals were
dissolved in 150 pl of solubilization solution. The absorbance was
read on an ELISA reader (Beckman Coulter AD 340) at 570 nm.
The percentage of growth inhibition was calculated as [(values from
experimental conditions) — (values from control conditions)] x 100 /
(Values from untreated control).

Statistical analysis

The experimental data were expressed as the mean + standard
deviation. Statistical analysis was carried out using the GraphPad
PRISM 6 program (GraphPad Software, Inc., San Diego, CA),
statistical significance (p < 0.05) was determined using a Student’s
t-test.

RESULTS AND DISCUSSION

Marine organisms represent a large source of new
compounds with biological activities. Direct extraction is
one way to obtain bioactive compounds from marine
organisms; this approach is widely used for isolated and
purified biologically active peptides (Chen et al., 2013).
Figure 1 shows the crude extract's chromatogram. Three
fractions were obtained after passing the crude extract
through the Sephadex column. The separation is given
based on the size, the high molecular weight proteins
were obtained in the first fraction and afterwards the low
molecular weight ones. The fractions that resulted (F1,

F2, and F3) from gel filtration chromatography were
separated by ion-exchange chromatography through
elution with a NaCl gradient on a HiPrep 16/10 QXL
column, ten fractions were obtained as follows: four
fractions from F1, three fractions from F2 and three
fractions from F3 (Figure 2). Antiproliferative activity of all
fractions was tested using the MTT assay, a well-
established in vitro model for citotoxicity against cancer
cell lines that has been used as a conventional technique
for the screening of new compounds with antiproliferative
activity (Song et al., 2008). F1 showed a antiproliferative
effect of 87% of over MDA-MB-231 cell and 43.17% over
HelLa cell. F3 shows inhibition of the cellular growth of
64.36 and 70% on HelLa and MDA-MB-231 cell,
respectively (Figure 3). When a high concentration of the
extract is required to inhibit the cellular growth on 50% of
the population, it is considered a low cytotoxicity (Hsu et
al., 2010). The concentrations used ranged from 0.054 to
1.97 mg/ml, inhibition on cancer cell line has been
reported with 1 mg/ml of extracts (Picot et al., 2006;
Liang et al., 2008). The fractions did not inhibit cellular
proliferation beyond 60% on the human retinal pigment
epithelial cells (ARPE-19). Ten fractions were obtained
by ion-exchange chromatography, on the antiproliferative
evaluation of these samples (Table 1), the fraction 3F3
showed to inhibit the proliferation of HeLa and MDA-MB-
231 cell with 1Cgy values of 138.035 and 157.19 pg/ml
respectively and 2F2 fraction showed ICs, values of
67.46 pg/ml over HeLa cells. Wang et al. (2012) have



0 100

Garcia-Morales et al. 217

200 300

0.20

0 100

200 300

Time [min.]:

Figure 2. Fractionation by anion exchange chromatography on a
HiPrep 16/10 QXL column. The elution was performed with a linear
gradient of NaCl (0-1 M) in 25 mM Tris-HCI buffer at a flow rate of
Iml/min. The elution was monitored at 280 nm. F1: Fraction 1 from gel
filtration chromatography; F2: Fraction 2 from gel filtration
chromatography and F3: Fraction 1 from gel filtration chromatography.

reported ICsq values of 84.9 and 215.3 pg/ml over A549
and CCRF-CEM cells, for Syngnathus acus’s protein
purified by ion-exchange cromatography; from A.
subcrenata two fractions have shown cytotoxic activity
against HL-60 (ICso: 123.2 pg/ml) and Hela cells (ICso:
38.2 ug/ml) (Song et al., 2008).

Several biologically active peptides from marine
organisms have been identified and have shown different
activities including antioxidant, antimicrobial, antiproli-
ferative and antihypertensive actions (Kim et al., 2013).
Some of these compounds are in the process of entering
clinicals trials. Peptides from marine sources (Jaspamide,
aplidine, didemnin, MML, Mere 15 and dolastatin) induce
cell death with different mechanisms, including apoptosis,
disruption of microtubular function; interaction with

tubulin, alteration of microtubule assembly, or angioge-
nesis inhibition (Bai et al., 1990; Zheng et al., 2011). Also
some of these compunds can bind the vinca alkaloids or
the colchine-binding domain inhibiting the polimerization
of microtubules (Simmons et al., 2005; Amador, 2003).
Several bands with molecular weights between 45 and 18
kDa were observed in the electrophoresis gel (Figure 4).
Several compounds derived from marine organisms that
have been evaluated on pre-clinical and clinical trials as
potential anticancer drug are low molecular weight
compounds (Ning et al., 2009).

Cyplisin, a 56 kDa protein isolated from Aplysia
punctate, has shown citotoxicity against several cancer
cell lines; MML, a 40 kDa protein from M. meretrix, has
inhibitory effects on the proliferation of human hepatoma,
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Figure 3. The inhibitory effect of fractions obtained by gel filtration chromatography. The
cancer cell lines were treated with the indicated concentrattion of protein and cell proliferation
was determinated by MTT assay. A: Fraction 1; B: Fraction 2; C: Fraction 3.

Table 1. Antiproliferative activity of fractions obtained by anion
exchange chromatography against different cell lines (ICso pg/ml £

SD).
. ICs0 (Ug/ml)
Fraction
ARPE-19 HelLa MDA-MB-231

1F1 345.76 £ 0.0092 ND 105.89 + 0.036*
1F2 174.42+ 0.0074 ND 101.83 +0.0068*
1F3 281.29 + 0.082 ND 150.35 + 0.0005
1F4 497.84 + 0.167 ND 187.02 + 0.0066*
2F1 260.18 £ 0.022 227.18 £0.13 ND
2F2 146.22 £ 0.030 67.46 +0.0026* ND
2F3 235.94 + 0.053 143.02 + 0.0024* ND

3F1 1339.91+1.42 119.35+0.013 1667.70 +£1.075
3F2 12015+ 0.21 155.09 +£0.032* 186.67 + 0.057*
3F3 240.54 +£ 0.022 138.035 + 0.0017* 157.19 + 0.052

ND: No determinate; 1F1: Fraction 1 from F1; 1F2: Fraction 2 from F1,
1F3: Fraction 3 from F1; 1F4: Fraction 4 from F1; 2F1: Fraction 1 from
F2; 2F2: Fraction 2 from F2; 2F3: Fraction 3 from F2; 3F1: Fraction 1
from F3; 2F3: Fraction 2 from F3; 3F3: Fraction 3 from F3. (¥)
Significant difference between the normal cell and cancer cell line at
p<0.05 as analyzed by Student’s t-test.
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Figure 4. Tricine-SDS-PAGE of fractions obtained by anion exchange chromatography; protein bands were detected by silver stain.
Lane A: Low range molecular weight marker; B: Fraction 1 from F1; C: Fraction 2 from F1; D: Fraction 3 from F1; E: Fraction 4 from
F1; F: Fraction 1 from F2; G: Fraction 2 from F2; H: Fraction 1 from F3; I: Fraction 2 from F3; J: Fraction 3 from F3.

apparently increasing the permeability of the cell
membrane and inhibiting tubulin polymerization. Also,
peptides with antiproliferative activity, such as MGP 405
and MGPgs0; (9.6 and 15.8 kDa, respectively), have been
reported (Hoarau et al., 2002; Lixin et al., 2005; Nakano
et al., 2006; Takahashi et al., 2008; Zheng et al., 2011,
Wang et al.,, 2012). Takahashi et al. reported a protein
with antimicrobial activity of 58 kDa from clam (Ruditapes
philippinarum) and Hoarau found fractions of 20 to 28
kDa with detoxify activity. It has been reported that
bioactive peptides or small proteins are highly influenced
by their molecular weight and structure, which are
affected by the isolation process; different approaches for
isolation can lead to different bioactive agents (Guo-fang
et al., 2011; Wang et al., 2012).

In the present study, the in vitro antiproliferative activity
of protein extracts from C. fluctifraga was evaluated for
the first time, the importance of these results is evidenced
by previous reports of many anticancer chemical entities
found by the screening of natural sources, such as
marine organisms. Our results suggest that protein
extracts from C. fluctifraga could induce cellular growth
inhibition against HeLa and MDA-MB-231 cells, however
further studies are needed.
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Simarouba versicolor is popularly known as pau-paraiba. It belongs to the Simaroubaceae family and is
found in the Northeast of Sdo Paulo and in some parts of the states of Para and Mato Grosso do Sul. It
is known that this and other species from this genus have several activities: insecticides, anti-
inflammatory, antitumor, anthelmintic, among others. The effects of ethanolic extract of the bark of S.
versicolor (Sv-EtOH) on the reproductive system of rats were investigated; also the influence of
estrogenic and/or antiestrogenic activity, estrous cycle, pregnancy, lactation and offspring
development was observed. In the experimental protocols with ethanolic extract of S. versicolor, the
doses were 10, 20 and 40 mg/kg. To evaluate estrogenic and anti-estrogenic activity, uterotrophic assay
and histopathology of the uterus were performed. In the estrous cycle tests, animals were treated daily,
for 30 days, to count number of cycles and record the biochemical profile. During pre-implantation and
post-implantation, the effect of the extract on pregnancy, lactation and development of the progeny was
observed. Uterotrophic assay exhibited anti-estrogenic activity at extract doses of 10, 20 and 40 mg/kg.
The animals exposed to all doses had no changes in their estrous cycle, pregnancy, lactation and
biochemical profile. All results were within normal range; however, creatinine concentration increased
significantly at all doses as compared to the control. The ethanol extract of S. versicolor presented
antiestrogen activity, low systemic toxicity and had no reproductive toxicity at investigated doses.

Key words: Simarouba versicolor, reproduction, rats.

INTRODUCTION

Medicinal plants are important and they supply raw only therapeutic resource of many communities and
materials to synthetize medicines, besides being used as ethnic groups (Tresvenzol et al., 2006; Garcia et al.,
therapeutics. The use of plants is overvalued traditionally 2010). Herbal remedies are often indiscriminately
based on their medicinal benefits, and often they are the ingested during pregnancy due to popular belief that
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natural products are not harmful to health. Therefore, it is
necessary to carry out toxicity studies with respect to this
class of users. Thus, reproductive toxicity evaluation tests
comprise the exposure of sexually mature animals before
conception, during prenatal development and after birth
(Lourenco et al., 2009).

Among the commonly used plants, Simarouba
versicolor, from Simaroubaceae family, stands out in folk
medicine. Its bark and fruit are used as anthelmintic and
the infusion of its bark has anti poisonous effect (Pires et
al., 2006). Furthermore, they may be useful in the
treatment of dyspepsia, diarrhea and fever. S. versicolor
inhibits acetylcholinesterase enzyme (Carvalho, 2008),
and causes an outbreak of cattle poisoning in Agua Clara
County, Mato Grosso do Sul (Carvalho et al., 2013).
Regarding its acute toxicity, Fernandes et al. (2004)
determined the median lethal dose (DLsgp) of the aqueous
extract of S. versicolor in mice; it was approximately
185.88 and 68.80 mg/kg administered through oral and
intraperitoneal routes, respectively. Mesquita (2009),
studying an anticancer substance (glaucarubinona,
extremely active on cancer cells) obtained from hexane
extract of the bark and root of S. versicolor, saw that the
substance gave significant results.

Mesquita (1997), through chromatographic analysis of
chloroform and ethyl acetate fractions removed from the
wood of S. versicolor, isolated two quassinoids, excelsina
and 11l-ethyl-amarolidio, where excelsina was first
isolated in this genus. Arriaga et al. (2002), through
hexane, chloroform, ethyl acetate and methanol extracts,
isolated a mixture of quassinoids triterpenoids and
steroids, in addition to kaempferol flavonoid and
squalenic derivatives from roots, branches and fruits of
this plant. According to Almeida et al. (2007), quassinoids
present in S. versicolor show a wide range of biological
activities, such as antitumor, antimalarial, antioxidant,
amebicides, antiviral and also a male anti-fertility, a fact
that aroused the interest in studying S. versicolor effect
on female reproduction.

From this perspective, this study aimed to investigate
the effects of S. versicolor bark ethanolic extract (Sv-
EtOH) on the reproductive system of rats, observing the
influence of estrogenic and/or antiestrogenic activity,
estrous cycle, pregnancy, lactation and progeny
development, as well as the effects of this extract on
biochemical profile, histologic and morphometric aspects
of system reproductive female Wistar rats.

MATERIALS AND METHODS
Animals

Female rats (Rattus norvegicus, Wistar variety) were provided by

the Central Biotherium of the Federal University of Piaui. Animals
were kept in standard cages at controlled temperature (24 + 1°C) in
a 12 h light/dark cycle; there was free access to water and feed.
Experimental protocols were approved by the Ethics Committee in
Animal Experimentation of the Federal University of Piaui (EAEC-PI
029/11).

Chemicals and drugs

The following constituted the chemicals and drugs used in this
study: dimethylsulfoxide (DMSO) - DYNAMIC, BRAZIL), estradiol
cyprionate (Pfizer), Tamoxifen (DEG, CHINA), sodium thiopental
and corn oil. For protocols application, the extract was diluted in
DMSO and distilled water.

Preparation of the ethanol extract

Barks of S. versicolor were collected in Angical (6°05'41°28'"), Piauli,
Brazil. A voucher of the plant was identified and deposited in the
Herbarium Graziela Barroso acquis (TEPB) of the Federal
University of Piaui, Teresina, Piaui under number TEPB-20.883. It
was dried in a forced air circulation drying oven for three days at 45
+ 1°C. After complete drying, the material was crushed in a Willi
type mill. The ethanol extract was obtained by placing 1 kg of plant
feedstock into ethanol for four days at room temperature in cold
maceration followed by filtration. After four successive extractions, it
was homogenized and placed in a rotary evaporator at 45 + 1°C
coupled to a thermostatic bath, followed by lyophilization. The
ethanol extract lyophilized was diluted in dimethylsulfoxide and
distilled water (DMSO = 6%).

Uterotrophic test

To uterotrophic assay, 100 immature Wistar rats (21 + 1 postnatal
day), weighing from 40 - 55 g, were divided into 10 groups of 10
animals treated after 22 to 28 post-natal days (once per day).
Treatments were performed according to Table 1, wherein the
extract (Sv-EtOH) vehicle was distilled water and dimethyl sulfoxide
(6%); for estradiol, it was corn oil and for tamoxifen, distilled water.
After treatment, animals were euthanized with an overdose of
sodium thiopental (100 mg/kg, ip). They had uterus and ovaries
removed, dissected and weighed on an analytical balance (0.001g)
and then Formalin fixed (10% buffered formaldehyde). After 24 h,
organs were re-sectioned for histology processing: they were
dehydrated with alcohol (70 to 100%), diaphanized in xylene,
submitted to impregnation and included in paraffin. Tissue
fragments were cut with 5.0 uM thickness in a microtome, stained
with hematoxylin-eosin and examined by light microscopy. Uterine
sections were submitted to morphometric analysis using
computerized image analyzer (Qwin Leica D-1000, version 2.1.0:
Cambridge, UK). Five to six fields of uterine epithelium of each
animal were captured and measured using Image-Pro Plus, version
4.5.0 Windows 98/NT/200.

Test involving estrous cycle

To evaluate the effect of Sv-EtOH treatment on the estrous cycle of
rats, 32 mice were randomly assigned into 4 groups of 8 animals of
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Table 1. Experimental design of uterotrophic assay with ethanol extract of Simarouba versicolor in rats.

Number Groups Dosage Routes of administration
10 Negative control ( H,Od + DMSO) 10 mL/kg o.a.
10 Sv-EtOH 10 10 mg/kg o.a.
10 Sv-EtOH 20 20 mg/kg o.a.
10 Sv-EtOH 40 40 mg/kg o.a.
10 Estradiol 5 ug/kg i.m.
10 Tamoxifen 4 mg/kg i.m
10 Estradiol + Tamoxifen 5 ug/kg + 4 mg/kg o.a+im
10 Sv-EtOH 10 + Estradiol 10 mg/kg + 5ug/kg o.a.+im
10 Sv-EtOH 20 + Estradiol 20 mg/kg + 5u/kg o.a.+im
10 Sv-EtOH 40 + Estradiol 40 mg/kg + 5u/kg o.a.+im

Distilled water (H.Od); dimethylsulfoxide (DMSO) = dilution vehicle, n = number of animals; o.a = oral admnistration; im = intramuscular.

Table 2. Experimental design of treatment with ethanol extract of S. versicolor to evaluate its effect on

estrous cycle of female rats.

Number Groups Dosage Routes of administration
8 G1 - Control (H.Od + DMSO) 10 mL/kg o.a.
8 G2 - Sv-EtOH 10 10 mg/kg o.a.
8 G3 - Sv-EtOH 20 20 mg/kg o.a.
8 G4 - Sv-EtOH 40 40 mg/kg o.a.

Distilled water (H,Od); dimethylsulfoxide (DMSO) = dilution vehicle; number of animals (n); oral administration

(o.a.).

90 days and weighing from 180 — 250 g, having regular estrous
cycle. From the beginning of estrus, animals were treated for 30
consecutive days according to the protocol outlined on Table 2.

Daily, rats were submitted for vaginal lavage with saline solution
of 0.9% (50 pL release and immediate recovery). Then, fresh
confectioned smears were used to verify cycle phase. This was
observed in light microscopy at 40x magnification. Phases were
determined according to Hankness and Wagner (1993) (diestrus,
proestrus; onset of estrus; end of estrus and meta-oestrus). Estrus
visualization was considered as the starting point of each estrous
cycle, which was recorded during each individual cycle phase.

After treatment, animals were euthanized with sodium
pentobarbital overdose (100 mg/kg, i.p.). Then, there was blood
and serum collection, which was stored for later evaluation of the
biochemical profile: glutamic oxalacetic transaminase (TGO),
transaminase glutamic pyruvate (TGP), triglycerides, urea,
creatinine, total cholesterol and total protein. Colorimetric method
was performed to determine contents in a Quick Lab (Drake)
equipment.

Assays involving pregnancy and lactation
Mating

Nulliparous females were placed with adult males in the dark phase
of the cycle consisting of 1 male for 2 females. In the morning after
mating, vaginal lavage was performed looking for evidence of
sperms. Smears were evaluated by optical microscopy (10 - 40x).
The presence of vaginal plug or sperm in vaginal washes

confirmed copulation, and it is considered the first day of
pregnancy.

Preimplantation period (1st to 7th day of pregnancy)

In this protocol, 32 pregnant rats with 160-250 weights were divided
into 4 groups of 8 animals. Rats were treated with extract (10, 20
and 40 mg/kg) from the first to seventh day of pregnancy, as well
the control group (distilled water and 6% DMSO/10 g body weight).
During the treatment, animals were weighed daily. After eight days,
progenitors were euthanized (sodium thiopental 100 mg/kg, ip),
observing organ weights, pre-implant and visible signs of toxicity
losses: piloerection, fur loss, shivers, salivation, convulsions, hypo
activity, reduction of normal feed intake, weight loss, and presence
of diarrhea. Liver, kidneys, adrenals, uterus and ovaries had their
absolute masses weighed in analytical balance.

Pre-implant losses were determined according to the following
formula: pre-implant losses = (number of corpus luteum - number of
implants/number of corpus luteum) x 100. Corpus luteum was
counted with Lupa Olympus SZ40 and implants with naked eye.

Gestational period (1st to 20th day of pregnancy)

In this experiment, 32 pregnant rats, weighing 160-250 g, divided
into 4 groups (n = 8) were housed in individual cages and treated
daily from the first to the twentieth day of gestation with control
(vehicle), SVEtOH 10, 20 and 40 mg/kg.

Females’ weight gain was evaluated daily and extract doses
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were adjusted. On the 20th day of gestation, females were
anesthetized (ketamine 50 mg + xylazine 5 mg) and submitted to
cesarean for removal and evaluation of the pregnant uterus and its
contents. Fetuses and implantation sites were counted and
weighed individually, so were gravid uterus, fetus and placenta.
Fetuses were examined and analyzed macroscopically looking for
anomalies and/or congenital malformations. After caesarian,
animals were euthanized by overdose of anesthetic association (1
mL/100 g/bw/ip) to remove and weigh the following organs: ovaries,
liver, kidneys, spleen, heart, lung and adrenal glands, which had
their relative masses calculated. Corpus luteum and implantations
sites were counted. Reproductive parameters were evaluated using
the following formulas:

Implementation contents = (number of deployments/number of
corpora luteum) x 100

Resorption index = (number of resorption*/number of implants) x
100

*Number of resorption = (number implants) - (number of fetuses)

Pre-implant losses = (number of corpus luteum - number of
implants/number of corpus luteum) x 100

Post-implant losses = (number of implants - number of
births/number of implants) x 100

Piloerection, fur loss, shivers, salivation, convulsions, hypo activity,
reduction of normal feed intake, weight loss, abortion and presence
of diarrhea were used as systemic toxicity indicators (Muller et al.,
2013).

Post-implantation, lactation and development of progeny
period

Pregnant rats divided into 4 groups of 5 animals, weighing 160-
250, were treated once daily with 10, 20 and 40 mg/kg of Sv-EtOH
and with the vehicle; administrations started on the 8th day of
pregnancy, beginning of fetus post-implantation period. Treatment
was stopped only on progeny birth (21 + 1 day of pregnancy), and
continued on the day after birth until the 21th day of lactation
(weaning).

On the 18th day of pregnancy, progenitors were separated into
individual cages until delivery and inspected twice daily until
offspring birth (1st postnatal day). On 21st postnatal day, pups were
separated and placed in new cages (Muller et al., 2009) and
progenitors were euthanized (Thiopental, 100 mg/kg/i.p.) for organ
gathering. During pregnancy and breastfeeding were observed:
weight gain, duration of pregnancy, birth rate, number of births,
viability thereof, besides indicators of systemic toxicity (Muller et al.,
2013). Birth delivery, birth rates and viability were determined
according to US-EPA (1996) formulas:

Childbirth index = (number of females who delivered/number of
females with evidence of pregnancy) x 100

Index birth = (number of births/number of litters) x 100

Index viability = (number of live young on the fourth day post-
natal/number of live births) x 100

Post-implant losses = (number of implants — number of
births/number of implants) x 100

Progeny was observed twice daily as the evolution of
characteristics: emergence of fur (5 to 7 days), bilateral eyelid
opening (12 to 16 days), displacement of pinna (6 to 8) and opening

of vaginal canal in female puppies (about 35 days), based on Mello
(2007).

Statistical analysis

For tests conducted during pre and post-implantation periods,
pregnancy and uterotrophic data were expressed as mean standard
error of the mean (SEM). Statistical analyses were performed with
Graphpad PRISM ® software, version 5.0, by ANOVA (One Way),
followed by Tukey post-test; significance was set at p<0.05.
Comparison of data in the same group was made by paired
student's test with significance of p<0.05.

Estrous cycle length data were analyzed and processed using
SPSS (Statistical Package for Social Sciences) software for
Windows, version 15. Initially, a descriptive analysis of the sample
was done by calculating the average. Thereafter, Kolmogorov-
Smirnov test was applied to test the normality of the results. When
the data set to compare the results met the requirements for
applying parametric statistics, we used the parametric analysis of
variance (ANOVA). When application of non-parametric statistics
was necessary, comparison between groups was performed using
Kruskal-Wallis test. A significance level of 0.05 was adopted.

RESULTS
Uterotrophic assay

Rats treated with SV-EtOH at all doses tested did not
show any increase in relative masses of uterus, which is
similar to negative control, that shows no estrogenic
activity. On the other hand, the group treated with
estradiol (positive control) showed a significant increase
in the relative mass of uterus (p <0.05) as compared to
negative control and treated group.

Nevertheless, in anti-estrogenic activity test of females
treated with Sv-EtOH and estradiol in all the doses, there
was an inhibition of uterine growth and statistically
significant differences (p <0.05) compared to animals
treated only with estradiol (Figure 1). Their behavior was
equal to groups treated with tamoxifen and tamoxifen +
estradiol, which showed a significant inhibition (p <0.05)
in uterine relative masses compared to those treated with
estradiol.

Histological evaluation of uterine epithelium in
estrogenic activity tests showed that rats treated with
estradiol had 90% eosinophilic inflammatory infiltration of
mean intensity reaching muscular layer (Table 3 and
Figure 1a). In contrast, animals treated with 10 and 20
mg/kg of Sv-EtOH had a percentage less of eosinophilic
infiltration (60 and 50%, respectively). Animals treated
with 40 mg/kg presented 100% of eosinophilic infiltration
in lamina propria with moderate intensity and swollen
mucosal epithelial cells (Table 3).

Antiestrogenic activity in the groups treated with Sv-
EtOH + estradiol at doses of 10 and 20 mg/kg (Figure 1d,
e and 1f) revealed eosinophilic infiltration of moderate
intensity reaching muscle layer with 90 and 100%,
respectively. Different behavior was observed at 40
mg/kg, which inhibited infiltration by 50% (Table 3).
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Figure 1. Photomicrographs showing longitudinal sections of the endometrium of rats: a,
treated with estradiol (5ug); b, treated with tamoxifen (4 mg/kg); c, treated with estradiol +
tamoxifen d, e, f, treated with estradiol + Sv-EtOH (10, 20, 40 mg / kg), respectively.

Table 3. Histopathological uterus of female rats treated with ethanolic extract of S. versicolor when compared with
negative and positive controls in uterotrophic assay.

Number Groups Uterus histopathology Percentage
Negative control (ad +

10 DMSO) Normal 100

10 Sv-EtOH 10 Eos'lnophlllc !nflammatory infiltration of the 20
lamina propria and muscle layer

10 Sv-EtOH 20 E05|n9phlllc infiltrate of moderate intensity 50
reaching the muscle layer
Eosinophilic infiltration of lamina propria of

10 Sv-EtOH 40 moderately severe intensity and swelling of 100
epithelium cells mucosa

10 Estradiol E05|n9phlllc infiltration of moderate intensity 90
reaching the muscle layer.

10 Tamoxifen Normal 100

225
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Table 3. Contd.

Eosinophilic inflammatory infiltrate of lamina

10 Tamoxifen + Estradiol . 70
propria and muscle layer.

10 SV-EtOH 10 + Estradiol Eosmgphﬂm |nflammatory infiltrate of moderate 20
intensity reaching the muscle layer
Eosinophilic infiltration of the lamina propria of

10 SV-EtOH 20 + Estradiol moderate moderately severe intensity rgachlng 100
the muscle layer and swelling of the epithelial
cells of the mucosa

10 SV-EtOH 40 + Estradiol Eosinophilic infiltrate of moderate intensity 50

reaching the muscle layer

Figure 2. Vaginal smears of rats treated with Sv-EtOH showing the four phases of estrous cycle
(400x); proestrus (1), estrus (2), metaestrus (3), diestrus (4). Source: Author.

Rats treated only with tamoxifen showed normal and
undeveloped epithelium similar to negative control
(Figure 1b). However, 70% of animals treated with
tamoxifen + estradiol presented eosinophilic infiltration in
the simple columnar epithelium of the lamina propria with
moderate intensity and swollen mucosa epithelial cells
(Figure 1c).

Regarding morphometry of uterine epithelium in
antiestrogen activity (Figure 1d, e and f), Sv-EtOH at all
doses was able to inhibit the increased thickness of
estradiol-induced uterine epithelium, behaving like
tamoxifen alone and associated with estradiol. The group
treated with estradiol had values significantly higher than
the other groups (Figure 4 and Figure 1a).

Evaluation of estrous cycle

The four phases of the estrous cycle (Figure 2) were
observed through smear vaginal realized during 30 days
of treatment. The estrus, being the most characteristic
phase, was regarded as the starting point of each cycle; it
duration ranged from 1 to 7 days in this experiment. The
number of estrous cycles recorded during 30 days for
treated groups did not differ significantly (p>0.05)
compared with the control group. Control average was
6.00 + 0.26 estrous cycles, and groups treated with Sv-

EtOH (10, 20 and 40 mg/kg) presented 5.13 + 0.39; 4.62
+ 0.39; 4.37 £ 0.65 estrous cycles, respectively (Figure
5).

Cycle duration for group treated with Sv-EtOH (10, 20,
40 mg/kg) was not significant (p>0.05), but it was
observed that the estrous cycle length is dose
dependent. Control group average was 4.83 + 1.18 and
for those treated with Sv-EtOH (10, 20, 40 mg / kg) it
ranged from 5.57 + 1.88, 6.16 + 2.35, 8.16 + 1.17,
respectively.

Concerning the regularity of cycles, those that
exceeded the duration of 5 days were considered
irregulars. The total number of estrous cycles was 159,
with 77.36% regular and 22.64% irregular. Control group
exhibited 87.5% of regular cycles and 12.5% of irregular
cycles. Animals treated with Sv-EtOH (10, 20, 40 mg / kg)
had frequencies of 73.17, 67.56 and 78.78% for regular
estrous cycles and 26.82, 32.43 and 21.21% for
irregulars, respectively.

Biochemical analysis

During treatment with Sv-EtOH at 10, 20, 40 mg/kg for 30
days, no clinical signs of toxicity nor mortality were
observed. The treatment did not induce changes in the
biochemical profile of TGP, TGO, urea, total cholesterol,
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Table 4. Effect of ethanolic extract of S. versicolor on biochemical parameters of Wistar rats treated for 30 days.

Control Treatments (Sv-EtOH)
Parameters H.0d + DMSO 10 mg/kg 20 mg/kg 40 mg/kg
TGP (U/L) 67.37 £4.55 55.75+7.34 71.87+15.4 87.00 £14.0
TGO (U/L) 164.8 £10.8 130.3 £ 64.7 98.62 £5.19 81.50+7.9
Urea (mg/dL) 48.25+0.79 47.00 +1.09 46.00 + 2.36 60.12 +5.9
Creatinine (mg/dL) 0.625 £ 0.037 1.00 £ 0.05*** 0.92 +0.05*** 0.87+£0.025**
Total cholesterol (mg/dL) 77.50 £ 33,0 56.00 = 21.33 50.62 £ 8.12 4437+ 11.1
Triglycerides (mg/dL) 25.37+4.14 30.75+ 3.61 31.62+5.72 30.37+5.70
Total protein (mg/dL) 6.72£0.17 6.088 £ 0.34 6.11+ 0.23 5.86 £0.075
The data express mean (+ SEM). **p <0.01, ***p <0.001 (One way ANOVA/Tukey).
triglycerides and total protein, since the parameters were Post-implantation period (8th to 21st days of

within the reference range, as to the values observed in
control animals. The only exception is observed for the
dosage of creatinine in animals treated with Sv-EtOH at
doses of 10, 20, 40 mg/kg, which increased significantly
at 1.00, 0.92, 0.87 (mg/dL), respectively, as compared to
those of control animals (Table 4).

Trial involving pregnancy and lactation
Pre-implantation period

The administration of Sv-EtOH (10, 20 and 40 mg/kg)
during pre-implantation period (1st to 7th day of
pregnancy), as compared to control, had no effect on
body weight gain of the mother (Figure 6).

Absolute (g) and relative masses (%) of organs (uterus,
ovaries, kidney, adrenal, lung, heart, liver and spleen)
from progenitor treated with extract during pre-
implantation did not differ significantly (p>0, 01) when
compared to control (Table 5).

Pre-implant losses, numbers of corpus luteum and
number of deployments found in dams treated with Sv-
EtOH (10, 20 and 40 mg/kg) during pre-implantation did
not differ from control group (Table 6).

Pregnancy

Administration of Sv-EtOH during gestation did not affect
body weight gain of progenitor, and did not differ
significantly from control (Figure 7). During this period,
absolute (g) and relative masses of uterus, ovaries,
adrenals, kidneys, lungs, heart, liver and spleen were not
significantly different (P>0.05) (Table 7). In the
reproductive parameters evaluated, deployment rate was
100% for animals treated with 10 and 40 mg/kg and
99.03% at 20 mg/kg. Females treated with 10, 20 and 40
mg/kg had resorption rate, pre-implant loss, and post
implant loss of 2.50 £ 1.63 to 2.60 + 1.75; 1.56 + 1.56 to
2.50 + 1.63; 1.56 £ 1.56 to 2.50 = 1.63, respectively, not
significantly different from control group.

lactation) and evaluation of progeny

Administration of Sv-EtOH, at all doses, during gestation
did not affect body weight gain of progenitors, and did not
differ significantly from control (Figure 8). Absolute (g)
and relative masses (%) of organs (uterus, ovaries,
kidneys, adrenals, lungs, heart, liver, and spleen) from
progenitors treated with Sv-EtOH (10, 20 and 40 mg/kg)
on post-implantation period (8th day of pregnancy to
weaning) did not differ significantly when compared to
control (Table 8).

Childbirth and birth rates were 100 and 98.05%,
respectively. Animals treated with Sv-EtOH at different
doses in post-implementation period did not differ
significantly in relation to pregnancy duration, number of
born alive offspring and offspring viability compared to
control (Figure 3). The Sv-EtOH administration during
lactation, at all doses, interfered significantly reducing
weight gain of progenitors as compared to the control
(Figure 9).

Evaluation of the progeny: Analysis of daily
observations on indicative characteristics of physical
development expected in normal offspring from mothers
treated with Sv-EtOH (10, 20 and 40 mg/kg) for 45 days
did not show significant differences, compared to the
control (Table 9).

DISCUSSION

Estradiol, predominant estrogen, is synthesized on
ovaries and secreted by granulosa cells of mature
follicles, as well by placenta during pregnancy. Secretion
in the systemic circulation acts on alpha and beta
estrogen receptors. It is important to note that epithelial
cells and uterine stroma express ER in early
development and adulthood, and therefore both tissues
are susceptible to estrogens in these phases (Brown et
al., 1999; Brolio et al., 2010). Whereas, estrogens are
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Table 5. Evaluation of the absolute (g) and relative masses (%) of organs from progenitors
treated with the ethanolic extract of S. versicolor during pre-deployment period (1st to 7th day)

as compared to the control.

Treatment (Sv-EtOH)

Variables Control (n=8) =7 mg/kg (n=8) 20 mg/kg (n=8) 40 mg/kg (n=8)
Body weight (g) 194.08 £ 12.45 170.14 +4.93 171.58 + 4.72 193.42 + 13.21
Absolute mass

Uterus 0.412 £0.044 0.474 £0.012 0.447 £0.035 0.528 £ 0.049
Kidneys 1.636 + 0.083 1.446 + 0.034 1.619 £ 0.079 1.562 + 0.093
Ovary D 0.040 £ 0.002 0.036 £0.001 0.031 £0.004 0.103 £ 0.067
Ovary L 0.041 £ 0.005 0.039 £ 0.002 0.038 £ 0.004 0.073 £0.039
Adrenal 0.084 £ 0.037 0.047 £0.002 0.053 £ 0.005 0.051 £ 0.005
Lung 1.330 + 0.086 1.234 + 0.036 1.163 £ 0.053 1.377 £ 0.096
Heart 0.702 £0.035 0.672 £0.015 0.650 £ 0.021 0.733 £0.046
Liver 8.604 £ 0.534 8.593 £ 0.327 7.119 £ 1.075 8.405 + 0.484
Spleen 0.815+£0.121 0.897 £0.073 0.799 £ 0.094 0.798 £ 0.087
Relative mass

Uterus 0.204 £ 0.022 0.260 £ 0.009 0.247 £0.018 0.263 £ 0.015
Kidneys 0.806 + 0.029 0.796 £ 0.030 0.895 £+ 0.030 0.782 £0.017
Ovary D 0.020 £ 0.001 0.020 £ 0.001 0.017 £0.002 0.047 £0.029
Ovary L 0.020 £ 0.002 0.022 £0.001 0.021 £ 0.002 0.034 £0.017
Adrenal 0.042 £0.019 0.026 £ 0.001 0.029 £ 0.002 0.026 £ 0.003
Lung 0.655 + 0.037 0.676 £0.015 0.645 £ 0.025 0.687 £0.018
Heart 0.346 £0.015 0.368 £ 0.006 0.361 £0.013 0.367 £0.011
Liver 4,212 £0.133 4,712 +£0.172 3.934 £ 0.578 4,226 £0.162
Spleen 0.398 £ 0.055 0.494 £ 0.044 0.448 £ 0.060 0.403 £ 0.041

Data express means * standard error (ANOVA / Tukey).

Table 6. Effect of ethanolic extract of S. versicolor during pre-implantation (1st to 7th days) on pre-implant losses,
number of corpus luteum and number of deployments compared to control.

Treatment (Sv-EtOH)

Variables Control 10 mg/kg 20 ma/kg 20 mg/kg

Corps luteum 9.75+0.52 10.75+0.81 10.62 £ 0.68 10.62 £ 0.59
Deployments 9.12 + 0.66 9.37 £0.65 10.0. £0.53 10.12 + 0.54
Pre-implant loss (%) 6.80 + 2.89 12.28 +3.51 6.39 + 2.57 441 +241

Data express mean (+ SEM). p <0.05 (ANOVA / Tukey test), n = 8.

responsible for female secondary characteristics
development, they also produce a suitable environment
for fertilization, implantation, embryo nutrition and
parturition (Lindzey and Korach, 1999). Sv-EtOH effect
on endometrium was evaluated through uterotrophic
assay. Within this perspective, the extract was not able to
increase the uterus mass of rats treated at doses of 10,
20 and 40 mg/kg, when compared to rats treated with
estradiol alone, inferring that it has no estrogenic activity.
However, Sv-EtOH (10, 20 and 40 mg/kg) associated

with estradiol inhibited increase of uterus mass
stimulated by estradiol. Similar behavior was observed in
animals treated with estradiol association + tamoxifen,
suggesting anti- estrogenic activity and indicating that the
extract can prevent fertilization processes, implantation,
embryo nutrition and childbirth.

Hormonal effects on cervical epithelium are still limited
on literature. Valente and Sasso (1992), studying female
rats cervix, observed that the proportion of collagen fibers
and infiltration of eosinophils in the lamina propria was
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Figure 3. Evaluation of pregnancy duration (a) number of born alive
offspring (b) and offspring viability (c) of progenitors treated with
ethanolic extract of S. versicolor at post-deployment period (8th day
pregnant childbirth) compared to control
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Figure 4. Effect of Estradiol, Tamoxifen, Estradiol+Tamoxifen and Estradiol + Sv-
EtOH on the thickness of uterine epithelium of prepubertal rats.Data express
mean + standard error, n = 10, (One Way ANOVA / Tukey).
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Figure 5. Effect of ethanolic extract of S. versicolor on the number of estrous cycles of rats
treated for 30 days as compared to the control. Data express mean + standard error, n = 8,

(One Way ANOVA/Tukey).
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Figure 6. Weigh evolution of progenitors treated with the ethanolic extract of Simarouba
versicolor during pre-deployment (1° to the 7° day of pregnancy), compared to control
.Data express mean + SEM, n = 8 (One Way ANOVA / Tukey) *** p <0.001 vs baseline
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Figure 7. Weight evolution of progenitors treated with the ethanolic extract of Simarouba
versicolor during pregnancy (1st to 20th day), compared to control. The data is expressed mean
+ SEM, n = 8, (One Way ANOVA/Tukey).



Table 7. Evaluation the absolute (g) and relative masses (%) of organs from progenitor treated with ethanolic extract of

Simarouba versicolor during pregnancy (1st to 20th day) as compared to the control.

Oliveira et al.

Treatment (Sv-EtOH)

Variables Control (n=8) 10 mg/kg (n=8) 20 mg/kg (n=8) 40 mg/kg (n=8)
Body weight (g) 273.25+10.91 292.1 +7.27 261.50 + 5.37 241.28 £9.74
Absolute mass
Uterus 42.18 £5.019 44.47 + 2.529 39.36 +2.878 45.58 +1.881
Kidneys 1.470 + 0.060 1.747 £ 0.066 1.640 + 0.069 1.430 £ 0.044
Ovary D 0.053 + 0.006 0.064 + 0.006 0.069 + 0.003 0.050 + 0.005
Ovary E 0.066 + 0.005 0.077 £ 0.006 0.061 + 0.005 0.059 + 0.003
Adrenal 0.058 + 0.005 0.056 + 0.006 0.068 + 0.004 0.063 + 0.003
Lung 1.120 + 0.067 1.224 +0.104 1.393 £ 0.085 1.115 + 0.049
Heart 0.725 +0.040 0.865 + 0.024 0.818 +0.029 0.783 £0.028
Liver 11.81 +0.437 13.17 £ 0.453 12.18 + 0.252 11.18 +0.495
Spleen 0.858 £ 0.064 0.909 £ 0.032 0.977 +0.083 0.731 +0.049
Relative mass
Uterus 15.134 £ 1.50 15.26 + 0.860 15.10 + 1.150 18.44 + 0.627
kidneys 0.541 +0.024 0.598 + 0.016 0.626 £ 0.018 0.595 £ 0.016
Ovary D 0.020 + 0.003 0.022 +0.002 0.027 +0.001 0.021 + 0.003
Ovary E 0.024 +0.001 0.026 +0.002 0.023 +0.002 0.025 £ 0.001
Adrenal 0.022 + 0.003 0.019 + 0.002 0.026 + 0.002 0.026 + 0.001
Lung 0.417 +0.037 0.415 +0.031 0.534 +0.034 0.463 £ 0.016
Heart 0.266 +0.012 0.297 £ 0.009 0.313 £ 0.006 0.326 + 0.009
Liver 4.345 £ 0.135 4.515 +0.122 4.669 + 0.100 4.646 £ 0.161
Spleen 0.322 +0.036 0.312 +0.012 0.372 +0.027 0.309 + 0.029
The data express the mean + standard error. ** = P <0.01 (ANOVA/Tukey).

-+ Control

= 5Sv-EtOH 10 mg/kg

-+ Sv-EtOH 20 mg/kg

-+ 5v-EtOH 40 ma/kg

300

Body weight {g)

150

2504

200+

k&

k&

220N D2DP A

Figure 8. Weight evolution of progenitors treated with ethanolic extract of Simarouba versicolor on post-
implantation period (8th to 21st days of pregnant) compared to control. The data is expressed mean =+ SEM,
n =5, (One Way ANOVA / Tukey); p, *** p <0.001 vs. baseline weight
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Table 8. Evaluation absolute (g) and relative masses (%) of organs from progenitors treated with ethanolic
extract of Simarouba versicolor on post-implantation period (8th to 21st days of pregnancy), compared to
control.

Treatment (Sv-EtOH)

Variables Control (n=8) 10 mg/kg (n=8) 20 mg/kg (n=8) 40 mg/kg (n=8)
Body weight (g) 239.41 £14.17 209.58 £+ 5.54 203.84 £ 7.81 224.71 £ 8.62
Absolute mass

Ovary D 0.039 £ 0.004 0.035 £ 0.005 0.039 £ 0.005 0.028 £ 0.002
Ovary E 0.041 £ 0.005 1.036 + 0.004 0.031 £ 0.005 0.046 £ 0.004
Uterus 0.252 £ 0.033 0.237 £0.055 0.256 £ 0.053 0.199 £0.018
Lung 1.497 £0.123 1.273 £ 0.065 1.240 + 0.065 1.232 £ 0.015
Adrenal 0.070 £ 0.005 0.064 £ 0.006 0.062 £ 0.004 0.075 £ 0.004
kidneys 1.875 + 0.040 1.706 + 0.049 1.658 + 0.064 1.912 £ 0.103
Liver 10.55 + 0.661 8.698+ 0.299 9.942 + 0.624 10.51 £ 0.543
Spleen 0.565 + 0.017 0.565 + 0.036 0.559 £ 0.017 0.507+ 0.023
Heart 0.790 £ 0.032 0.630 £ 0.020 0.729 £0.034 0.621 £ 0.025
Relative mass

Ovary D 0.018 £ 0.002 0.018 £ 0.002 0.019 £ 0.002 0.015 £0.001
Ovary E 0.018 £ 0.002 0.018 £ 0.002 0.016 £0.003 0.024 £ 0.001
Uterus 0.114 £0.016 0.119 £0.023 0.126 £0.023 0.103 £0.010
Lung 0.668 + 0.024 0.651 £0.028 0.630 £ 0.053 0.635 £0.012
Adrenal 0.032 £ 0.002 0.033 £0.003 0.032 £0.003 0.039 £ 0.002
Kidneys 0.847 £0.036 0.876 £ 0.035 0.841 £ 0.061 0.983 £ 0.036
Liver 4,721 +£0.078 4.455 +£0.134 5.049 + 0.457 5.408 £ 0.206
Spleen 0.256 £ 0.013 0.288 £0.013 0.282 £0.010 0.262 £ 0.015
Heart 0.355 + 0.009 0.323 £0.012 0.336 £ 0.014 0.320 £ 0.010

The data express the mean + standard error (ANOVA/Tukey).
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Figure 9. Weight evolution of progenitors treated with ethanolic extract of Simarouba
versicolor on lactation period (1st to 21st days of lactation) compared to control. The
data express the mean * standard error (ANOVA One Wa /Tukey). The data is
expressed mean + SEM, n =5, (One Way ANOVA / Tukey).
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Table 9. Evaluated parameters of progeny coming from mothers treated with ethanolic extract of

Simarouba versicolor for 45 days.

Parameters (days)

Control

Treatment (Sv-EtOH)

10 mg/kg 20 mg/kg 40 mg/kg
Eye opening 1440+051 11.16+2.24 14.40+0.74 11.00+2.77
Detachment of ears 6.80+0.37 5.83+1.19 7.00+0.316 5.60+1.43
Appearance of hair 6.40+024 533+1.08 7.40+040 5.40%1.36

Opening of vaginal canal (females)

39.40+1.03 33.53+6.70 4140+2.01 31.80+7.97

The data express mean (+ SEM), p> 0.05. (ANOVA, One Way / Tukey).

higher in estrus phase (after hormonal peak of estrogen)
compared to the diameter. Ramos et al. (2002) reported
that uterine morphological aspects are related directly to
receptors’ levels of estrogen and progesterone.

However, analyzing histological sections of uterus in
uterotrophic assay, animals treated with estradiol in
endocervical canal presented simple cylindrical
epithelium sorely infiltrated by leukocytes and stratified
epithelium nonkeratinized with high concentration of
eosinophils. Animals treated with tamoxifen had both
epithelium endocervical and ectocervical underdeveloped
compared with estradiol groups. In the treatment with
estradiol + tamoxifen, simple cylindrical epithelium
showed little leukocyte infiltration, low concentration of
eosinophils and epithelia undeveloped compared to
animals treated with estradiol alone. Likewise, it
happened to groups treated with estradiol and Sv-EtOH
at all doses.

Morphological and morphometric analysis confirmed
that the endometrium was affected by treatments in
antiestrogenic activity assay, as animals treated with
estradiol + tamoxifen and estradiol + Sv EtOH (10, 20
and 40 mg/kg) presented low uterine epithelium,
inhibiting estrogen action and confirming Sv-EtOH
antiestrogenic activity. Events pattern in estrous cycle
provide a useful normality indicator for neuroendocrine
function of non-pregnant female ovaries (Andrews et al.;
2002). Sv-EtOH treatment (10, 20 and 40 mg/kg) for 30
consecutive days did not cause changes in regularity,
duration and repeatability of estrous cycles as compared
to the control. This indicates that the treatment did not
promote disorders of hypothalamic-pituitary-ovarian axis.

Estrous cycle in female rats is regular, consists of
several annual cycles and with 4 to 5 days of duration
(Cobea, 1996). Due to this short period, rats are
considered the ideal animals to study estrous cycle
variations (Marcondes et al.,, 2001). However, control
animals may show irregular cycles, usually in the form of
cycle stretching or acyclicity (US EPA, 1996). In this
study, control rats showed cycle elongation (1 day for
treated groups). Although the difference between the
groups was not significant (p >0.05), there is a dose-
dependent tendency to increase cycles duration. So far,
all cycles in the 30 days consecutive period of treatment

were in accordance with the literature (Santos et al.,
2003; Hollenbach et al., 2008).

Cycle changes can be caused by treatment with certain
substances, such as xenobiotics, that can induce
acyclicity characterized by persistent estrus, diestrus or
irregular standard (Goldman et al., 2007). Some changes
in ovarian hormones and extra-ovarian can lead to
irregularity in ovarian function causing changes in estrous
cycle duration (Shivalingappa et al., 2002).

Alterations in estrous cycle extension can be a
response to exposure to an agent with estrogenic
property or capable of blocking ovulation. On the other
hand, there are substances that can induce changes in
estrous cycle at doses that do not impair fertility. Diestrus
persistence indicates temporary or permanent
interruption of follicular development and ovulation,
inducing temporary infertility. Prolonged diestrus or
anoestrus can be indicative agents (for example,
polycyclic aromatic hydrocarbons) that interfere with
follicle development or deplete the pool of primordial
follicles or agents such as atrazine, which interrupt
support of ovarian gonadotropin (US EPA, 1996;
Romero, 2007). In this experiment, it was observed that
in irregular cycles, the phase that lasted more was
diestrous (72.2%); it is characterized by the lack of
cellular elements and high concentrations of leucocytes
and mucus. Estrus phase lasted for more than 12 h in
22.2% cases.

Hematological evaluation represents an important area
of study on animals’ health. Blood analysis helps in the
diagnosis and prognosis of various diseases (Jain, 1993).
Evaluation of systemic toxicity showed that oral
administration of Sv-EtOH at doses of 10, 20 and 40
mg/kg for 30 days produced no behavioral changes in
adult Wistar rats nor visible signs of toxicity. Chemistry
profile parameters evaluated were within the normal
range except for creatinine levels. There was a
guantitative increase in creatinine concentration for all
groups exposed to Sv-EtOH as compared to the control
group. Creatinine is an important parameter for diagno-
sing various kidney problems. Creatinine is a non-protein
nitrogenous organic compound formed from the
dehydration of the muscle creatine. This serves to assess
glomerular filtration rate, as blood concentration increases
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with reduced renal filtration rate. The presence of this
substance in blood can be used to identify renal
disorders. Creatinine tends to increase slower than urea
in renal disease. Thus, this parameter provides us with
evidence of renal impairment in animals treated with Sv-
EtOH.

Deployment is a process by which the embryo has
intimate physical and physiological contact with maternal
endometrium to establish pregnancy. Although there are
variations of this process between species, certain basic
events are similar. The fundamental characteristic of this
process is the synchronized embryo development to the
blastocyst stage and differentiation from uterus to
receptive state. This is followed by interactions between
activated blastocysts and the uterine epithelium to start
deployment (Muller et al., 2009).

Progenitors exposed to Sv-EtOH (10, 20 and 40 mg/kg)
during pre-implantation period did not alter weight gain.
Reduction in corporal mass could reflect a variety of
responses, including anorexia induced by the treatment
or systemic toxicity (US EPA, 1996). In relation to
absolute and relative masses of ovaries, uterus, liver,
lungs, spleen, kidneys, heart and adrenal did not exhibit
significant changes. There were also no physical and
macroscopic changes in animals and organs exposed to
Sv-EtOH. These results indicate absence of extract
toxicity at investigated doses, during this period, which is
probably due to short term exposure.

Gestational period is one of the most sensitive stages
of reproductive cycle, which results in important
responses. Today, it is known that in this period most
agents cross through the placenta. Thus, it can be
considered that maternal exposure to external agents
may result in significant effects on a passive organism, a
secondary target of these agents, which is the embryo
body (Damasceno et al., 2008). During pregnancy, the
exposure of mothers to the ethanol extract of S.
versicolor at all doses did not affect the body mass gain
or the absolute and relative masses of organs (uterus,
ovaries, liver, heart, lung, spleen, kidney and adrenal
glands). Resorption rates, pre-implant loss and post-
implant loss were not significant compared to control
results. Groups treated with Sv-EtOH presented
implantation rates of 100%, indicating absence of
maternal toxicity at doses investigated during pregnancy.
Also no macroscopic signs of toxicity were observed in
animals or organs.

The evaluation of absolute masses of metabolism and
excretion organs is important, since liver and kidney are
responsible for metabolism and elimination of xenobiotics
intoxication cases, which may lead to an increase in
mass (Mello, 2007). In post-implantation period,
progenitors exposed to Sv-EtOH during gestation and
lactation did not show changes in absolute and relative
masses of organs (uterus, ovaries, liver, heart, lung,
spleen, kidneys and adrenals), not differing from control
animals. Exposure to Sv-EtOH did not affect weight gain

of progenitors treated during gestation, compared to
control animals, indicating absence of maternal toxicity in
the doses investigated.

The same way, during pregnancy and lactation there
were no signs of toxicity such as anorexia, shivers,
diarrhea, piloerection or seizures. Rats’ exposure to Sv-
EtOH at different doses did not affect childbirth index (%)
and birth index (%), indicating the extract is not toxic to
prenatal development. Variations in gestation duration
can result in alteration in childbirth labor. A significant
prolongation of gestation time can be the cause of failure
during childbirth mechanism and can result in death or
injury of brood per dystocia.

Exposure in late pregnancy to substances with anti-
estrogenic activity can interfere in estrogen action,
altering both characteristics structurally and sensitivity of
myometrium cells to promote childbirth (Lindzey and
Korach, 1999). Administration of Sv-EtOH, at tested
doses, did not affect pregnancy duration, number of born
alive (cubs alive until the fourth day) and offspring
viability. In this way, Sv-EtOH antiestrogenic activity did
not impair estradiol action to increase oxytocin
expression. It did not inhibit the production of
prostaglandins in uterus in late pregnancy and did not
also interfere in childbirth labor in rats treated with the
extract.

Sv-EtOH at the tested doses, during lactation affected
weight gain when compared to control animals. This may
be an indication of toxicity but also by caloric burn in
parturition and lactation periods. Although results indicate
a possible extract systemic toxicity, exposure at doses
investigated in pregnancy and lactation periods did not
affect the overall development of offspring (detachment
period of ears, fur appearance, eye opening, opening of
vaginal canal and offspring viability) when compared with
control group. Although, exposure route has been altered
from fetal-placental membrane to breast milk, indicating a
possible reduction in exposure levels to the extract
components; it also suggests lack of toxicity in postnatal
development because descendants of the progenitors
treated with the extract.

Therefore, the ethanol extract of S. versicolor
presented antiestrogen activity, possible systemic toxicity
and showed no reproductive toxicity at the doses
investigated.
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Codon usage bias plays an important role in the regulation of gene expression. A couple of measures
are widely used to quantify the codon usage in genes. On the other hand, no quantitative endeavour
has been made to compare the pattern of codon usage diversity within and between different genes of
Camellia sinensis and Brassica campestris. Nucleotide composition and its relationship with codon
usage bias were analyzed. Additionally, the rare codons were identified by computing the recurrence of
event of all codons in coding sequences of C. sinensis and B. campestris. The host cell, Escherichia
coli used universally, failed to express smoothly many eukaryotic genes. For this, the authors
prognosticated the codons showing the highest and the lowest expressivity of the coding sequences of
C. sinensis and B. campestris, in E. coli K12 strain to improve the expression level of the genes.

Key words: Codon usage bias, gene expressivity, codon usage pattern, residual value, synonymous codon.

INTRODUCTION

Gene expression is a fundamental cellular process by
which proteins are synthesized in a cell based on the
information encoded in the genes. Most amino acids can
be encoded by more than one codon; such codons are
depicted as being synonymous, and mostly vary by one
nucleotide in the third position. Synonymous codons are
not used uniformly, varies across species and within
genome in the same species, the phenomenon is called
codon usage bias (CUB) (Akashi, 1994; Behura and
Severson, 2013). Molecular evolutionary investigations
on codon bias suggest that recurrence of codon use
changes between genes from the same genome and also
between genomes (Hooper and Berg, 2000). Highly

expressed genes are more biased in terms of their codon
usage as compared to low expressed genes, and provide
differential efficiency as well as accuracy in the translation
of genes (Rocha, 2004; Hershberg and Petrov, 2008).
The selection associated with translational efficiency/
accuracy is often termed as ‘translation selection’. During
the last two decades, numerous lines of evidence
suggested that codon usage bias is driven by selection,
particularly for species of fungi (Bennetzen and Hall,
1982; lkemura, 1985), bacteria (lkemura, 1981; Sharp and
Li, 1987a) and insects (Akashi, 1997; Moriyama and
Powell, 1997).

Soon, after the discovery of whole genome sequencing
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technology, codon usage bias was analysed for numerous
organisms (Plotkin and Kudla, 2011). Numerous factors
have been shown to influence codon usage bias: (i)
genomic composition (Supek and Vlahovicek, 2005); (ii)
selective forces (Ikemura, 1985); and (iii) horizontal gene
transfer, with transferred genes retaining the codon
frequencies of their former host (Lawrence and Ochman,
1998). Connections have also been demonstrated
between codon usage and several factors namely: (a)
gene length (Lawrence and Ochman, 1998); (b) gene
translation initiation signal (Ma et al., 2002); (c)
expression level (Gouy and Gautier, 1982; Sharp and Li,
1986; Sharp et al.,, 1986; Sharp and Li, 1987b); (d)
protein amino acid composition (Lobry and Gautier,
1994); (e) protein structure (D'Onofrio et al., 2002); (f)
tRNA abundance (Ikemura, 1981, 1982); (g) mutation
frequency and patterns (Sueoka, 1999); and (h) GC
composition (Sueoka and Kawanishi, 2000). Besides, the
relative impact of each of these factors varies from
genome to genome, and from gene to gene. Despite the
fact that there is still no final result on the formation
mechanism, codon bias has been widely used to predict
the exogenous and endogenous gene expression level
(Lee et al.,, 2007; Yu et al.,, 2007; Zheng et al., 2007),
identify horizontally transferred genes (Goldman et al.,
2007), evolutionary relationship (Ram et al., 2007), and
confirm the coding sequences. Researchers proposed
that in some prokaryotes, many indices exhibit a positive
correlation with the gene expression level, such as codon
adaptation index (CAl) (Sharp and Li, 1987b), codon bias
index (CBI) (Bennetzen and Hall, 1982), and frequency of
optimal codons (Kanaya et al., 2001). Then again, in a
few eukaryotes there is no confirmation to bolster this,
particularly for higher eukaryotes where, the correlation
between codon bias and expression level is extremely
weak (Murray et al., 1989; Kanaya et al., 2001).

In this study, we investigated the codon usage bias
(CUB) for Camellia sinensis and Brassica campestris by
analyzing the codon adaptation index (CAl), relative
codon usage bias (RCBS), effective number of codons
(ENc), synonymous codon usage order (SCUO), and
GC/AT content at each codon position. The purpose of
this study was to perform a comparative analysis of
codon usage bias and codon contexts pattern among the
coding sequences (cds) of C. sinensis and B. campestris.

Escherichia coli cells were, as often as possible, utilized
as host cells as a part of the investigation of exogenous
protein expression. Many eukaryotic genes cannot be
efficiently expressed in a prokaryote like E. coli. One of
the effective methods for improving the expression level
of a eukaryotic gene in a prokaryote is to replace the
usage of ‘rare codons’ with synonymous codons showing
highest expressivity in prokaryotes. While replacing the
rare codons, the stability of genes at genomic or
transcriptional level should be taken into consideration.
Here, a novel computational method to identify the codons
of C. sinensis and B. campestris was introduced exhibiting
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the highest and lowest expressivity in E. coli k12 strain.

MATERIALS AND METHODS

The complete coding sequences of the thirty genes from C.
sinensis and forty seven genes from B. campestris were retrieved
from the National Centre of Biotechnology (NCBI) nucleotide
database accessible from the website www.ncbi.nim.nih.gov. Each
of those cds were devoid of any unknown base (N), intercalary stop
codon and possessed the start and stop codons.

Relative codon usage bias and codon adaptation index were
used to study the overall codon usage variation among the genes.
RCBS is the overall score of a gene indicating the influence of RCB
of each codon in a gene. RCB reflects the level of gene expression.
RCBS was calculated as by Roymondal et al. (2009). Gene
expressivity was again measured by calculating the codon
adaptation index as per Sharp and Li (1986). It essentially
measures the distance from a given gene to a reference gene with
respect to their amino-acid codon usages. CAI defines translational
optimal codons as those that appear frequently in highly expressed
genes that is:

1§ N logw, L
CAI(L(9)) = exp=r Dy = ([ TWea)""
1=1

Where, L is the length of gene g and w. (l) is the relative
adaptiveness of the codon c in the reference genes (not g).

Certain codons will appear multiple times in the gene. Hence we
can rewrite the equation to sum up codons rather than length, and
use counts rather than frequencies. This makes the dependence on
the actual gene more clear. The more usual form is:

1

CAI (0(g)) = exp(= Y0, logw,) = (] . .0, log w,)*

tot ceC

The effective number of codons (ENc) is the total number of
different codons used in a sequence. The values of ENc for
standard genetic code range from 20 (where only one codon is
used per amino acid) to 61 (where all possible synonymous codons
are used with equal frequency). ENc measures bias toward the use
of a smaller subset of codons, away from equal use of synonymous
codons. For example, as mentioned above, highly expressed genes
tend to use fewer codons due to selection. The underlying idea of
ENCc is similar to the concept of zygosity from population genetics,
which refers to the similarity for a gene from two organisms. ENc
value was calculated as per Wright (1990). The measure of codon
usage, synonymous codon usage orders (SCUO) of genes was
computed as per Wan et al. (2004). GC3s is the frequency of (G+C)
and A3s, T3s, G3s, and C3s are the distributions of A, T, G and C
bases at the third codon position (Gupta and Ghosh, 2001). A
series of scripts (programs) were writen in Perl language and run in
Windows for analysis. These programs were used to estimate the
above mentioned genetic parameters.

The correlations between all the above mentioned parameters
were measured with the gene expressivity to find out the genetic
factors playing major role in the genes of C. sinensis and B.
campestris. All codon quantifications were performed using the
Anaconda software (Moura et al. 2007). The residual values of
each codon pair were also quantified from the coding sequences of
each plant species by the Anaconda program. The occurrence
frequency of each codon for a particular amino acid was also
calculated and compared with their expressivity values to identify
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Figure 1. Effective number of codon (ENc) distribution for the genes of B. campestris and C. sinensis.
GC% at third codon position for C. sinensis and for first codon position for B. campestris showed strong
correlation (0.3, 0.4) respectively with the ENc among all the codon positions.

the codons playing a prominent role in determining the level of gene
expression.

RESULTS AND DISCUSSION

The present study was carried out to assess the codon
usage pattern and gene expressivity for the genes of C.
sinensis and B. campestris. In numerous microscopic
organisms, intragenomic diversity in codon usage among
genes has been reported. The genes selected for the
present study from the two plants with their accession
numbers together with the overall AT and GC%, RCBS,
CAl, ENc, SCUO, GC1, GC2 and GC3 are given in the
supplementary file. It was found that the codons of C.
sinensis and B. campestris are rich in A and/or T. Yet, on
account of Homo sapiens, it has been shown that the
codons ending in G and/or C are dominating in the whole
coding region.

Due to the difference in mutational bias, the GC
percentage among different species varies to a great
extent, even for the species within the same order. To
determine if GC bias among C. sinensis and B.
campestris has an association with codon bias, the non-
directional codon bias measure effective number of
codons (ENc) was resorted to. The effective number of
codons used by a gene and GC% at the three different
synonymous codon positions (GCls, GC2s and GC3s)
are used to study the codon usage variation among the
genes of B. campestris and C. sinensis (Figure 1). To
qguantify the level of diversity in the synonymous codon
usage among all the selected cds within the genome of
B. campestris and C. sinensis, the mean distance
between the pairs of cds was estimated. The mean
distance was found to be 0.07 with a median of 0.06 for
C. sinensis and a mean distance of 0.09 with the median
of 0.07 for the cds sequence of B. campestris. When

focusing on the previously studied genomes (Lafay et al.,
2000; Grocock and Sharp, 2002; Wu et al., 2005), the
mean values for Bacillus subtilis 168 (0.60), E. coli K12
MG1655 (0.47), Helicobacter pylori 26695 (0.38), and
Haemophilus influenzae Rd KW20 (0.37) indicated that
the mean values varied widely among species. ENc is a
widely accepted measure of codon usage bias that
guantifies the degree of deviation from equal use of
synonymous codons. It has been suggested that ENc
may be dependent on the strength of the codon bias
discrepancy (Fuglsang, 2004). The coefficient of
determination (denoted as RZ) indicates how well the data
points fit a straight line or curve. From the analysis, it is
apparent that the coefficient of determination is 0.37 and
0.15 for the genes of C. sinensis and B. campestris,
respectively (Figure 2). This reveals that 37% of the
variation in expressivity for the cds of C. sinensis and
15% for the cds of B. campestris could be explained by
the ENc. The remaining percentage of the variation in
expressivity could be attributed to unknown factors, that
is, genetic variation and/or other external factors.

Synonymous codon usage orders (SCUO) of genes of
each species were further analyzed. SCUO is a relatively
easier approach as compared to RSCU and is
considered as more robust for comparative analysis of
codon usage. The SCUO analysis shows that a majority
of the genes selected for the present study are
associated with high codon usage bias (43% cds in C.
sinensis and 68% in B. campestris have SCUO=0.5). This
outcome proposes that these genes are associated with
specific functions such as translational processes,
ribosomes (mostly ribosomal protein genes), intracellular
activities, transport, oxidation-reduction process and
others (Supplementary Tables 1 and 2).

The Anaconda software was used to determine the
adjusted residual values for association of each codon
pair in genome-wide manner for the two plant species.
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The residual values signify the Chi-square test association
between the two codons of each context (Moura et al.,
2007). Furthermore, based on the average cluster
patterns of adjusted residual values of codon pair
frequencies among the C. sinensis and B. campestris, it
was found that specific contexts were represented more
often than other contexts. The cluster patterns revealed
distinctions as well as commonalities of codon context

variations between C. sinensis and B. campestris. The
codon contexts are localized diagonally from left top to
right bottom. Being in the diagonal positions, they
represent contexts of the same triplet sequences
suggesting that these contexts (homogenous codon
contexts) are generally frequent in these plants (Figure
3). The cluster pattern is based on the average matrix of
residuals of each codon context among the species of
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Figure 4. Figure 4: Comparison of codon context pattern between Camellia sinensis and
Brassica campestris. Differential display map was obtained by calculating the module of
the difference between the residuals of each map. The yellow cells indicate the highest
context difference and the black cells represent pairs of codons that have similar residual

values between two species.

each order. The map constructed for the two plants was,
again, compared in one single display to allow detection
of overall patterns of codon context. Differential Display
Map (DDM) was constructed from the absolute value by
subtracting both maps cell-by-cell (Figure 4).
Researchers proposed that codons which are utilized
less as often as possible all through the genome are rate
limiting factors of exogenous gene expression supported
by experimental verification (Garcia et al., 1986; Zhang et
al,, 2004). In C. sinensis and B. campestris, the ‘rare
codon’ was defined by calculating the recurrence of event
of all codons (Threshold selected: 10/1000) in coding
sequences (Figure 5). In the meantime, our examination
demonstrated that many of these rare codon pairs
contain termination codons (Table 1). Based on the
hypothesis that gene expressivity and codon composition
are strongly correlated, the codon adaptation index has
been defined to provide an intuitively meaningful measure

of the extent of the codon preference in a gene. We have
estimated the CAl and RCBS for each cds as a measure
of gene expressivity (supplementary material). The CAI
with RCBS were compared and it was observed that both
showed a similar pattern. In concurrence with different
past studies (Ikemura, 1981, 1982; Moriyama and Powell,
1997), it was observed that RCBS decreased with the
length of the encoded cds. Since the RCBS value
depends on cds length, CAl was used as a central
measure for expressivity analysis.

Gene expression studies are essential for predicting
the expression potentiality of a particular gene of interest.
This will help in the discovery of new coding sequences
of genes for most elevated protein expression in a cell so
that these man-made proteins can be synthesized and
used for therapeutic drives world-wide. Along these lines,
it is important to find the codons that dictate the highest
and the lowest expressivity of a cds within a particular
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Figure 5. Rare codons for the cds of B. Campestris and C. sinensis. The ‘rare codon’ was defined by calculating the frequency of
occurrence of all codons in coding sequences (threshold selected 10/1000).

Table 1. Rare codons for the cds of Brassica Campestris and Camellia sinensis.

Brassica campestris

Camellia sinensis

Rare codons GCG, GUA, UCG, UGU

ACG, CCG, CGA, CGG, CUA, CCC, CcGC, cau,

ACG, CCG, CGA, CGG, CGC, CGU, GCG, GUA,
UCG, UUA, UGU, UGC

expression system. The DDM analysis results suggested
that both plants showed similar codon context pattern to
some extent. For confirmation, the pattern of synonymous
codons usage for both plants were compared. In support
of our previous study on cereals (Chakraborty and Paul,
2015), both plants selected for the present study also
maintained more or less similar pattern of synonymous
codon usage (Figure 6). These result indicated that
througout the evolution, both plants maintained a precise
pattern of codon usage, may be due to the natural
selection, mutation or any other external factors. Again,
the role of each codon in terms of expressivity within the
two plants were analyzed. The occurrence frequency of
59 codons (except stop codons and codons for Met &
Trp) were calculated for each cds of C. sinensis and B.
campestris and predicted their expression level in E. coli
K12 strain. The occurrence frequency for each codon in
cds was again allied with their expressivity values. Using
the criterion derived from statistical analysis (positive and
negative codon bias relating to the gene expression
level), the codons showing the highest and lowest
expressivity in E. coli k12 we obtained (Table 2). E. coli
genome tRNA copy number data sets available in the
genomic tRNA database (http://gtrnadb.ucsc.edu/) also
support the results of highest and lowest productive
codons.

To confirm the results of this analysis, we changed the
original cds downloaded from the database to the highest

expressive and the lowest expressive cds sequence by
replacing the codons with highest and lowest expressive
codons, respectively. The expressivity values for all the
three sets of a cds sequence (original, highest was
lowest cds) was calculated by using codonW. These
results revealed that the highest as well as the lowest
coding sequences significantly differed in expression
level from the original cds downloaded from the NCBI
database.

Conclusion

A novel method for identification of codons showing the
highest and the lowest expressivity was introduced, in
view of their recurrence of event. The event recurrence
for every codon/cds was again allied with their
expressivity values. Using the criterion derived from
statistical analysis, the codons showing the highest and
the lowest expressivity in E. coli k12 were obtained. The
natural codons present in cds were replaced by the
predicted codons of this study showing the lowest and
the highest expressivity using a Perl program developed
by the authors of this study. By comparing the
expressivity values of our cds with that of original cds
downloaded from NCBI, we have established that our
method is a general one, not connected with the
adjustments in gene length and overall nucleotide
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Table 2. Codons for highest and lowest expressivity for the genes of C. sinensis and B. campestris.

Codons showing lowest expressivity

Codons showing highest expressivity

Amino acids . - - - — ) . -
Camellia sinensis Brassica campestris Camellia sinensis Brassica campestris

Serine TCG, TCC TCA, TCG TCT, AGC AGC

Phenylalanine TTT TTT TTC TTC

Leucine CTA, CTG CTA CTT, TTG CTC, TTG

Tyrosine TAT TAT TAC TAC

Cysteine TGC TGT TGT TGC

Proline CCA CCA CCC, CCT CCC, CCT

Histidine CAC CAT CAT CAC

Glutamine CAG CAG CAA CAG

Arginine AGG,CGA, CGT AGA AGA CGT

Isoleucine ATT, ATA ATT, ATA ATC ATC

Threonine ACG ACG ACA, ACC ACC

Asparagine AAT AAT AAC AAC

Lysine AAA AAA AAG AAG

Valine GTA, GTC GTA GTG GTC

Alanine GCG GCG GCT, GCC GCC

Aspartic acid  GAC GAC GAT GAT

Glutamic acid GAA GAA GAG GAG

Glycine GGC GGG GGA GGC

composition, with a little noise in measurements. To
design the highest and lowest expressive cds of the

genes of C. sinensis and B. campestris in E. coli K12
strain, the restriction sites in the bacterium were not



considered.

Availability

The coding sequences for both plants are available in the
nucleotide database of NCBI. The softwares used, that is,
codon W and Anaconda for the present study are freely
available, downloaded from
(http://codonw.sourceforge.net/) and
(http://bioinformatics.ua.pt/software/anaconda/),
respectively.
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Supplementary Table 1. Camellia sinensis.

Gene Names with their Accession numbers A T G C Ign%?h pefc-lt;nt pe?cint
>gi|90968983|gb|DQ366599.2| Camellia sinensis acetyl CoA carboxylase 484 460 489 367 1800 52 44 4756
MRNA, complete cds

>gi|224037813|gb|FJ656220.1] Camellia sinensis polyphenol oxidase 502 415 439 444 1800 50.94 4906
(PPO) mRNA, complete cds

>g!|89111302|de|ABZ47284.1| Camellia sinensis pRB mRNA for 877 879 695 627 3078 5705 42 95
retinoblastoma related protein, complete cds

>0i|89111300|dbj|AB247283.1] Camellia sinensis cycD3-2 mRNA for cyclin 208 337 268 216 1119 56.75 43.25
D3-2, complete cds ' '
>0i|89111298|dbj|AB247282.1] Camellia sinensis cycD3 mRNA for cyclin

D3-1, complete cds 303 292 241 280 1116 53.32 46.69
>gi|89111294|dbj|AB247280.1] Camellia sinensis cycb mRNA for cyclin B, 388 334 329 279 1323 5457 45 43
complete cds

>g||4_72247167|gb|KC242133.1| Camellia sinensis stearoyl-acyl carrier 332 319 205 245 1191 54.66 4534
protein desaturase mRNA, complete cds

>gi|529205468|gb|KC920896.1| Camellia sinensis cultivar Longjing43 349 376 317 311 1353 5359 46.42
glycerol-3-phosphate acyltransferase mRNA, complete cds

>Qi|523713207|gb|KC847167.1| Camellia sinensis omega-3 fatty acid

desaturase (FAD8) mRNA, complete cds 353 3r2 323 31l 1359 5335 46.65
>gi|480359963|gh|KC700025.1| Camellia sinensis AMP deaminese mRNA, 717 718 605 531 2571 55 82 4419
complete cds ' '
>g||76177060|gb_|DQ194356.1| Camellia sinensis cultivar UPASI-10 4- 433 440 420 473 1766 49 43 50.57
coumaroyl CoA ligase mRNA, complete cds

>Qi|449082926|dbj|AB741571.1| Camellia sinensis CsFT1 mRNA for

flowering locus T, complete cds 116 144 148 117 525 49.52 50.48
>gi|357966792|gb|IN392472.1| Camellia sinensis chitinase (CHIT1) 250 237 244 238 969 5026 49 74
MRNA, complete cds ’ ’
>Qi|398025483|gb|JX042312.1| Camellia sinensis clone 111/1 ricin B lectin 103 83 82 68 336 55.36 44,64
domain protein Il mMRNA, complete cds ' '
>gi|339232482|gb|IN024667.1| Camellia sinensis anthocyanidin reductase

2 (ANR2) MRNA, complete cds 297 276 249 222 1044 54.89 45.12
>gi|161789847|gb|EU284131.1| Camellia sinensis glutamine synthetase 297 265 288 291 1071 5247 4753
MRNA, complete cds ' '
>gi|307090029|gb|HM204933.1| Camellia sinensis isolate yuanxiaolv

caffeic acid O-methyltransferase (comt) mMRNA, complete cds 212 218 280 262 1092 50.37 49.63
>Qi|50841418|gb|AY574920.1] Camellia sinensis dihydroflavonol 4- 291 270 260 293 1044 53.74 16.26
reductase mRNA, complete cds ' '
>Qi|294847479|gh|GU944768.1| Camellia sinensis anthocyanidin reductase 276 256 249 240 1014 5247 4754

(ANR) mRNA, complete cds




246 Afr. J. Biotechnol.

Supplementary Table 1. Contd.

>gi|117622287|gb|EF055882.1| Camellia sinensis cytosolic glutamine

295 267 288 221 1071 52.47 47.53
synthetase mRNA, complete cds
>0i|91992505|gb|DQ461974.1| Camellia sinensis ATPase mRNA, complete 61 87 62 48 258 57 36 42 64
cds ' '
>g||761_771|36.|gb|DQ194358.1| Camellia sinensis cultivar UPASI-10 397 397 376 363 1533 5179 4821
flavonoid 3',5'-hydroxylase mRNA, complete cds
>gi|76152008|gb|DQ120521.2| Camellia sinensis cultivar UPASI-10 181 166 176 170 693 50.07 4993
chalcone isomerase mRNA, complete cds ' '
>0i|59611828|gb|AY907710.1] Camellia sinensis caffeine synthase mRNA, 334 303 253 208 1098 58.02 41.99
complete cds
>0i|532212606|gb|KF006992.1| Camellia sinensis cultivar Longjing43 S-
adenosylmethionine decarboxylase mMRNA, complete cds 265 333 259 223 1080 55.37 44.63
>gi|428135437|gb|JQ790527.1] Camellia sinensis caffeoyl-CoA-O-
methyltransferase (CCoAOMT) mRNA, complete cds 198 165 189 186 738 49.19 50.81
>gi|326380569|gb|GU992402.1| Camellia sinensis anthocyanidin reductase 299 275 248 299 1044 54.98 45.02
1 mRNA, complete cds ' '
>gi|308943876|gb|HM440161.1| Camellia sinensis lipoxygenase mRNA, 769 703 654 580 2706 54.40 45 60
complete cds ' '
>gi|62955863|gb|AY945842.1| Camellia sinensis flavonoid 3',5'- 401 398 374 360 1533 52.12 4788
hydroxylase mRNA, complete cds
>gi|76786310|gh|DQ198089.1| Camellia sinensis flavonol synthase (FLS) 288 259 236 213 996 5492 4508

MRNA, complete cds

All the cds selected for the present study from the two plants, this file provides the gene name, accession numbers along with the overall AT and GC percentage, RCBS,
CAl, ENc, SCUO, GC1, GC2 & GC3 for all the genes. These data allow for the reconstruction of all the analyses.

Supplementary Table 1. Contd.

Gene Names with their Accession numbers CAl ENc RCBS SCUO Pgrf::elnt peci(c:eznt pfrg:nt
>Qi|90968983|gb|DQ366599.2| Camellia sinensis acetyl CoA carboxylase 064 5755 0.041 0.055 55 423 453
MRNA, complete cds

>gi|224037813|gb|FJ656220.1] Camellia sinensis polyphenol oxidase 0.61 56.63 0.041 0.050 523 405 543
(PPO) mRNA, complete cds

>g!|89111302|dbj|ABZ47284_.1| Camellia sinensis pRB mRNA for 055 51.89 0.025 0.090 479 43.9 371
retinoblastoma related protein, complete cds

>0i|89111300|dbj|AB247283.1| Camellia sinensis cycD3-2 mRNA for cyclin 0.36 5148 0.064 0.111 50.4 343 45
D3-2, complete cds

>0i|89111298|dbj|AB247282.1| Camellia sinensis cycD3 mRNA for cyclin 052 54.79 0.063 0.080 53 38.2 48.9

D3-1, complete cds
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>0i|89111294|dbj|AB247280.1| Camellia sinensis cycb mRNA for cyclin B,

complete cds 0.47 52.52 0.054 0.115 53.7 39.5 43.1
>gi|4?2247167|gb|KC242133.1| Camellia sinensis stearoyl-acyl carrier 033 4851 0.060 0.164 542 378 441
protein desaturase mRNA, complete cds

>gi|529205468|gb|KC920896.1| Camellia sinensis cultivar Longjing43 0.49 53 64 0.053 0.102 59 5 421 4.6
glycerol-3-phosphate acyltransferase mRNA, complete cds

>gi|523713207|gb|KC847167.1| Camellia sinensis omega-3 fatty acid

dgs!aturase (F/—\lgsl) MRNA, con!plete cds ’ / 0.57 57.10 0.054 0.059 53 422 44.8
>gi|480359963|gb|KC700025.1| Camellia sinensis AMP deaminese mRNA, 059 54.63 0.030 0.064 525 375 426
complete cds

>gi|76177060|gb.|DQ194356.1| Camellia sinensis cultivar UPASI-10 4- 054 57 23 0.045 0.055 39.4 548 575
coumaroyl CoA ligase mRNA, complete cds

>gi|44_9082926|dbj|AB741571.1| Camellia sinensis CsFT1 mRNA for 0.28 51.97 0123 0175 55.4 48 48
flowering locus T, complete cds

>gi|357966792|gb|IN392472.1| Camellia sinensis chitinase (CHIT1

nglN A Compleg l h | ( ) 061 5872 0081 0062  43.2 51.2 55.1
>gi|3980254§3|gb|JX042312.1| Camellia sinensis clone 111/1 ricin B lectin 0.29 61.00 0.194 0.060 438 357 545
domain protein Il MRNA, complete cds

>Qi|339232482|gb|IN024667.1| Camellia sinensis anthocyanidin reductase

29( LNRZ) mRN|A9’ (l:omplete . ds' y 047 5644 0067 0077  50.1 41.7 43.4
>gi|161789847|gb|EU284131.1| Camellia sinensis glutamine synthetase 0.40 52 40 0.066 0.106 535 443 448
MRNA, complete cds

>gi|307090029|gb|HM204933.1| Camellia sinensis isolate yuanxiaolv

cghl‘eic acid O-rlr?etlhyltransferasé (comt) mRNA, complete gds 0.49 53.45 0.070 0.105 38.4 58.6 51.9
>gi|50841418|gh|AY574920.1| Camellia sinensis dihydroflavonol 4- 0.50 57 27 0.067 0.070 46.8 388 532
reductase mRNA, complete cds

>Qi|294847479|gb|GU944768.1| Camellia sinensis anthocyanidin reductase 097 61.00 0068 0.159 516 411 49.7
(ANR) mRNA, complete cds

>0i|117622287|gb|EF055882.1| Camellia sinensis cytosolic glutamine

Sgr]'thetase mRﬁ A|, complots CO||S y 9 041 5271 0066 0106  53.2 44.3 45.1
>gi|91992505|gb|DQ461974.1| Camellia sinensis ATPase mRNA, complete 0.57 5531 0.241 0.050 488 407 384
cds

>gi|761_77136|gb|DQ194358.1| Camellia sinensis cultivar UPASI-10 061 56.57 0.049 0.072 54 40.9 49.7
flavonoid 3',5'-hydroxylase mRNA, complete cds

>gi|76152_008|gb|DQ120521.2| Camellia sinensis cultivar UPASI-10 0.24 49 87 0.095 0.147 515 433 55
chalcone isomerase mRNA, complete cds

>0i|59611828|gb|AY907710.1] Camellia sinensis caffeine synthase mRNA, 036 5211 0.064 0118 48.9 358 413
complete cds

>gi|532212606|gb|KF006992.1| Camellia sinensis cultivar Longjing43 S- 0.39 5087 0.065 0.123 46.9 428 442

adenosylmethionine decarboxylase mRNA, complete cds




248 Afr. J. Biotechnol.

Supplementary Table 1. Contd.

>Qi|428135437|gb|JQ790527.1] Camellia sinensis caffeoyl-CoA-O-

methyltransferase (CCoAOMT) mRNA, complete cds 0.38 53.34 0.097 0.160 34.9 62.7 54.8

>gi|326380569|gb|GU992402.1| Camellia sinensis anthocyanidin reductase 0.48 57 58 0.067 0.076 50.3 414 434

1 mRNA, complete cds

>gi|308943876|gb|HM440161.1| Camellia sinensis lipoxygenase mRNA, 0.65 56.13 0.029 0.056 591 404 443

complete cds

>Qi|62955863|gb|AY945842.1| Camellia sinensis flavonoid 3',5'- 0.59 56.85 0.049 0.067 53.4 403 499

hydroxylase mRNA, complete cds

>gi|76786310|gh|DQ198089.1| Camellia sinensis flavonol synthase (FLS) 041 57.19 0076 0.059 33.9 45.6 55.7

MRNA, complete cds

Supplementary Table 2. Brassica campestris.
Gene names with their accession numbers A T G C ICDS AT GC
ength percent percent

receptor protein kinase SRK12 (dbj-D38564) 758 697 617 499 2571 56.59 43.41
oleifera copper and zinc superoxide dismutase mMRNA(gh-KF356248) 111 122 121 105 459 50.76 49.24
Brassica rapa cultivar Samjin Col-2-like protein mRNA (gb-AY356370) 288 235 237 206 966 54.14 45.86
Brassica rapa cultivar Samjin reduced vernalization response 1 mRNA (gh-AY356368) 288 248 238 216 990 54.14 45.86
Brassica rapa plastid-lipid associated protein PAP3 mRNA (gb-AF290565) 245 269 269 300 1083 47.46 52.54
Brassica rapa subsp. campestris glutathione reductase mRNA (gb-JN795550) 403 388 437 275 1503 52.63 47.37
Brassica rapa subsp. pekinensis cultivar Huangya 14 MF21 mRNA (gh-JF437596) 129 123 105 99 456 55.26 44.74
Brassica rapa subsp. chinensis exocyst subunit EXO70A1 mRNA (gh-JX997396) 572 488 478 379 1917 55.30 44.71
Brassica rapa subsp. chinensis male sterility 2 mRNA (gb-EF093533) 567 491 467 326 1851 57.16 42.84
Brassica rapa subsp. chinensis cultivar Aikangging MF21 mRNA (gb-JF437595) 128 123 106 99 456 55.04 44.96
Brassica rapa var. purpuraria cultivar Zitai 1 MF21 mRNA(gb-JF437594) 129 122 105 100 456 55.04 44.96
Brassica rapa subsp. chinensis receptor-like kinase SSP mRNA(gh-KC576523) 427 399 312 260 1398 59.08 40.92
Brassica rapa subsp. chinensis MLPK mRNA(gh-KC576522) 370 324 318 245 1257 55.21 44.79
Brassica rapa subsp. chinensis kinase-associated protein phosphatase mMRNA(gh-KC576521) 447 452 439 312 1650 54.49 45.52
Brassica rapa subsp. chinensis aspartic proteinase mRNA(gh-KC576520) 359 434 412 316 1521 52.14 47.86
Brassica rapa subsp. chinensis senescence-associated cysteine protease mRNA(gh-KC576519) 282 266 292 240 1080 50.74 49.26
Brassica rapa subsp. chinensis ARC1 mRNA(gh-KC576518) 522 484 484 496 1986 50.66 49.35
Brassica rapa subsp. pekinensis beta-carotene hydroxylase mRNA(gh-GQ178285) 211 242 239 229 921 49.19 50.81
Brassica rapa subsp. pekinensis cultivar Huangyal4 profilin mRNA(gb-EU163278) 107 88 119 091 405 48.15 51.85
Brassica rapa subsp. rapa cultivar Wenzhoupancai profilin mMRNA(gh-EU163276) 109 89 117 90 405 48.89 51.11
Brassica rapa subsp. pekinensis cultivar Huangyal4 anther-specific proline rich protein mRNA(gb-EF101148) 518 402 314 512 1746 52.69 47.31
Brassica rapa subsp. pekinensis cultivar Xiaogingko anther-specific proline rich protein mRNA(gh-EF101141) 513 398 312 508 1731 52.63 47.37
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Brassica rapa subsp. pekinensis flowering locus C3 mRNA(gbh-DQ866876) 172 143 144 135 594 53.03 46.97
Brassica rapa subsp. pekinensis flowering locus C2 mRNA(gh-DQ866875) 177 140 138 136 591 53.64 46.36
Brassica rapa subsp. pekinensis flowering locus C1 mRNA(gbh-DQ866874) 177 151 161 132 621 52.82 47.18
Brassica rapa subsp. pekinensis cold-regulated protein mMRNA(gh-DQ491005) 130 80 114 78 402 52.24 47.76
Brassica rapa subsp. pekinensis MORN mRNA(gh-FJ460465) 371 382 391 365 1509 49.90 50.10
Brassica rapa subsp. pekinensis cultivar Matsushima SUR1 mRNA(gb-EF611271) 353 306 349 354 1362 48.39 51.62
Brassica rapa subsp. pekinensis cultivar Kwan-Hoo Choi ST5a mRNA(gh-EF611266) 267 236 264 253 1020 49.31 50.69
Brassica rapa subsp. pekinensis cultivar Matsushima ST5a mRNA(gb-EF611263) 268 236 263 253 1020 49.41 50.59
Brassica rapa subsp. pekinensis CYP83B1 mRNA(gbh-EF611260) 404 379 343 374 1500 52.20 47.80
Brassica rapa subsp. pekinensis MYB mRNA(gh-DQ903665) 284 268 248 247 1047 52.72 47.28
Brassica rapa subsp. pekinensis acyl desaturase mRNA(gh-DQ886528) 319 300 323 288 1230 50.33 49.68
Brassica rapa subsp. pekinensis geranylgeranyl reductase mMRNA(gh-DQ886527) 385 338 434 334 1491 48.49 51.51
Brassica rapa subsp. pekinensis biotin synthase mRNA(gh-DQ886525) 317 273 279 259 1128 52.31 47.70
Raphanus sativus cultivar Sakurashimadakon MF21 mRNA(gb-JF437605) 129 120 107 100 456 54.61 45.40
Brassica nigra cultivar 071-01 MF21 mRNA(gbh-JF437604) 131 117 107 101 456 54.39 45.61
Brassica juncea var. rugosa cultivar Yamakada MF21 mRNA(gb-JF437603) 128 123 106 99 456 55.04 44.96
Brassica carinata cultivar 079-01 MF21 mRNA(gb-JF437602) 129 120 107 100 456 54.61 45.40
Brassica napus cultivar 071-02 MF21 mRNA(gh-JF437601) 131 120 109 102 462 54.33 45.67
Brassica napus var. napobrassica cultivar Datoul MF21 mRNA(gb-JF437600) 120 121 105 95 441 54.65 45.35
Brassica oleracea var. capitata cultivar Jixin MF21 mRNA(gb-JF437599) 119 119 108 95 441 53.97 46.03
Brassica juncea var. multiceps cultivar Maertou MF21 mRNA(gb-JF437598) 129 123 105 99 456 55.26 44.74
Brassica rapa subsp. nipposinica cultivar Wanshengwanye MF21 mRNA(gb-JF437597) 129 123 105 99 456 55.26 44.74
Brassica rapa subsp. chinensis napin mRNA(gb-HM027884) 158 111 130 156 555 48.47 51.53
Mesostigma viride photosystem Il PsbR protein mRNA(gb-DQ370085) 76 84 115 139 414 38.65 61.35
Brassica rapa BcNDK 2 mRNA for nucloside diphosphate kinase 2(dbj-AB078008) 164 190 179 160 693 51.08 48.92

All the cds selected for the present study from the two plants, this file provides the gene name, accession numbers along with the overall AT and GC percentage, RCBS, CAl, ENc, SCUO, GC1,
GC2 & GC3 for all the genes. These data allow for the reconstruction of all the analyses.

Supplementary Table 2. Contd.

Gene names with their accession numbers CAl  ENc RCBS SCUO GC1Percent GC2percent GC3percent
receptor protein kinase SRK12 (dbj-D38564) 0.60 5490 0.03 0.051 44.8 40.1 45.3
oleifera copper and zinc superoxide dismutase mRNA(gb-KF356248) 0.15 4228 0.14 0.093 62.7 51 34
Brassica rapa cultivar Samjin Col-2-like protein mRNA (gh-AY356370) 0.38 54.15 0.07 0.077 51.2 44.7 41.6
Brassica rapa cultivar Samjin reduced vernalization response 1 mRNA (gb-AY356368) 0.48 51.75 0.07 0.097 50 40.3 47.3
Brassica rapa plastid-lipid associated protein PAP3 mRNA (gh-AF290565) 0.51 56.13 0.06 0.127 55.4 48.2 54
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Brassica rapa subsp. campestris glutathione reductase mRNA (gh-JN795550) 0.53 56.00 0.05 0.126 54.9 42.7 445
Brassica rapa subsp. pekinensis cultivar Huangya 14 MF21 mRNA (gh-JF437596) 0.40 59.19 0.14 0.053 48 42.8 43.4
Brassica rapa subsp. chinensis exocyst subunit EXO70A1 mRNA (gb-JX997396) 0.48 52.26 0.04 0.104 53.1 36.6 44.4
Brassica rapa subsp. chinensis male sterility 2 mRNA (gb-EF093533) 0.49 49.16 0.04 0.085 48.3 37.8 425
Brassica rapa subsp. chinensis cultivar Aikangging MF21 mRNA (gb-JF437595) 0.40 58.37 0.14 0.080 48 43.4 43.4
Brassica rapa var. purpuraria cultivar Zitai 1 MF21 mRNA(gb-JF437594) 0.40 59.19 0.14 0.072 48 42.8 441
Brassica rapa subsp. chinensis receptor-like kinase SSP mRNA(gh-KC576523) 0.41 5212 0.05 0.104 40.9 35.6 37.8
Brassica rapa subsp. chinensis MLPK mRNA(gh-KC576522) 0.42 50.53 0.06 0.086 51.6 43.7 39.1
Brassica rapa subsp. chinensis kinase-associated protein phosphatase mRNA(gh-KC576521) 0.63 57.87 0.04 0.124 54.4 39.6 42.5
Brassica rapa subsp. chinensis aspartic proteinase mRNA(gh-KC576520) 0.45 50.83 0.05 0.087 55.2 41.4 46.9
Brassica rapa subsp. chinensis senescence-associated cysteine protease mMRNA(gh-KC576519) 0.54 58.69 0.07 0.086 53.6 42.2 51.9
Brassica rapa subsp. chinensis ARC1 mRNA(gh-KC576518) 0.56 53.59 0.04 0.077 52.9 40 55.1
Brassica rapa subsp. pekinensis beta-carotene hydroxylase mRNA(gh-GQ178285) 0.40 53.54 0.08 0.073 54.7 43.6 54.1
Brassica rapa subsp. pekinensis cultivar Huangyal4 profilin mRNA(gh-EU163278) 0.31 59.09 0.16 0.088 60.7 40 54.8
Brassica rapa subsp. rapa cultivar Wenzhoupancai profilin mRNA(gb-EU163276) 0.27 57.77 0.16 0.103 60 40 53.3

Brassica rapa subsp. pekinensis cultivar Huangyal4 anther-specific proline rich protein mMRNA(gb-EF101148) 0.57 54.61 0.04 0.109 54.5 54.1 33.3
Brassica rapa subsp. pekinensis cultivar Xiaogingko anther-specific proline rich protein mRNA(gbh-EF101141) 0.58 54.70 0.04 0.117 54.6 54.1 334

Brassica rapa subsp. pekinensis flowering locus C3 mRNA(gh-DQ866876) 0.35 51.77 0.11 0.091 59.1 33.3 48.5
Brassica rapa subsp. pekinensis flowering locus C2 mRNA(gh-DQ866875) 0.26 50.23 0.11 0.119 59.4 32 47.7
Brassica rapa subsp. pekinensis flowering locus C1 mRNA(gh-DQ866874) 0.27 52.26 0.10 0.157 60.4 30.4 50.7
Brassica rapa subsp. pekinensis cold-regulated protein mRNA(gb-DQ491005) 0.29 50.10 0.15 0.133 55.2 36.6 51.5
Brassica rapa subsp. pekinensis MORN mRNA(gb-FJ460465) 0.53 53.53 0.05 0.167 53.9 47.5 48.9
Brassica rapa subsp. pekinensis cultivar Matsushima SUR1 mRNA(gb-EF611271) 0.54 57.12 0.05 0.163 56.4 38.5 59.9
Brassica rapa subsp. pekinensis cultivar Kwan-Hoo Choi ST5a mRNA(gb-EF611266) 0.38 53.50 0.07 0.153 52.6 36.5 62.9
Brassica rapa subsp. pekinensis cultivar Matsushima ST5a mRNA(gbh-EF611263) 0.41 53.89 0.07 0.280 52.6 36.5 62.6
Brassica rapa subsp. pekinensis CYP83B1 mRNA(gh-EF611260) 0.58 55.99 0.05 0.127 54.4 35.8 53.2
Brassica rapa subsp. pekinensis MYB mRNA(gh-DQ903665) 0.53 5451 0.07 0.118 52.4 50.1 39.3
Brassica rapa subsp. pekinensis acyl desaturase mRNA(gh-DQ886528) 0.50 55.46 0.06 0.127 53.7 38.8 56.6
Brassica rapa subsp. pekinensis geranylgeranyl reductase mRNA(gb-DQ886527) 0.54 53.35 0.05 0.127 515 515 62

Brassica rapa subsp. pekinensis biotin synthase mRNA(gh-DQ886525) 0.46 53.28 0.06 0.144 52.9 44.7 45.5
Raphanus sativus cultivar Sakurashimadakon MF21 mRNA(gb-JF437605) 0.36 61.00 0.14 0.118 48 44.7 43.4
Brassica nigra cultivar 071-01 MF21 mRNA(gb-JF437604) 0.51 59.90 0.14 0.117 48 46.1 42.8
Brassica juncea var. rugosa cultivar Yamakada MF21 mRNA(gb-JF437603) 0.40 59.22 0.14 0.127 48.7 42.8 43.4
Brassica carinata cultivar 079-01 MF21 mRNA(gb-JF437602) 0.36 61.00 0.14 0.118 48 44.7 43.4
Brassica napus cultivar 071-02 MF21 mRNA(gh-JF437601) 0.38 61.00 0.14 0.118 48.7 44.2 44.2
Brassica napus var. napobrassica cultivar Datoul MF21 mRNA(gb-JF437600) 0.38 61.00 0.15 0.133 48.3 42.9 449

Brassica oleracea var. capitata cultivar Jixin MF21 mRNA(gb-JF437599) 0.36 61.00 0.15 0.111 48.3 44.9 44.9
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Brassica juncea var. multiceps cultivar Maertou MF21 mRNA(gb-JF437598) 0.40 59.19 0.14 0.474 48 42.8 43.4
Brassica rapa subsp. nipposinica cultivar Wanshengwanye MF21 mRNA(gb-JF437597) 0.40 59.19 0.14 0.163 48 42.8 43.4
Brassica rapa subsp. chinensis napin mRNA(gb-HM027884) 0.31 4950 0.12 0.192 59.5 37.8 57.3
Mesostigma viride photosystem Il PsbR protein mRNA(gb-DQ370085) 0.09 36.65 0.16 0.116 54.3 50 79.7
Brassica rapa BcNDK 2 mRNA for nucloside diphosphate kinase 2(dbj-AB078008) 0.33 50.33 0.10 0.116 54.5 48.5 43.7
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Computational protein sequence analysis is one of the most important tools used for understanding the
evolution of closely related proteins sequences including snake venom metalloproteinase sequences
(SVMPs) which give valuable information regarding genetic variations. The fundamental objective of the
present study is to screen the evolution distributed in metalloproteinase domain regions of protein
sequences among different SVMPs in snake species which are involved in a range of pathological
disorders such as arthritis, atherosclerosis, liver fibrosis, cardiovascular, cancer, liver and
neurodegenerative disorders. In fact, SVMPS are responsible for hemorrhage and may also interfere
with the hemostatic system. A comparative characterization of the metalloproteinase sequences has
been carried out to analyze their multiple sequence alignment, phylogenic tree, homology, physico-
chemical, secondary structural and functional properties. DNAMAN software was used for multiple
sequence alignment, phylogenic tree and homology and Expasy’s Prot-param server was used for
amino acid composition, physico-chemical and functional characterization of these SVMPs sequences.
Studies of secondary structure of these SVMPs were carried out by computational program. Based on
the observed patterns of occurrence of atypical features, we hypothesize that amino acids of
metalloproteinase domain region (66.63% identity) of protein sequences are highly changeable;
whereas, signal peptide region (93.98% identity) is the lowest changeable protein sequence and the
remaining other three domains such as propeptide region (87.36% identity), desintegrin domain region
(78.63% identity) and cysteine-rich domain region (75.70% identity) show moderate changeable protein
sequence. SVMPs might be an accelerated evolution, which is a key player in causing diseases. From
the data, it can be suggested that over -changed metalloproteinase domain regions in snake venom
metalloproteinase might be responsible for the generation of functional variation of proteins expressed,
which in turn may lead to different disorders in humans after snake bite. The results of this study would
be an effective tool for the study of mutation, drugs resistance mechanisms and development of new
drugs for different diseases.

Key words: SVMPs, evolution, multiple sequence alignment, phylogenic tree, secondary structure, homology.



INTRODUCTION

Metalloproteinase is a ubiquitous enzyme that exists in
nearly all organisms from animal to plants. However,
apart from its different expression sites in different plants
and animals for performing distinct physiological roles,
metalloproteinase also exists in the toxin/venom of
several venomous creatures (snake, caterpillar, scorpion
etc.) to cause agony, suffering and even death of the
prey/victim. Among them, snake venom is a very rich
source of metalloproteinase and they are termed as
snake venom metalloproteinases (SVMPs). Several
diseases are shown to be associated with
metalloproteinase. For example, genetic polymorphisms
in matrix metalloproteinase genes MMP1, MMP9 and
MMP12 are shown to be important in the development of
chronic obstructive pulmonary disease (COPD) (Wallace
and Sandford, 2002). Metalloproteinases also play role in
the development of renal cyst (Obermiiller et al., 2001),
uterine cervical carcinoma (Libra et al, 2009),
angiogenesis (Pepper, 2001) and various inflammatory
diseases of the central nervous system such as bacterial
meningitis.

SVMPs are more abundantly found in viper snake
venom; however, they are also from few elapid families
(Birrell et al., 2007; Fry et al., 2003). They are synthesized
as zymogens in the venom gland and contain a pro-
peptide which is cleaved off during maturation. They have
a common zinc-binding motif with a consensus sequence
of HEXXHXXGXXH (Bode et al., 1993). They are
classified into different types (PI to P-1V) on the basis of
the other domains that are present in these complexes
(Hite et al., 1994). These families of enzymes are
responsible for haemorrhagic, local myonecrotic,
antiplatelet, edema-inducing and other inflammatory
effects. Recently, it has been shown that SVMPs are
potential tools in the development of drugs for the
prevention and treatment of several illnesses. These
enzymes are extensively used in the treatment and
prevention of thrombotic disorders, since they serve as
defibrinogenating agents (Costa et al., 2010; Bjarnason
and Fox, 1994). Animal models of septic shock have also
delivered proof-of-concept that MMPs can be of
therapeutic interest (Vanlaere and Libert, 2009).

Evolution and diversification of snake venom is a very
interesting phenomenon. Snake venom glands are
believed to have evolved by the modification of the
salivary glands, and various body proteins have been
recruited in the venom gland and adapted to attack and
damage various physiological system of the prey (Reza
et al., 2006). Therefore, study of the expressed venom
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protein among and within a particular family enables us to
understand the mode and direction of evolution of that
gene family. A lot of variation is evident in the SVMPs
among the species even within the same species with
indication of accelerated evolution of this particular
venom component. Therefore, this study was undertaken
to perform a detailed bioinformatics analysis of the
different domains of snake venom metalloproteinase
sequences in order to understand their pattern of
accelerated evolution.

MATERIALS AND METHODS
Sequence retrieval

Twelve (12) SVMPs sequences from different venomous snake
species including Agkistrodon contortrix laticinctus, Agistrodon
piscivorus leucostoma, Deinagkistrodon acutus, Gloydius halys,
Sistrurus catenatus edwardsi, Naja naja atra, Bothrops jararaca,
Bothrops insularis, Protobothrops flavoviridis, Bungarus multicinctus,
Crotalus viridis and Crotalus atrox were obtained from National
Center for Biotechnology Information (NCBI) with the following
accession numbers: 042138, C9E1S0, Q9W6M5, QB8AWI5,
ABG26979, A8QL59, 093523, Q8QG88, Q90ZI3, ABN72537,
C9E1R8 and Q9DGBY, respectively.

Multiple sequence alignment

Twelve (12) SVMPs sequences from different venomous snake
species were used for multiple sequence alignment of the species,
with the aid of DNAMAN software. After multiple sequence
alignment of SVMPs sequences of the different snake species,
black color indicates positions with fully conserved residue; pink
color indicates that one of the following high scoring groups is fully
conserved; cyan color indicates that one of the following moderate
scoring groups is fully conserved; white color indicates that one of
the following ‘weaker’ scoring groups is fully conserved.

Classification of SVMPs sequences

SVMPs sequences were divided into five domains: signal peptide,
propeptide, metalloprotease, disintegrin and cysteine-rich domain
based on their domain organization after multiple sequence
alignment. Signal peptide sequence (about 18 residues long),
propeptide (about 176 residues long), metalloproteinase (about 205
residues long), desintegrin (about 95 residues long) and cyestine-
rich (about 194 residues long) domains are aligned separately. Cys-
switch sites (PKMCGV) and Zn?" binding motifs (HEXXHXXGXXH)
are marked in the box of black color.

Phylogenetic tree and homology construction

Phylogenetic tree of 12 SVMPs sequences was done using
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Table 1. The name of twelve SVMPs sequences of different venomous snhake species with number of

accession and amino acids

Snake species

Accession number

Number of amino acids

Agkistrodon contortrix laticinctus
Agkistrodon piscivorus leucostoma
Deinagkistrodon acutus
Gloydius halys

Sistrurus catenatus edwardsi
Naja atra

Bothrops jararaca

Bothrops insularis
Protobothrops flavoviridis
Bungarus multicinctus

Crotalus viridis viridis

Crotalus atrox

042138 620
C9E1S0 613
QIW6MS5 610
Q8AWI5 610
ABG26979 612
A8QL59 621
093523 610
Q8QG88 610
Q90ZI3 612
ABN72537 614
CYE1RS 609
Q9DGBY 610

molecular evolutionary genetic analysis (MEGA) software (version
4.0.02) (Tamura et al., 2007), with UPGMA method. Each node was
tested using the bootstrap approach by taking 1,000 replicates; the
bootstrap analysis indicates strong support. Homology of 12
SVMPs sequences was done using DNAMAN software.

Analysis of physico-chemical properties

The SVMPs sequences were utilized as the input data type to
compute the percentage of amino acid composition (%) (Islam et
al., 2013), molecular weight, theoretical isoelectric point (pl),
number of positively and negatively charged residues, extinction
coefficient, instability and aliphatic index, Grand Average of
Hydropathy  (GRAVY), using Expasy  Protparam  tool
(http://web.expasy.org/protparam).

Analysis of secondary structure

SOPMA tool (Self-Optimized Prediction Method with Alignment) of
NPS@ (Network Protein Sequence Analysis) server was used to
characterize the secondary structural features of the proteins such
as, alpha helix, 310 helix, Pi helix, beta bridge, extended strand,
beta turn, bend region, random coil, ambiguous and other states
(Geourjon and Deleage, 1995; Roly et al., 2014a, Islam et al., 2015).

Analysis of functional properties

The analysis of the selected 12 SVMPs sequences was done with
the help of Motif scan (http://myhits.isb-sib.ch/cgibin/motif_scan)
tool (Roly et al., 2014b). The input data type was in FASTA format
and scanned against ‘PROSITE Patterns’ which is a selected
protein profile.

RESULTS AND DISCUSSION

In our present investigation, the NCBI database was used
as source to collect SVMPs sequences from different

venomous shake species with accession number (Table
1). A total of 12 SVMPs sequences (after removing the
duplicates and partial sequences) were obtained from
different venomous snake species. SVMPs sequences
were reckoned into five domains: signal peptide,
propeptide, metalloproteinase, desintegrin and cyestine-
rich domains based on their domain organization. Some
researchers reported same result (Brust et al.,, 2013;
Casewell, 2012; Ryan et al., 2003). Signal peptides of all
the sequences are highly conserved and they are nearly
identical. There are 18 residues in signal peptide which
show 93.98% identity (Figure 1). However, the 13th
residues in five sequences (A. c. laticinctus, D. acutus, B.
jararaca, B. insularis, C. v. viridis) are Alanine while the
remaining two (A. p. leucostoma, G. halys, S. c.
edwardsi, N. n. atra, P. flavoviridis, B. multicinctus, C.
atrox) is valin. However, as the properties of these two
amino acid residues are almost the same we do not
expect any change in signaling the secretion of the
protein or in the removal of the signal peptide after
secretion of the protein. Propeptide sequences of all the
sequences are highly conserved and they are nearly
identical. They are about 176 residues long showing
87.36% (Figure 2). The Cys-switch site (PKMCGV) within
the propeptide is in the position of 165th residues (Figure
2). Cys-switch site (PKMCGV) is a short peptide of
prodomain and is blocking the active site of
metalloproteinase. When this peptide is removed,
metalloproteinase is active. Metalloproteinase domains
are 205 residues long and they have 66.63% identity
(Figure 3). Desintegrin domains are approximately 95
residues long and have 78.63% identity. Same sort of
grouping like metalloproteinase is also evident in the
Desintegrin domain. The cystine-rich domains are 194
residues long and show 75.70% identity. In this study we
showed that amino acids of metalloproteinase domain
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Figure 1. Multiple sequence alignment of signal peptide
(93.98% identity) of SVMPs sequences: black color indicates
positions with fully conserved residue; pink color indicates that
one of the following high scoring groups is fully conserved;
cyan color indicates that one of the following moderate scoring
groups is fully conserved; white color indicates that one of the
following ‘weaker’ scoring groups is fully conserved.
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Figure 2. Multiple sequence alignment of propeptide (87.36% identity) of SVMPs sequences: black color indicates positions
with fully conserved residue; pink color indicates that one of the following high scoring groups is fully conserved; cyan color
indicates that one of the following moderate scoring groups is fully conserved; white color indicates that one of the following
‘weaker’ scoring groups is fully conserved.
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Figure 3. Multiple sequence alignment of metalloproteinase domain (66.63% identity) of SVMPs sequences: black color indicates
positions with fully conserved residue; pink color indicates that one of the following high scoring groups is fully conserved; cyan

color indicates that one of the following moderate scoring groups is fully conserved; white color indicates that one of the following
‘weaker’ scoring groups is fully conserved.
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Figure 4. Multiple sequence alignment of desintegrin domain (78.63% identity) of SVMPs sequences: black color indicates
positions with fully conserved residue; pink color indicates that one of the following high scoring groups is fully conserved; cyan
color indicates that one of the following moderate scoring groups is fully conserved; white color indicates that one of the following
‘weaker’ scoring groups is fully conserved.

region were more changeable due to synonymous and
non-synonymous mutation (Figure 3) and have very low
identity; whereas signal peptide domain region was very
less changeable and has the highest percentage
similarity among different SVMPs sequences. The
remaining other three domains: propeptide (Figure 2),

desintegrin (Figure 4) and cyestine-rich domains (Figure
5) were moderately changeable and showed moderate
percentage identity.

Phylogenetic tree and homology indicate that
metalloproteinase domain has very high distance
relationship (Figure 8A and B) among twelve SVMPs; on
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Figure 5. Multiple sequence alignment of cyestine-rich domain (75.70% identity) of SVMPs sequences: black color indicates positions
with fully conserved residue; orange color indicates that one of the following high scoring groups is fully conserved; blue color indicates
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Figure 6. (A) Phylogenetic tree construction using by DNAMAN software of signal peptide of 12 SVMPS sequences from
different venomous snake species using the bootstrap approach by taking 1,000 replicates and the bootstrap analysis indicates
strong support (B) Homology construction of signal peptide using by DNAMAN software of 12 SVMPS sequences from different

venomous shake species.

the other hand, signal peptide has very close distance
relationship (Figure 6A and B) while the other remaining
three domains (Propetide, Desintegrin domain and
Cyestine rich domain) show moderate distance relation-
ship (Figures 7A, 7B, 9A, 9B, 10A and 10B respectively)
In the analysis of amino acid composition, the
percentage of cysteine residues in majority of the SVMPs
sequences lies in the range of 6.1-6.7%; SVMPs
sequences of B. multicinctus, C. v. viridis and A. p.
leucostoma show a significant increase with values of

6.7, 6.6 and 6.5 percent, respectively (Table 2). The
highest quantity of cysteine residues in B. multicinctus
and C. v. viridis SVMPs sequences might be correlated
with presence of cysteine switch motif and role of these
SVMPs s in pathological conditions. These gelatinases
have been early associated with several disorders such
as carcinomas, cardio-vascular and so on. Highly
significant presence of cysteine suggests its role as a
critical residue for SVMPs activity and thus these SVMPs
may be investigated for possible role in diseased
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Table 2. Amino acid compositions of twelve SVMPs sequences of different venomous snake species (in %).

Species Ala Arg Asn Asp Cys GIn Glu His Gly lle Leu Lys Met Phe Pro Ser Thr Trp Tyr Val
A. c. laticinctus 58 35 63 6.8 63 39 58 60 24 52 68 79 29 31 52 56 56 05 45 6.0
A. p. leucostoma 6.0 47 6.5 6.5 65 44 60 68 21 60 70 46 16 31 49 62 57 07 44 6.2
D. acutus 51 20 57 6.6 64 31 79 75 31 61 52 74 31 30 52 59 39 07 64 57
G. halys 75 36 6.2 6.4 64 43 59 70 26 48 70 66 25 26 48 52 49 05 49 62
S. c. edwardsi 59 39 65 5.2 62 42 72 70 26 51 75 51 16 28 42 6.2 49 1.0 65 6.2
N. atra 56 31 6.9 5.0 61 31 85 74 31 61 69 64 24 35 45 56 56 06 43 50
B. jararaca 6.1 21 64 6.2 64 33 75 70 31 49 59 72 25 31 52 59 41 07 59 64
B. insularis 6.1 21 64 6.2 64 34 75 69 31 49 59 72 25 31 52 59 41 07 59 64
C. atrox 70 39 57 6.2 62 41 61 70 28 44 67 66 26 30 51 52 52 05 51 64
C. v. viridis 56 25 6.2 5.9 66 31 83 71 33 51 66 66 26 26 49 59 41 07 61 6.2
P. flavoviridis 75 39 65 6.4 64 49 56 64 28 52 69 64 25 29 46 49 54 05 44 60
B. multicinctus 6.0 6.0 5.9 5.2 67 34 60 67 23 55 73 83 16 24 47 57 50 05 46 6.0

conditions. Further analysis of the amino acid
composition can help to place amino acid
presence at remarkable level and be correlated
with precise pathological conditions (Shckorbatov
et al., 2008).

Other physico-chemical parameters also signify
the behavior of SVMPs in different conditions
(Table 3). pH values for majority of the SVMPs (A.
c. laticinctus, D. acutus, B. jararaca, B. insularis,
C. v. viridis, A. p. leucostoma, G. halys, S. c.
edwardsi, N. n. atra, P.

flavoviridis & C. atrox) lie in the acidic range
(pH<7); while for the only one SVMPs sequence
(B. multicinctus), it increases in the alkaline range
(pH>7). In addition, the instability index SVMPs
sequences of different snake species of A. c.
laticinctus, D. acutus, B. jararaca, B. insularis, C.
v. viridis, G. halys, S. c. edwardsi, N. n. atra & C.
atrox were stable (Instability index <40), but the
remaining were unstable metalloproteinases
(Instability index <40) (Table 3). Secondary
structural analysis indicates a pre-dominance of

random coils, followed by a-helices, extended
strands and B-turns in 12 SVMPs sequences
while the extended strands exceed a-helices in A.
c. laticinctus, A. p. leucostoma, D. acutus, N. n.
atra, B. jararaca, B. insularis, B. multicinctus and
C. v. viridis (Table 4). This is very useful to predict
three dimensional structures of proteins and can
also help in approximation of some aspects of
protein function and their classification into
families (Rost, 2001).

Furthermore, the Motif Scan tool predicts the
presence of a cysteine switch, a zinc protease
and desintegrin motif in SVMPs sequences which
have been the subject of discussion in various
literatures (Table 5). The cysteine switch
regulates activity of SVMPs sequences via
complex formation between cysteine residue of
prodomain and zinc atom of catalytic domain (Van
Wart et al., 1990). Cys-switch site (PKMCGV)
motif is present in the propeptide (Figure 2) and
blocks the active site of metalloproteinase
domain; and when this peptide is removed

metalloproteinase is active. The primary sequence
motif HExxH is present in the catalytic domain of
zinc-dependant SVMPs sequences. The two
conserved histidine residues coordinate the zinc
atom and the glutamic acid residue is a member
of the active site of enzyme (Devault et al., 1988).
The zinc binding region signature has been
characterized as (uncharged)-(uncharged)-H-E-
(uncharged) -(uncharged)-H-(uncharged)-(hydro
phobic) (Jongeneel et al., 1989). Zinc protease
motif is present within the catalytic domain
(metalloproteinase domain) of SVMPs sequences
(Table), playing a pivotal role in the collagen
binding region of these enzymes.

Conclusion

Intensive  characterization and comparative
analysis of the SVMPs sequence of proteins with
the help of numerous bio-computational tools
yielded new insights and perspectives which can
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Table 3. Physico-chemical parameters of twelve SVMPs sequences of different venomous snake species.

Species No. of M.W ol ch;;;ed cha:ged Extin.ct.ion In§tability Al.iphatic GRAVY
AA. (Da) . . coefficient index index
residues residues
A. c. laticinctus 620 69512.2 6.14 78 71 60595 34.26 69.66 -0.452
A. p. leucostoma 613 68212.0 5.17 77 57 64605 41.15 74.91 -0.355
D. acutus 610 68542.4 5.03 88 57 82485 37.11 65.84 -0.462
G. halys 610 67651.7 5.71 75 62 63575 39.28 71.64 -0.389
S. c. edwardsi 612 68930.7 5.27 76 55 94975 34.61 72.96 -0.399
N. atra 621 69402.5 5.25 84 59 64605 39.88 70.98 -0.411
B. jararaca 610 68213.0 5.15 84 57 78015 35.29 66.80 -0.451
B. insularis 610 68284.0 5.15 84 57 78015 34.76 66.80 -0.456
C. atrox 610 67960.1 5.90 75 64 65065 36.86 69.07 -0.417
C. v. viridis 609 68364.1 5.01 88 55 79505 40.85 69.15 -0.449
P. flavoviridis 612 68191.4 5.97 73 63 59105 42.25 72.21 -0.396
B. multicinctus 614 68988.1 8.73 69 88 60720 42.57 73.68 -0.487
Table 4. Secondary structural features of twelve SVMPs sequences of different venomous snake species (in %).
. . 310 Pi B Extended Bend Random Ambiguous Other
Snake species A helix Helix Helix Bridge strand B Turn region coil states states
A. c. laticinctus 22.42% 0.00% 0.00%  0.00% 24.68% 11.13% 0.00%  41.77% 0.00% 0.00%
A.p. leucostoma  16.48% 0.00% 0.00%  0.00% 29.53% 9.95% 0.00%  44.05% 0.00% 0.00%
D. acutus 23.28% 0.00% 0.00%  0.00% 27.21% 10.00% 0.00%  39.51% 0.00% 0.00%
G. halys 26.23% 0.00%  0.00%  0.00% 23.61% 9.67% 0.00%  40.49% 0.00% 0.00%
S. c. edwardsi 29.90% 0.00% 0.00%  0.00% 24.18% 8.82% 0.00%  37.09% 0.00% 0.00%
N. atra 23.67% 0.00% 0.00%  0.00% 24.96% 10.79% 0.00%  40.58% 0.00% 0.00%
B. jararaca 21.97% 0.00% 0.00%  0.00% 25.41% 10.82% 0.00%  41.80% 0.00% 0.00%
B. insularis 22.62% 0.00%  0.00%  0.00% 25.08% 10.49% 0.00%  41.80% 0.00% 0.00%
P. flavoviridis 25.65% 0.00% 0.00%  0.00% 25.33% 10.78% 0.00%  38.24% 0.00% 0.00%
B. multicinctus 21.82% 0.00% 0.00%  0.00% 25.57% 10.59% 0.00%  42.02% 0.00% 0.00%
C. v. viridis 23.81% 0.00%  0.00%  0.00% 25.62% 11.82% 0.00%  38.75% 0.00% 0.00%
C. atrox 26.89% 0.00% 0.00%  0.00% 22.62% 22.62%  0.00%  40.82% 0.00% 0.00%

be used to identify accelerated evolution of SVMPs
sequence of proteins of different venomous shake
species that play a crucial role in pathological conditions.
In this study, multiple sequence alignment, phylogenetic
tree, homology, physico-chemical, secondary structural
and functional analysis of SVMPs sequence of proteins of
different venomous snake species was carried out. The
findings through this study may be used by researchers
working on metalloproteinase of SVMPs in the context of
any experimental system. So, from the identity
comparison we can say that metalloproteinase domain is
more diverse and under the evolutionary pressure. The
amino acid composition shows a considerably high
percentage of cysteine residues in B. multicinctus and C.
v. viridis of SVMPs sequences, which might be a key
player in pathological conditions. Future studies with the

help of experimental research and test need to be carried
out to validate this proposal. This study may be taken as
a prototype for similar in silico investigational studies with
regard to other large proteins families, where such
comparative analysis might aid in giving a direction and
help to rationalize the conduct of experimentation; it will
also be very helpful to develop new drugs.

Conflicts of interest

The authors have not declared any conflict of interests.

ABBREVIATIONS

SVMP, Snake venom metalloproteinase sequences;



262

Afr. J. Biotechnol.

Table 5. Motifs found in of twelve SVMPs sequences of different venomous snake species.

Snake species Motif found Motif ID Description Start End
A c. laticinctus ZINC_PROTEASE PS00142 Neutral zinc metallopeptidases, zinc-binding region signature. 332 341
T DISINTEGRIN_1 PS00427 Disintegrins signature 443 462
A. p. ZINC_PROTEASE PS00142 Neutral zinc metallopeptidases, zinc-binding region signature. 333 342
leucostoma DISINTEGRIN_1 PS00427 Disintegrins signature 444 463
D. acutus ZINC_PROTEASE PS00142 Neutral zinc metallopeptidases, zinc-binding region signature. 331 340
' DISINTEGRIN_1 PS00427 Disintegrins signature 442 461
G. halvs ZINC_PROTEASE PS00142 Neutral zinc metallopeptidases, zinc-binding region signature. 332 341
- nay DISINTEGRIN_1 PS00427 Disintegrins signature 443 462
S, c. edwardsi ZINC_PROTEASE PS00142 Neutral zinc metallopeptidases, zinc-binding region signature. 333 342
T DISINTEGRIN_1 PS00427 Disintegrins signature 444 463
N. atra ZINC_PROTEASE PS00142 Neutral zinc metallopeptidases, zinc-binding region signature. 339 348
' DISINTEGRIN_1 PS00427 Disintegrins signature 450 469
B. iararaca ZINC_PROTEASE PS00142 Neutral zinc metallopeptidases, zinc-binding region signature. 331 340
-l DISINTEGRIN_1 PS00427 Disintegrins signature 442 461
B. insularis ZINC_PROTEASE PS00142 Neutral zinc metallopeptidases, zinc-binding region signature. 331 340
' DISINTEGRIN_1 PS00427 Disintegrins signature 442 461
P. flavoviridis ZINC_PROTEASE PS00142 Neutral zinc metallopeptidases, zinc-binding region signature. 333 342
' DISINTEGRIN_1 PS00427  Disintegrins signature 444 463
B. multicinctus ZINC_PROTEASE PS00142 Neutral zinc metallopeptidases, zinc-binding region signature. 338 347
' DISINTEGRIN_1 PS00427 Disintegrins signature 449 468
C. v viridis ZINC_PROTEASE PS00142 Neutral zinc metallopeptidases, zinc-binding region signature. 330 339
Y DISINTEGRIN_1 PS00427 Disintegrins signature 441 460
C. atrox ZINC_PROTEASE PS00142 Neutral zinc metallopeptidases, zinc-binding region signature. 332 341
' DISINTEGRIN_1 PS00427 Disintegrins signature 443 462

NCBI, National Center for Biotechnology Information;
MEGA, molecular evolutionary genetic analysis.
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The aim of this study was to estimate the genetic variability of sorghum landraces grown in lower
eastern Kenya based on simple sequence repeats (SSRs) markers. A total of 44 landraces obtained
from the farmers and four improved varieties were analyzed using 20 SSR markers. All markers were
polymorphic with polymorphism information content (PIC) value ranging from 0.04 to 0.81 with a mean
of 0.49. Heterozygosity ranged from 0.00 to 0.04 suggesting that each detected a single genetic locus
and that each of the sorghum accession used was stable. The alleles ranged between 2 and 10 and an
average of 5.05 alleles per primer pair. The gene diversity ranged from 0.04 to 0.83 with a mean value of
0.53. All possible allele combinations ranged from 2 to 10, while major allele frequency ranged from 0.32
to 0.98. Genetic distances varied from 0.15 to 0.90 with two genotypes Karuge 1 and Karuge 2 obtained
from Kiritiri in Mbeere having the minimum (0.15) and indication of very close relatedness. The diversity
of the landraces was structured more on geographical locations and on seed colorations than agro-
ecological conditions. Such intraregional genetic proximity in sorghum landraces would arise through
seed exchanges among farmers. Analysis of molecular variation indicated higher variation within
populations than among the groups. The genetic diversity can be exploited in hybridization programs to
improve sorghum varieties grown by farmers in semi arid areas.

Key words: Genetic variability, landraces, simple sequence repeats, sorghum.

INTRODUCTION

Sorghum (Sorghum bicolor (L.) Moench) is one of the
important staple crops for the world’s poorest and food
insecure people in the semi-arid regions of the world
(Timu et al., 2012; Rohrbach et al., 2002; Doggett, 1988).
In Kenya, sorghum is an important food crop and dietary

staple in the country’s arid and semi-arid lands which
account for over 80% of the total land area. Sorghum is
uniquely cultivated due to its tolerance to drought, water
logging, saline-alkali infertile soils and high temperature
(Taylor, 2003). It has for a long time been considered as



a crop of the resource-poor small-scale farmers and is
grown predominately in arid and semi-arid lands (ASALS)
(USAID, 2010).

All subspecies of S. bicolor are inter-fertile under
sympatric conditions, leading to a continuum of wild-
domesticate complex forms that have been documented
to occur in many sorghum growing parts of Africa (Mutegi
et al., 2010; Tesso et al.,, 2008; Dogget, 1988; Dogget
and Majisu, 1968). Therefore, a wide genetic diversity is
expected in the landraces of cultivated sorghum in Africa.

In lower Eastern Kenya, a wide diversity of sorghum
landraces is cultivated under diverse agro-climatic
conditions and practices by subsistence farmers (Muui et
al., 2013; Mutegi et al., 2010). Farmers maintain sorghum
landraces unique in their adaptation, grain yield, quality of
harvested products, biotic stress resistance and in
postharvest processing (Muui et al., 2013).

Sorghum with diverse morpho-types have been
reported in many of the sorghum growing regions of
Africa, often as indistinct races of S. bicolor that form a
crop-wild-weed complex (Ejeta and Grenier, 2005; de
Wet, 1978). Lower Eastern Kenya has a diverse of
sorghum seed colorations, an indication of a possibility of
early existence of crop-wild-weed complex of sorghum
(Muui et al., 2013). Seed exchange among resource-poor
small-scale farmers is a contributing factor to high
variation among sorghum landraces (Tulole et al., 2009).

Farmers grow a mixture of several sorghum landraces
per field (Muui et al., 2013; Barnaud et al., 2007). Over
time, outcrossing occurs in sorghum though variable
among different landraces (Barnaud et al., 2008). Also,
selection exerted by farmers is a key parameter for
determining the fate of new genetic combinations from
the outcrossing events and thus in the patterns of genetic
differentiation among landraces. Landraces perform well
under sub-optimal conditions as they are well adapted to
local stresses and possesses farmers’ preferable traits
(Bantilan et al., 2004; Setimela et al., 2004). It is,
therefore, necessary to study the genetic relationships of
these landraces and identify traits to be incorporated in
the released varieties. Estimation of genetic diversity to
identify groups with similar genotypes is important for
conserving, evaluating and utilising genetic resources, for
studying the diversity of different germplasm as possible
sources of genes that can improve the performance of
cultivars, and for determining the unigqueness and
distinctness of the genetic constitution of genotypes
(Subudhi et al., 2002).

Levels and patterns of diversity within and between
cultivated and wild sorghum gene pools have been
reported (Cui et al., 1995; Deu et al., 1995; Casa et al.,
2005). In Kenya, studies were done to establish the
extent and direction of introgression between cultivated
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and wild sorghum relatives (Mutegi et al., 2010).
However, the extent of genetic diversity within and
between landraces grown by farmers in different agro-
ecological zones of lower Eastern Kenya has not been
established. Our study therefore applied microsatellite
markers to analyze cultivated sorghum sampled from
different growing regions in lower Eastern Kenya, in order
to elucidate patterns of diversity. The objective of the
study was to determine the genetic relationships and thus
establish the potential for landraces as sources of
breeding material for future sorghum improvement.

MATERIALS AND METHODS

This research was conducted at the lower Eastern Kenya which
extends between 38° 15 E and 39° 30 E as well as 1° N and 3° S.
The study covered four regions of lower eastern varying in agro-
climatology, namely Mbeere, Makueni, Kitui, and Mutomo, which
are major sorghum growing areas in Kenya. The regions range from
zone IV (semi humid to semi arid) to zone V (semi arid) (Jaetzold
and Schmidt, 1983). The Mbeere and Kitui sites are classified as
Lower Midland (LM) with some regions in transitional zone towards
Upper Midland (UM). Makueni and Mutomo sites are classified as
LM (Jaetzold et al., 2006).

Mbeere region where sorghum is grown receives an annual
rainfall ranging from 800 to 1000 mm and an altitude of 840 to 1189
m above the sea level (Jaetzold et al., 2006). Makueni area
receives an average annual rainfall ranging from 600 to 800 mm
and an altitude of 914 to 1600 m above the sea level. Kitui receives
an annual rainfall ranging from 600 to 1181 mm and an altitude of
1036 to 1115 m above the sea level, while Mutomo receives 500 to
700 mm annual rainfall and is at an altitude of 914 m above the sea
level (Jaetzold et al., 2006). Collection of landraces was done in
2010 to 2011 (Muui et al., 2013) in the major sorghum growing agro
ecological zones as follows; Mbeere in Kiritiri (LMy), Ishiara (LMa)
Siakago (LMs3); Makueni in Kibwezi (LMs), Kiboko (LMs; LMe),
Makindu (LMs); Kitui in Kitui central (LMs), Kitui west (LM3) and
Mutomo in zone 1 and 2 (LM4; LMs) (Jaetzold et al., 2006) (Figure
1).

Forty four sorghum landraces collected from farmers in the study
region and four commercially released cultivars were used to
assess the genetic diversity (Table 1). Seeds for each accession
were sown in trays containing soil and seedlings raised under
standard glasshouse conditions at International Crops Research
Institute for Semi-Arid Tropics (ICRISAT), World Agroforestry
campus, Nairobi between July and September, 2012. Leaves were
taken from two weeks old individual plants, from each accession.

DNA extraction was done using cetyl trimethyl ammonium
bromide (CTAB) according to Mace et al. (2003). The quality of
genomic DNA was assessed using agarose (0.8%) gel and
guantification was done using a spectrophotometer nanodrop
according to Mace et al. (2003). Polymerase chain reaction (PCR)
amplifications were performed in 60 pl reaction mixture. Twenty
primers of known sequence were used in amplification of the 48
samples (Billot et al., 2012). The amplification was carried out using
the profile developed by Folkertsma et al. (2005). The PCR product
was then loaded on 2% agarose gel and DNA fragments were
visualized by illumination device with UV light. The success of
amplification was indicated by the presence of one or two sharp
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Figure 1. Map showing the study area in lower Eastern Kenya.

Table 1. Reference numbers for 44 landraces and 4 improved sorghum seed accessions used in diversity experiment.

Number Accession identity Number Accession identity Number Accession identity
1 Kitui West white 17 Mbeere Kiritiri local A 33 Mbeere Kiritiri mubaku
2 Mbeere Kiritiri Gatengu 18 Kitui West white brown 34 Kitui Central brown white 2
3 Serena commercial 19 Mutomo black red 35 Mbeere Ishiara red
4 Mbeere Siakago white 20 Makueni Kiboko dirty white 36 Makueni Kibwezi brownwhite
5 Kitui Central brown 21 Makueni Makindu brown 37 Kitui West brown 1
6 Mbeere Kiritiri purple 22 Kitui Central white 38 Kitui West brown 2
7 Mbeere Kiritiri mwitia 23 Mutomo brown white 39 Mbeere Kiritiri thiriku 2
8 Mbeere Kiritiri ciakiondo 24 Kitui Central brown white 1 40 Mbeere Siakago red Seredo
9 Makueni Makindu white 25 Makueni Kiboko brown white 41 Gaddam commercial
10 Makueni Kibwezi brown 26 Mbeere Kiritiri thiriku 1 42 Kitui West brown 3
11 Mbeere Kiritiri karuge 2 27 Mbeere Siakago thiriku 43 Mutomo white
12 KARI Mtama 1commercial 28 Mutomo brown 44 Kitui Central brown red
13 Mbeere Kiritiri karuge 1 29 Seredo commercial 45 Kitui West white mweruba
14 Mbeere Kiritiri local B 30 Makueni Kiboko red 46 Makueni Kibwezi red
15 Makueni Makindu red 31 Makueni Kiboko brown 47 Mbeere Kiritiri muthiriku
16 Kitui Central red 1 32 Mbeere Siakago Serena 48 Kitui Central red 2

bands within the size range of up to 100 bp. Simple sequence
repeats (SSR) was done by loading the PCR products for DNA
fragments denaturation and size fractioning using capillary
electrophoresis. Fragment size fractioning was done using ABI
3730 automatic DNA sequencer (Perkin  Elmer-Applied
Biosystems). Genemapper software Version 4.0 (Perkin Elmer-
Applied Biosystems) was applied to size peak patterns, using the

internal ROX 400 HD size standard and for allele calling.

Statistical analysis

Using the binned dataset, PowerMarker v.3.25 (Liu and Muse,
2005) was used to calculate the total numbers of alleles, the numbers
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Table 2. Characteristics of 20 SSR markers across 44 sorghum landraces and 4 commercial varieties.

Marker Repeat motif Major allele Genotype Allele Availability .Ge“‘? Heterozygosity PIC
frequency number number diversity
gpsb067 (GM1o0 0.55 4 4 0.98 0.57 0.00 0.50
mSbCIR238 (AC)26 0.54 4 4 0.96 0.61 0.00 0.54
mSbCIR248 (GT)7.5 0.36 4 4 0.98 0.72 0.00 0.67
mSbCIR276 (AC)9 0.83 5 5 0.98 0.30 0.00 0.29
mSbCIR283 (CT)8 (GT)8.5 0.58 4 4 1.00 0.58 0.00 0.52
mSbCIR329 (AC)8.5 0.63 2 2 0.90 0.47 0.00 0.36
Xcup02 (GCA)6 0.59 6 6 0.96 0.58 0.00 0.53
Xcup53 (TTTA)S 0.79 3 3 1.00 0.34 0.00 0.31
Xcup61l (CAG)7 0.72 6 4 0.98 0.44 0.04 0.41
Xcup63 (GGATGC)4 0.71 6 6 1.00 0.47 0.00 0.43
Xtxp010 (CN14 0.32 10 10 0.92 0.83 0.00 0.81
Xtxp012 (CTN)22 0.52 4 4 0.96 0.61 0.00 0.54
Xtxp015 (TC)16 0.38 7 7 0.98 0.76 0.00 0.73
Xtxp021 (AG)18 0.39 10 9 0.98 0.78 0.02 0.76
Xtxp040 (GGAY)7 0.96 3 3 1.00 0.08 0.00 0.08
Xtxp057 (GT)21 0.38 8 8 1.00 0.77 0.00 0.73
Xtxpl41 (GA)23 0.25 9 8 1.00 0.83 0.02 0.81
Xtxpl45 (AG)22 0.95 3 2 1.00 0.10 0.02 0.09
Xtxpl46 (GAA)19 0.98 2 2 1.00 0.04 0.00 0.04
Xtxp320 (AAG)20 0.47 6 6 0.98 0.69 0.00 0.65
Mean - 0.60 5 5 0.98 0.53 0.01 0.49

numbers of common alleles with frequencies of at least 5%, the
observed allele size ranges (bp), as the polymorphic information
content (PIC) values (Botstein et al., 1980; Smith et al., 2000) and
gene diversity. DARwin v.5.0 (Perrier et al., 2003; Perrier and
Jacquemoud-Collet, 2006) was used to calculate pair-wise genetic
dissimilarities of accessions using simple matching. The
dissimilarity coefficients were used to perform principal coordinates
analyses (PCoA) and construct weighted neighbour-joining trees
(Saitou and Nei, 1987). Variation between and within accessions
was assessed using analysis of molecular variance (AMOVA) using
Arlequin v.3.1 (Excoffier et al., 2006).

RESULTS
SSR Polymorphism

Polymorphism among the 48 sorghum genotypes was
assessed with 20 SSR markers. All the 20 SSR markers
used were polymorphic across the 48 sorghum
genotypes with PIC value ranging from 0.04 to 0.81 with
a mean of 0.49. Of the 20 markers, 65% were highly
polymorphic with a value greater than 0.5 indicating their
usefulness in discriminating the genotypes (Table 2).
Heterozygosity values of the 20 SSR markers ranged
from 0.00 to 0.04, with a mean of 0.01 suggesting that
each detected a single genetic locus and that each of the
sorghum accession used was stable. The markers
revealed a total of 98 alleles with a range between 2
(gpsb067, mSbCIR24 and Xcup53) and 10 (Xtxp320)

alleles and an average of 5.05 alleles per primer pair.
The gene diversity ranged from 0.04 to 0.83 with a mean
value of 0.53. All possible allele combinations found in
the 48 accessions ranged from 2 to 10, while the major
allele frequency ranged from 0.32 to 0.98 (Table 2).

The weighted neighbour-joining clustering-based
dendrogram generated wusing dissimilarity indices
clustered the sorghum accessions into four major groups
(Figure 2). Cluster 1 comprised of genotypes from Kitui
(west and central), Mbeere (Siakago and Kiritiri), Makueni
(Kibwezi, Makindu and Kiboko) and Seredo (commercial
variety). The genotypes varied in color from white, brown
white, brown, red, black red and purple, but distributed
across the four regions. The cluster had three subgroups
with genotype black red from mutomo very distinct from
other genotypes. Cluster 2 had genotypes from Mbeere
(Kiritiri, Siakago), Makueni (Kibwezi), KARI Mtama 1 and
Serena commercially released varieties. The cluster had
four subgroups with genotypes 7 and 8 from Mbeere
Kiritiri grouped together distinctly. Cluster 3 had
genotypes from Makueni (Makindu, Kibwezi), Mbeere
(Kiritiri, Ishiara, Siakago), Kitui (west and central) and
Mutomo; and the commercial variety Gaddam. The
cluster had five sub groups with seed color varying
greatly. Cluster 4 consists of three genotypes from
Mbeere (Kiritiri), Makueni (Kiboko) and Kitui central.
Genotype 26 from Mbeere (Kiritiri) and 24 from Kitui
central had a closer relationship than with 25, though
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Figure 2. Tree constructed based on 20 polymorphic sorghum SSR markers using the simple matching dissimilarity index
and weighted neighbor joining clustering for the 48 sorghum accessions.

in the same cluster (Figure 2).

Genetic diversity among accessions was also
confirmed by scatter plot derived through PCoA (Figure
3). Forty percent of the accessions were clustered in the
right portions of the plot, while 60% accessions were
clustered in the left portion of the plot (axesl/2).
Groupings were similar to those detected by cluster
analysis where the genotypes were clearly separated
across the region except for the genotype 9 from
Makueni (Makindu) and genotype 11 from Mbeere
(Kiritiri) which had an overlap. Genotypes 20 from
Makueni (Kiboko) and 33 from Mbeere (Kiritiri) followed
by genotypes 27 from Mbeere (Siakago) and 44 from
Kitui central were far much apart from other genotypes;
an indication of maximum dissimilarity. Genotypes 11, 13
and 3 formed a solidarity group implying high relatedness
in the genetic makeup. This was also observed in
genotypes 10 from Makueni (Kibwezi), 22 from Kitui
central, 28 from Mutomo, 3 (commercial), 30 from Kiboko
and 4 from Mbeere Siakago (Figure 3).

AMOVA showed significant (P 0.05) differences
among the various genotypes evaluated (Table 3). There
was a greater variance (91.61%) represented by
individuals within populations, while the variance between
the groups was less (2.75%) with least variance (1.14%)

expressed by the individuals.

Fixation indices between the commercial varieties and
genotypes from Mbeere Ishiara was the highest (Fst =
0.24249; P = 0.001), followed by between Ishiara and
Kitui central (Fst = 0.19055; P = 0.001). Population pair
wise fixation indices was the lowest between Makindu
and Kitui west (Fst = 0.03523; P = 0.001) and between
Mutomo and Kitui west (Fst = 0.03653; P = 0.001) and
Kiritiri Siakago regions (Fst= 0.016; P = 0.001) (Table 4).

DISCUSSION

The genetic diversity among the sorghum accessions
used in this study was high as indicated by PIC and gene
diversity values. The PIC of a SSR marker gives an idea
about the discriminatory power of that marker by taking
into account the number of alleles detected and their rela-
tive frequencies (Smith et al., 2000). Markers with PIC
more than 0.5 are efficient in discriminating genotypes
and extremely useful in detecting the polymorphism rate
at a particular locus (DeWoody et al., 1995).

Sorghum is primarily an inbreeding species resulting in
a low level of observed heterozygosity, but the gene pool
as a whole maintains a high level of allelic variation. The
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Figure 3. Plot of the axes 1 and 2 of the principal coordinate analysis based on the dissimilarity of 20 SSR
markers for 44 sorghum accessions obtained from farmers in lower eastern Kenya and 4 improved varieties.

Table 3. Analysis of molecular variation (AMOVA) of 4 sorghum improved varieties and 44 landraces from
farmers in different locations of Mbeere, Mutomo, Kitui and Makueni based on 20 SSR markers.

Source of variation d.f. Sum of squares

Variance components

Percentage of variation

Among populations 9 73.42
Among individuals - -
within populations 38 354.10
Within individuals 47 2.50
Total 94 430.02

0.13 2.75
4.63 91.61
0.05 1.14
4.81 -

high level of allelic variability but low level of hetero-
zygosity observed in this study agrees with findings on di-
versity analysis of Eritrean sorghum landraces with SSR
markers (Ghebru et al., 2002). The low heterozygosity
was a clear indication the genotypes were homozygous
and thus a high level of stability in the population.

Genetic distances among the 48 genotypes varied
greatly indicating a wide diversity. Genotype Karuge 2
and Karuge 1 both from Mbeere (Kiritiri) had a low

genetic distance (0.15). Though, the seed color and
geographical location of the two accessions was iden-
tical, the two are totally different genetically. The results
in this study suggest that diversity of the landraces were
structured more on geographical locations and on seed
colorations than agro-ecological conditions. Reports of
other studies in sorghum accessions have shown
grouping primarily on the basis of origin, and clustering
within groups as driven by racial classification (Sharma
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Table 4. Pairwise FST estimates among 4 improved varieties and 44 landraces from different locations in Mbeere, Mutomo, Kitui

and Makueni; and 4 improved varieties.

Location 1 2 3 4 5 6 7 8 9 10
Kitui central - - - - - - - - - -
Kitui west 0.04947 - - - - - - - - -
Kiritiri 0.06672 0.07287 - - - - - - - -
Siakago 0.08234 0.09518 0.07393 - - - - - - -
Ishiara 0.19055 0.06897 0.18737 0.09030 - - - - - -
Makindu 0.07124 0.03523 0.05419 0.12299 0.14758 - - - - -
Kiboko 0.09667 0.11713 0.12840 0.01661 0.14327 0.12209 - - - -
Kibwezi 0.08037 0.07879 0.09231 0.10533 0.18943 0.17455 0.14180 - - -
Mutomo 0.05847 0.03653 0.07289 0.07958 0.13146 0.06009 0.07036 0.10138 - -
Commercial 0.16788 0.16196 0.10243 0.09135 0.24249 0.17748 0.18301 0.15586 0.10933 -

1, Kitui central landrace; 2, Kitui west_landrace; 3, Mbeerekiritiri_landrace; 4, Mbeeresiakago_landrace; 5, Mbeereishiara_landrace; 6,
Makindu_landrace; 7, Kiboko_landrace; 8, Kibwezi_landrace; 9, Mutomo_landrace; 10, AS_improved.

et al.,, 2010; Hash et al., 2007). The main evolutionary
forces responsible for producing genetic structure in plant
populations are gene flow, selection associated with
environmental heterogeneity and/or farmer preferences
and random genetic drift (Neal, 2004).

The high genetic diversity could potentially be exploited
in broadening the genetic base of germplasm used in
sorghum breeding. The unique diversity implies that
sorghum landraces are potential source of novel genes,
such as pests and disease resistance, low moisture and
soil fertility tolerance. The genetic variability and
differentiation of the landraces obtained from lower
eastern Kenya could be incorporated in breeding
programs by developing populations with a broad genetic
base. This will help to create new genetic recombinations
that can be exploited in response to new breeding
challenges.

The clustering of the landraces based on geographical
locations was distinct with some overlaps where
genotypes cut across the locations. Such intraregional
genetic proximity in sorghum landraces would arise
through seed exchanges among farmers. This was
reported in the baseline survey conducted in sorghum
seed systems in Eastern Kenya which were found to be
largely traditional, with farmers playing a major role in the
selection and exchange of seeds (Muui et al., 2013). A
study conducted on sorghum production systems in
Bomet, Kenya, indicated that farmers played a great role
in seed selection, exchange and movement (Ochieng et
al., 2011).

The similarity in genotypes could be attributed to
proximity of the regions, though Mbeere appeared to be
unique in the color of the seeds. Other studies showed
that similarities in genotypes was as a result of region
proximity in Africa for cultivated sorghum (Deu et al.,
2008; Nkongolo and Nsapato, 2003; Ayana et al., 2000b)
and its wild relatives (Ayana et al., 2000a). Results in this
study showed that Mbeere had unique cluster. A study in

Turkana and North-Eastern Kenya showed that cultivated
sorghum was clustered into a distinct and unique genetic
group (Mutegi et al., 2010). This is attributed to the fact
that Mbeere is relatively geographically remote from other
sorghum growing regions. The gene pools from sorghum
landraces tested in this study appear to be genetically
distinct. A study conducted in Turkana and North Eastern
regions of Kenya on cultivated sorghum showed unique
genetic clusters based on regions (Mutegi et al., 2010).

AMOVA indicated higher variation within populations
than among the groups. Estimates of fixation indices
revealed a strong genetic structure between commercial
and Mbeere-Ishiara genotypes and between Mbeere-
Ishiara and Kitui central genotypes. The presence of
strong genetic structure indicates that these two groups
are reproductively and genetically isolated from each
other.
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As an alternative to conventional lighting systems, light emitting diode (LED) has been demonstrated to
be an artificial flexible lighting source for commercial micropropagation. The objective of this study was
to determine the effects of different LED light quality on in vitro shoot proliferation and growth of
Vanilla planifolia. To evaluate shoot proliferation, axillary bud cuttings (3 to 5 mm in diameter) of V.
planifolia were used as explants and cultivated on Murashige and Skoog basal medium supplemented
with 9.55 uM of 6-benzylaminopurine. To evaluate in vitro growth, unrooted shoots (2 cm in length) were
used as explants cultivated on Murashige and Skoog basal medium without plant growth regulators. All
explants were exposed to a 16 h photoperiod for 60 days under five different lights: fluorescent lamp,
white LED, blue LED, red LED and blue plus red LED mixtures (Blue + Red = 1:1). The results indicated
a clear increase in the number of shoots per explant under Fluorescent Lamp, White LED and Blue+Red
LED light; these treatments produced more than 10 shoots. Shoot length was more than 3 cm in
cultures under Blue, Red and Blue+Red (1:1) LEDs, and less than 3 cm in Fluorescent Lamp and White
LEDs. Our results also showed that fresh weight, dry weight and dry matter were greatest in shoots
under Blue+Red LED light. For shoot growth, plant height, number of leaves, number and length of
roots, fresh weight, dry weight, dry matter and chlorophyll content were greater under Fluorescent
Lamp and White LED. In conclusion, White or Blue+Red LED light may be used as an alternative light
source for shoot proliferation, while White LED may be used for growth in vitro. These results
demonstrate the effectiveness of light qualities using LEDs for micropropagation of V. planifolia.

Key words: Light quality, micropropagation, orchid, chlorophyll.

INTRODUCTION

In commercial micropropagation laboratories, light source development. Light quality (spectral quality), quantity
is one of the most important factors controlling plant (photon flux) and photoperiod have a profound influence
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on the morphogenesis and growth of plant cell, tissue
and organ cultures (Reuveni and Evenor, 2007).
Fluorescent lamps (FLs) are generally used to increase
photosynthetic photon flux (PPF) level for in vitro culture.
However, FLs contains unnecessary wavelengths (350 to
750 nm) that are of low quality for promoting growth and
morphogenesis (Gupta and Jatothu, 2013). Recently, the
use of light-emitting diodes (LEDs) as a radiation source
for plants has attracted considerable interest for
commercial micropropagation. The most attractive fea-
tures of LEDs are their small mass, volume, wavelength
specificity, long life, minimum heating and photon output
that is linear with electrical input current (Brown et al.,
1995; Massa et al., 2008; Gupta and Jatothu, 2013). The
flexibility of matching wavelengths of LEDs to plant
photoreceptors may provide more optimal production,
influencing plant morphology and metabolism (Kim et al.,
2004; Massa et al., 2008; Morrow, 2008). Although,
previous reports have confirmed physiological and mor-
phological effects of LED light quality on morphogenesis
and growth of several plantlets in vitro (Hahn et al., 2000;
Jao et al., 2005; Shin et al., 2008; Lin et al., 2011; Li et
al.,, 2012; 2013), these study results showed that LED
light is more suitable for plant morphogenesis and growth
than FL (fluorescent lamp). However, the responses vary
according to plant species.

Vanilla (Vanilla planifolia) is an economically important
orchid that has been cultivated for its flavoring pods (Tan
et al., 2011). In Mexico, V. planifolia is a species subject
to special protection and its production is still incipient. It
is propagated through clonal propagation techniques
using stem cuttings. This conventional propagation me-
thod is slow, laborious, and economically unviable
(Kalimuthu et al., 2006; Mengesha et al., 2012).
Therefore, there is a need to search for an alternative
way to mass produce this plant species. Recently,
several studies have reported on the micropropagation of
V. planifolia (Tan et al.,, 2011; 2013; Mengesha et al.,
2012; Zuraida et al., 2013; De Oliveira et al., 2013). Prior
to the present study, the effect of FL on in vitro
propagation of vanilla has been reported but no research
had been reported using LEDs. The objective of this
study was to determine the effects of different LED light
quality on in vitro shoot proliferation and growth of V.
planifolia.

MATERIALS AND METHODS
Plant materials and culture media

For in vitro establishment and disinfection of axillary buds, the
method described by Lee-Espinosa et al. (2008) was followed.
Axillary buds of vanilla (V. planifolia Mansa morphotype), between 3
to 5 mm in diameter, were collected in Papantla, Veracruz, Mexico.
To evaluate the effect of LEDs on in vitro shoot proliferation, twenty
explants were used per treatment, distributed at a rate of three
explants per culture vessel. The explants were placed in Magenta
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boxes (Sigma Chemical Company, MO, USA) containing 40 mL of
MS (Murashige and Skoog, 1962) semisolid medium supplemented
with 9.55 pM BAP (6-benzylaminopurine). The pH was adjusted to
5.8 before adding 0.22% (w/v) Gelrite® (Sigma Chemical Company,
MO, USA) and autoclaving (20 min at 121°C). Number of shoots
per explant, shoot length, fresh weight and dry weight were
recorded after 60 days of culture. Moreover, dry matter content was
calculated using dry weight/fresh weight x 100. To evaluate the
effect of LED on in vitro grown plantlets, twenty unrooted shoots
previously established in vitro that were 2 cm in length were used
as explants per treatment. Shoots were distributed at a rate of five
explants per culture vessel. The explants were placed in 1 L
vessels containing 50 mL of hormone-free MS semisolid medium.
Plant height, number of leaves, number and length of roots, fresh
weight, dry weight, dry matter and chlorophyll content were
evaluated after 60 days of culture.

Light treatments and culture conditions

The cultures of in vitro shoots and plantlets were illuminated using
100% fluorescent light (peak wavelengths from 545 to 610 nm),
100% white LED (460 and 560 nm), 100% red LED (660 nm), 100%
blue LED (460 nm) and 50% red plus 50% blue LED (660 and 460
nm, respectively). The LED light source was aligned in a rectangle
(40 cm x 120 cm). The LED system consisted of LED sticks (Model
5050-1M), a main controller (L63 x W35 x H22 mm) and a DC-12V
adapter power supply (Shendk Model SDK-0605). All the cultures
were incubated in a controlled environment at 24 + 2°C, 50 + 5%
relative humidity and a 16 h photoperiod. In all treatments, the
photosynthetic photon flux density (PPFD) was maintained to 25
pumol m? s*. PPFD was measured using a FieldScout Quantum
Light Meter® (Field Scout Spectrum Technologies, Inc., IL, USA).

Chlorophyll content

Chlorophyll content in the third leaf of the plantlets, counting from
the top downwards, was measured using a Field Scout CM 1000
Chlorophyll Meter® (FieldScout Spectrum Technologies, Inc., IL,
USA).

Acclimatization

After 60 days of culture under in vitro conditions, rooted plantlets
from different light treatments that were 5 to 10 cm high were
transplanted into 50 x 30 x 7 cm trays with 1:1 mixture of peat-
moss (Premier, Riviere-du-Loup, Canada) and Agrolita® (Agrolita,
Tlalnepantla de Baz, Mexico) as substrate and then transferred to a
greenhouse for acclimatization. Plantlets were watered three times
a week and foliar fertilizer (Nitrofoska® foliar PS, COMPO,
Zapopan, Mexico) was applied weekly. Once the plants had grown
to a height greater than 20 cm, they were transplanted to their
natural habitats (shady forest floor).

Experimental design and data analysis

A completely randomized design was used for all experiments and
the experiments were replicated three times. Data were subjected
to a one-way analysis of variance (ANOVA) using the SPSS
program (Version 11.5 for Windows Inc., Chicago, IL, USA). Means
were compared using Tukey'’s test (p < 0.05).
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Table 1. Effect of light quality on shoot proliferation of Vanilla (V. planifolia) after 60 days of in vitro culture.

Light treatment No. of shoots/ explants Shoot length .Fresh . Dry Dry matter
(cm) weight (mg) weight (mg) (%)

FL 10.2+0.52% 2.620.14"° 2418.7+135.59" 221.8+13.15" 9.1+0.10™

w 10.3+0.49% 2.2+0.14° 2236.2+189.99° 211.2+19.24° 9.4+0.10°

B 5.620.37° 3.5+0.11° 1431.2+47.18° 125.6+6.77° 8.7+0.20°

R 5.2+0.31° 3.1+0.19% 1531.2+71.30° 134.3+7.52° 8.7+0.13°

B+R (1:1) 10.8+0.59% 3.4+0.09° 2764.2+165.72% 275.8+18.27% 10.2+0.08%

Abbreviations: FL = Fluorescent Lamp; W = White LED; B = Blue LED; R = Red LED and B+R = Blue and Red LEDs. Values followed by different
letters denote statistically significant differences (Tukey, p < 0.05). Data represent mean + SE.

RESULTS AND DISCUSSION
Effect of light quality on shoot proliferation

The shoot proliferation and growth of V. planifolia were
significantly affected by different light treatments in vitro.
The results indicated a significant increase in the number
of shoots per explant under FL, W LED and B+R LED
(1:1) light; these treatments produced more than 10
shoots. Explants under B and R LED conditions produced
less than six shoots (Table 1). Shoot length was more
than 3 cm in cultures under B, R and B+R (1:1) LEDs,
and less than 3 cm in FL and W LEDs. Our results also
showed that fresh weight, dry weight and dry matter were
greatest in shoots under B+R (1:1) LED light, followed by
FL, W, B and R LEDs (Figure 1).

Effect of light quality on the growth of plantlets

Different light qualities had variable effects on the growth
of V. planifolia (Figure 2). Plant height, number of leaves,
number and length of roots, fresh weight, dry weight, dry
matter and chlorophyll content were greater under FL and
W LED than under B LED, R LED and B+R LED (1:1)
(Table 2). The growth variables were not significantly
affected by FL and W LED light treatments. These treat-
ments were beneficial for plantlet growth. Other studies
appear to confirm that R LED retards development of
plants in vitro (Lin et al., 2011; Edesi et al., 2014; Waman
et al., 2015). Similarly, our results confirm that R LED
affects the growth of V. planifolia plantlets in vitro. The
present study showed that W LED light may be used as
an alternative to FL for in vitro growth of V. planifolia in
culture systems. After 60 days of in vitro culture, plantlets
in all treatments were transferred to the greenhouse for
acclimatization. Plant survival was 95% after 30 d growth
under greenhouse conditions. The acclimatized in vitro
plantlets were vigorous in aspect (Figure 3a) and devel-
oped normally when transplanted to soil (Figure 3b). Ef-
fect of LEDs on the micropropagation of orchid species
has been studied. Fukai et al. (1997) reported in Calan-
the Satsumathatthe mostvigorousprotocorm development

was obtained in the dark rather than by the irradiation of
R, B, mixed light of R+B, and FL. In Oncidium, R LEDs
significantly promoted the growth of PLBs, while B LEDs
had the opposite effect (Xu et al., 2009). In Dendrobium
officinale, R+B (1:2) LEDs are an effective light source for
shoot growth (Lin et al., 2011). Godo et al. (2011) report-
ed rhizoid formation in orange LED (590 nm) and R LED
(625 nm) light in Bletilla ochracea. Our results do not
coincide with those of Xu et al. (2009), Lin et al. (2011)
and Godo et al. (2011). According to Kim et al. (2004),
stem elongation could be promoted or inhibited by differ-
ent synergistic interactions between blue or red light re-
ceptors and phytochrome depending on the species.
Light quality also plays an important role in photosynthe-
sis, influencing the way in which light is absorbed by chlo-
rophyll (Tripathy and Brown, 1995; Topchiy et al., 2005).
In our results, chlorophyll concentrations were greater in
plantlets grown under FL and W LED light treatments,
which is inconsistent with the idea that B light plays an
important role in the synthesis of chlorophyll (Kurilcik et
al., 2008; Li et al., 2010; 2012). According to Li et al.
(2013), the chlorophyll content of in vitro plantlets grown
under different light qualities may be correlated with the
plant species or cultivar. In its natural habitat, V. planifolia
grows on a shady forest floor, while other members of the
Orquidacea family grow on open grassy or stony
slopes.

Our results clearly demonstrate that the spectral quality
of light has an influence on the morphogenesis and
growth responses of V. planifolia. According to Chung et
al. (2010), light induces plant morphogenesis. Light is a
signal that is received by a photoreceptor that then regu-
lates the differentiation and growth of plants (Wang et al.,
2001; Muleo and Morini, 2006). The light source general-
ly used for in vitro culture is fluorescent lamps. However,
LEDs have a long life and changing the light source is
therefore less frequent, resulting in reduced labor costs.
Also, LEDs generate very little heat, thereby minimizing
the need for an extensive cooling system in plant growth
facilities. This is the first report on measuring the effects
of LED light on V. planifolia in vitro; LED light is a novel
illumination system for micropropagation of this important
species.
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Figure 1. Effect of light quality on shoot proliferation of Vanilla (V. planifolia) after 60 days of in vitro culture. a) Fluorescent Lamp, b)

White, c) Blue, d) Red and e) Blue+Red LEDs (bar 2.0 cm).
d |

Figure 2. Effect of light quality on in vitro growth of plantlets of Vanilla (V. planifolia) after 60 days of in vitro culture. a) Fluorescent
Lamp, b) White, c) Blue, d) Red and e) Blue+Red LEDs (bar = 2.0 cm).

In conclusion, the use of a LED light source was good alternative light source for shoot proliferation, while W
at promoting the shoot proliferation and growth of vanilla LED may be used for in vitro growth. These results de-
plantlets. W or B+R LED (1:1) light may be used as an monstrated the effectiveness of a radiation system using
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Table 2. Effect of light quality on the growth of plantlets of Vanilla (V. planifolia) after 60 days of in vitro culture.

Light Plant Number  Number of Root Fresh Dry Dry matter  Chlorophyll
treatment height(cm) of Leaves roots length(cm) weight (mg) weight (mg) (%) content
FL 5.7+0.40*  3.6+0.18%*  2.5+0.18° 4.8+0.18% 1197.5+54.30°  74.2#5.65®°  6.6+0.50°  107.6+0.37°
w 5.9+0.27*  3.5+0.18%*  2.6+0.18° 45+0.23%  1016.2+65.49%°  70.5+4.96°  6.2+0.44*°  108.7+0.64a
B 4.4+0.15°  25+0.18° 1.6+0.18"  3.5:0.13" 868.7+30.43" 50.1+1.85°  4.4+0.16°  90.0+1.18b
R 3.2+0.16°  2.5:+0.18°  1.8+0.18°  2.1+0.19° 438.7+35.82 32+2.09° 2.8+0.18°  82.7+0.70c
B+R (1:1)  4.1+0.23°°  2.5+0.20°  1.4#0.20°  3.1+0.21° 681.4+15.02°  44.1+2.05™  3.9+0.18"™  92.4+0.89b

Abbreviations: FL = Fluorescent Lamp; W = White LED; B = Blue LED; R = Red LED and B+R = Blue and Red LEDs. Values followed by different
letters denote statistically significant differences (Tukey, p < 0.05). Data represent mean + SE.

Figure 3. Plantlets of V. planifolia transferred from in vitro condition. a) plantlets in the process of acclimatization
in the greenhouse after 30 days and b) plantlets growing in shady forest floor (natural habitat) after 60 days.

using LEDs for micropropagation of V. planifolia and sub-
sequent acclimatization in ex vitro conditions.
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Since the increasing prevalence of carbapenem-resistant Pseudomonas aeruginosa spp., accurate
detection of metallo-B-lactamase (MBL) such as blayy type enzyme producing isolates became very
important. However, phenotypic MBL detection methods previously reported are not highly sensitive or
highly specific. This study aimed to evaluate the performance of a modified IMP-lysate test, the double-
disk-synergy-test (DDST) and the combined-disk-test (CDT) for detecting MBL blayy gene in P.
aeruginosa. The reference technique was PCR molecular test. The study used 12 blayy, producer
isolates, 13 MBL-negative controls which included 4 imipenem-susceptible strains and 9 imipenem-
resistant strains harbouring blasyv..a genes collected from two Tunisian hospitals and P. aeruginosa
ATCC27853 and P. aeruginosa COL-1 as negative and positive controls respectively. CDT showed 100%
of sensitivity. The highest level of specificity was shown by IMP-lysate test (76.92%). To evaluate
efficiencies of methods, the study noted that the highest Youden Index (YI) was shown by IMP-lysate
method (0.7), followed by DDST (0.6) than CDT (0.2). Since MBL-Etest and PCR were expensive and not
adaptable for extension use in clinical microbiology laboratories, a modified IMP-lysate MBL hydrolytic
activity can be chosen by laboratories with limited resources as an inexpensive, simple, and accurate
test to detect . P. aeruginosa producing blayy enzyme.

Key words: Metallo-beta-lactamase, VIM, phenotypic detection, pseudomonas aeruginosa.

INTRODUCTION

The infections  caused by  multidrug-resistant to public health worldwide (Oliver et al., 2015; Kaye and
Pseudomonas aeruginosa strains are becoming Pogue, 2015). Due to their stability against most (-
increasingly prevalent and now constitute a serious threat lactamases, carbapenems such as imipenem have been
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the drug of choice for treatment of infections caused by
multidrug resistant P. aeruginosa. Nevertheless, the first
isolate of P. aeruginosa with transferable imipenem
resistance due to metallo-B3-lactamase (MBL) production
was reported in Japan in 1991 (Watanabe et al., 1991).
Since then, it has been described from various parts of
the world (Aubron et al.,, 2005; Mazzariol et al.,, 2011,
Viedma et al., 2012;Sardelic et al., 2012) including Africa
(Pitout et al., 2008; Jacobson et al., 2012; Touati et al.,
2013) and Tunisia (Mansour et al., 2009; Hammami et
al., 2010; Hammami et al., 2011; Ktari et al., 2011).

Treatment of infectious diseases caused by the
carbapenem-resistant P. aeruginosa is becoming more
challenging with each passing year. It have been
associated with increased mortality and costs due to
prolonged hospitalization and prolonged treatment with
antibiotics (Liu et al., 2015). MBL producing isolates have
an ability to spread and to hydrolyse virtually all B-lactam
agents except monobactam (Maltezou, 2009). Detection
of this resistance-phenotype by routine laboratories is
essential to initiate adequate therapy and to implement
proper infection control practices. However, no
standardized phenotypic method is available, and
previously reported phenotypic combined disk tests, are
not highly sensitive or highly specific for the detection of
MBL in P. aeruginosa (Peter et al., 2014). The most used
phenotypic screening methods in clinical microbiology
laboratories are  double-disk-synergy-test (DDST),
combined-disk-test (CDT) (Lee et al., 2001; Yong et al.,
2002; Lee et al.,, 2003) and the current most widely
accepted technique; the MBL E-test ( AB Biodisk, Solna,
Sweeden) (Tan et al., 2008). All of these phenotypic tests
are based upon the ability of chelating agents, EDTA and
thiol-based compounds, to inhibit the MBL activity
(Andrade et al., 2007).

A big concern with using these methods is the direct
bactericidal effect of EDTA on the test strain (Conejo et
al.,, 2003; Tan et al., 2008) . To circumvent this problem,
Tan et al. (2008) proposed an IMP-lysate assay that
provides a simple, inexpensive and reproducible
functional screen for MBL-producing P. aeruginosa (Tan
et al.,, 2008). The IMP-lysate assay allows EDTA to
interact with the carbapenamase in vitro, effectively
reducing the concentration of EDTA that interacts with
the growth of the indicator strain. However, the IMP-
lysate test requires specific equipment, such as microcon
concentration device (Millipore Bedford, MA) to
concentrate the lysate which is not available in most
laboratories. So, the study propose a modification in the
technique (the study removed the lysate-concentration
step with the microcon device, and the study incubated
lysate solution with imipenem and EDTA before
depositing it on the plate.) without reducing confidence of
the assay. The aim of this study was to compare the
performance of this modified IMP-lysate test, the DDST
and the CDT for detecting MBL blay,y gene in P.
aeruginosa by referring to the molecular test; the PCR.
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MATERIALS AND METHODS
Clinical isolates

The P. aeruginosa strains used in this study were isolated from
clinical specimens collected from separate patients hospitalized in
different medical and surgical wards at Fattouma Bourguiba
Hospital in Monastir, Tunisia and Tahar Sfar Hospital in Mahdia,
Tunisia on variable periods of times (Table 1). Identification of the
isolates to the species level was performed by Api 20 NE
(Biomerieux, France) and by using matrix-assisted laser
desorption/ionisation time-of-flight mass spectrometry (MALDI-TOF
MS) (AutoflexTM; Bruker Daltonics, Bremen, Germany) with the
Flex control software (Bruker Daltonics) (Seng et al., 2009). A total
of 12 blavmz producer isolates were screened. MBL-negative
controls included 4 imipenem-susceptible strains and 9 imipenem-
resistant strains harbouring blasnv2a genes. Blayimz and blasuv-za
genes were detected by PCR. Susceptibilities of stains of
antimicrobials were performed by the disk diffusion method in
Mueller Hinton agar (Bio-Rad, Marnes-la-Coquette, France)
according to the guidelines of the Clinical and Laboratory Standards
Institute (CLSI, 2014). Two control strains were used; P. aeruginosa
ATCC27853 as negative control (NC) and P. aeruginosa COL-1
carrying the bla VIM2 gene as positive control.

Combined disk tests (CDT) (method A)

Test organisms were inoculated onto plates of Mueller Hinton
according to the guidelines of the CLSI. Two IMP (10 pg) disks
(Bio-Rad, Marnes-la-Coquette, France) were placed in an agar
plate, and 10 pl of a 0.5 M EDTA solution (pH8) was added to one
of the IMP disks. After incubation overnight at 37°C, the inhibition
zones of the IMP disks with and without EDTA were compared. A =
7 mm increase in the zone diameter for IMP in the presence of
EDTA was interpreted as a positive test result.

Double disk synergy tests (DDST) (method B)

Tests organisms were inoculated onto plates of Mueller-Hinton agar
as described for the standard disk diffusion test (CLSI). An IMP (10
pg) disk was placed 20 mm (center to center) from a blank disk
containing 5 pl of 0.5 M EDTA (pH 8). Enhancement of the zone of
inhibition in the area between the two disks was considered positive
for a MBL.

PCR amplification

DNA template preparation was performed as followed. The
organisms were cultured on blood agar plate (90 mm diameter) and
incubated for 24 h at 37°C. Half of the overnight culture was
inoculated into 600 pl of distilled water and vortexed. The cells were
lysed by heating them at 100°C for 10 min and cellular debris was
removed by centrifugation at 13000 r/min for 10 min. The
superntent was used as a source of template for amplification.
Standard PCR analysis was used for detection of VIM MBL and
SHV Extended-spectrum B-lactamases (ESBL) genes. The specific
primers used were: VIM-F: 5-TGGTCTACATGACCGCGTCT3-3,
VIM-R: 5CGACTGAGCGATTTGTGTG-3, SHV-F: 5'-
TTTATGGCGTTACCTTTGACC-3'and SHV-R: 5'-
ATTTGTCGCTTCTTTACTCGC-3 (Yagi et al., 2000). Total
bacterial DNA was purified with QUIAGEN Kit. Cycling parameters
of standard PCR were as follows: an initial denaturation step for 15
min at 95°C, 35 cycles of 1 min at 95°C, 50s at 55°C and 1min at
72°C and a final incubation step for 7 min at 72°C. Positive PCR
products were sequenced using BigDye® terminator chemistry on
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Table 1.
P.aeruginosa.

Evalation of IMP-lysate, combined-disk and double-synergy tests for detection of VIM MBL-producing isolates of

Date of isolation

Phenotypic screening

Molecular screening

Isolates Day/ Month/ Year Site of location Method A Method B Method C VIMPCR SHV 2a PCR
Ps 27 11/13/2007 ICU Positive Negative Positive Positive  Positive
Ps 30 6/7/2008 ICU Positive Positive Negative Positive  Negative
Ps 44 10/18/2008 ICU Positive Positive Positive Positive  Negative
Ps 48 12/12/2008 S Positive Positive Positive Positive  Positive
Ps 62 10/16/2009 S Positive Positive Positive Positive  Positive
Ps 63 10/16/2009 ICU Positive Positive Positive Positive  Positive
Ps 64 10/17/2009 ICU Positive Positive Positive Positive  Positive
Ps 65 10/22/2009 NN Positive Positive Positive Positive  Positive
Ps 66 5/11/2011 ENT Positive Positive Positive Positive  Positive
Ps 67 5/15/2011 Or Positive Positive Positive Positive  Positive
Ps 69 8/13/2008 ICU Positive Positive Positive Positive  Positive
Ps 70 8/18/2008 ICU Positive Positive Positive Positive  Positive
Ps 22 7/30/2005 ICU Negative  Negative  Positive Negative Positive
Ps 28 6/4/2008 U Positive Negative Negative Negative Positive
Ps 35 8/25/2008 ICU Negative  Negative  Negative Negative Positive
Ps 50 1/23/2009 PNE Negative  Negative  Negative Negative Positive
Ps 6 12/3/2004 ICU Positive Positive Negative Negative Positive
Ps 11 1/5/2005 ICU Positive Positive Negative Negative Positive
Ps 17 7142005 ID Positive Negative  Negative Negative Positive
Ps 20 7/23/2005 ICU Positive Negative Negative Negative Positive
Ps21 7124/2005 ICU Positive Negative Positive Negative Positive
Ps24 3/28/2006 ICU Positive Negative  Negative Negative Positive
Ps29 6/7/2008 ICU Positive Positive Negative Negative Positive
Ps31 6/17/2008 ICU Positive Negative Negative Negative Positive
Ps38 9/6/2008 ICU Positive Positive Positive Negative Positive
PsCOL1 - - Positive Positive Positive Positive  Negative
PSATCC27853 - - Negative Negative Negative Negative Negative

Ps, strains from Monastir hospital; Ps, strains from Mahdia hospital; ENT, ear,nose and throat; ICU, intensive care unit; NN, neonatal; S,
surgery; Or, orthopedics; ID, | nfectious disease; U, urology; PNE, pneumology; Method A, CDT; Method B, DDST; Method C, Imp-lysate test.

an automated ABI 3730 sequencer (PE Applied Biosystems, Foster
City, CA).

MBL hydrolytic activity test (method C)

Test organisms were inoculated onto blood agar plate (90 mm
diameter) and incubated overnight at 37°C. Half of plate was
resuspended in 1.5 ml sodium phosphate buffer (pH 7). The cells
were subsequently lysed by cycling between (-20°C) and room
temperature (RT) and a vortex (30 s) for a total of five times. The
lysed cells were separated from the other debris by centrifugation
(20 min, 3.200xg, 4°C) and filtration through a 0.22 um syringe filter
(Minisart, Sartorius Stedim Biotech, Goettingen, German). About 1
ml of filtrate was recuperated each time. Instead of concentrating
the filtrate through a microcon device as described by Tan et al.
(2008), it was divided equally into two tubes, one of which
contained 25 pl of 0.5 M EDTA at pH 8. The two samples were
incubated with 10 pg imipenem per ml for 20 min at 37°C and then
15 pl from each tube was transferred into 8 mm blank disks (spaced
by 6 cm) in Mueller Hinton agar plates with indicator isolate
Escherichia coli ATCC 25922 spread on the surface. On the same
plate the study tested P. aeruginosa ATCC27853 (harboring no

resistance mechanism) as a negative control and a blank disk with
15 pl of 10 pg imipenem per milliliter solution. The diameter of
inhibition zones were measured after overnight incubation at 37°C.
The IMP-lysate MBL hydrolytic activity assay was confirmed by
comparing the sizes of zone inhibitions for three disks; the lysate-
IMP disk impregnated with lysates from P. aeruginosa strain and
IMP, the lysate-IMP-EDTA disk with the same lysates incubated
with IMP and EDTA and the third IMP disk with imipenem solution.
Negative and positive controls must be tested each time. The
inhibition zone from the disk (IMP) provided a reference for
comparison; it was about 20 mm (data not shown). The diminution
of inhibition zone around lysate-IMP disk, compared to the IMP
disk, proved the hydrolysis of IMP by the lysate solution. The
increase of the zone around the lysate-IMP-EDTA disk compared to
the lysate-IMP disk proved that the enzyme hydrolysing IMP was
inhibited by EDTA was therefore a MBL.

Statistical method
The Youden's Index (YI)

The Yl is the difference between the true positive rate and the false



Sioud et al. 281

Figure 1. Results for IMP-lysate MBL hydrolytic activity test using disk 1
with lysates from P.aeruginosa COL-1 strain incubated with imipenem
(IMP) at 10 pg per ml, disk 2 with the same lysates incubated with IMP
and EDTA (0.5 M), disk 3 negative control with lysates from P.
aeruginosa ATCC27853 incubated with IMP and disk 4 with EDTA (0.5)
alone.

positive rate. It is a commonly used measure of overall diagnostic
effectiveness. This index ranges between 0 and 1, with values
close to 1 indicating that the biomarker’s effectiveness is relatively
large and values close to 0 indicating limited effectiveness
(Schisterman et al., 2005) Yl=sensibility+specificity-1.

RESULTS

The strains used in this study were unrelated; they were
collected from two different hospitals, different medical
and surgical wards, and at different time periods (Table
1). The positive control sample showed with method C no
inhibition zone around disk (lysate-IMP) and 15 mm
inhibition zone around disk (lysate-IMP-EDTA) (Figure 1).
P. aeruginosa ATCC27853 sample (harbouring no
resistance mechanism) showed, under the study
experimental conditions, 16.87+1.76 inhibition zone
around the disk (lysate-IMP).

Several tests were carried out on the negative control
strain (P. aeruginosa ATCC27853). The lysate-IMP disk
showed no upper than 5 mm decrease compared to the
IMP disk, which represents the upper bound of MBL-
negative strain and obviously the lower bound of MBL-
positive strain. In fact, a decrease in the inhibition zone of
>5 mm represents a strong argument for judging a
positive strain by this assay. Disks impregnated with

EDTA (0.5M) alone and lysate alone showed no inhibition
zone with the indicator strain (Figurel).

Method C was compared to the two phenotypic
methods considered in this study (method A and method
B) and to the molecular method (PCR) as a reference
method. Among the three phenotypic methods
considered in this study, method A showed 100% of
sensitivity. Method B and method C showed 91.66% of
sensitivity. The highest level of specificity was shown by
method C (76.92%), followed by method B (69.23%) than
method A (23.07%) (Table 1). To evaluate efficiencies of
methods, the study noted that the highest Youden Index
(Yl) was shown by method C (0.7), followed by method B
(0.6) than method A (0.2).

DISCUSSION

There is an urgent need for an early detection of MBL-
producing organisms for their prevention of their inter and
intra hospital dissemination. Currently, the most widely
accepted standardized MBL functional screen is the MBL
E-test. However, this method suffers from high cost and
unavailability of E-test strips. Both CDT and DDST have
been reported to be reliable in screening for MBL
production in P. aeruginosa (Yan et al.,, 2004). It has
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been reported that CDT and DDST were simple,
inexpensive phenotypic resources for detection of MBL
that could be easily incorporated into the routines of
clinical laboratories. In Tunisian clinical laboratories, for
its high cost, the MBL E-test is not frequently used.
Generally this test is used for research purposes and not
for routine screening of MBL.

Although, MBL E-test has been evaluated to be a
sensitive method for detection of MBL production in P.
aeruginosa (Walsh et al., 2002). Qu et al. (2009) reported
that several MBL-producing strains could not be detected
by the MBL E-test. Several studies have been interested
in evaluation and comparison of phenotypic tests (Yan et
al., 2004; Picao et al., 2008; Qu et al., 2009). Variable
results have been reported. Yan et al. (2004) found that
the DDST was most sensitive for all bacterial species
tested (Yan et al., 2004). However, one of the major
disadvantages of the DDST is the subjective
interpretation of results that depends upon the
technician’s expertise to discriminate true synergism from
the intersection of inhibition zones (Picao et al., 2008; Qu
et al., 2009). Other studies evaluated the CDT as most
sensitive method (Berges et al., 2007; Picao et al., 2008).
In this study, DDST was evaluated as more sensitive
than CDT. Thus, it has been suggested that the selection
of the best MBL screening method should be based on
the isolated species, the local prevalence of MBL
producers, and the ability of specialized technicians to
correctly interpret MBL inhibition (Yan et al., 2004; Picao
et al., 2008).

False detection of MBL in P. aeruginosa by E-test, CDT
and DDST depend on EDTA susceptibility (Chu et al.,
2005). It is known that EDTA may increase bacterial cell
wall permeability and so it can increase the susceptibility
of P. aeruginosa to various antimicrobials, including IMP
(Ayres et al., 1999). Tan et al. (2008) proposed an IMP-
lysate MBL assay that overcomes the major
disadvantage of the three phenotypic methods; the direct
bactericidal EDTA effect on the test strain (Tan et al.,
2008). It provides a simple, inexpensive and reproducible
functional screen for MBL-producing P. aeruginosa.
However, that technique requires special equipment,
specifically the Microcon Device. Due to the cost and the
scarcity of the device, it is typically not available in
laboratories. Thus, the study modified the technique to
adapt it to laboratory’s conditions. After the elimination of
the step of enzyme-concentration from the original
protocol, screening of MBL blay, producing P.
aeruginosa is still simple and easy. Importantly, EDTA
still has little effect on the indicator strain.

In this study, method C showed 91.66% of sensitivity
and 76.92% of specificity, and referring to Youden test,
method C was more efficient than method A and B.

Conclusion

Since MBL-Etest and PCR were expensive and not

adaptable for extension use in clinical microbiology
laboratories, a modified IMP-lysate MBL hydrolytic
activity can be chosen by laboratories with limited
resources as an inexpensive, simple, and accurate test to
detect P. aeruginosa producing blayy type enzyme.
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