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Abstract Ginkgo suspension cells were used to investi-
gate the mechanism that governs the shift between primary
and secondary metabolism under NaCl elicitation. The
production of three flavonol glycosides, chlorophyll fluo-
rescence, ion content, the antioxidant system, and the cel-
lular ultrastructure in the presence of NaCl doses from 5 to
175 mM were examined. At low salt doses (5-50 mM),
cell growth and flavonol glycosides accumulation were
stimulated without damaging cell structure or inducing
oxidative stress by maintaining high K* and chlorophyll
content. At moderate salt doses (75-125 mM), the cells
could withstand the salt stress without an impact on sur-
vival by changing internal cellular structure, maintaining
high levels of K™ and Ca®" and increasing anti-oxidative
enzyme activities rather than flavonol glycosides to coun-
teract the inhibition of the photosystem II, the accumula-
tion of Nat and hydrogen peroxide (H,O,) in the cells.
This allowed cells to divert their metabolism from growth
to defense-related pathways and tolerate NaCl stress. At
higher salinity (150-175 mM), the cellular structure was
damaged, and the high Na* and low K* content led to
osmotic stress, and therefore, the stimulation of peroxidase
(POD) and catalase (CAT) was not enough to cope with
high H,0, accumulation. The high production of flavonol
glycosides may be a response of elicitation stimulation to
serious damage at 175 mM NaCl. In conclusion, the use of
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Abbreviations

ROS Reactive oxygen species

Chl Chlorophyll

MDA Malondialdehyde

SOD Superoxide dismutase

CAT Catalase

POD Guaiacol peroxidase

PAL Phenylalanine ammonia-lyase
Chl a/b Chlorophyll a/b ratio

Car Carotenoid

Chl t/Car Rate of total chlorophyll to Carotenoid
PSII Photosystem 11

PSI Photosystem I

F/F, Maximum PSII photochemical efficiency
Yield Actual PSII quantum yield

q Photochemical quenching coefficient

NPQ Non-photochemical quenching coefficient
NAA Naphthaleneacetic acid

BA Benzyladenine

KT Kinetin

Introduction

Ginkgo biloba L., known as a ‘living fossil’, is one of the
oldest living tree species. Its leaf extract and leaf powder
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(e.g., EGb761) are popular botanical medicines because
they contain two important bioactive constituents in their
leaves, flavonol glycosides (e.g., quercetin, kaempferol and
isorhamnetin) and terpene trilactones (e.g., ginkgolides A,
B, C, J, M, K, L and bilobalide). However, it is not eco-
nomical to use field-grown trees as a supply of Ginkgo
leaves for continuous commercial-scale pharmacological
extracts. Ginkgo cell culture provides an alternative way
for biotechnological production of bioactive metabolites
(Cybulska-Heinrich et al. 2012; Van Beek and Montoro
2009; Sabater-Jara et al. 2013; Singh et al. 2008).

The yields and production rates of secondary metabo-
lites by plant cell culture are generally low and the com-
mercialized production of secondary metabolites using cell
cultures has not been widely adopted (Cai et al. 2012). To
produce high quality and quantities of secondary com-
pounds of commercial interest, many methods have been
developed. The elicitation strategy is one of the most
important methods for production of flavonol glycosides
and ginkgolides (Hao et al. 2010; Kang et al. 2009). Use of
this method reduces the time to attain a high yield of
product and increases the yield of secondary compounds
(Kang et al. 2006; Guo et al. 2011; Zhao et al. 2013).
Elicitor is a substance which initiates and/or improves the
biosynthesis of bioactive compounds found at a low con-
centration in a living cell system (Santamaria et al. 2011)
and classified as biotic or abiotic. Biotic elicitors such as
enzymes, fungi or bacteria originate from plant cells and
microorganisms have been used in Ginkgo cell cultures for
production of flavonoids (Hao et al. 2010). Abiotic elicitors
are chemical or physical stresses, and include high salinity,
heavy metals, rare-earth elements, ozone, ultraviolet irra-
diation, etc. (Cai et al. 2012; Yusuf et al. 2013). Inorganic
salts that are readily available, economical and easy to use
are regarded as an efficient method of elicitation for sec-
ondary metabolite production (Sabater-Jara et al. 2013).
KClI and NaCl have been studied in plant stress physiology
and secondary metabolism in several plant species at the
cellular level (Niknam et al. 2011; Jeong and Park 2006;
Zhao et al. 2009; Abrol et al. 2012). For example, NaCl
treatment inhibited ginseng hairy root growth and
increased the production of ginseng saponin (Jeong and
Park 2006).

Although the presence of high salinity could stimulate
secondary metabolite production in several plant cell cul-
tures, it can also constrain the cell growth and inhibit cell
viability. It is very difficult to promote cell growth and
increase the production of secondary metabolites simulta-
neously. Furthermore, adding abiotic elicitors into a cell
culture medium is a stress process and usually induces the
generation of reactive oxygen species (ROS), and also
induces a series of anti-oxidative defense systems syn-
chronously. Flavonoid accumulation was reported in
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conditions of salt-induced oxidative stress (Yusuf et al.
2013; Abrol et al. 2012). However, the existing literature in
Ginkgo cell culture mainly focuses on the yield of sec-
ondary metabolites. Kang et al. (2006, 2009, 2010) studied
the production of bilobalide and ginkgolides using methyl
jasmonate (MJ), salicylic acid (SA), bacteria and KCl as
elicitors. Hao et al. (2009, 2010) investigated flavonoid
accumulation induced by fungal endophytes and UV-B
irradiation. But there is no information about flavonoid
status under salt stress on the cellular level in G. biloba L.
Especially little work has been performed on the associa-
tion between flavonoid production and photosynthesis, ion
homeostasis and antioxidant system under salt stress. For
these reasons, an in-depth research is needed to elucidate
the mechanism of the shift between primary and flavonoid
metabolism in Ginkgo cell culture under NaCl elicitation.

The aim of this work is to (1) examine the responses of
Ginkgo cells to different doses of NaCl, (2) investigate
relationships between flavonol glycosides accumulation and
primary metabolism (including chlorophyll fluorescence
parameters, ion content, antioxidant systems and cellular
ultrastructure), and (3) evaluate the defense strategies in a
Ginkgo cell suspension culture system under salt stress. It
will be beneficial to demonstrate the mechanism by which
salt elicitation results in a response of secondary metabolite
production via ion homeostasis, photosynthesis and anti-
oxidant system. The results of this study should help to
improve understanding how cells respond to growth and
defense strategies during salt treatment, and be beneficial
for studying the use of biosynthetic pathways of suspension
cell culture for production of flavonol glycosides.

Materials and methods
Callus induction and suspension cell culture

Ginkgo cell lines were produced using our previous method
(Chen 2007). The leaves of Ginkgo biloba L. cv., ‘Da
Fozhi’ were collected in spring from the Ginkgo Garden of
Nanjing Forestry University, China. Leaf pieces were
cultured in MS (Murashige and Skoog 1962) medium
supplemented with 1.0 mg L~' NAA and 1.0 mg L™
6-BA for 35 days to format calli, and then the calli were
subcultured in MS medium with 1 mg L™' NAA, and
0.5 mg L~ KT. Afterwards, calli were subcultured every
3 weeks on the same medium.

Suspension cultures were generated from calli trans-
ferred to liquid MS medium containing 1 mg L™" NAA
and 0.5 mg L' KT on a rotary shaker at 100 rpm and
were maintained by refreshing the medium every 12 days,
at an initial cell density of 3 g fresh weigh per 50 mL of
medium.
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NaCl treatment and cell growth analysis

Ginkgo suspension cells were routinely maintained by
subculturing every 12 days and by diluting 50 mL into
100 mL fresh medium in 250 mL Erlenmeyer flasks con-
taining 1.0 mg L™' NAA and 0.5 mg L™' KT. On the 6th
day after inoculation (the linear phase of cell development,
as indicated by our previous experiment), O (control), 5, 10,
25, 50, 75, 100, 125, 150 and 175 mM NaCl (final concen-
trations, by autoclaving) was added into the medium, and the
cells were harvested 7 days after the addition of NaCl.

Cell growth was primarily measured by cell fresh weight
(FW) and dry weight (DW). The cells and media were
gently pressed on filter paper by a Biichner funnel to
remove excess medium and then fresh weight was deter-
mined. Half of the fresh cells were weighed and stored at
—70 °C for an active compound assay, and the other half
was dried at 60 °C for 12 h until a constant weight (DW)
was obtained for determination of flavonoids and mineral
elements.

FW(AFW) = Final fresh weight (FW) — Initial FW;
DW (ADW) = Final dry weight (DW) — Initial DW

Here, initial weight is weight before NaCl treatment.

Culture medium and culture conditions

All media mentioned above were supplemented with
30 g L™ sucrose and adjusted to pH 5.8 with 1 M KOH or
1 M HCI (prior to the addition of 7 g L™ agar (Sinopharm,
CNCM LTD) for callus induction and culture, no agar in
liquid culture), then autoclaved for 20 min at 121 °C. All
plant growth regulators were filter sterilized prior to addi-
tion into the medium by autoclaving. Cultures were incu-
bated at 25+ 1°C with a 14 h photoperiod using
55 pmol m~? s~ ! fluorescent illumination.

Phenylalanine ammonia-lyase (PAL) activity
and flavonoid content

The activity of phenylalanine ammonia-lyase (PAL) was
measured by the method of Koukol and Conn (1961) with
some modifications. Cells (500 mg) were homogenized in
50 mM borate buffer (pH 8.8) containing 10 mM -
mercaptoethanol, and 1 % polyvinyl pyrrolidone (PVP).
The homogenate was centrifuged at 10,000x g at 4 °C for
20 min, and the supernatant was collected for the enzyme
assay. The reaction mixture (5 mL) containing 50 mM
boric acid buffer (pH 8.8), 20 mM L-phenylalanine, and
enzyme extract was incubated at 37 °C for 30 min. The
reaction was terminated by 1 M HCI. The production of
cinnamic acid correlating with the PAL activity was
measured at 290 nm.

The flavonoid extraction was performed by the method
of Upton (2003). The powder (1.0 g DW) was sieved
through a 200 mesh sieve and incubated in methanol
containing 25 % (v/v) HCl (4:1, v/v) for 1 h at 95 °C.
Afterwards, the acid-hydrolyzed extracts were filtered, and
the supernatant re-suspended in the above-mentioned
extract solution. Samples were filtered through a PTFE
filter (® 0.22 pM) prior to HPLC analysis.

HPLC was performed according to Hao et al. (2010)
using an Agilent 1200 HPLC series(Agilent Inc., USA)
equipped with a quaternary gradient pump and spectro-
photometric photodiode array detector (DAD) and con-
nected to a C18 column (ODS, 4.6 x 250 mm, 5.0 pum,
and an Agilent 1200 automatic injector). The mobile phase
was methanol and 0.4 % phosphoric acid in H,O (55:45,
v/v) at 1.0 mL min~!, the column temperature was 30 °C
and the detection was performed at 360 nm. Three flavonol
glycosides (quercetin, kaempferol, isorhamnetin) contained
were selected as standards (Van Beek and Montoro 2009).
The extraction samples were prepared and analyzed three
times.

Total flavonoid (mg g~' DW) = quercetin x 2.51 +
kaempferol x 2.64 + isorhamnetin x 2.39

Total flavonoid yield (mg DW L™ medium) = Total
flavonol  glycosides (mgg ' DW) x gL'  med-
ium x 1,000/150; g: DW of flavonol glycosides per flask
medium volume (150 mL).

Pigment content and chlorophyll fluorescence

Fresh cells (300 mg) were submerged in 8 mL of a mixed
solution containing acetone: ethanol: water (4.5:4.5:1)
overnight. Absorbance of chlorophyll a (Chl @) and chlo-
rophyll b (Chl b) were measured at 645 and 663 nm
according to Holden (1965), carotenoids were estimated at
470 nm by the method of Davies (1976).

Chlorophyll fluorescence measurements were performed
according to the method of Breia et al. (2013) and Osorio
et al. (2013) using a chlorophyll fluorescence imager (CF
Imager, Technologica, UK). To determine the minimum
(F,, dark fluorescence) and maximum (F,,) fluorescence, a
5 mm thick aliquot of suspension cells was placed on black
paper maintained in the dark for 30 min before measuring
the chlorophyll fluorescence. The maximum fluorescence
yield, F,,, was determined using a saturating pulse of
6,000 pmol m~2 s™' photosynthetic photon fluorescence
rate (PFD) for 1 s. The maximum light adapted fluores-
cence (Fp,’) was determined in the presence of an actinic
illumination of 500 pmol m > s~'. Chlorophyll fluores-
cence parameters such as the maximal quantum yield of
PSII photochemistry (F\/F,,), photochemical efficiency of
PSII in the light (F,//F), the photochemical quenching
coefficient ¢°, and the non-photochemical quenching
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coefficient NPQ (F/F,, — 1) were calculated using the
software supplied by the manufacturer. The effective
quantum yield (Yield) was defined as q° x F,'/F,, .

Ton concentrations

The ion content was measured according to the method of
Maria et al. (2012). Dry sample (200 mg) was digested in
0.1 M HNOs; in a closed microwave system. The deter-
mination of ions was performed using an ICS-900 (Dionex,
Sunnyvale, CA, USA) spectrometer.

Membrane permeability, lipid peroxidation and H,O,

Membrane permeability was measured by quantifying the
relative electrical conductivity (REC) according to Sun
et al. (2010). REC (%) was defined as S;/S, x 100. §; was
the conductivity of fresh cells which were immersed into
double distilled water at 37 °C for 1 h and S, was the
conductivity of fresh cells which were heated at 100 °C for
10 min. The malondialdehyde (MDA) content used to
determine the extent of lipid peroxidation was determined
by the method of Rao and Sresty (2000). The absorbance of
the supernatant was measured at 532 and 600 nm using a
spectrophotometer (Unico, USA). The MDA concentration
was calculated wusing an extinction coefficient of
155 mM~' cm™!. The H,0O, content was measured
according to the method described by Sekmen et al. (2012).
The absorbance was measured at 410 nm and the content
of H,O, was calculated using a standard curve. The range
of H,0, concentrations used for the calibration curve was
0-100 pmolL™".

Analysis of antioxidant enzymes

The enzyme extract method was modified as described by
Knorzer et al. (1996). Fresh cell samples (500 mg) were
grounded with liquid nitrogen and homogenized in 50 mM
phosphate buffer solution (pH 7.0), containing 0.1 mM
ethylene diamine tetra acetic acid (EDTA), and 2 mM
dithiothreitol (DTT). The homogenate was centrifuged at
10,000x g for 20 min at 4 °C. The supernatant was used for
the analysis of antioxidant enzymes.

SOD (EC 1.15.1.1) activity was assayed according to the
method of Beyer and Fridovich (1987). One unit of SOD
was defined using inhibited NBT photo reduction by 50 %
at 560 nm. CAT (EC 1.11.1.6) activity was estimated
according to the method of Mittal et al. (2012). The activity
was recorded as the linear rate of decrease of H,O,
absorbance at 240 nm and defined 1 pmol H,O, decom-
posed in 1 min as 1 unit of CAT. POD (ECI1.11.1.7)
activity (guaiacol peroxidase) was measured using a
modified method of Dong et al. (2010). The absorbance
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was monitored at 470 nm for 1 and 2 min in the presence
and absence of enzyme extract. One unit of POD activity
was expressed as nmol H,O, decomposed in 1 min.

Transmission electron microscopy

The cell ultrastructure was assayed according to Chen et al.
(2006) and Li et al. (2013). Suspension cells were fixed in a
solution of 5 % glutaraldehyde in 0.1 M sodium phosphate
buffer, pH 7.0. After 4 h at 0—4 °C and three rinses with
buffer, the samples were post-fixed in 2 % osmic acid
(OsQ,), then rinsed again with the same buffer. Thereafter,
the samples were dehydrated in an ethanol series and
embedded in Epon 812 resin. The samples were cut into
thin sections of approximately 70 pm with a LKB-V ultra-
microtome (Leica CM3050S, GER). The thin sections were
stained with lead citrate and uranyl acetate before being
examined using a JEM-1400 (JEOL, JPN) transmission
electron microscope operated at 75 kV.

Statistical analysis

Two independent series of experiments were performed
and each treatment had three replications (flasks) within
each experiment. Each parameter was measured twice with
three replicates, respectively. Error bars indicate the stan-
dard deviation of the mean value (mean = SD). The data
from six measurements (n = 6) were analyzed using one-
way ANOVA and the data generated was subjected to
statistical analysis using SPSS version 17.0 (SPSS Inc., IL,
USA) and Duncan’s multiple range test (DMRT) (Duncan
1955).

Results

Cell growth, flavonoid content, and PAL activity
response to varying NaCl doses

The influence of the NaCl dose on suspension cell growth
was evaluated on the 7th day after NaCl was added to the
medium (Fig. 1). The AFW (increase in FW) and ADW
(increase in DW) in the presence of all NaCl treatments
appeared to first increase from 5 to 25 mM NaCl, then
dramatically decreased from 50 to 175 mM NaCl in AFW
but slightly decreased from 50 to 100 mM, then sharply
decreased to 175 mM in ADW. Moreover, the highest
AFW and ADW were both noted for the 25 mM treatment,
which was higher by 399 and 109 % compared with the
175 mM treatment and 105 and 49.5 % compared with the
control treatment, respectively. Furthermore, the AFW
(NaCl doses >125 mM) and the ADW (NaCl doses
>150 mM) were less than the control (p < 0.05),
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Fig. 1 The influence of NaCl on Ginkgo cell growth at the 7th day
after addition of different NaCl doses to the medium. Values are
mean = SD from two independent experiments (n = 6). Means
followed by different letters above the bars indicate significant
differences (p < 0.01) among treatments according to the Duncan’s
multiple range test. AFW final FW — initial FW, ADW final DW —
initial DW

particularly for the 175 mM NaCl treatment where the
AFW was 41 % and ADW was 71 % of the control
(Fig. 1). This indicated that the high dose NaCl treatment
(150-175 mM) could suppress Ginkgo cell growth and in
fact, the cells appeared brown in the presence of 175 mM
NaCl compared with the green color observed in the pre-
sence of 0-125 mM NaCl (Fig. 3).

The production of total flavonoids and flavonoid gly-
cosides was also influenced by the NaCl doses (Table 1).
The total flavonoid levels in all NaCl treatments were
significantly higher than in the control treatment
(p < 0.01). Furthermore, the flavonoid levels apparently
increased from 25 to 50 mM (low NaCl dose) and from
125 to 175 mM NaCl (high NaCl dose). The total

flavonoids peaked at 25 and 175 mM NaCl at 2.3-fold
(0.95 mg g~ ' DW) and 3.1-fold higher (1.31 mg g~' DW)
than the control, respectively. By comparison, at 5 and
10 mM NaCl (low dose) and 75 and 100 mM NaCl
(moderate dose) low flavonoid levels were observed. A
similar trend was detected in total flavonoid yields
(Table 1).

Three flavonol glycosides (quercetin, kaempferol and
isorhamnetin) were measured in Ginkgo biloba cell
extracts by HPLC in 7 day old NaCl-treated cells. These
three flavonol glycosides were observed to first increase
from 5 to 25 mM NaCl, decrease from 50 to 75 mM NaCl,
and then increase again at NaCl concentrations above
100 mM. The higher 1.57-fold and 1.83-fold increments in
quercetin, and 1.72-fold and 4.15-fold increments in ka-
empferol were observed at 25 and 175 mM NaCl treat-
ments compared with the control (p < 0.01), respectively.
The highest content of isorhamnetin was found for the 50
and 175 mM NaCl treatments. Quercetin was the main
flavonol glycoside (38.2-58.6 %) in Ginkgo cells, and was
observed in higher quantities at the low NaCl doses than at
the high doses. Conversely, the kaempferol (16.3-35.4 %)
content was higher at high NaCl doses while the isorh-
amnetin (14.4-38.6 %) was observed at the moderate doses
(50, 75 mM NaCl) (Table 1).

The effect of the NaCl dose on the PAL activity is
shown in Fig. 2. Small increments in the PAL activity was
observed at 5 and 10 mM NaCl, but significantly increased
at 25 mM, then decreased from 50 to 75 mM, and then
again increased from 100 to 175 mM NaCl compared with
the control. The maximum PAL activity was observed at
concentrations of 25 and 150 mM of NaCl, at 1.67-fold and
1.90-fold of the control, respectively (p < 0.01).

Table 1 Total flavonoids and quercetin, kaempferol and isorhamnetin contents in Ginkgo suspension cells at the 7th day after addition of

different NaCl doses to the medium

NaCl Quercetin Kaempferol Isorhamnetin Total flavonoids Total flavonoid yield
(mM) (ug g~ DW) (ug g~ DW) (ng g~' DW) (ng g~' DW) (mg DW L") medium
0 85.9 + 4.7 (51.6) 34.2 £+ 3.3° (21.7) 46.7 + 5.8° (26.7) 417.6 + 14.1° 2.05 + 0.03°

5 118.2 £+ 20.1° (55.2) 33.2 £+ 5.6° (16.3) 64.2 + 16.0" (28.5) 537.7 + 76.7°" 4.57 + 0.41¢

10 118.6 &+ 6.2° (54.4) 479 + 4.5% (23.1) 51.3 £ 3.3°(22.4) 546.8 + 30.1° 4.96 + 0.59¢

25 221.5 + 15.2% (58.6) 97.1 £ 14.1° (27.0) 57.0 + 13.8° (14.4) 948.5 + 93.3° 8.28 + 0.90%

50 133.6 £ 11.1% (45.2) 57.7 £ 11.4° (20.5) 106.2 £ 13.3* (34.2) 741.3 + 76.6 7.17 £+ 0.53

75 86.1 £ 13.6' (38.2) 49.7 £ 7.7d° (23.2) 91.6 & 18.2° (38.6) 566.3 + 25.1° 473 + 0.74¢

100 183.9 £ 11.5° (55.5) 82.2 + 2.9 (24.9) 68.4 & 9.4™ (19.6) 832.3 + 43.8° 6.94 & 0.40°

125 156.5 + 10.8% (41.5) 127.9 + 6.1° (35.6) 90.9 + 9.1° (22.9) 947.7 £ 38.9° 7.93 + 0.22°

150 196.7 + 6.5 (43.1) 1432 & 12.8" (33.0) 114.6 + 10.9* (23.9) 1,145.8 &+ 22.1° 8.47 +£ 0.41*

175 234.0 & 3.7* (44.8) 176.2 + 10.8" (35.4) 108.6 £ 6.2* (19.8) 1,311.9 + 32.9* 9.17 £ 0.19*

Values are mean &+ SD from two independent experiments (n = 6). Means within a single column followed by different letters within the same
column represent significant difference (p < 0.01) by the Duncan’s multiple range test. The data in bracket represent % of total flavonoids in
three flavonoids glycosides, respectively
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Fig. 2 The influence of NaCl on PAL activity in Ginkgo suspension
cells at the 7th day after addition of different NaCl doses to the
medium. Values are mean £ SD from two independent experiments
(n = 6). Means followed by different letters above the bars indicate
significant differences (p < 0.01) among treatments according to the
Duncan’s multiple range test

Pigment content, chlorophyll fluorescence, and ion
content response to varying NaCl doses

The cell color changed with the salinity levels. Increasing
salinity doses caused the cell color to change from light
green (control) to deep green (25 mM), then to yellow
green (100-150 mM) and last to brown (175 mM). The
cells cultured in the presence of 10-25 mM NaCl were the
most green of the nine NaCl treatment levels (Fig. 3). The
color changes of cells were positively correlated with the
fresh biomass variations and the NaCl dose

The effect of the NaCl dose on the content of total
chlorophylls (Chl t) and carotenoids (Car), the ratio of Chl
a/b and Chl t/Car in Ginkgo cells are shown in Table 2.
The Chl t and Car first increased (from 5 to 25 mM NaCl)
then decreased (from 50 to 175 mM NaCl). The maxima
were observed at 25 mM NacCl followed by 10 mM NaCl
(p < 0.01). Exposure to NaCl levels lower than 75 mM led
to increases in Chl t and Car content, whereas the Chl t
decreased by 15.0 and 45.0 %, and the Car content
decreased by 33.7 and 38.0 % at 150 and 175 mM NaCl,
compared with the control, respectively (p < 0.01). Similar
trends were observed for the Chl @ and Chl b levels except
at the 100 and 150 mM salinity levels, where the ratios of
Chl a/b and Chl t/Car first increased then decreased with
increasing NaCl levels (Table 2).

The chlorophyll fluorescence parameters, the F./Fy,
ratio, Yyield, qP and NPQ, varied with the NaCl doses
compared with the control (Table 3). Similar trends in the
F,/F,, ratio, yield, qP values were observed. As the NaCl
increased from 5 to 25 mM, the values increased, then
gradually decreased from 50 to 125 mM and then they
sharply decreased at 150 and 175 mM NaCl. The maxi-
mum values were observed at 25 mM NaCl where they
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were 101.7, 57.8, 29.7 and 105.2 % higher than at 175 mM
NaCl, respectively (p < 0.05). A secondary maximum for
all the values appeared at 50 mM NaCl. However, the NPQ
value significantly increased at levels of NaCl less than
100 mM but significantly decreased >125 mM NaCl
(p < 0.01) (Table 3).

The ions content and ratio of K¥/Na™ in the suspension
cells cultured at different NaCl doses were analyzed
(Table 4). Increasing the levels of NaCl resulted in a steady
increase in the content of Na™. The maximum Na™ content
was observed at 150 and 175 mM NaCl, at 32.8- and 30.1-
fold higher than the control, respectively. The K+ con-
centration increased at NaCl levels >50 mM, then declined
with further increases in the NaCl levels. The maximum
K* content was observed at 50 mM NaCl where it was
about 2.3-fold higher than the control. Except for the cells
treated at 175 mM NaCl, the KT concentrations were
higher compared with the control. Therefore, the K*/Na™
ratio significantly decreased with increasing NaCl levels
and it was lower than the control for all NaCl treatments,
and was only 2.93 % of the control at 175 mM NaCl
(p < 0.01) (Table 4).

The Mg®" and Ca®" concentrations in the suspension
cells showed similar trends. Mg?" concentrations changed
very little at salinity <100 mM, but were always lower
than the control. The Ca”*" content did not significantly
differ compared with the control at 5 and 10 mM NaCl and
from 25 to 125 mM NaCl where it was maintained between
2.14 and 2.43 mg g~' DW. Significant reductions in Ca®"
were observed at 150 and 175 mM NaCl where it
decreased by 96.7 % at 175 mM NaCl compared with the
control (p < 0.05) (Table 4).

Membrane potential, lipid peroxidation, H,O, response
to varying NaCl doses

Relative conductivity (REC) is a parameter that can be
used to assess the membrane potential (MP) of a plant and
judge whether the cell membrane has undergone damage
owing to environment stress. The REC of cells cultured in
the presence of NaCl decreased from 5 to 50 mM com-
pared with the control, however, it sharply increased and
was higher than the control from 125 to 175 mM NaCl,
reaching a peak (2.2-fold of the control) at 175 mM NaCl
(Fig. 5a). There were significant changes in REC from 5 to
175 mM NaCl (p < 0.01).

Lipid peroxidation in cells was assessed by measuring
the MDA content (Fig. 5b). Salt treatment caused almost
no increases in MDA content from 5 to 25 mM NaCl. At
50-100 mM NaCl, the MDA values ranged from 24.0 to
25.0 umol g~! FW. The maximum accumulation of MDA
(3.63-fold of the control) was observed at 150 mM NaCl,
while a higher salt dose (175 mM NaCl) resulted in a MDA
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Fig. 3 Ginkgo biloba L.
suspension cell at the 7th day
after addition of different NaCl
doses to the medium

75mM

150mM 175mM

Table 2 Total chlorophyll content (Chl t), the chlorophyll a/b ratio (Chl a/b), carotenoid content (Car) and total chlorophyll/carotenoid ratio
(Chl t/Car) in Ginkgo suspension cells at the 7th day after addition of different NaCl doses to the medium

NaCl (mM) Chlt (ug g™h Chl a/b Chla (ug g™h Chl b (ug g™h Car (ng g7 Chl t/Car

45.6 + 0.3 33 +£0.1% 349 + 8.0° 10.8 + 0.2°% 10.1 £ 0.2%° 454 03°
5 50.3 + 2.4 21+03 33.9 + 4.7° 16.4 + 2.5% 10.4 + 0.4% 49 4 0.1%
10 56.3 + 2.2 2.0 £0.2¢ 37.6 + 3.0° 18.7 £ 2.6° 10.6 £ 1.1* 5.3 £ 0.2
25 66.3 + 0.4 2.5 4 0.3 473 4+ 2.4* 19.0 + 2.4* 10.4 £+ 0.7%° 6.4+ 1.1°
50 46.7 + 2.1% 3.0 + 0.1% 347 +2.8° 12.1 £ 09 9.5 + 0.7°% 49 + 0.3
75 42.8 4+ 33° 3.5+ 0.1° 332 +45° 9.6 + 1.3% 9.3 + 1.2 48 + 1.0
100 41.8 £ 5.0° 32 +£0.2% 319 + 7.1% 9.9 + 1.6% 9.5 £ 1.2 44 4 0.1°
125 40.1 + 3.60° 32 £ 0.1% 30.5 + 0.5 9.6 + 1.7% 8.2 £ 2.5%° 5.8 £ 2.4%
150 38.8 + 3.7° 2.0 £0.2¢ 252 + 4.1° 13.6 + 3.3 6.7 £ 0.8 59 + 1.5%
175 25.1 +2.8¢ 2.5 + 0.2 17.7 £ 0.3¢ 73 + 1.8 6.3 £ 0.9° 414 03°
p value <0.01 <0.01 <0.05 <0.05 <0.01 <0.05

Values are mean + SD from two independent experiments (n = 6). Means within a single column followed by different letters within the same
column represent significant difference by the Duncan’s multiple range test

content lower than that observed for 150 mM NaCl
(p < 0.01).

In contrast, the HO, content was higher than the control
in all NaCl-treated cells, increasing from 5 to 150 mM
NaCl, then decreasing at 175 mM NaCl. Moreover, at 125
and 150 mM NaCl the H,O, content was 3.3- and 3.5-fold
of the control, respectively (p < 0.01) (Fig. 5c).

Antioxidant enzyme activities response to varying NaCl
doses

The changes in the antioxidant enzymes SOD, POD and
CAT are shown in Fig. 5. SOD activity did not vary
significantly at NaCl concentrations <100 mM. At NaCl
doses >100 mM, SOD activity was inhibited with
decreases of 13.8 and 16.3 % at 150 and 175 mM NaCl,
respectively, compared with the control (p < 0.01)
(Fig. 5d). The CAT activities gradually increased up to
75 mM NaCl (2.88-fold of the control), then were
unchanged at 100-125 mM, and then significantly

decreased from 150 to 175 mM NaCl (Fig. 5e). The CAT
activity was higher than the control at NaCl levels
<150 mM, but was apparently reduced at 175 mM NaCl
(70 % of the control). In contrast to SOD and CAT, all
NaCl treatments resulted in higher POD activity than the
control where it increased gradually up to 100 mM NacCl,
sharply increased at 125 mM (2.3-fold of the control),
then remained steady to 175 mM (Fig. 5f).

Ultrastructure of Ginkgo suspension cells

After a 7-day culture, many mitochondria, central vacuoles,
small vacuoles, and starch granules appeared in the control
and 25 mM NaCl treatment cells as observed by trans-
mission electron microscopy (TEM) micrographic images
(Fig. 6a—c), and peripherally situated protoplasmic com-
partments (Fig. 6a, d). The thylakoids formed by lamellae
and the chloroplast membrane were also distinctly
observed (Fig. 6c¢, f). There was a significant difference in
the shape of the chloroplasts between the two treatments,
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Table 3 Chlorophyll fluorescence images of maximum PSII photo-
chemical efficiency (F,/Fy,), actual PSII quantum yield (Yield),

photochemical quenching coefficient (¢°) and non-photochemical

quenching coefficient (NPQ) in Ginkgo suspension cells at the 7th day
after addition of different NaCl doses to the medium

P

NaCl (mM) Fy/Fn Yield q NPQ

0.603 + 0.093°* 0.384 + 0.068° 0.681 + 0.113° 0.350 + 0.018"
5 0.569 =+ 0.150° 0.373 £ 0.058" 0.671 + 0.104° 0.308 + 0.020"
10 0.590 =+ 0.104* 0.379 £ 0.059° 0.709 £ 0.129° 0.474 £ 0.0268
25 0.630 £ 0.083" 0.488 =+ 0.054° 0.829 =+ 0.092° 0.905 =+ 0.028°
50 0.616 + 0.028° 0.376 + 0.017% 0.705 + 0.022° 0.964 + 0.026°
75 0.612 + 0.072%° 0.360 + 0.039% 0.680 + 0.077° 1.054 + 0.052°
100 0.587 + 0.045% 0.352 + 0.052% 0.654 + 0.118° 1.189 + 0.034%
125 0.580 + 0.010% 0.323 + 0.014%¢ 0.654 + 0.060° 0.788 + 0.022¢
150 0.579 + 0.068™ 0.298 =+ 0.007¢ 0.651 £ 0.069" 0.710 £ 0.014°
175 0.445 + 0.016° 0.238 & 0.047¢ 0.639 + 0.121° 0.622 £ 0.017"
p value <0.05 <0.05 <0.05 <0.01

Values are mean £ SD from two independent experiments (n = 6). Means within a single column followed by different letters within the same

column represent significant difference by the Duncan’s multiple range test

Table 4 Ior} cor.ltents and ratio NaCl (mM) mg gfl DW K+/Na*

of K*/Na% in Ginkgo cell

suspension at the 7th day after Na* K" Ca*t Mg>*

addition of different NaCl doses -

to the medium 0 0.50 & 0.04' 8.89 + 1.99¢ 3.78 + 1.85% 1.18 + 033" 17.73 £ 0.60°
5 3.05+£ 038 1748 £1.99° 3454+ 024™  1.02 + 0.09*° 5.40 + 0.95°
10 454 £0.07° 1626 £2.72° 3.14 + 0.96™  0.96 + 0.22° 3.85 + 0.20c
25 740 £ 077 19.73 £ 1.75° 243 + 0.07° 0.97 + 0.04® 2.68 + 0.26°
50 10.59 4+ 0.11°  20.45 + 4.06" 239 + 0.47° 0.97 + 0.14% 1.93 + 0.22¢

Values are mean = SD from 75 1370 &+ 1.04°  14.13 £ 0.82* 238 4 0.62° 1.03 + 0.30°° 1.04 £ 0.05°

two independent experiments 100 1435 £ 119" 1351 £445”  2.15£059 096 £ 0.17°  0.94 £ 0.05°

(n = 6). Means within a single 5 14.54 £ 076 1073 £230°0 214 £ 0.65¢ 093 £031°  0.79 £ 0.17°

column followed by different ]

letters within the same column 150 15.60 £ 0.58"  10.83 & 3.30  1.99 £ 0.36¢ 0.92 + 0.06 0.85 £ 0.10°

represent significant difference 175 16.47 £ 0.59* 8.59 + 0.60¢ 1.92 + 0.51¢ 0.89 + 0.20° 0.52 & 0.04°

i’y tthe Duncan’s multiple range -, 1,1 <0.01 <0.01 <0.05 <0.05 <0.01

es!

Fig. 4 Chlorophyll NaCl/mM OmM 25 mM

fluorescence images of Ginkgo

biloba L. suspension cells at the

7th day after addition of

diffgrent NaCl doses to the Fy/Fmn

medium

Fy/Fp'
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the chloroplast become more rounded in 25 mM NaCl-
treated cells than in the control, where it was long and
pointy (Fig. 6c, f).
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independent experiments (n = 6). Means followed by different letters
above the bars indicate significant differences (p < 0.01) in among
treatments according to the Duncan’s multiple range test

The plastid membrane disappeared when the suspension
cells were cultured in the presence of 100 and 175 mM
NaCl, and many osmiophilic droplets (Ph) and starch
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Fig. 6 Transmission electron microscopy (TEM) micrographic 175 mM NaCl. The arrows indicated small bubbles in h, microscopic
images of Ginkgo biloba L. cells in the presence of various NaCl accretions in g and j. Ch chloroplast, S starch grain, CW cell wall, Ph
doses for 7 days. a—c¢ Control cells; d—f cells treated with 25 mM osmiophilic droplets, V vacuole, M mitochondria, N cell nucleus, ER
NaCl; g—i cells treated with 100 mM NaCl; j-1 cells treated with endoplasmic reticulum
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granules (at 100 mM NaCl) were observed in the chloro-
plast lamellae area (Fig. 6i, 1). However, the chloroplast
lamellaes were distinctly observed in 100 mM-treated
cells, and damaged granules were observed in the 175 mM-
treated cells (where only starch granules were observed). In
addition, the shape of the starch granules in the chloroplast
varied between the two treatments (Fig. 6i, 1).

When the cells were cultured in the presence of 175 mM
NaCl, the plasma and vacuole membranes were destroyed
and showed clear signs of degradation, particularly for the
nucleus and cytoplasm (Fig. 6j, k). The most peculiar
feature of these cells compared with the control and the
25 mM treatment was the increase in microscopic accre-
tion on the outside of the cell wall at 100 and 175 mM
NaCl (Fig. 6g, j, direction of the arrows). Moreover, many
small bubbles on the inside of the cell wall and many small
secretory vacuoles near plasma membrane were evident in
the cells treated at 100 mM NaCl (Fig. 6g, h). These fea-
tures suggested that high doses of NaCl might promote the
secretion of secondary substances.

Discussion

The use of elicitation strategies to enhance the biosynthesis
of secondary metabolites (for example flavonol and bi-
lobalide) in cell cultures has been reported (Hao et al.
2010; Sun et al. 2012; Niknam et al. 2011). In the present
work, nine NaCl concentrations were classified as low level
(5-50 mM), moderate level (75-125 mM) and high level
(150-175 mM) doses according to various cellular
response parameters. Low salinity doses (5-50 mM)
enhanced the cell growth, whereas high salinity doses
(=150 mM) restrained cell growth and damaged the cel-
lular structure of the Ginkgo cells. However, the moderate
salinity doses did not significantly inhibit cell growth and
did not apparently affect cellular structure. This was sim-
ilar to the result of Kang et al. (2010), where 800 mM KCl
severely inhibited the growth of Ginkgo cells and other
similar species (Niknam et al. 2011; Al-Khayri Jameel
2002). Moreover, two peaks of flavonoid production were
observed at 25 NaCl (where cell growth was stimulated)
and 175 mM NaCl (where cell structure was damaged).
Three flavonoid glycosides were also shown to vary with
the NaCl dose. The accumulation of quercetin, kaempferol
and isorhamnetin mainly occurred at low NaCl doses, high
NaCl doses, and moderate doses, respectively.

PAL is a key inducible enzyme that links primary and
secondary metabolism. Many stress factors (such as tem-
perature, salinity) or elicitors (e.g., SA, MJ) can enhance
PAL activity (MacDonald and D’ Cunha 2007; Zhao et al.
2009). Two peaks of PAL activity were observed for Salvia
miltiorrhiza cells (Dong et al. 2010) with elicitor induction

time, but the first one coincided with the peak of a phenolic
compound while the second one coincided with the
shikonin peak. However, there was no direct correlation
between the peaks of PAL activity and the shikonin pro-
duction peak under L-phenylalanine treatments in Arnebia
euchroma (Syktowska-Baranek et al. 2012). In our study,
the peak of PAL activity was observed at 25 mM (low
dose), 150 and 175 mM (high dose) NaCl treatments and
coincided with the peak of flavonoid production (Table 1),
while the lower PAL activity and flavonoid content was
observed at 75 mM NaCl. These results were similar to
Abrol et al. (2012) and suggested that plants might divert
their metabolism towards secondary metabolite production
by consuming more energy in the presence of low NaCl
concentrations. However, the lower PAL activity and fla-
vonoid content observed for the 75 mM dose suggested
that at moderate salinity, adaption or defense mechanisms
exist to combat oxidative stress in cells.

Chlorophyll is an antenna which absorbs and transfers
light energy to the reaction center. When plants suffer
biotic or abiotic stress, Chl and F,/F,, values decrease
(Boughalleb et al. 2009). In the present work, the content
of Chl t, chl a, and chl b increased at low NaCl levels
(<50 mM), and decreased under moderate and high NaCl
levels (=75 mM) compared with the control (Table 2).
Furthermore, the increase of the Chl a/b ratio from 75 to
125 mM NaCl hinted that moderate salt treatment pri-
marily reduced the content of chlorophyll b rather than
chlorophyll a, perhaps as a photo-protective strategy. A
lower Chl a/b ratio and higher Chl a content at low NaCl
levels should be beneficial to LHCII to capture high light
energy, while a lower Chl a/b ratio and lower Chl a content
could lead to serious photoinhibition at higher NaCl levels
(=150 mM). Carotenoids can facilitate the non-radiative
dissipation of excitation energy and increase antioxidant
protection (Stahl and Sies 2003), in the present work,
carotenoids content was reduced at >50 mM NaCl, but the
Chl t/Car ratio did not decrease in the presence of different
NaCl levels except at 100 and 175 mM NacCl in contrast to
another report, where Chl t/Car ratio decreased in Ginkgo
tree leaves under open-field condition compared with shade
enclosure condition (Wang et al. 2014). Furthermore, the
Chl t/Car ratio in different rice genotypes had different
responses to water stress (Gauthami et al. 2014). This
indicated that chlorophyll content was more affected than
that of carotenoids under abiotic stress, and it seems that
the level of Chl t/Car ratio was different between cell level
and the whole plant level, and a species or genus.

Chlorophyll changes could be demonstrated by exam-
ining the effects of the salt treatment on the chlorophyll
fluorescence parameters. The variations in chlorophyll
directly coincided with the chlorophyll fluorescence
parameters (F,/Fp,, yield, g°, Table 3; Fig. 4) and indicated

@ Springer



3184

Acta Physiol Plant (2014) 36:3173-3187

that photosystem II of the Ginkgo cells was promoted at
low NaCl levels and inhibited at high NaCl levels
(=150 mM) as a result of salinity stress. Similar to our
work, low F,/F,, was reported to be associated with Na*t
dose and plant species under conditions of NaCl stress
(James et al. 2006; Naidoo et al. 2008). NPQ acts in a
photo-protective capacity to protect the plant against
damage caused by excess energy. In our work, the higher
value of NPQ was observed at 75 and 100 mM NaCl, and
supported the conclusion that Ginkgo cells were well
adapted to moderate salt conditions by employing a photo-
protective strategy.

In general, salinity can reduce plant growth or damage
plants by osmotic effects, toxic effects of ions and creating
an imbalance in the uptake of essential nutrients (Ho 2003;
Sun et al. 2012). Wang et al. (2003) reported that Ginkgo
trees could grow at 0.3 % (51 mM) soil salinity and growth
would be restrained at conditions higher than 0.3 % soil
salinity. In our work, the Na™ and K* content in the
Ginkgo suspension cells both increased with increasing
NaCl levels (<50 mM). However, the Na™t content con-
tinuously increased but the K content markedly declined
when the NaCl dose was higher than 75 mM. Furthermore,
the K"/Na™ ratio, and Mg*" and Ca®" concentrations
decreased with increasing NaCl levels for all NaCl treat-
ments (Table 4). This suggested that Ginkgo cells could
regulate homeostasis between K, Ca*", Mg" and Na™
ions to balance the osmotic pressure by maintaining a high
K™ concentration and K*/Na™ ratio, and cell growth would
be unaffected at low NaCl levels (<50 mM), and would
withstand salt stress at moderate NaCl levels (75-100 mM)
as a result of higher Ca®™ and Mg?" concentrations. The
brown and damaged cells observed at 175 mM NaCl was
directly related to the higher Na* concentrations, and sig-
nificant declines in the K, Ca>", and Mg™ levels and K™/
Na* ratio. Similar results were obtained for Populus eu-
phratica callus (Sun et al. 2010), a potato cell line (Queiros
et al. 2011), date palm callus (Al-Khayri Jameel 2002), and
Gypsophila oblanceolata seedlings (Sekmen et al. 2012).

Presently, the roles played by antioxidant enzymes in
maintaining salt tolerance in cells are still unclear. Anti-
oxidant enzymes are known to detoxify the excess reactive
oxygen species (ROS) and reduce oxidative damage.
However, high antioxidant enzyme activities may be
regarded as symptoms of oxidative damage (Hao et al.
2012). As reported herein, SOD activity was up-regulated
at 25 and 50 mM NaCl, down-regulated from 125 to
175 mM NaCl (Fig. 5d). However, higher levels of REC
(membrane permeability), MDA, and H,O, were found at
125-175, 150, 125-150 mM NaCl treatments, respectively
(Fig. 5a—c). These results indicated that SOD was rapidly
induced in the presence of low salt level. In plants, SOD
could convert O,"~ to H,O, and O, by dismutation. There
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are several SOD-mediated routes of H,O, formation in
plants: H,O, is generated by SOD dismutation O,"~ which
is produced in PSI and PSII of chloroplastic electron
transport chain (ETC), or in complex I and complex III of
mitochondrial ETC by ‘electron leakage’; produced in
peroxisome membranes by NADH/NADPH-dependent
small ETC, or in peroxisomes matrix by xanthine oxidase;
produced in cytoplasm and endoplasmic reticulum by
cytochrome P450; and produced in apoplast by peroxi-
dases, germin-like oxalate oxidase and amine oxidases
(Abogadallah 2010; Gill and Tuteja 2010; Demidchik
2014). In present study, CAT and POD activities were
activated in Ginkgo cells at 50-125 mM and 125-175 mM
NaCl levels, respectively. Furthermore, higher CAT and
POD activities at 125 mM NaCl did not prevent the H,O,
accumulation (Fig. Se, f). Thus, it was likely that a low
level of H,O, played a signaling role under stress, and
therefore, the role of CAT or POD was to control cellular
H,0, concentrations rather than working to remove it
completely (Abogadallah et al. 2009). Hence, the result
indicated that Ginkgo cells depend on an increase in the
activity of CAT at 50-125 mM NaCl and POD at
>125 mM NaCl to control H,O, and MDA levels. This
may be because POD was required to assist with the fine
regulation of H,O, while CAT was involved in mass
scavenging of H,0,. This conclusion was in agreement
with reports by Sarkar et al. (2013), Tounekti et al. (2011)
and Noreen and Ashraf (2009).

The initial defense strategies of plants under oxidative
stress involve the induction of antioxidant enzymes or
production of secondary metabolites (Abrol et al. 2012).
The lower flavonoid content and PAL activity at 75 mM
NaCl may be interpreted to indicate that the cellular
metabolism was diverted to increase anti-oxidative enzyme
production rather than secondary metabolites. This was
likely to be an optimal defense strategy for cellular allo-
cation of resources by reducing metabolic cost only after
some degree of initial damage has emerged under condi-
tions of serious stress (Lattanzio et al. 2009).

The changes in structure of intracellular components
(e.g., photosynthetic apparatus, cell walls, membranes,
mitochondria and chloroplasts) were tightly associated
with photochemical efficiency and antioxidant stress under
salt stress (Fidalgo et al. 2004; Queiros et al. 2011). Wang
et al. (2008) found that chloroplasts lamellae in Ginkgo
trees disappeared and many osmiophilic droplets were
observed under the soil water level in 20 % of the field
capacity. Our previous study in Ginkgo callus showed that
the callus color was associated with cell ultrastructure
changes, flavonoid content and protein (Chen et al. 2006).
In cucumber, the chloroplast envelope was destroyed and
the plastoglobuli number in thylakoid membranes
increased at 75 mM NaCl (Shu et al. 2013). Salinity could
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not only affect the cellular structural integrity and mem-
brane structure, but also increased the number of starch
grains in potato cell plastids at 100 mM NaCl (Queiros
et al. 2011). In the present study, the integrity of the cel-
lular and membrane structure were maintained in the
control and at 25 mM NaCl treatment (Fig. 6a—f).
Although the photosynthetic apparatus were affected, many
osmiophilic droplets, starch grains in plastid lamellae area,
and many small secretory vacuoles near the plasma mem-
brane at 100 mM (Fig. 6g—i) were observed. The cellular
damage and higher REC was found when the cells were
cultured in the presence of 175 mM NaCl. (Fig. 6j—1) This
result was similar to observations for a citrus cell line
where increases in the number of amyloplasts, lipid bodies
and starch were observed in acclimated citrus cells at
100 mM NaCl (Ferreira and Lima-Costa 2008). High dose
NaCl stress might promote the secretion of secondary
cellular substances, furthermore Ginkgo cells were able to
adapt to a certain extent to NaCl stress at concentrations
less than 100 mM.

In conclusion, at low salt doses (5-50 mM NaCl), the
salt appears to stimulate cell growth and promote flavonol
glycoside production in Ginkgo cells. This appears to be
primarily as a result of accumulating K™, and maintaining
ion homeostasis and a higher K*/Na™ ratio and second, by
achieving a higher chlorophyll content.

The defense and tolerance to salinity exhibited at
moderate salt levels (75-125 mM NaCl) can be attributed
to the higher CAT activity, high K content and accom-
panied starch grain accumulation in the plastids rather than
flavonol glycosides to counteract the inhibition of the PSII,
the increasing Na™ content and ROS generation.

High salinity, in particular 175 mM NaCl, damaged the
cellular structure because of high Na™ and low K™ content
and loss of ion homeostasis and inhibition of PSII and high
membrane permeability.

The highest flavonol glycoside accumulation was shown
at 175 mM NaCl. Therefore, induction at 175 mM NaCl
would be desirable for in vitro production of flavonol
glycosides in Ginkgo cells.
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