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Abstract

Vinblastine and vincristine are secondary metaéslirom Madagascar periwinkles that have a verh leigpnomic
value as chemotherapy drugs. These compounds tanmalhaproduced in a very low quantitly planta. One promising
alternative method for vinblastine and vincristpreduction is to use a treatment that can trigdentpstress response
invitro. This study has been done to evaluate the effattonight stress using polyethylene glycol (PEG)/mblastine
and vincristine production in the. roseus callus culture, which were grown on medium Zengpemented with plant
growth regulators (PGR) @M NAA + 10 uM Kinetin to induce laticifer and idioblast differation. 13-week-old callus
cultures were then treated with 0%, 6%, 9%, and (@286 PEG4000 each for 0, 24, 48, and 72 hourscigmical analysis
was performed using HPLC to determine the levelardflastine and vincristine, while the presencéitferentiated cells
(idioblasts and laticifers) was determined usitgséochemical method. Protein profiles of the aeltwere determined by
SDS-Page. The results showed that drought treatmigmtPEG4000, until the concentration was 12% Jwdid not
significantly affect the production of vinblastimad vincristine, but might affect terpenoid prodéuet Histochemical
analysis confirmed the presence of idioblasts, glongated laticifers, and laticifers that were pi@idg and accumulating
terpenoids highest in the 12% PEG treatment. PE&rtrents also did not change the protein profileadés.

Abstract

Produksi Senyawa Viblastin dan Vincristin pada Kultur Kalus Tanaman Tapak Dara (Catharanthusroseus(L.) G.
Don) dengan Pemberian Cekaman Menggunakan Polietilena Glikol (PEG). Vinblastin dan vincristine merupakan
senyawa metabolit sekunder dari tanaman Tapak ixamg memiliki nilai ekonomi tinggi sebagai obat laterapi
kanker. Kedua senyawa ini hanya diproduksi dalamlgh yang sangat sedikit pada tumbuhan. Salahreatade
alternatif yang menjanjikan untuk meningkatkan picginya adalah dengan pemberian cekaman pada kultitro.
Telah dilakukan penelitian dengan tujuan untuk mérien pengaruh pemberian cekaman kekeringan meaggo
polyethylene glycol (PEG) terhadap produksi senyawa vinblastin darrigiitee pada kultur agreg@t roseus yang ditanam
pada medium Zenk dengan penambahan zat pengathulufdPT) NAA 1uM + Kinetin 10puM untuk menginduksi
pembentukan kelenjar latisifer dan sel idioblasluKayang berusia 13 minggu kemudian diberi perlakcekaman
kekeringan menggunakan PEG4000 0%, 6%, 9%, dan(d29 masing-masing selama 0, 24, 48, dan 72 janali8is
dilakukan secara histokimia untuk menguji keberadatisifer pada kalus dan biokimiawi untuk mendatu kadar
vinblastin dan vincristine dengan menggunakan HP&€lain itu dilakukan pula analisis profil protelengan SDS-
Page. Hasil penelitian menunjukkan bahwa pembeareékaman kekeringan dengan menggunakan PEG4000ahingg
konsentrasi 12% (w/v) tidak berdampak signifikathéelap produksi senyawa vinblastin dan vincristiamun diduga
berdampak pada pembentukan senyawa terpenoicdiBelas dan latisifer yang mengandung terpenoidrdgumlah
relatif banyak ditemukan pada perlakuan PEG 12%laRean dengan PEG juga tidak berdampak pada peanba
profil protein kalus. Analisis protein menunjukkbahwa seluruh perlakuan memiliki profil protein gasama.

Keywords: madagascar periwinkle, peg, vinblastine, vincristine

| ntroduction (TIAs) compound. Some TIAs have a physiologicateff
on humans [1]. Two of these compounds, vinblasiim

Madagascar periwinkle Catharanthus roseus (L.) G. vincristine, have a very high economic value asntiaén

Don) is a medicinal plant that can produce indtkalaid active compound in various types of chemotherapgsir
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[1-4], including leukemia, lymphosarcoma, choricar
noma, neuroblastoma, breast cancer,
Hodgkin's disease, Wilkin’s tumors and reticuluml ce
sarcoma [5].

The demand for vinblastine and vincristine is iasiag
year to year [5], but the industrialization procexfs
these two compounds is still encountering many
obstacles [1]. Naturally, both vinblastine and visiine
only produce in very low quantities, about 0.0003%
from the 2.56% total alkaloid content@ roseus[3]. It
takes a large biomass and an inefficient extraction
process to industrialize these two compounds [6].

One promising alternative method for secondary
metabolite production, including vinblastine and
vincristine, is to use then vitro culture technique for
developing cells or tissues that play a role in the
biosynthesis of these secondary metabolites [@BY].
usingin vitro culture, the growth of cells or tissues and
their metabolism can be controlled and directed to
produce the desired secondary metabolites.

The biosynthesis of vinblastine and vincristineunally
occurs through a complex process involving various

lung cancer,

secondary metabolites is the use of elici{éis Abiotic
elicitors such as jasmonate, abscisic acid, sadiadid,
and ethylene were able to increase the productfon o
some important TIAs compounds @ roseus, such as
ajmalicine, catharanthine, serpentine, vindolinghkastine
and vincristine, as well as the precursors of teope
indole alkaloid compounds, such as tryptamine and
strictosidine [1,6,10]. However, those elicitorsnca
naturally be produced by plant cells when subjedtted
drought stress [11].

In this study, polyethylene glycol (PEG) was used
within the culture medium as an osmotic agent tuae
drought stress in the callus culture. Drought stteads

to the production of the elicitors and finally thesired
secondary metabolites vinblastine and vincristBmame

of the parameters that were analyzed are: the ptiodu

of vinblastine and vincristine within the calludyet
existence of differentiated cells, and the pattefn
protein in theC. roseus callus culture treated with PEG.

Materials and Methods

Plant material. 13-week-old Catharanthus roseus
callus culutures were used as the explant’s soiice

types of proteins and enzymes that are synthesized callus was derived from the young leaves of non-

specifically in certain parts of the plant and ¢&lb,8].
Based on the study of activities and transport rmeisims

of the enzymes involved in the biosynthesis of laatine
and vincristine, it can be concluded that theseymes

are not fully expressed and synthesized in the cell
culture ofC. roseus [1]. Enzymes that are responsible for
the last step of vindolin biosynthesis, desacetimdpline
4-hydroxylase (D4H) and deacetylvindoline-4-O-aktety
transferase (DAT), only expressed in the diffesatd
cells, laticifer, and idioblast [1,8]. This may dxim why
bisindole alkaloids such as vinblastine and vinicrés
cannot be produced in the desired amount within the
cell culture which mostly contains undifferentiatealls

[1].

Based on previous research by Darsini [7] and ld&an
[9], cells in the C. roseus callus can directly
differentiate into laticifer, non-elongated lat®if and
idioblast. These cells can also produce secondary
metabolites such as alkaloids and terpenoids.ftlea
concluded that the callus from an aggregate cuhase

the potential to be used in producing bisindolalklkls
such as vinblastine and vincristine.

Over the years, researchers have been using mateigul
media, combinations of phytohormones, precursor
compounds, mutation, transformation, and hairy root
development for increasing secondary metabolite
production but those methods are still not able to meet
the desired quantity of secondary metabolites @iith
vitro culture of C. roseus. One of the promising
alternative solutions for improving the productiof

Makara J. Sci.

flowering shoots ofC. roseus. The first subculture
performed 4 weeks after initiation and subsequently
every 3 weeks on the same medium. The initiatiath an
subculture was conducted at the Laboratory of
Structural Analysis and Development of Plant, Sthoo
of Life Sciences and Technology ITB.

Culture media. The medium used was a Zenk medium
that was mixed with 50% sucrose (%V) and 2.5%
gelrite for the callus culture, and 0% gelrite fitve
treatment medium. Growth regulator substances, were
used to induce the callus culture and for the tneat
medium, is 1uM NAA and 10uM Kinetin [9]. Tools
and media were sterilized using an autoclave at’C21
15 psi. Sterilization was done for 20 minutes foe t
glass and metal instrument and 15 minutes for the
culture media. Sterilization of laminar airflow was
achieved by UV light exposure for at least 12 hoaik

of the equipment that was put into the laminar was
sterilized using 70% alcohol.

Drought stress treatment. Drought stress treatment
was performed by using the PEG with a molecular
weight of 4000. Prior to use, the PEG was stedlize
using a 0.45uM PTFE membrane filter and put into a
100 ml Erlenmeyer flask containing 25 ml of sterile
media (Zenk liquid medium). PEG concentration 0%,
6%, 9% and 12% was used, each for 0, 24, 48 and 72
hours of treatment. Before placing it into the tneent
medium, the compact callus culture was dismembered
into a +5x5x5 mmaggregate form and weighed. 1 gram
of the aggregate was then put into a 100 ml Erlgreme

March 2016 | Vol. 20 | No. 1
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flask containing 25 ml of treatment media. After
treatment within the media containing PEG, the
aggregate cultures were subcultured into media
containing solid Zenk with uM NAA and 10 Mm
Kinetin. The callus was then isolated on day 8 amhd
after treatment for analysis.

Secondary metabolites extraction. The callus that was
isolated on day 8 and 11 was dried using a freegerd
for 32 hours until the dry weight became consta6o

mg of dry sample was then crushed using a mortdr an
extracted by 1 ml methanol (absolute). Crude ektrac
was then sonicated for 60 minutes and centrifuged f
minutes at 15,000 rpm, at room temperature. The

9

The sample was then precipitated within 15 ml 0%10
TCA (trichloroacetic acid) and 29%-mercaptoethanol
for 16 hours at -20C. Samples were then centrifuged
for 30 minutes at 5000 g at 4°C. The supernatarst wa
discarded slowly, then replaced with 10 ml acetGoe
cold) and centrifuged for 10 minutes at 5000 g 4C4
(this step was repeated 3 times). The supernatast w
removed and a 250 ml lysis buffer was added [1B, 14

Protein concentration measurement. 0.1 ml of the
protein sample was added to 1 ml of Bradford reigen
and then incubated for 2 minutes at room tempegatur
the OD (optical density) of the sample was then
measured using a spectrophotometer at a 595 nm

supernatant was then separated from the pellet, and wavelength. The protein concentration of the sample

filtered. Metabolite extracts were then storec2at’C.

HPLC analysis. Vinblastine-sulfate (V1377) and
Vincristine-sulfate (V8879) powders were purchased
from SIGMA®, USA. A total of 1 mg of each powder
was dissolved in 1 ml of bidistiled water for
vinblastine, and absolute methanol for vincristime
stock solution was then diluted to 0, 2, 4, 6, 8 40
ppm. Each solution was then analyzed by High-
Performance Liquid Chromatography (HPLC). The
column used was a C18 silica column, 25 cm longh wi
a temperature set at 36. The mobile phase used was 5
mM NaHPQ, (pH 6 adjusted with HPO,) (Solution A)
and acetonitrile (Solution B) [12] with a ratio of
solution A: solution B = 50:50; the rate of the riteb
phase was 1 ml mih The wavelength used was 205
nm. Vinblastine and Vincristine content analysistlod
samples was done by injectingib sample extract into

was known by interpolating the sample absorbantie wi
a standard curve of bovine serum albumin (BSA)
protein [15].

SDS-Page electrophoresis. A loading buffer was added

to 0.5 mg of protein samples with a ratio of 1:1\{(V

The sample was then heated for 10 minutes at°C00
and cooled until the temperature of the samplehec

4 °C. A 10% SDS-Page gel that had been made was
placed into the electrophoresis chamber, which was
filled with an electrophoresis buffer. 12 of protein
samples were then inserted into the wells on SOf&-pa
gel. 6ul of protein ladder (10-260 kDa broad range) was
inserted beside the sample. The SDS-Page was
performed at 100 V for 1.5 hours.

Protein staining and analysis. The gel was immersed
in a dye solution containing 0.05% Coomassie Burifli

the column. Concentration measurement was repeated Blue R-250 for 4 hours. The gel was then insent¢ol &

three times.

Histochemical analysis. Callus treated with 0%, 6%,
9% and 12% PEG each for 24, 48 and 72 hours was
collected on day 0, 5, 8 and 11 after treatmene Th
callus was then sliced using a thin blade and plaoe

an object glass that had been soaked with distilled
water. The sample was then closed with a coversglas
and the distilled water replaced slowly using drégf
reagent for alkaloid analysis and Neutral Red for
terpenoid analysis. The preparation was then obsderv
using an inverted microscope at 400x magnification.

Catharanthus roseus Protein Analysis using TCA-
SDS Page. Protein analysis was performed to determine
the quality of putative enzymes involved in theafin
stages of the biosynthesis of vinblastine and istice.
The intentioned enzymes are DAT (50 kDa), D4H (45.5
kDa), and PRXI (37.43 kDa).

Protein extraction. 1 gram of callus treated with 0%,

destaining solution for 12 hours and shook (50 rpm)
remove the excess dye. The molecular weight of the
protein bands was determined by interpolating the
sample with the ladder

Results and Discussion

Characteristics of the callus culture. Callus was used
so that the differentiation process of idioblastd an
laticifer that play a key role in the production of
secondary metabolites would still occur. A study
conducted by several researchers has concluded that
idioblast cells can be formeiah vitro, either in callus
cultures or in cell suspension cultures. For exampl
research conducted by Khafagi (2007) [16] showed th
the cell suspension culture Béganum harmala L. can

be differentiated into idioblasts that have theligbto
produce alkaloid compounds, albeit in limited siaes
quantities. But the phenomenon can not be genedhliz
Other studies of cell cultures ®&atharanthus roseus,
conducted by Rischatt al. (2006) [17] and Zhowet al.

6%, 9% and 12% PEG each for 24, 48 and 72 hours was (2010) [1] have shown that the cell suspensionuceilt

collected on day 8 and 11 after treatment. Theusall
was then ground into fine powder using liquid rgea.

Makara J. Sci.

cannot produce the desired amount of alkaloidsh B6t
these studies concluded that the gene that encodes
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enzymes D4H and DAT, which is involved in the final
stages of terpenoid indole alkaloid compounds
production, are not expressed in cell culturesCof
roseus. Naturally, these two genes are only expressed in
the idioblast and laticifer. The studies showed the
idioblast and laticifer may not form on tke roseus cell
suspension culture — or might form, but in a venak
guantity. This might explain why vindolin compounds
cannot be produced in cell cultures. Thus, in shigly,
callus cultures were used to induce idioblast atidifer
development as the only site for vindolin, a major
precursor of vinblastine and vincristine biosynthes

The decision of a cell to proliferate, elongatedan
differentiate is influenced by the interaction and
communication between cells, either through long-
distance communication or across short distanc8s [1
19]. Adjacent cells can transport signals moreciffitly
through simple mechanisms [20]. Callus, which cstssi
of a clump of cells, allows that phenomenon to lespp
In addition to the process of differentiation, thaility

of cell-to-cell coordination is needed to deal with
changing environmental conditions [19]. Thus,
aggregate cultures will be more resistant thancedé
cultures when treated by stress. The aggregatereult
that used was = 0.5 cm in size. The culture shage w
compact and greenish. The characteristics of agtgeg
culture were not morphologically different from the
characteristics of callus culture.

Effect of PEG concentration and duration of
treatment on the production of vinblastine and
vincristine. Based on the HPLC analysis, the retention
time of vinblastine in acetonitrile:NHPO, eluent is
+27 minutes and vincristine, +17 minutes (Figure 1)
When the HPLC results of sample extracts were
interpolated with the standard solution of vinhilaest
and vincristine, it was concluded that all of thatures

treated with 0, 6, 9 and 12% of PEG were contained
these compounds. The vinblastine concentrationagn d
11 tended to be lower than on day 8 after treatmwtht
PEG, while the concentration of vincristine on dily
tended to be higher than on day 8 after treatment.

Although not significantly different, a decrease in
vinblastine concentration may be due to a change of
vinblastine into other compounds, including vintnie
[12,21] and leurosine, or other compounds such-as 4
deacetoxy-viblastine, deacetyl vinblastine, 3'thairo
vinblastine, 4'-deoxy vinblastine, 20'-epi vinblast N-
demethyl-vinblastine, 14'-hydroxy vinblastine, ahfi-
hydroxy vinblastine [22]. HPLC assay results also
showed that in some samples, the vinblastine congbou
was not detected. This might have occurred becthgse
vinblastine concentration within the sample extnaes

too small to be detected.

The highest concentration of vinblastine (0.5623g9
dry weight) was found in the culture treated witht O
PEG (control) for 72 hours on day 8 after subceltiur
onto solid media (Table 1), while the highest
concentration of vincristine (0.165ig g* dry weight)
was found within the callus treated with 12% PEG fo
72 hours on day 11 after subculture (Table 2). &hes
concentrations are still lower than the concerdratf
vinblastine and vincristine compound producéad
planta which was about 5 ppm for vinblastine and 0.5
ppm for vincristine [23].

Research conducted by Amirjani (2013) [24] shovied t
C. roseus, when treated with drought streds {ivo),
increased production of vinblastine and vincristine
However, treatingC. roseus with a mild drought stress
did not significantly influence the production of
vinblastine but can affect the productiohvinblastine
but can affect the production of vincristine.

Table 1. Vinblastine Concentration (pg/g Dry Weight) within the Sample on the 8" and 11" Days after Treatment

PEG 4000 concentration Duration of treatment

Vinblastine concentrationu@/g dry weight)

(hours) day 8 day 11

24 0.018%° ND
0% 48 ND 0.0668°
72 0.5623' 0.0326°
24 ND 0.0078°
6% 48 0.2216 0.0050
72 0.095% 0.0293°
24 0.019% 0.0128°
9% 48 0.012¢° 0.0099"°
72 0.1286° 0.088g"°
24 ND 0.019%

12% 48 0.0648° ND
72 0.3550 0.0276"°

Mean with different letter(s) different significan(P<0.05); ND = Not detected

Makara J. Sci.
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Table 2. Vincristine Concentration (pg/g Dry Weight) within the Sample on the 8" and 11" Days after Treatment

PEG 4000 Duration of treatment (hours) Vincristine concentrationu@/g dry weight)

concentration / day 8 day 11
24 0.0093 0.0199°

0% 48 0.0149 0.0487°
72 0.0802 0.095%°

24 0.0194 0.0361°

6% 48 0.029%° 0.0218°

72 0.036¢° 0.1382¢

24 0.0287° 0.016%

9% 48 0.050¢° 0.0178

72 0.0594° 0.02506°

24 0.0258° 0.0455°

12% 48 0.040#° 0.018%
72 0.020%° 0.165f

Mean with different letter(s) different significan(P<0.05)
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Figure 1. HPL C Result from the Metabolite Extract of the Aggregate Culture Treated with 0% PEG (control) for 72 Hours,
on the 8" Day after Treatment which Contain the Highest Concentration of Vinblastine (0,5623 pg/g) (Red Arrow =
Vincristing; Blue Arrow = Vinblastine)

This could explain why the highest production of The vinblastine and vincristine contained in each

vincristine occurred after the culture was treatéth sample did not show any pattern that suggested a
12% PEG for 72 hours — and tended to show an iserea relationship between the concentration of PEG #&ed t

in concentration with increasing duration of treatrin— concentration of vinblastine and vincristine.

while the production of vinblastine did not cleaslyow

this pattern. The highest vinblastine productiotualty Based on the ANOVA statistical test, it can also be
occurred in the control culture (treated with 0%@)E concluded that there is no significant differenetneen
when cultured for 72 hours. 0,6,9 and 12% PEG treatment with vinblastine and

Makara J. <ci. March 2016 | Vol. 20 | No. 1
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6. THN * e e

Figure 2. ldioblast or Non-elongated L aticifer (Red Arrow)
and Elongated Laticifer (Blue Arrow) within the
Aggregate Culture Treated with 0% PEG

(control) for 72 Hours on the 8" Day after
Treatment (Figure A) and Aggregate Culture
Treated with 12% PEG for 72 Hours on the 11"
Day after Treatment (Figure B)

Figure 3. ldioblast or Non-elongated L aticifer (Red Arrow)
and Elongated Laticifer (Blue Arrow) which
Contain Terpenoid within the Aggregate Culture
Treated with 12% PEG for 48 Hours on the O
(A), 5" (B,C) and 8" (D) Days after Treatment

vincristine contained in the aggregate culture,levttie
results of the ANOVA test indicate that the expesur
time with PEG had a significant impact on the
concentration of vinblastine and vincristine in the
culture. The optimum exposure time to induce
production of vinblastine and vincristine is 72 hsau

Based on theory, the higher the concentration o PE
was given, the higher the drought stress receivwed b
culture; and the higher the drought stress, thadrighe

abscisic acid produced by plant cells as the initia
response to drought stress [25-28]. In addition to

Makara J. Sci.

abscisic acid, plant cells also produce severakroth
compounds, such as salicylic acid, ethylene and
jasmonate [11,29]. I€. roseus, jasmonate, methyl ester
jasmonate, and ethylene can activate the trangmmipt
factor of genes that play a role in the biosynthexfi
vinblastine and vincristine. Jasmonate will dirgctl
induce the expression of genes involved in the
biosynthesis of TIAs via ORCAs (Octadecanoid
Responsive Catharanthus AP2/ERF-domain) and
indirectly by increasing production of ethylene axd
within the cells. The ethylene and NO produced woul
then induce transcription factors (CrTFs) for genes
associated with the biosynthesis of TIAs compounds
[1]. Thus, alkaloid compounds are more likely to be
produced by increasing levels of drought stress.

Contrary to the results of this study, the conaian of
alkaloids does not have a specific pattern thahmwvn

to be related to drought stress. This is probablabse
the concentration of PEG given is not high enough t
induce alkaloid biosynthesis and still remain withine
tolerance limits of the cells. According to Osnetral.
(2007) [30],C. roseus has a better ability to cope with
drought stress compared to salinity stress.

Research conducted by Hamayenal. (2010) [11]
showed that drought stress induced by using 16% PEG
can increase the biosynthesis of jasmonate compound
salicylic acid, and abscisic acid in soybea@y¢ine
max) grown in vivo. The jasmonate concentration
increased dramatically (204.9 ng)gwhen the plants
were treated with 8% PEG and decreased when treated
with 16% PEG (108 ng'), while the concentration of
salicylic acid increased significantly when the rla
treated with 8% and 16% PEG. However, this increase
was only significant when treatment occurred in the
reproductive phase. Treatment in the vegetatives@pha
does not significantly affect the biosynthesis of
hormones associated with the response to drougisisst

The presence of idioblast and laticifer within the
callus culture. Histochemical analysis results showed
that the differentiated cells, idioblasts, non-gated
laticifers, and laticifers were present within oall
cultures treated with 0, 6, 9, and 12% of PEG. €hos
cells also produced and accumulated the secondary
metabolites alkaloid and terpenoid. Idioblasts on-n
elongated laticifers were found in all treatmentibjle
elongated laticifers were only found in a few treants.
The existence of cells that contain alkaloids mgylan
why the alkaloids vinblastine and vincristine were
detected in all cultures treated with 0, 6, 9 ag&bclof
PEG.

In the callus with the highest concentrations of
vincristine (i.e. at 12 % PEG treatment for 72 lsoon
day 11), and in the callus that produced the highes
concentration of vinblastine (i.e. at 0 % PEG imaait

March 2016 | Vol. 20 | No. 1
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(control) for 72 hours on day 8), were found camitzg
differentiated cells which accumulated secondary
metabolites (Figure 2). Histochemical assay results
support the quantitative analysis of secondary boditas

by HPLC. This is in line with the statement made by
Endress (1994) [31] that the capacity of alkaloid
synthesis inC. roseus depends on the number of cells
accumulating the alkaloid compounds. @ roseus,
genes for the enzymes involved in the final stagles
terpenoid indole alkaloid production, DAT and DH4,
are only expressed and activated within the idstbdad
laticifer. Those cells are also the site of theoseary
metabolite accumulation [1,17].

However, quantitative analysis of vinblastine and
vincristine showed that the production of these
compounds within the callus culture was still lovitean

in planta production. It can also be concluded that the
PEG treatment has no significant effect on vinlitast
and vincristine production. Qualitative analysi®wsid
that the differentiated cells which contained the
secondary metabolite terpenoid were found in great
quantity within the culture treated with PEG, gezat
than the cell which contained alkaloid. Within some
samples, the elongated laticifer was also founduie

3). Based on that observation, the drought treatmen
with PEG might cause terpenoid production becaluse t
differentiated cells were found in a great amolititeg
within the callus culture treated with 6% and 9%GPE
for 24 hours at the 0 day after treatment, or wuitthie
culture treated with 12% PEG for 48 hours at thé& O,
and 8 days after treatment, but not within the @nt
culture (treated with 0% of PEG).

Based on these results, we can conclude that thes ca
culture has great potential to be used for secgndar
metabolite production i€. roseus because almost all of
the cells within the callus can differentiate ifd@blast,
non-elongated, and elongated laticifer. Moreoveg t
idioblast or non-elongated laticifer produced ore th
callus has a large size, with a diameter of abdiO+
um. This size is larger than the idioblast and ific
contained in C. roseus plants, with their average
diameter being only about £30n [32].

Protein profile analysis. Protein profile analysis
showed that all treatment has the same patterrotdip
bands. This indicates that the treatment with PHE{ d
not change the protein profile in the aggregatéucel
According to Rainaet al. (2012) [33], in addition to
drought stress, wounding stress can also inducétgct
of MAP Kinase CrMPK3. The protein kinase activity
can also induce the regulation of ORCA3 so the
transcription of TDC, DAT, and D4H can occur. This
might explain why the protein profiles in the cahtr
cultures treated with 0% PEG are similar to other
cultures treated with 6, 9 and 12% PEG. To make the
aggregate culture, compact callus cultures wereandt
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wounded before treatment. Thus, callus cuttingltiesu

in the presence of wounding can induce the formatio

a protein associated with vinblastine and vinanisti
production. In addition, drought stress may not be
strong enough and still remain within the tolerance
limits of the C. roseus cell to resist [30], so it does not
change the protein profile significantly.

The results of the protein analysis of callus aelsu
showed the presence of +50 kDa putative DAT
(deacetylvindoline 4-O-acetyltransferase) proteBt. (
Pierre et al. 1998) and +45 kDa putative D4H
(desacetoxyvindoline 4-hydroxylase) protein [34]the
SDS-Page was also found £37.43 kDa putative PRX1
(Class Il peroxidase/C. roseus peroxydase |) 8%] a

36 kDa band, thought to be phosphatase, that ateeel
with laticifer formation (Figure 4).

The pattern of protein found in aggregate cultwes
different from the protein pattern found in leafrgdes

of C. roseus. Analysis results of leaf sample proteins
showed the presence of £50 kDa putative DAT protein
(Britto et al. 2012 [8, 36] and +45 kDa putative D4H
protein, but the band that indicated the presenfce o
putative PRX1 and the putative phosphatase was not
found as in the aggregate sample (Figure 4).

Drought stress and wounding induces oxidative stires
plant cells where the ROS (Reactive Oxygen Species)
compounds such as superoxide,)(Chydroxy radical
(OH), hydrogen peroxide @@,), and alkoxy radical
(RO) are produced. Increasing the ROS would induce
biosynthesis and activity of enzymes that playla o
reducing free radicals into stable compounds that a
harmless to the plant cell. One such enzyme is
peroxidase [28,37].

Some of the peroxidase enzymes found in plants are
Class Il Peroxidases (PRXs). The characteristits o
PRXs are its ability to use B, to oxidize secondary
metabolites in plants. I18. roseus, secondary metabolites
that can be used as substrates for PRXs includeofthe
amines, indoles, alkaloids and sulfonates. Thiyees

are distributed in the cell wall or within the vade,
where secondary metabolites accumulate. When PRXs
in the vacuoles are highly produced and activatieel,
secondary metabolite production is also high. The
mechanism of secondary metabolite oxidation by PRXs
is also a mechanism for controlling the concerdgratf
H,0, within the cell [38].

Ferrerest al. (2011) [38] also suggested that more than
90% of PRXs activity detected fD. roseus is the PRX
activity within the vacuole and forms as a basigks-
CrPRX1 isoenzyme. In addition to oxidized phenols,
amines, and sulfonates, another role of the CrPRX1
enzyme in the biosynthesis of vinblastine and v&tice

is to combine vindoline and catharanthine to become

March 2016 | Vol. 20 | No. 1
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Figure 4. Protein Profile of the Aggregate Culture (L eft) and Leaf of C. roseus (Right) (L = Ladder Broad Range, A = Aggregate

Sample, Le = Leaf Sample)

imminium, which will then be converted into vinkiiag.

The presence of putative PRX1 in all of the samples

(either treated with PEG or control) might explaihy
the secondary metabolites, vinblastine and viripgst
are also found within the control culture.

Conclusions

Drought treatment with PEG4000 until the conceittrat
is 12% did not significantly affect the productiaf
vinblastine and vincristine within the aggregatéwe.
PEG treatment also did not change the protein Iprofi
C. roseus aggregate culture.
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