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Research Title: Molecular cloning of endoglucanase gene and a study of enhancing enzymatic efficiency on
biomass digestion in combining with metallic nanomaterials
Researcher: Kanokporn Sompornpailin

College of Nanotechnology, King Mongkut’s Institute of Technology Ladkrabang

ABSTRACT

Agricultural biomass is an alternative resource of energy. This biomass composed of lignocellulose which can
be converted into single unit of sugar whiehi was“tised as energy SOUrCes in various industrial processes. Cellulase are
safety enzymatic system which ar€ used in cellulose hydrolysis’process. Diffexeht Bacillus species were screening
Cellulase activities of diffesént Bacillig speeies Were screching and .anatyzing cellulase activities. Bacillus genetic
materials were extracted/afd used.as-4 tetiip|ate- forfthe amplification of-endaglucanase, gene. These fragments were
expressed in E. coli and/used for analyzing-ecllulase activities conlparing.tonative Bacillus species. However, this E.
coli have less cellulase activities/than-Bacillus speeies, because gellulase system requised the synergistic work with
the other subunits. Endoglucaiase subunitmay. not enongh fon entiie cellulase funettonoMareover, the extracellular
secretion system is also fequiréd. Therefore,the'ehhancing secretion stbstanees were added to increase a potential of
enzymatic releasing intd the, liquid culture h&dia  The result showed that'metal nan@particle enhanced cellulase
activity in liquid culture of bacteria’ The.eellulase activity of gloning enzyime lave a pgtent in digesting plant biomass
which were prepared under tissue cultire cordifion. Inisummary, endeglucanaseceontaining function of cellulase
enzymatic system in biomass,hydrolysis."An enhancementofthe releasing extragellulaf gnzyme by metal nanoparticle

will be benefited in hydrolysisipracess fbiomass.

Keywords: cellulase, cellulose, biomass, nanopartieles, SUgar, 70, endoglucanase, gene cloning
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Optimal temperature of Bacillus subtilis cellulase on breaking down
carboxymethylcellulose biomass
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Abstract— Cellulose biomaterials are an abundant renewable resource mainly producing form plant. These biopolymer
materials are digested into the glucose units by physical, chemical and enzymatic mechanisms. The digested units are used as
an energy resource, which has a potential to conver! infg severalwkinds of industrial products. Cellulase, a combination
enzymatic system. functions as biopolymer breaking downsis=identifiedsfi:ont Vaiious organisms. Three strains of Bacillus
subtilis containing cellulase activity were seléCied@nd screened for cellulolylicagivivies. Equal volume of each strain was
spotted on agar peiri disk containing 1% carboxymethyleeNulose (QMQ) and followed'hy Theubated at 37, 40 and 43°C for 6
hours. Bacteria on CMC piate wereginalized hydrotuiosgedvioy \by flodding ofthe plates withi. 1% Congo red followed by
washing with NaCl. Diameters of bagferial growth dndclear<onewere measuced The result shews, that all three strains have
capability to hydrolyze CMC aigeldiive high temperafure. (4-and 43°Cl=Theratio of clear zone diameter and colony diameter
of bacteria under 40°C are sinfllgr 1o those under 37dC-colidiion. This rafigiof all bacterfa is the highestyvhen bacterial strains
were cultured under 45°C cbndition=HoTEvek, nwolsirains of Hage g stawly [grow under 455G condigian. Therefore, Three
Bacillus strains have a capacity (o secrefesexiracallulaf scellilose andythese enzymes) have potential to function at high

temperature (45°C)

Keywords— Bacillus subtillis, bipmass; cellulose; ecllulase, thermophilic bacteria

1. INTRODUCTION

Agricultural residues suth ‘asiaige stfawssugdreant
bagasse and animal excreta. are low-cast biomasswhichds
a renewable lignocellulose wesourcesrEignocellulose) is
composed of lignin, cellulase and hemicthiuloses Cellulose
is the main component inlignogellulose. Theip strocturesis
a linear polymer of glucose whichare linked togetherby 4
1.4-glycosidic bonds. These ‘polymers are attaghedinta
micro- fibrils by hydrogen bondiyMicedtibrils-age gathering,
together into macrofibrils by, the @atrix, nétwork-—of
hemicellulose and lignin [1].

These agricultural residues are “mreat Gnexploited
resources due to their complicated glucase storage) of
cellulose structure. Therefore. enhancing “eapabilitics of
agricultural residue utility enhance energy securily “and
economic benefit. These residues are targeted to be
converted into energy resources for fermenting industrial
products. Various physico-chemical pretreatments of
lignocellulose are performed to gain the basic chain of
cellulose [2]. Pretreatment of lignocellulose decreases the
crystalline and increases solubility of materials. which
affects the available surface areca and porosity of
biomaterials [1]. These pretreatments of biomaterials are
facilitated the hydrolysis process by enzymatic system.

This chain is hydrolyzed into glucose by biological
process using the enzymatic system, The complex of
cellulases is synergistic work in hydrolysis cellulose. This
complex composes of three different enzymatic functions,
endoglucanase, exoglucanase and f glucosidase [3. 4].

Nowadays. cellulases are used paper, textile, food and
pharmaceutical industries and have a trend to increase their

use, in | bio-friendly industrial proeess. | Cellulases are
pradoced by severdlmicroorganismgosuch as bacteria and
funigi/HHowever, ecllulases, activities under thermophilic
eomdition:(>402C) dréprequired fopthe industrial process
{511 Baviiits speeics| arewa, single™eell [ which is easy to
culturein’ ¢ontroflable. condition “and /also convenient to
separdie the crzymatic-system Whichi will be used in an
industiial process. fnaddition, these bacteria. is fast growth
and ¢apability - td gfow and o Use bigmass under relative
high temperdfure [6..7. 8].

Physical parameter oficulturing bacterial strain can be
atfeefed~on cell growth and’ activity of cellulolytic
enzymes. Bacillu§'species have a potential to produce
extfitcellulatcellulose#under thermophilic condition [9].
These enzvmes-willsbe exploited in various industrial
processes*o ree€ive abundant product of cheaply sugar
cnergy.

In this experiment. screening cellulolytic activity of
Bacillus species under different temperatures was
performed by hydrolyzing carboxymethyl cellulose plate.

2. PROCEDURE

Bacterial strains and culture conditions

Three Bacillus sp. stains containing cellulolytic enzyme
activity under thermal condition were screened and
selected from TISTR Culture Collection. Thailand Institute
of Scientific and Technological Research.

Baciltus subtillis TISTRO08. TISTR023, TISTR1460
Under an experiment. Bacillus strains were cultured in
Nutrient Broth (NB) medium at their optimal growth
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temperature and shaking at 200 rpm. Agar at 1.5 % was
added to make the semi-solid medium.

Analysis of growth and cellulase activity

Bacillus cell suspension was cultured at 37°C until OD
600 reached 0.4. Equal volume of (3 microliters) each
strain was spotted on agar petri disk containing 0.2%
carboxymethyl cellulose (CMC) as a substrate and
followed by incubated at 37. 40 and 45°C for 16 hours.
Diameter of bacterial growth were measured.

Bacteria grew on CMC plate were analyzed hydrolytic
activity. The bacterial cells were washed with 2%
sodiumhypochloride, following with sterile distill water
and flooded with 0.2% congo red for 45 minutes. these
cells were destained with 1 M sodium chloride (NaCl).
Clear zone was measured and calculated ratio of the
enzymatic index (diameter of clear zone/diameter.of
colony)

Sratistical analysis

The experimental treatments” were performed. With
replicated. The result data werg' sittistically-ahatysis sing
One-way ANOVA and pair F-test of SPSS—program.
Duncan’s multiple range flgsts (DMRT) Dwias—used- o
analyzing mean of data at/a probability. o"0.05,

3. RESULT AND DISSCUSSION

Three strains of Bagillussubtitiig were g wilon plate
with CMC as a cellulase substrate updér-three different
temperature conditions. Fhe, “cultusing—plaes  were
measured diameter of calony . indiedling bacterialgigwih
(Fig. 1A). The same plate was sequentially| stained)with
Congo Red and quantitativels” in{estigited theycellulose
enzymatic activity and the average of clcarzonerdiameter
colony diameter is calculated (Fig, 1B and' ¢d€).

Under experimental canditiopeB. subdllis strain 1460
showed the highest average diameter of bacteridl ‘colony:
grown on plate under all cultured cgnditionsi3 75,40\ and
45°C. Moreover. this strain hadybefter growth in ‘high
temperature (40 and 45°C) than that g ndwhal temperattre
(37°C). While, B. subtillis strains 00§ ‘and 025@egreased
their growth, when the culture temperaftine was higherthan
40°C. The 008 strain showed the smallestseolony undet
45°C culture condition.

Bacterial colony produced extracellular enzyme and
released in a culture medium. The releasing cellulase
hydrolyzed CMC substrate in the culture plate. The clear
zone around colony evidently indicated after staining with
Congo red. The clear zone of each colony was analyzed by
measuring a diameter of colony clear zone. These results
are related with a size of the bacterial colony. B. subtillis

strain 1460 showed the largest average diameter of

bacterial clear zone in all condition. Under 45°C culturing
condition, colony have the longest diameter. following
with 40 and 37°C.

A diameter of the clear zone may not precisely indicate

the activity of cellulase. [5] Therefore. ratio of diameter of

clear zone and colony growth was calculated. These data
indicated that under 45°C condition. all culture strains had
higher ratio of diameter of clear zone and colony than

lower temperature condition did. Under this 45°C
condition, B. subtillis strain 008 significantly showed the
highest ratio of diameter of clear zone and colony (1.55) at
significant level with the other strains and conditions. At
37 and 40°C culturing condition, all tested strains are no
statistic different in this ratio.
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Fig. 1. Growths and cellulose activities of three strain of
Bacillus subtillis (TISTR008, 025 and 1460) on CMC agar
plate under 37, 40 and 45°C A: the average of colony
diameter, B: the average of clear zone diameter, C: the
average of clear zone diameter/ colony diameter.

Our result showed that optimal temperature of all tested
B. subtillis are in the range of 37-40°C depending on the
culture strains, similar to previous research [7. 10]. Under
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optimal temperature. bacteria have normal growth and

accumulate cellulase enzyme within their cell. In this

temperature. clear zone of cellulase lysis substrate directly
depend on colonial growth and their ratio of clear zone size
and colony size is approximately 1.1.

B. subtillis strain 1460 showed the highest average
diameter of colony and clear zone on plate culturing at
45°C, while B. subtillis strain 008 results are presented the
best in ratio clear zone and colony diameter at the same
temperature. At this temperature, 8. subtillis strain 008
severely reduced their growth. because hall size of colony
is presented when it compared to size of colony under
normal culturing condition (37-40°C). This result indicated
an improper growth condition of bacteria,

The high temperature condition may induce oxidative
stress of bacterial cell. and injured cell membrane. The
cellular component including cellulase enzymes*may
release form the cell. Temperature was [ound*o_be'effect
on the secretion of extracellular enzymed6]sTherefore. at
45°C, ratios of clear zone and colony aFc highest~in all
stains. especially in  non-thermophilic strain ~(008).
although, it was slowly grogtl” under 45 °CdThis
knowledge can be used for contralling cellulase produgciien
in specific the strain of B. subtiflis

4. CONCLUSION

Optimal temperatures [or groath and ecllulaseactiviey of

B. subtillis bacteria depend on the nature oftheirstrains/ The
result shows that all [threesstrains <have ISapability” 1o
hydrolyze CMC at relative high temperature (407and 45¢C),
The ratio of all bacteriaistheHighdstwhenbacterial strains

were cultured under 45°C condition=Thermophilic sirain of
B. subtillis presented large coleny sizeanddalso clearzone:

size indicating the betteriigretth (with celulase,adtivity!
However, non-thermophilic strain of B ssubliffis showed
the highest ratio of clear gone sizg and colomy)size; whieh
implied high activity of extragellular enzyme,
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Abstract

Carbon black (CB) nanoparticles were used in enhancing efficiency of the plant regeneration process under tissue
culture condition. The calli of vetiver grass () enveria zizanioides L. Nash) were induced by using axillary bud as the
explant. These calli were subjected onto plant regeneration medium, Murashige & Skoog (MS) medium supplemented with
1 mgL"" a-naphthalene acctic acid (NAA). 2 mgl"! 6-benzylaminopurine (BAP) and 2 mgL™! kinetin, adding 0-70 mgL™!
concentrations of carbon black (CB) nanoparticles. After six week incubation, vetiver calli developed on the medium
supplemented with 40 mgl.! CB nanoparticles showed the rather high frequencies of plant regeneration (93.75%),
nevertheless no statistically different with other treatment did. Media containing CB nanoparticles in the range 40-60 mgL"!
significantly affected on enhancing the average of shool number.per callus more than other CB concentration did
Especially, the average shoot lengths of plantlets derived TroadOmand=50umgl ™" CBaedia (1.73 and 2.19 cm) are longer
than thosc from non CB or other CB concenwationamiedia (0.88-1.05 cm) at the sighiticantdieyel. Adding CB nanoparticles
in regeneration medium cffects on enhaneinglectrical conductivity and decrgasing the pH*alues T'he concentration of CB
nanoparticle effected the ratio of colletdal®izes which Wwas fotnd inithe medium, Fhe proper coneentration of CB generates
the optimum property of the regenéragon medium=which-cah promotg the average-of shoet number per callus, and enhanced

shoot elongation of vetiver grasg’ingdhe regcreration process

Key words: Vetiver grass, Carbon black. Nanopasticlés, Plant regenerations Planl groawih!

Introduction

Nowadays, the applications of < hanoparticles \ in
agricultural. industrial and medical products are rising their
uses. (Salata. 2004: Stark eg=c/,_2015) Widely utilized
nanoparticles in large induslrial scalg=are-mectall oxide
nanoparticles (titanium dioxide. aluminium’ oxide. cesium
dioxide. and zinc oxide), metat manoparticles'(silver and
iron), and carbon-based| nan@particiessefullerenc, carbon
nanotube and carbon black) (Abbas eral, 20132 Anjum gt
al., 2016). Synthesized nanoparticleswith a range af” 15100
nm diameters possess [eXceptional chemical._electrieal,
mechanical. and magnetic \characteristics ‘that afeg veby
different from those of the  bulk ~matertals—Monica 1 &
Cremonini, 2009). Current researches have indicated that
nanoparticles tend o be morey bibrcactive thanslarger
particles of the same materialy, Carbanblack (CB)
nanoparticles are made up of nonmetallic €arbon elements
and classified as a paracrystalline carbon, form (Kang &
Wang. 1997). This NPs appears sphericalsmorphofogy
containing the functional surfaces which “haye™a, high
potential for reacting with organic molecules andwalso
themselves. Therefore. they agglomerate into colloidal
clusters in water base solution (Wang et al., 2005).

' CB nanoparticles are widely used in various industrial
products such as paint. tire, and rubber goods (Bourdon et
al, 2012). therefore, these particles are increasing in
demand. Lately. biotechnology researchers have been using
nanoparticles in agricultural experiments, especially in
increasing plant vields. Recently. various kinds of
nanoparticles have been successfully used for enhancing
growth efficiency and seed germination of several plant
species (Milewska-Hendel er al, 2016). ZnO nanoparticles
in an optimal concentration were also shown to induce
germination of reddish. rape. and corn (Lin & Xing, 2007)

dndralso Aotincrease- growth <af, Brassica migra Seedlings
(Zatar, & wix72016), In-additiony Carben_nanotubes were
fotnd to\ promote tgrowth’of “eucamber and. onion roots
(Yang & Watts, 2005). sHowever! only “a  few experiment
coneerns about the tifects of manoparticlés on calli growth
atd developments THO  nanopartictes has, been shown to
dramatically \Inciease | in siz¢ of basley. callus by inducing
celtdivision andiexpansion without négative-effecton callus
Gualities (Mandehler al’, 2012).

Carben-bascd nanoparticles arc expéeted 0 be less
inducing oxidative stress and cylotoxdcity than metal oxide
napopartieles’are (Yang et aly 2009). [Fhese/nanoparticles
have beerrréportedto/havedth advantage and disadvantage
effeets on /plant’ physielegys (Husews, & / Siddiqi. 2014:
Aslaniver a/>2014)./Several reports‘have shown the positive
effccts. ok, carbon-based /manoparticles (fullerol and carbon
nanotube) aed proper concentration en plant growths |Kole
eldl, 2043 Yuan ef o/, 20|, Howexer, there has yet been
any report of using™CB qaneparticles to enhance plant
regeperanenefligiency /nitro;

The “concentration _of "CB particles in the media is
considered=t5" affect”on the agglomerated CB particles.
Varioussizes of agglomerated particles effect surface area
and contribute the physicochemical properties of media.
These media properties may influence on calli development
and regeneration. In this study, we investigated the effect of
CB nanoparticle concentrations on the properties of the
plant regeneration medium. Consequently. the influences of
these CB particles in regeneration medium were analyzed
for developing of vetiver calli. In addition, qualities of plant
cells  grown in medium containing different CB
concentrations were determined, in order to find a suitable
concentration of CB for the plant cell development. These
data can be used for estimating the productive concentration
for other varieties of plant cells.
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Materials and Methods

Preparation of CB colloid stock solution: The
manufactured CB nanoparticles are uniformly spherical
shape with a diameter in range 50 nm. derived from
commercial company (Thai Carbon Black). These
nanoparticle were dispersed in deionized water by
ultrasonication at 37 kHz frequency for 30 minutes. This
solution was used as a stock solution for preparing all
plant regeneration media.

Plant media preparation: The basal medium in the both
stages of callus induction and plant regeneration was MS
medium (Murashige & Skoog 1962). Callus induction
medium was supplemented with 2 mgL™' NAA, 1 mgL"!
BAP and 20 gl*' sucrose. while plant regeneration
medium was supplemented with 1 mgL' NAA, 2 mgl"!
BAP. 2 mgL™' kinetin and 30 gL' sucrose (Sompornpailin
& Khunchuay. 2015). This plant regenerationsmedium
was added with different concentrations==of CB
nanoparticles (0, 30, 40. 50, 60 and 704Mgle™). The pH_of
the CB supplemented medium wag adjusted to-3.7 with
potassium hydroxide (KOH). Allplant culture-media were
added agar up to make 8 gl fand auteelaved-for -19
minutes at 121°C.

CB colloidal size distribution and. effects on_ media
properties: The distributjon-of CB collpidal sizes and
their effects on the plant regeneralion medium” were
analyzed under liquid | condition. The particle, size
distribution of CB colloid” Wwass derermtned; by \Delsa
Nano Particle Analyzer. I'he'electricalsonductivity (EQ)
and pH of each sterilized medium differentty-contaifiing
CB were measured with ‘@ conduetivid. meter ACON
6/TDS 6 Conductivity/ TDS meter) and apH meter (UB=
5. Denver instrument)y Three” replieat€Swwerendones tor
statistical analysis of data,

Effects of CB concentrations on plant_regeneration:
Aseptic axillary bud of I'etiveria gizauioides L. Nash ¢y
Suratthani was used as explan, [ngthe caltus induction
stage, axillary buds were culured 6w/ callus indaction
medium at 25+2°C under a darkycondition dor 4 weeks.
After that, the calli were transferred OntoSe
medium of the same formula and then eultured unden the
same condition for another 2 weeks. Th&safiessize of
proliferating calli was used for the regeneration pracess:
Calli prepared in the previous step were cultured on
plant regeneration medium supplemented with different
concentrations of CB  nanoparticles  following the
protocol of media preparation. The calli were incubated
at 2542°C with a 16-h light/8-h dark photoperiod for 6
weeks. The percentage of plant regeneration, number of
shoots per callus, the length of shoot and the
morphology of the plantlets were recorded at six weeks.
The percentage of plant regeneration were calculated
using the following equation.

fresh

Number of calli produced plantets
Number of total calli

Plant regeneration (%) = x 100
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Electrolyte leakage of plantlet: After culturing on media
containing CB nanoparticles. plantlets were analyzed for
the electrolyte leakage. Plantlets from each treatment
were collected and cut into 0.5-cm pieces. These pieces
were immersed in deionized water at 30°C. After thirty-
minute immersion. the electrical conductivity (EC)) of the
water with the immersed pieces of plantlets was measured
with a handheld conductivity meter. Then. after six hours
of immersion, the electrical conductivity (EC¢) was
measured again. Finally, the water with the immersed
pieces of plantlets was boiled at 100°C for 1 minute and
cooled down to room temperature. Then, the electrical
conductivity (EC,) was measured again. These electrical
conductivity values were used to calculate the percentage
of electrolyte leakage of the plantlets from this following
equation:

] ; ECf-ECi
ataoly >l 5 (0, e
Electrolyte leakage.of the (%) ECL_EC x 100
Statistical / analysis:  Thesy experimental results  were

subject¢d 10 One<way analysistgfvariance (ANOVA) to
deterniine the-effects of-different freatments. Means were
separated-by using Duncanis-multiple, range test (DMRT)
al a probabibity [Bvetof 0103, All statisticspvere computed
by SPSS. seftware:

Results and Discussion

Effects of CB concentrations on colloidal sizes and
media properties: Since the nutrient compositions in the
duliire, mediaand “EB=concentration might affect the
clustering-ot \GB. Therefore,  the -sizes ofoCH colloid in
nutvicni~filed. “aqueons’ | medium | witheut |agar was
determined--The'result showed=that the Tolloid sizes of
CBinall concentrations of media weréSelassified in the
range of 00 pm 672500 nm.(small §ize particles) and
over than[5000° nmy (large’ size partig¢ies) in/fa diameter
(Table 1)* /Thé ratio ofdispersion percenfages of small
sizgmand large Kize’ partieles is approximately 40 to 60.
Thevpercentage of small size CBwcolloids is increased
when €B.\toncemiration clevated up/to’ 50 mgl'. CB
eoncentedtiois higher thans30 megls’ effected on an
inereasing  percentage~ 0f " lagge #size CB - colloids.
Concentration of C B nanapasticle$ influenced on both EC
and pHvaloesiof liquid.mcdia. These results showed in
Fig." I. "Regeneration medium. adding with CB in the
range=30=50"Tgl#*"Showed the increasing EC level of
medium. Tlowever, the CB concentration at a level higher
than 50 mgL" did not clearly increase the EC level of
medium. Adding CB concentrations at 30, 40 mgL' to
medium effects on decreasing the pH value of the
medium from 5.5 to 5.33. 5.27. respectively. Media
containing 40 and 50 mglL~' CB have similar pH value
(5.25). Media containing 60 and 70 mgL"' CB slightly
reduced the pH level (5.23 and 5.21. respectively) after
comparing 10 those containing 40 and 50 mgL™' CB.

The dispersion and stability of CB colloids in a
medium depend on the repulsive and attractive forces
between the all of the components in the colloidal
suspension. The attractive forces can be determined
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from the surface energy of CB colloids and the ionic
strength of the medium. Under the experimental
condition, the same ionic strength of the medium was
used. Therefore, colloidal size distributions were
variable depending on the CB concentration. Carbon
atoms in CB are arranged in paracrystalline structures
which is short and medium range ordering in lattice
(Voyles et al, 2001). This lattice surface of CB has
hydrophobic property which causes CB particles easily
aggregation into colloids in aqueous solution (Hadana et
al., 2013). When the energy of CB surface is much
higher than other aqueous-based suspension components
which CB particles are dispersive as colloid. thereby
these particles attract each other and aggregate into
clusters (Wang er al., 2005). CB particles have high

surface area which contains the functional group of

chemically-bonded oxygen (ie.. hydroxylic acid.
carboxylic acid). In aqueous solution. these functional
groups transfer a hydrogen ion 1o water molecule.and

hydroxonium ion are formed. Therefore. pHeand E@0F

media were changed when the differeni’Coneentrations
of CB were added.
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CBlnanoparsicles (07 30, 40. 50, 66,and.70 mgl."") after autoclaving.

Table. 1. The percentages of smiall and large sizes.of CB:colloids“at concentration in the range,of 30-70 mgL"!
distributed in the plant regeneration medium.

.
|
I
1 !

CB concentration in/culture medium tmgL )

The average of colloidal sizes

Small size (500-2,500-nm) i Large size (>5,000 nm)

30
40
50
50
70

58.09+£2.20°
54 255002
37.47:8.468
43.36%6.21P

54, 74 058

A1V IETRY
432 SESMS
B2.53%8 467
536.64+621°
45.3344.05¢

The difference letters in cachicolumn showthe sign iffeantdifference al p=0I03

Fig. 2. Morphology of vetiver regeneration on plant regeneration medium added with different concentrations of CB nanoparticles
under 16-h light/8-h dark photoperiod for 6 weeks later. Plantlets developed on plant regeneration medium with 0 mg L' (A). 30 mgL-
" (B), 40 mgL' (C). 50 mgL' (D). 60 mel.”" (L) and 70 megL-! CB nanoparticles (IF). respectively
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Table 2. The concentrations of CB nanoparticle added in plant regeneration medium
effect on vetiver developments.

The concentration of CB nanopartiles Plant Average shoot no. per  Average shoot length
(mgL') in plant regeneration medium regeneration (%) callus (shoots) per callus (cm)

0 87.50 £ 14.4° 8.20 £0.6° 0.98 = 0.08°

30 87.50 = 14.4% 8.38£0.8° 0.88 = 0.05¢

40 03.75 % 12.5° 9.71 £ 0.6* 2.19 £ 0.09°

50 87.50 = 14.4° 9.50 0.7 1.73 = 0.09°

60 87.50x 14.4° 9.60 = 0.3° 1.05£0.14¢

70 81.25+12.5" 9.00=0.5% 0.90+0.19¢

The difference letters in each column show the significant difference at p<0.05.

Effects of media containing CB on plant development:
Explants were cultivated on a callus induction medium
under darkness of tissue culture condition for six weeks.
Yellow-creamy calli were then subcultured into several
plant regeneration media supplemented with different
concentrations of CB. The percentages of plantlets
developed from calli on each plant regeneration_mediam
were recorded at 6 weeks and shown in Table 2.Media
supplemented with CB nanoparticles at30g40. 50, 60,
and 70 mgL' showed slightly highep@verage percentdges
of developed green spots than the/plain medium=witino
CB nanoparticles did. but thie gdifferences were, not
statistically significant.  Galli” cultired | ~om— jmedia
containing different conceptrations of CB/nanoparticles
were developed into the Similar morpholégies of greén
spots (data not showed)l These.gretn, spots furiher
developed into shoots within“3-4 wecks AE6 weeks of
incubation period, the average percentages ol plantlets
produced from the [regeneration media-addite s CB
nanoparticles were not statisticallvdiffereng (from=that
without adding CB | nanoparticles.” Even  though.~calli
cultured on the regengrationmedium containing-40 mgl’!
CB nanoparticles yielded "a”rather Aighiin the dverage
percentage of plantlets (93375%). The ay€ragestof shgol
numbers generated fram media supplemented awith, 40-60
mgL' CB were in the\rangg of 9.50.9 7 Shoots per
callus. These averages are\ sifnificantly ‘higherthan those
from the media without CB ormédia supplemented, with
30 mgL! CB. (8.20 and 8.38 shoots, =#espectively):
Moreover, calli on the medinm supplementing. with 40
mglL' CB nanoparticles producad thefongest shoot lgngth
(2.19 cm in average) followingawith thoseon the medium
supplemented with 50 mgL™' CB 'did (1273 cm shoot
length in average). as shown in Rig%2 and’[able 2.
Plantlet grew up quickly on both media‘adding 40 and 50
mgL! CB nanoparticles. Calli grew “om,_edium
containing high concentrations of CB (60-70 mgL™"yshaw
that the proliferating plant cell and also growth and
development of plantlets were lesser than those on
medium containing 40-30 mgL"' CB. In this experiment.
even though. the slightly high CB concentration (60-70
mglL!) in the media seem to reduce growth and
development of plant cell when compared to the media
with proper CB concentrations (40-350 mgL™"). These plant
growth and development data: plant  regeneration
percentage and average shoot length arc the same
statistical group as those data from the non CB containing
medium. Under this experimental condition,  medium
containing 40 mgL"' CB nanoparticles is the optimum
concentration of CB nanoparticles. which enhances the

developmental efficiency of green spot into shoots and
also increase the shoot length of vetiver grass (Table 2).
These results showed that CB nanoparticles at a suitable
concentration is not toxic to vetiver plantlets, similar to
the study of red spinach grown in a nano-carbon
supplemented medium which showed a non-toxic result
(Begum & Fugetsy, 2012).

Although CBenandparticles did not make a statistically
significant difference fiwplant regeneration frequency, but
theyl lconld significantly help an_ increase of shoots per
cdllus!/ Calli_etltured” on regencration media with the
optimum-cohcentration-of CB produced a high number of
shaols presented (afier-6- fweeks of incubation period. CB
panticles: may -2t like—activated charggal, that facilitates
lédgiiconiembryonicdeyelopment in a medium. because it
removessomesgrowih: stunting, compounds in the culture
médium (Matoikeer al-2001), or ftmay act like carbon
nanotubes’ that “induce “‘the- grawth of tobacce cells by
stimiilating the’ gehes involved i gell division and water
udnsport (Khodakovskayaer al%2012):

The shooflength=of=vetiver growm in this study
signtficantly)\ depended._on_the) conceptration of CB
hanoparteles adding indhe)plant tregeneration media. This
plant-elongation, cffecy /may<ber attributed (10 the CB
hanoparticles indueing more walér absorption, hence more
nuttients |carried into splant_cells;like! Carbon' nanotubes
dé—carbon.nanotubes.form. new capillaries that increase
waler uptake?in Additiond1o the regalar means of water
ab§aeption /T uipat) er ai=2011). Flaweyer nanoparticles
arhighiconeentragoimay clustesiand the big clusters may
no! besable io pettrate throughvthe gellmembrane pores,
s tharthey-canpol enhangce water and‘mineral absorptions
iflo the cell, similar tosthe clustering behavior of carbon
nanotubes at high-cdnicentration ¢Dai. 2002).

Thesizas of CB nanéparficle are smaller than the size
of activated chageodl _THese colloids of CB nanoparticles
gomtain™the _perdls carbon matrix which undergoes
pliyeicechemical properties with the plant nutrition.
Therefore, these particles are useful in a control of the
nutrient releasing in the agricultural process (Siddiqui er
al, 2013). Morcover, the CB surface area contains
various kinds and degrees of oxygen complexes
depending on the manufacturing conditions (Bradley et
al.. 1995). The chemically-bonded oxygen. especially
carboxylic acids. on a surface of CB have potential to
react with ionic bases in the regencration medium and to
form carboxylate salts. A cation can substitute the
hydrogen position of the hydroxyl group and produce
water and carbon dioxide as the by products. Enhancing
level of carbon dioxide in tissue culture condition may
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increase photosynthetic rate of the regenerated plant.
Maoreover, carboxylic acids on CB surface are naturally
modified to thioesters which known as derivatives of
coenzyme A in plant metabolic reactions. Plants grown in
media containing appropriated CB concentration may
increase metabolic reaction insight plant. therefore
significantly enhance their biomass.

High concentration of CB could not enhance plant
biomass because these chemically-bonded oxygens
might react with the positive charge of metal elements

such as iron and zinc. These elements are co-factor of

several enzymes. consequently reducing biosynthesis of
plant metabolites. For these reasons. media containing
CB at a higher level than an appropriale concentration
tend to show the deteriorated effects to the culturing
plant, since number of functional groups on the surface
area of CB is high and also affects the characteristics of
chemical reaction.

Analysis of cell membrane integrity: Elecirolyie leakages
of vetiver leaf tissues were used to indi€atean integrity OF
plant cell membrane. Six-week-oldsplantlets developed-in
regencration media supplemented Avith orwithout B
nanoparticles at difterent contentrations=were—analyzed,
The electrolyte leakage resultsfare presented in-Fig: 3. It
was found that vetiver/lgaves grown i -the Cplant
regeneration medium without CB napeparticles exhibited a
percentage of electrolyte Jeakape (42.33%) higher than
leaves grown in media @dding CB ianopartigles”ai-all
concentration did. The percéntagestol clecuralve |gukage
were significantly reduced when /CB | manoparti¢lcs™ at
concentration in the range of 30-70 meliwere added imo
the medium. The plantléls developed on-media-adding 40

mgL" CB nanoparticles gave" the-lowestpercentage” of

clectrolyte leakage, This result is concerdant with, the
growth and development ofeplandetdatas Moderate high
concentrations of CB nangpartigles (in_thesrange of 5U-30
mgL™") in the plant regenerationgyedium Sghtly inereased
cell membrane injury oven the Gptinal conGentration o 40
mgL". However. these ‘€oncentfations i the Tmedia
inflicted less level of electrolyte l¢akages than non CBlorn
30 mgL! CB containing media;

Electrolyte leakage of plantycell wWas measured for
evaluating cell membrane integritysawhich ‘wastdamaged
from various abiotic stresses including snanoparticles:
Electrolyte leakage value normally indicafed, a“axidative
stress of plant physiology. For example. the rcdsspinach
cells leaked more electrolytes more carbon
nanotube particles were added in media at the relative
high concentration. in the range of 125-1000 mgL™! and
caused adverse effects on their plants (Begum & FFugetsu,
2012). In our experiment, these electrolyte leakage results
are different from those studies. All plants grown on
media with CB nanoparticles were presented a lower level
of electrolyte leakage from cell than that on media
without CB. Our experiment used low to moderate
concentrations of CB that was found not only to be non-
toxic to vetiver cells, but also enhance shoot growth and
development. Perhaps. the plant cell underwent self-
protection from undesired foreign particles by responding
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with a defensive mechanism like cell wall thickening
(Husen & Siddigi, 2014). Therefore. electrolyte leakages
of plant cell grown in CB containing medium are lesser
than non CB medium. However, higher than the proper
concentrations of CB nanoparticles in media affected the
producing compact plantlets with shorter shoots.

The chemical characteristics of CB surfaces can act
as the generators for reactive oxygen species (ROSs) in
cellular systems (Hussain er al., 2009; Jacobson ef al,
2008). High concentration of CB contains a high surface
area. It may generate high level of ROSs which have a
potential to elevate cellular oxidative stress higher than a
proper concentration of CB. Therefore, unappropriated
CB concentrations may directly effect on the plant
nutrient composition and harmful cellular components via
mediating ROSs. These ROSs are well known as the
cascade signals which regulate cellular mechanisms at
DNA [evel™tMuoz et al., 2007; Mroz et al., 2008).
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Fie-3. The efearrolyle Jéakage perceptages of/plantlets were
g ) ge per 3¢ s we
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Conclusion

An%ddition?of the CBshantparticles effected on pH
and BCpropertics olsther€generation medium and also
affected thesetltusing plant cell. In this experiment,
plantlets=generated from media with CB nanoparticles
presented lower electrolyte leakage than those from the
non CB medium. This result indicated that the CB
treated plants did not face with drastic stress conditions.
Low to moderate concentrations of CB were found to be
non-toxic to the plantlets regenerated via calli under
tissue culture condition. The proper concentration of CB
nanoparticles (40 mgL™') in regeneration medium was
exhibited a long shoot and high quality of plantlets after
a long period culturing. These non toxic CB
concentration can be applied in tissue culture medium of
other grass or dicotyledonus plant species for enhancing
growth and development.
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