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Effects of spermine and putrescine polyamines on capsaicin
accumulation in Capsicum annuum L. cell suspension cul-
tures

Abstract: This study examined the effects of different con-
centrations of spermine (Spm) and putrescine (Put) elicitors on
capsaicin production at different times in cell suspension cul-
ture of peper (Capsicum annuum L'Kahramanmaras Hat-187".),
raised from pepper seeds. Callus was obtained from hypocotyl
explants of pepper seedlings germinated in vitro conditions,
and cell suspensions were prepared from calluses. Spm (0.1, 0.2
and 0.4 mg1") and Put (0.1, 0.2 and 0.4 mg ") elicitors were ap-
plied on cell suspensions, and control groups free from elicitor
treatment were created. The amount of capsaicin in cells was
found to be higher in the control groups and samples treated
with Spm elicitors when compared to filtrates. The highest in-
crease in the capsaicin amount in cells was determined on day
12 of elicitation with 0.2 mg 1" Spm application. The highest
capsaicin amount passing into the filtrate was determined as
0.1 mg I'* Spm on day 8. The most effective Put concentration
and time on capsaicin amount were found as 0.2 mg 1! Put on
day 12 in both cells and filtrates. The highest total capsaicin was
also determined in the 0.2 mg1"' Spm application on day 12 with
312.747 £ 8.70 pg g of culture. Exogenous treatment of Spm
and Put elicitors affected capsaicin accumulation.
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Ucinki poliaminov spermina in putrescina na akumulacijo
kapsaicina v suspenzijski kulturi celic paprike Capsicum an-
nuum L.

Izvlecek: V raziskavi so bili preucevani udinki razli¢nih
koncentracij spermina (Spm) in putrescina (Put) kot elicitorjev
na tvorbo kapsaicina v razli¢nih ¢asovnih intervalih v suspen-
zijski celi¢ni kulturi paprike (Capsicum annuum ‘Kahramanma-
rag Hat-187. Kalus je bil pridobljen iz izseckov hipokotila kalic
paprike, ki je vzkalila v in vitro razmerah, celi¢ne suspenzije so
bile pripravljene iz kalusov. Spm (0,1; 0,2 in 0,4 mg 1?) in Put
(0,1; 0,2 in 0,4 mg 1) sta bila dodajana kor elicitorja v celi¢ne
suspenzije, hkrati so bile vzpostavljene kontrolne celi¢ne kul-
ture brez elicitorjev. Koli¢ina kapsaicina v celicah je bila ve¢ja
v kontrolnih skupinah in vzorcih tretiranih celic z elicitorjem
Spm kot pa v filtratu. Najvedje povecanje kapsaicina v celicah je
bilo doloceno po 12 dneh elicitacije z dodatkom 0,2 mg 1" Spm.
Najvecja koli¢ina kapsaicina v filtratu je bila dolo¢ena osmi dan
pri dodajanju 0,1 mg 1! Spm. Najbolj u¢inkovita koncentracija
Put, 0,2 mg 1"}, za tvorbo kapsaicina je bila 12 dni po dodajanju,
v celicah kot v filtratu. Najvedja celokupna vsebnost kapsaicina,
312,747 + 8.70 pg g'kulture, je bila dolo¢ena pri dodajanju 0,2
mg 1! Spm na dvanajsti dan. Zaklju¢imo lahko, da je dodajanje
Spm in Put kot elicitorjev vplivalo na akumulacijo kapsaicina.

Kljuéne besede: kapsaicin; Capsicum annuum L.; celiéni
filtrat; paprika; poliamini
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1 INTRODUCTION

Capsaicin is one of the most important alkaloids
obtained from pepper plant, and it is used as a food ad-
ditive due to its bitter aroma. It is used in the preparation
of pharmacological compounds and in the treatment of
rheumatic diseases as well. At the same time, the tonic
and carmine form of Capsicum preparations are used
for indigestion (Ramachandra Rao & Ravishankar, 2002;
Barbero et al, 2008; Hayman & Kam, 2008). It takes
4-5 months to grow the pepper plant to be used for the
production of capsaicin under normal conditions and
therefore a continuous production process of capsaicin
can be carried out over a long period of time and for a
limited period of time. Continuous growth of pepper free
cell cultures under in vitro conditions is a way to pro-
vide continuity for capsaicin production. Application of
stabilized culturing systems and changing the environ-
mental factors in order to increase the secondary me-
tabolite compounds is accepted as a more efficient and
newer method than suspension culturing system. When
externally applied chemical elicitors are removed from
callus and suspension culture cells, the amount of sec-
ondary metabolite compounds synthesized by the cells
is also reduced. Therefore, methods have been developed
to increase the synthesis of secondary metabolite com-
pounds. Generally, the variety and amount of hormones
applied to the culture medium are determinative on the
amount of product synthesized (Lindsey, 1985). Two dif-
ferent compounds; salicylic acid and methyl jasmonate
were applied separately and together to the suspension
cultures of Capsicum frutescens L. cells (Sudha & Ravis-
hankar, 2003b) and both compounds were found to in-
crease capsaicin synthesis and accumulation in culture
cells. But, only salicylic acid increased the activity of cap-
saicin synthase enzyme, while methyl jasmonate com-
pound had no effect on enzyme activity. According to
these results, it can be concluded that increasing effect of
methyl jasmonate on capsaicin concentration is due to its
activity preventing capsaicin degradation or conjugation
with other molecules. In addition, polyamine produc-
tion of the cells increased with salicylic acid application
and decreased with the application of methyl jasmonate
(Sudha & Ravishankar, 2003b).

Putrescine (Put), spermidine (Spd) and spermine
(Spm) polyamines are low molecular mass substances
present in all living organisms (Vuosku et al., 2018). Pol-
yamines and their biosynthetic enzymes are involved in a
wide range of metabolic events ranging from protecting
plants against stress to cell organogenesis (Kaur-Sawhney
et al,, 2003; Puyang et al., 2015). When applied to plants
alone, polyamines can be effective in many physiological
events such as aging, embryogenesis, root growth, flow-
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ering, cell division, nucleic acid and protein synthesis
and germination (Chen et al., 2018). Elicitation can be
an important strategy to improve in vitro production of
plant secondary metabolites. It has been previously dem-
onstrated that in cell and organ cultures, biotic and abi-
otic elicitors have effectively stimulated production of al-
most all chemical classes of plant secondary metabolites
(Brooks et al., 1986; Ramirez et al., 2016 ). The studies on
secondary metabolite production by exogenous polyam-
ine application are insufficient in tissue culture studies.
Thus, the aim of this study was to prepare cell suspension
cultures from hypocotyl explants of ‘Kahramanmaras-
Hat 187’ (Capsicum annuum L.) pepper seedlings and
add different concentrations of Spm and Put into them
and the amount of capsaicin accumulating in the samples
received from cell suspension cultures (cell+filtrate) were
determined. Also, an attempt was made to determine the
most effective elicitor concentration and time of applica-
tion on capsaicin accumulation.

2 MATERIAL AND METHOD
2.1 PLANT MATERIAL

Pepper (Capsicum annuum ‘Kahramanmaras-
Hat 187’) seeds used in the study were provided from
Kahramanmaras Agricultural Research Institute (Tur-
key).

2.2 STERILIZATION OF SEEDS AND GERMINA-
TION

Pepper (Capsicum annuum L.) seeds used in the
study were subjected to surface sterilization before sow-
ing to sterile medium in sterile magenta box. They were
dipped into 70 % ethyl alcohol for three minutes and
then sterilized with commercial 6 % sodium hypochlo-
rite for 30 minutes followed by washing with sterile dis-
tilled water in the sterile cabin. Sterilized pepper seeds
were placed into each one of Magenta box containing
about 50 ml hormone-free Murashige & Skoog (1962)
(MS) sterile basic nutrient medium, and the caps of flasks
where seeds were germinated were closed and covered by
stretch film (Ellialtioglu et al., 1998).

2.3 CULTURE CONDITIONS

Pepper seedlings were germinated in the Murashige
& Skoog’s (MS) medium (Murashige & Skoog, 1962)
without hormone and were used as explant source after
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completing the four week incubation period under ster-
ile conditions in magenta containers in the growth cham-
ber which was adjusted to 16 hours light (27 pmol m?s)
and 8 hours dark photoperiodic order (Figure 1). MS
medium containing 1.0 mg 1! 2,4-dichlorophenoxyacetic
acid (2,4-D) 0.1 mg 1" kinetin, 3 % sucrose and 0.7 %
agar was used in order to obtain callus from hypocotyl
explants. After adjusting the pH of the MS medium to 5.7
and sterilizing that at autoclave, hypocotyl explants were
placed horizontally on the medium. The developing cal-
lus tissues were taken as subculture into MS nutrient me-
dium containing 1.0 mg 1" 2,4-D, 0.1 mg I kinetin, 3 %
sucrose and 0.7 % agar. Callus tissues in magenta boxes
were developed at the same photoperiodic order in the
growth chamber (Figure 1).

2.4 CELL SUSPENSION CULTURE

MS nutrient medium including 1.0 mg1"2,4-D with
0.1 mg 1" kinetin and 3 % saccharose that was used for
callus development were used also in the suspension cul-
ture, only agar was not added to the medium. 2 g cal-
lus tissues was added to each 100 ml erlenmeyer flasks
containing 40 ml liquid nutrient medium. Erlenmeyer
flasks containing the cell suspensions were incubated on
a shaker at 100 rpm and 25 °C (Ellialtioglu et al., 1998).

2.5 ELICITOR APPLICATIONS

Cell suspension cultures developed for 30 days were
transferred to the new nutrient medium, after which
elicitor applications were performed and putrescine
and spermine were used as elicitor. Trials were repeated
in triplicate. Put (0.1, 0.2, 0.4 mg ') and Spm (0.1, 0.2,
0.4 mg 1) were added as elicitors into 100 ml erlenmay-
ers containing cells and 40 ml suspension culture in the
sterile flask by means of a sterile micropipette. Sterile dis-
tilled water was used for control samples. Following the

elicitor treatments, suspension cultures placed on a shak-
ers at 25 °C were subjected to the vacuum filtration pro-
cess by means of a Buchner funnel vacuum pump over
Whatman no.2 filter paper to separate the cell and its
liquid phase after 8, 10 and 12 day, and cells and liquid
phase samples parts were separated. Samples were stored
at -70 °C until further processing.

2.6 CAPSAICIN EXTRACTION

For capsaicin extraction, 0.1 g cells were received
and grinded using a mortar in 8 ml ethyl acetate three
times. They were then centrifuged at 3000 rpm for 10
minutes and the supernatants on the surface were col-
lected. The collected supernatants were evaporated at
55 °C temperature at 180 rpm under low pressure by us-
ing rotary evaporator by ensuring that the ethyl acetate
part remained almost dry. The residue was dissolved in
1 ml ethyl acetate and taken into labelled sample bottles.
Samples were stored in the deep freezer at -70 °C until
they were analysed (Johnson et al., 1990).

2.7 CAPSAICIN ANALYSIS FROM EXTRACTS

Determination of capsaicin was conducted in ac-
cordance with Palacio method (1977, 1979). Accord-
ingly, 1 ml ethyl acetate was added to 200 pl sample and
0.1 ml of 5 % VOCI, were added before measuring on the
spectrophotometer. Measurement was carried out quick-
ly after addition of VOCI, to prevent color loss.

2.8 STATISTICAL ANALYSIS

The trials were organized to create an experimen-
tal design with 3 repetitions in randomized blocks. Data
presented are mean values + standard deviation of meas-
urement for 3 replicates. The datas were evaluated with

Figure 1: Seeding of pepper seeds in hormone-free MS basic nutrient medium and pepper seedlings in MS basic nutrient medium

and callus tissues developing from hypocotyl explant
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repeated measures variance analysis technique in facto-
rial order using SPSS 24.0 package program. The alpha
level was set at 5 %.

3 RESULTS AND DISCUSSION

3.1 THE EFFECT OF SPM ON ACCUMULATION
OF CAPSAICIN

In cells, it was determined that the amount of cap-
saicin increased in all other applications and days when
compared with the control groups except for the applica-
tion of 0.1 mg 1" Spm on day 8. When compared with
the control group, the maximum increase was observed
on day 12 in the 0.1 and 0.2 mg 1" Spm applications: the
increases in their values were approximately 200 % and
295 %, respectively (Table 1.). When all applications and
days were compared, the highest capsaicin amount was
determined on day 12in the 0.2 mg 1" Spm application in
cells (p < 0.05). This capsaicin amount composed about
90 % of total capsaicin (Table 1.).

The amount of capsaicin passing from cells to filtrate
except for 0.4 mg ! Spm application on day 12 increased
when compared to the control group in all Spm applica-
tions while the highest capsaicin amount was determined
in 0.1 mg 1" Spm application on day 8. Compared to con-
trol, the increase in its values was approximately 150 %
(p < 0.05). The lowest capsaicin amount was determined

as 15.359 + 1.52 ug 40 ml"* culture medium in 0.4 mg 1"
Spm application on day 12 (p < 0.05) (Table 1).

The highest total capsaicin was determined in
the 0.2 mg I'! Spm application on dayl2 with approxi-
mately 312.747 + 8.70 ug g of culture (Table 1). Except
0.4 mg ' Spm application on day 12, compared to con-
trol, all applications increased the total capsaicin amount
(p < 0.05). This result shows that the application of high
concentrations of Spm for a long time may have a stress
effect on the cells. The findings showed that the Spm in-
creased the accumulation of capsaicin (Table 1).

3.2 THE EFFECT OF PUT ON CAPSAICIN ACCU-
MULATION

In cells, the highest capsaicin amount on days 8,10,
12 was determined in control groups. Compared to the
control group, all of the elicitor concentrations caused a
decrease in the amount of capsaicin (p < 0.05) (Table 2.).
When all Put applications and days were compared, the
maximum capsaicin amount was determined as 37.84
+2.53 pg g'! fm in the 0.2 mg 1" Put application on day
8 and as 36.49 + 3.11 ug g’ fm on day 12. The lowest
amount of capsaicin was found in the 0.1 mg 1! Put con-
centration on days 8 and 10 (p < 0.05) (Table 2).

Compared to the control group, all of the Put con-
centrations caused an increase in the amount of capsa-
icin in filtrate of cells (p < 0.05) (Table 2). The highest
amount of capsaicin in the filtrate was determined as

Table 1: Effect of Spm application on capsaicin accumulation in cells and filtrate of C. annuum ‘KM-187 at different concentrations
and days. The data represent the mean of three replications and error bars indicate SD

Capsaicin
Filtrate
Cell (g 40 ml! Total (culture)
Days Applications (ug g fm) culture medium) (nggh)
8 Control 70.204 £ 3.590 22.361 £ 1.925 92.563 £5.015
0.1 mgI'Spm 40.079 £2.102 50.951 £ 7.411 91.030 + 5.588
0.2 mg 1! Spm 89.709 + 5.457 28.535 + 3.309 118.242 + 6.758
0.4 mg 1" Spm 97.991 + 4.880 31.703 £ 3.022 129.695 + 7.757
10 Control 63.767 + 1.748 29.406 + 2.595 93.171 £ 1.017
0.1 mg1'Spm 89.943 +1.403 29.024 £ 1.996 118.966 + 0.334
0.2 mg I Spm 67.668 + 2.026 33.970 + 4.158 101.637 £ 6.081
0.4 mg1'Spm 145.898 £ 6.336 37.667 £ 6.124 183.695 = 7.696
12 Control 71.966 + 2.428 25.883 + 1.683 97.849 + 2.959
0.1 mg1'Spm 214.306 + 3.423 32.810 + 2.541 247.116 + 5.951
0.2 mg1'Spm 281.824 +7.397 30.930 £ 2.934 312.747 + 8.70*
0.4 mg 1" Spm 73.082 + 2.676 15.359 + 1.524 88.442 + 4.191
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Table 2: Effect of Put application on capsaicin amount in cells and filtrate of C. annuum ‘KM-187’ at different concentrations and
days. The data represent the mean of three replications and error bars indicate SD (n = 3)

Capsaicin
Filtrate

Cell (ug 40 ml! Total (culture)

Days Applications (ng g' fm) culture medium) (g gh)
8 Control 40.004 +1.313 15.094 + 1.824 54.098 £ 0.963
0.1 mg ' Put 12.636 £ 2.171 15.545 £ 2.490 28.181 + 5.048
0.2 mg 1! Put 37.845 +£2.538 32.147 + 3.309 69.992 + 8.092
0.4 mg 1! Put 20.820 + 2.935 23.928 £ 3.863 44.495 + 6.217
10 Control 43.492 £ 0.660 16.950 + 3.635 60.442 + 3.750
0.1 mgl'Put 11.720 £ 2.163 26.479 £ 4.863 38.199 £ 5.829
0.2 mg ' Put 31.163 £ 5.230 37.263 + 4.420 68.426 + 8.850
0.4 mg 1! Put 18.136 + 0.181 31.883 +4.450 50.020 + 4.435
12 Control 44.740 =+ 1.094 16.540 + 0.487 61.280 + 0.655
0.1 mg1'Put 15.586 + 0.583 20.536 £5.334 36.122 £ 5.916
0.2 mg 1! Put 36.491 £ 3.110 44.287 +1.972 80.784 + 4.97*
0.4 mg 1" Put 23.244 £ 0.520 29.178 £ 3.308 52.422 + 3.024

44.29 + 1.97 ug g* fm in the 0.2 mg I'' Put concentration
on day 12; compared to control, the increase in value
was 173 % (p < 0.05). This capsaicin amount composed
about 54.8 % of total capsaicin (80. 784 + 4.97 ug g of
culture).The lowest amount of capsaicin was found in
control groups (p < 0.05) (Table 2). In filtrate of cells, the
most effective elicitation concentration and time were 0.2
mg 1. Put and on day 12, respectively. The highest total
capsaicin was determined in the 0.2 mg I'' Put application
on day 12 with 80.784 + 4.97 ug g of culture (Table 2).

4 DISCUSSION

Capsaicin biosynthesis takes place through two
metabolic pathways as phenylpropanoid pathway and
valine metabolic pathway. The first part of the aromatic
biosynthesis pathway is commonly shared with the phe-
nylpropanoid metabolism in all plants. This suggests that
the exogenous elicitor treatment might forward the meta-
bolic pathway in this direction. The elicitation of second-
ary metabolites in plant cell cultures has been reported
in the majority of plant types (Ramachandra Rao & Rav-
ishankar 2002). Increasing secondary plant metabolites
enhances survival, permanence and competitiveness of a
plant (Cheong & Choi, 2003; Wasternack & Hause et al.,
2013). It is known that various biotic and abiotic elici-
tors increase the production of phytochemicals in culture
cells several times (Zhao et al., 2005; Savitha et al., 2006;
Namdeo, 2007; Baenas et al., 2014). The use of elicitors,
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which can induce the synthesis of these substances in tis-
sues of different plant species under in vitro conditions,
is considered as an alternative method. Elicitors are mol-
ecules that activate the signal transduction cascade and
result in activation and expression of genes related to the
biosynthesis of secondary metabolites (Zhao et al., 2005).
Thus, various elicitors that might stimulate the synthe-
sis of these substances in tissues of different plant types
under in vitro conditions were addressed, and effective
concentration and durations that need to pass after the
treatment were determined. Elicitor concentration and
induction time are accepted as key factors affecting cell
growth and product yield for plant cell suspension cul-
ture (Wang et al., 2015). Studies have reported that differ-
ent elicitors have different effects on capsaicin synthesis.
The effect of polyamine compounds on capsaicin accu-
mulation is another subject under investigation. In the
study carried out in callus cultures of Pinus virginiana
Mill. plant, high peroxidase (POX) activity and increase
in callus development were determined in brown callus
cultures with the addition of exogenous polyamine (Tang
etal., 2004). An increase in the growth rate and synthesis
of capsaicin was observed as a result of the application
of 0.1 mmol I Put to the suspension culture medium
of Capsicum frutescens L. cells (Sudha & Ravishankar,
2003a). In addition, it was found that capsaicin synthase
activity increased in Put applied Capsicum frutescens
cultures. Capsaicin synthase, a terminal enzyme of the
capsaicin biosynthetic pathway, catalyses the condensa-
tion reaction between vanilyalamine and nonanoic acid
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to form capsaicin. It has been suggested that this increase
in the amount of capsaicin results from an increase in the
activity of capsaicin synthase. Also, Ahern et al. (2006)
reported that Spm, Spd and Put are potential ligands for
the capsaicin receptor TRPV1 and that they can regulate
the activity of TRPV1 through the cationic charges of
polyamines. They found that spermine at low concentra-
tions could potentially increase activity and responses. In
this study, we studied the production of capsaicin from
the callus of Capsicum annuum. The findings obtained
in our study show that Put elicitor was an increasing ef-
fect on capsaicin accumulation. The most effective Put
concentration and application time on total capsaicin
amount in C. annuum ‘KM-187 cell suspension culture
were determined as 0.2 mg ! and on day 12. Taking into
account all application concentrations and days, the high-
est increase in total capsaicin amount was determined at
0.2 mg 1" Spm concentration on day 12 in the cell suspen-
sion culture (cell + filtrate). The amount of capsaicin in
cells was found to be higher in the control groups and
samples treated with Spm elicitors when compared to fil-
trates. The differences in the amount of capsaicin in the
control groups for both elicitors may be due to cell sus-
pensions initiated at different times. These results show
that elicitor concentration and incubation time play a key
role in the increase observed in the capsaicin amount.
Therefore, both concentrations and incubation periods
of elicitors should be optimized for a maximum elicita-
tion of the capsaicin synthesis.

5 CONCLUSION

As a result of this study, it was found out that the
capsaicin amount in cells in the Spm applications was
more than in filtrates. The most effective concentration
and application time for both elicitors was found to be
0.2 mg I''and on day 12. These increases in the amount
of capsaicin may be due to an increase in capsaicin syn-
thase activity. More detailed studies are needed to put
forward the mechanism behind the changes in capsaicin
amount. This study showed that Spm and Put can be used
to induce capsaicin accumulation in cultured plant cells.
There is a need for screening a number of possible vari-
ous elicitors for their effect on capsaicin synthesis before
applying them in industrial scale.
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