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Abstract

Onset of salinity induces the pH of the leaf apoplast of Pak choi transiently to in-
crease over a period of 2 to 3 hr. This pH event causes protein abundances in leaves
to increase. Among them are enzymes that are key for the phenylpropanoid pathway.
To answer the questions whether this short-term salt stress also influences contents
of the underlying phenylpropanoids and for clarifying as to whether the apoplastic
pH transient plays a role for such a putative effect, Pak choi plants were treated with
37.5 mM CaCl, against a non-stressed control. A third experimental group, where the
leaf apoplast of plants treated with 37.5 mM CaCl,, was clamped in the acidic range
by means of infiltration of 5 mM citric acid/sodium citrate (pH 3.6), enabled validation
of pH-dependent effects. Microscopy-based live cell imaging was used to quantify
leaf apoplastic pH in planta. Phenolics were quantified shortly after the formation
of the leaf apoplastic pH transient by means of HPLC-DAD-ESI-MS. Results showed
that different phenolic compounds were modulated at 150 and 200 min after the
onset of chloride salinity. A pH-independent reduction in phenolic acid abundance
as well as an accumulation of phenolic acid:malate conjugates was quantified after
200 min of salt stress. However, at 150 min after the onset of salt stress, flavonoids
were significantly reduced by salinity in a pH-dependent manner. These results pro-
vided a strong indication that the pH of the apoplast is a relevant component for the

short-term metabolic response to chloride salinity.
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1 | INTRODUCTION

Salt stress is a common abiotic stress that is recognized for its multi-
faceted negative impact on plant growth. With more than 800 million
hectares of salt-affected land worldwide (Munns & Tester, 2008) and
in respect of the ever growing demand for food and fodder crops,
plant scientist are encouraged to develop a set of means to warrant
food security.

Salinity affects plants in two ways. First, it reduces the osmotic
potential of the soil solution, decreasing water and nutrient uptake
by plants. This osmotic stress component acts fast (hours to days)
and reduces the rates by which shoots, leaves and to a lesser degree
roots expand (Bartels & Sunkar, 2005; Feng et al., 2018). Adaptions
either comprises increased net rate of osmolyte deposition (e.g.
hexoses, K*) or reduced cell expansion (Sharp et al., 1990). In other
words, the plant struggles to take up water and strives to lower the
cellular osmotic potential in order to facilitate water uptake (Zoérb
et al., 2019). In the longer term (days to month), excessive amounts
of salt ions accumulate in the tissue. This second so-called ion toxic
phase is characterized by a dysfunctional photosynthetic machinery
(Bose et al., 2017) that gives rise to the formation and accumulation
of reactive oxygen species. These radicals damage plasma mem-
branes, proteins or DNA by oxidation (Mittler, 2017). Excessive con-
centration of the salt ions in the cytosol is also suggested to inhibit
activities of enzymes (Flowers et al., 2010). As reviewed by Munns
and Tester (2008), ion-specific salt-tolerance is often acquired by at
least one of the two strategies: (i) The exclusion of ions by roots,
which avoids accumulation of ions in the shoot and (ii) the ability of
leaf tissue to tolerate high ion concentrations by ion sequestration
into the vacuole.

Overall, much is known about these mid to long-term stress re-
sponses, that is, about the osmotic and the ionic phase, whereas in-
formation about the fast response that ensue minutes to hours after
the onset of salt stress is scanty. There are a few studies on fast
salinity-induced changes of gene expression and proteome patterns,
suggesting for rice that this early phase is indeed important for adap-
tation (time frame: 15 min to 6 hr; (Kawasaki et al., 2001; Roshandel
& Flowers, 2009; Zhang et al., 2009)). Likewise, it was reported that
changes of the gene and miRNA (Hernandez et al., 2020; Popova
et al., 2008; Ueda et al., 2004) expression profile, as well as of the
metabolome (Kim et al., 2007; Wang et al., 2009) coincide with the
earliest phase of salt stress.

Another short-term effect comprises changes in the pH of the
leaf apoplast. Recently, we reported about changes of the apoplas-
tic pH (pH

after plants were challenged by salinity at the root level. These pH

apo) in leaves of Vicia faba that were formed at 20 min
changes were induced by the chloride-component of NaCl salinity
being able to modulate the (i) distribution (Geilfus et al., 2015) and
(ii) gene expression (Geilfus et al., 2020) of the phytohormone ab-
scisic acid (ABA), causing stomata to close. This transient alkaliniza-
tion of the apoplast also induced changes of the leaf proteome that
were detectable after 2 to 3 hr (Geilfus et al., 2017). Among the salt-

responsive proteins were enzymes of the branched phenylpropanoid
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pathway, namely phenylalanine ammonia lyases (PALs) and the cin-
namyl alcohol dehydrogenase (CAD). Both are pivotal for the syn-
thesis of polyphenols (e.g. flavonoids) (Winkel-Shirley, 2002) and
monolignols (Halpin et al., 1994) and are likely to be key enzymes
for stress adaptations. It is not known whether these compounds
are affected quantitatively during the onset of chloride salinity in a
pHapo-dependent mode.

This study was conducted in order to investigate whether a
short-term chloride salinity treatment modulates abundances of
compounds that are synthesized by the phenylpropanoid pathway.

apo for such

Second, it aimed at clarifying the role of the leaf pH
putative responses. We studied this response in Pak choi [Brassica
campestris L. ssp. chinensis (L.) Makino] because it is an important
leafy vegetable for human nutrition that is rich in phenylpropanoids
(Harbaum et al., 2007). By means of HPLC-analyses of secondary
metabolites, together with ratiometric real-time in-planta mea-
surements of pH in intact plants, the present study demonstrates
that salinity reduced flavonoid contents in a pHapo-dependent
manner, whereas changes of phenolic acids were found to be
pHapo-independent.

2 | MATERIALS AND METHODS
2.1 | Plant cultivation and experimental design

Pak choi [Brassica campestris L. ssp. chinensis (L.) Makino] was
grown hydroponically in a Vétsch climate chamber (350 pmol/s m™2
PPFD; 14/10 hr day/night; 20/15°C; 60/50% humidity). Seeds were
first soaked in CaSO, solution (1 mM) for 2 days to facilitate ger-
mination. During germination, seeds were placed into quartz sand
moistened with CaSO,. After 10 days of germination, seedlings were
transferred to plastic pots containing nutrient solution. The nutrient
solution had the following composition: 0.1 mM KH,PO,, 1.0 mM
K,SO,, 0.2 mM KCI, 2.0 mM Ca(NO,),, 0.5 mM MgSO,, 60 pM Fe-
EDTA, 10 uyM H,BO,, 2.0 yM MnSO,,, 0.5 uM ZnSO,,, 0.2 uM CuSO,,
0.05 pM (NH,)(Mo,0,,. The solution was changed every 2.5 days
to avoid nutrient depletion. After 21 days, plants were divided into
three experimental groups. Plants from the first group (n = 5) were
stressed via addition of 37.5 mM CaCl, to the roots. Plants from the
second group (n = 5) were also stressed via addition of 37.5 mM
CaCl, to the roots. However, before the stress treatment was ini-
tiated, the leaf pHapo
acid range via infiltration of 5 mM citric acid/sodium citrate (pH 3.6).

of the fourth oldest leaf was clamped in the

Plants from the third group (n = 5) represent the non-stressed con-
trols (neither CaCl, to the roots nor buffer infiltration). The fourth
oldest leaf of plants of group 1 and 3 was infiltrated with water as
a control to check the effects of the infiltration procedure. At 150
and 200 min after the addition of 37.5 mM CaCl, to the roots, leaves
were harvested, immediately shock frosted and freeze-dried to
determine the contents of flavonoids and phenolic acids. The leaf
apoplastic pH was measured continuously every 10 min over the en-

tire 200 min of the experiment using live cell imaging. Leaf chloride
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content was measured every 50 min. While pHapo measurement was
conducted non-invasively via optical methods, measurements of leaf
chloride content and metabolites were performed destructively, re-
quiring a separate batch of plants for each time point. In the present
work, all analyses were performed on the fourth oldest leaf (n = 5

biological replicates).

2.2 | Inverse microscopy imaging

The leaf pH
using a microscopy-based ratiometric approach. In brief, the dex-

apo Was quantified in planta via apoplastic H*-live-imaging
tranated (10 kDa) pH-sensitive dye Oregon Green 488 (Invitorgen
GmbH, Darmstadt, Germany; dissolved in deionized water) was
used as an apoplastic pH-sensor. For this, it was infiltrated through
the open stomata into the apoplast as described by Geilfus and
Muhling (2011). Dye signals were detected with a fluorescence mi-
croscope (DMI6000B; Leica Microsystems, Wetzlar, Germany) using
a dry objective (HCX PL FLUOTAR L, Leica Microsystems, Wetzlar,
Germany) and a DFC-camera. Dye was exposed for 25 mS at the ex-
citation wavelengths of 440/20 (pH-insensitive) and 495/10 nm (pH-
sensitive). Light emission at both channels was collect at 535/25 nm.
As a measure of pH, the fluorescence ratio F,,./F ,,, was calculated.
Ratio values were converted into pH values via an in vivo calibration
(Geilfus et al., 2014).

2.3 | Analysis of leaf CI” contents

Leaf CI” contents were quantified in 15 mg dried leaf samples. For
extraction, milled leaf samples were boiled for 5 min in 1.6 ml deion-
ized water. After being cooled down on ice, the samples were cen-
trifuged. The supernatant was collected and proteins were removed
by chloroform precipitation. Hydrophobic compounds were re-
moved by a passage through a C18-E column (Strata, Phenomenex,
Torrance, CA, USA). Purified samples were ready for the meas-
urement of chloride concentration using ion chromatography (ICS
5000,Thermo-Dionex, Sunnyvale, CA, USA) as described elsewhere
(Geilfus et al., 2017).

2.4 | Determination of flavonoids and phenolic acids

To analyze the profile of selected phenolic acids and flavonoids in
the Pak choi leaves, 20 mg lyophilized powder was used for the
extraction. Based on a method described by Forster et al. (2015),
the leaf powder was extracted in 300 pl of 70% methanol (pH 4,
acetic acid) for 15 min in ice water using sonification (Bandelin
Sonorex). The pellet was re-extracted twice with 300 ul of the ex-
traction solvent for 10 min. After each extraction step, the samples
were centrifuged for 5 min at 16,000 g (Thermo Scientific, Heraeus
Megafuge X1R Centrifuge) at 4°C and the supernatants were com-

bined. Supernatants were concentrated (vacuum concentrator,

Thermo Scientific Savant SPD111V Concentrator, vacuum pump:
Vacuubrand PC 3001 series, CVC3000) to near dryness, dissolved
in 50% methanol, and filled up to 1 ml. The samples were shortly
vortexed and centrifuged for 10 min at 16,000 g, filtered (Costar®
SpinX tubes), and transferred to HPLC vials. Phenolic acids and
flavonoids in extracts were qualitatively and quantitatively ana-
lyzed by HPLC (Ultimate 3,000, Thermo Scientific). A volume of
10 pl extract was injected and separated using a 150 x 2.1 mm C16
column (AcclaimPA, 3 um, Thermo Scientific). Two solvents were
used for analysis: solvent A: H,0 (0.5% formic acid), B: 40% ace-
tonitrile. For separation, the following gradient program was used:
0-1 min: 0.5% B, 1-10 min: 0.5%-40% B, 10-12 min: 40% B, 12-
18 min: 40%-80% B, 18-20 min: 80% B, 20-24 min: 80%-100% B,
24-30 min: 100% B, 30-34 min: 100%-0.5% B, and 34-39 min
0.5% B at a flow rate of 0.4 ml/min. The oven temperature was
35°C. Detection was carried out at 290 nm on a photodiode array
detector. Phenolic acids and flavonoids were quantified against the
internal standard 4-methoxycinnamic acid (1 mM, Sigma Aldrich).
Commercially available standards of single compounds were used
as reference (chlorogenic acid, p-coumaryl acid, trans-ferulic acid,
caffeic acid, caffeoyl malate, kaempferol 3-glucoside, and querce-
tin 7-O-glucoside). Relative response factors were used to correct
for absorbance difference. If a standard was not available, response
factors of a compound with a similar chemical structure was used.
Qualitative identification of compounds was carried out by reten-
tion time, specific UV-spectra, and mass spectrometry ([M-H]"),
HPLC-DAD-ESI-MS3).

2.5 | Data evaluation

Statistical analyses were conducted in R (R Core Team, 2014) and
figures were produced using the package ggplot2 (Wickham, 2009).
Data are presented as mean =+ standard error of mean (SEM). For
each secondary plant metabolite and sampling time point the effect
of treatment was determined by a one-way ANOVA (x = 0.05). P-
values were adjusted according to the Bonferroni correction method
for multiple comparisons. When effects were significant, Tukey's

HSD test was performed to discriminate between treatment groups.

3 | RESULTS

3.1 | Ratiometric in planta monitoring of leaf
apoplastic pH

The ratiometric pH quantification revealed a transient alkaliniza-
tion of the leaf apoplast when intact Pak choi plants were treated
with 37.5 mM CaCl, at the root level. Starting from a pHapo of 4.3,
a rise occurred for 60 min, resulting in a maximum pH of 6.1. After
10 min of stagnation, the pH steadily decreased to 3.9 and ultimately
stabilized at the initial pH of 4.3 (Figure 1). This transient alkaliniza-
tion could be inhibited by the infiltration of a pH-buffer (5 mM citric
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FIGURE 1 Treating Pak choi roots with 37.5 mM CaCl, increased leaf chloride content (red diamonds) and modulated leaf apoplastic
pH (black circles). Plants were either grown under non-stressed conditions (Control) or under salt stress by addition of CaCl, to the roots
(37.5 mM CaCIZ). An additional set of plants (37.5 mM CaCl, + buffer) was introduced to a CaCl,-treatment in combination with infiltration
of a pH buffer into the leaf apoplast (5 mM citric acid/sodium citrate at pH 3.6). Representative kinetics of five equivalent recordings of
plants gained from independent experiments (n = 5 biological replicates) [Colour figure can be viewed at wileyonlinelibrary.com]

acid/sodium citrate) into the leaf apoplast prior to exposing roots to
37.5 mM CaCl,. However, this pH-buffering lowered the pH_  to

apo
3.6. The pHapo in the non-stressed control groups was stable at 4.4
over the entire experiment (Figure 1).

3.2 | Leaf chloride concentration

Under control conditions, Pak choi leaves contained 2 mg CI” g™ dry
weight (DW) (Figure 1; red kinetics). The addition of 37.5 mM CaCl,
to the roots induced a fast accumulation of CI™. Already after 50 min,
measurements revealed a significant increase to 6.2 mg CI™ g™* leaf
DW, reaching a content of 8.3 mg CI” g™! leaf DW after 200 min.
The pH-buffering of the leaf apoplast provoked a less steep increase
in CI” compared to the non-pHapo-buffered experimental group that
was stressed with CaCl, , resulting in lower content of 6.9 mg CI” g?t
leaf DW after 200 min.

3.3 | Quantification of flavonoid and phenolic acid
derivatives

HPLC analysis identified three flavonoids (FLs) and eight phenolic
acid (PA) derivatives in leaves of Pak choi with contents ranging from
0.004 to 5.781 umol/g DW (see Table 1). Similar content ranges of
the single metabolites were recently validated for Pak choi (Heinze
et al., 2018). Summing up the abundances of all three individual fla-
vonoids (total FLs) revealed a significant decrease from 9.65 (+0.45
SEM) umol/g leaf DW under control conditions to 5.99 (+0.40 SEM)
umol/g leaf DW under CaCl, stress conditions 150 min after expos-

ing roots to stress (Figure 2). Of note, this decrease in total leaf FLs

was inhibited when the leaf apoplast of the CaCl,-stressed plants
had been clamped in the acid range prior CaCl, addition. Both ef-
fects were not detectable after a further 50 min (e.g. at 200 min
after CaCl, addition).

Of the eight PAs, four derivatives were identified as malate con-
jugates. Summation of the single metabolites of the free total pheno-
lic acids (total PA) as well as the total phenolic acid:malate conjugates
(total PAMC) revealed similar trends with respect to the CaCl,-effect
on FL contents, however, not being significant (Table 1). Yet, signif-
icant reductions in the total PA abundances were detected after
200 min. Thus, CaCl, treatment decreased total PA contents from
4.91 (+0.67 SEM) umol/g leaf DW in non-stressed control plants
to 2.33 (+0.39 SEM) umol/g leaf DW. Clamping of the leaf pH,,, to
pH 3.6 prior CaCl,-treatment led to a further drop down to 1.72 (+
0.21 SEM) umol/g leaf DW. Regarding the total PAmCs, contents
of unstressed plants summed up to 4.53 (+ 0.19 SEM) umol/g leaf
DW. CaCl,-treatment increased the PAmC content to 5.23 (+0.15
SEM) umol/g leaf DW, though this was not significant. A significant
increase to 6.01 (+0.36 SEM) umol/g leaf DW could only be deter-
mined after 200 min of CaCl, salinity under simultaneous buffering
of the pHapo

The comparison between the grouped metabolites revealed both

in the acidic range.

apo-effect on the FL derivatives at 150 min

after initiation of stress treatment (Figure 2). However in contrast,

a CaCl, stress and a pH

analyses of single PA derivative abundances, revealed stress effects
only 200 min after the initiation of salt stress (Table 1). Compared
to the non-CaCl,-treated control, the 200-min treatment of plant
roots with 37.5 mM CaCl, caused a significant decrease of the PAs
caffeoylquinic acid (CQA) and coumarylquinic acid (COA) from 2.77
(+0.38 SEM) to 1.32 umol/g DW (+0.22 SEM) and from 1.63 (+0.22
SEM) to 0.69 umol/g DW (+0.13 SEM), respectively. In relative terms,
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FIGURE 2 Salinity effects on total contents of phenolic acids, phenolic acid:malate conjugates and flavonoids. A univariate comparison

between salt-stressed Pak choi plants that were treated with 37.5 mM CaCl, at the roots, equally salt stressed plants that had their pH

apo

clamped in the acidic range by infiltration of 5 mM citric acid/sodium citrate (pH 3.6) and an unstressed control group. Samples were taken
at 150 and 200 min after the onset of salt stress. Black circles: scatter plot; red circles/dashed line: interaction plot. Small letters indicate
significant differences between treatment groups (Tukey-HSD; o = 0.05; n = 5), "n.s." indicates the absence of a significant interaction.

[Colour figure can be viewed at wileyonlinelibrary.com]

the CaCl, stress resulted in less than 50% of the contents of CQA
(-52%) and COA (-58%). In contrast, hydroxyferuloyl malate (HFM)
contents increased significantly about 1.32-fold from 0.37 (+0.03
SEM) to 0.49 umol/g DW (+0.02 SEM) due to the CaCl, salinity
treatment. Statistical analysis did not indicate any significant effects
for the three FLs kaempferol-3-O-hydroxyferuloyl diglucoside-7-
O-glucoside (KHDG), kaempferol-3-O-caffeoyl diglucoside-7-O-
glucoside (KCDG), or isorhamnetin-3-O-glucoside (IRG). Buffering
the apoplast at a pH of 3.6 prior to CaCl, treatment had no effect on
the content of the individual secondary metabolites.

4 | DISCUSSION

According to Lager et al. (2010), changes in the external pH rapidly
alter expression of many genes as shown for roots of Arabidopsis
thaliana. In agreement with these results, we have found that
the chloride-inducible transient increase of the leaf apoplas-
tic pH provoked an increase of leaf protein abundances (Geilfus
et al., 2017). Among these proteins, key enzymes of the branched

phenylpropanoid pathway were found. Thus, the question arose,
whether congruent changes arise on the level of the metabolome,
especially of phenolic plant metabolites in response to a chloride-
induced transient alkalinization of pH_, .

In the presented study, real-time in-planta pH monitoring was
used to demonstrate that the leaf pHapo of Pak choi can also be mod-
ulated by means of chlorine salinity (Figure 1; black kinetic). Previous
studies with chloride-accompanying counterions revealed that the
transient pH-increase is attributable to the anion (i.e. CI") and not
to the accompanying cation or the osmotic compound of the stress
treatment (Geilfus & Muihling, 2013). The transient increase in pHapo
that followed the CaCl,-treatment could be inhibited by clamping
of the apoplast in the acidic range. Both groups (37.5 mM CaCl,
vs. 37.5 mM CaCl, + pH buffer) accumulated CI” contents which
were far above the requirements for chlorine as a micronutrient
(Geilfus, 2018), indicating the beginning of excessive exposure of
the tissue to CI".

Under conditions of salinity, evidence for a diminishing ef-
fect on phenolic levels was found for sugar cane (Wahid &
Ghazanfar, 2006), red pepper (Navarro et al., 2006), lettuce (Blasco
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et al.,, 2013) and broccoli leaves (Lopez-Berenguer et al., 2009).
Lopez-Berenguer et al. (2009) placed a spotlight on tissue dif-
ferences because salinity increased phenolics in the florets of
broccolis while overall tissue concentration decreased. Other salt
stress studies reported increasing shoot content of phenolics in
cotton (Wang et al., 2015), buckwheat (Lim et al.,, 2012), broad
bean (Dawood et al., 2014), safflower (Gengmao et al., 2015),
radish sprouts (Yuan et al., 2010), and the halophytic sea rocket
(Ksouri et al., 2007). Additional beneficial effects of salinity on
phenylpropanoid quantities were recently described for several
species of the Brassicaceae family (Lini¢ et al., 2019). Accordingly,
Yun et al. (2016) reported elevated FL and phenol contents as well
as an increased radical scavenging activity in salt-stressed Pak
choi.

Results of the present study on the fast responses of chlorine
salinity on PA and FL derivatives in leaves of Pak choi contrib-
ute novel information on this topic. Accumulation of phenylpro-
panoids as reported by Yun et al. (2016) were not yet observed. In
contrast, it was demonstrated that 150 min after the onset of salt
stress, total FLs decreased significantly (Figure 2). A reduction in
the total PAs and simultaneous increase in total PAmC abundance
could only be detected, 200 min after CaCl,-treatment. The inhi-
bition of the CaCl,-induced transient increase in the leaf pHapo,
achieved by fixing the apoplastic pH in the acidic range, resulted in
total FL contents equal to the unstressed control plants (Figure 2).
This is the first proof that early chlorine salinity-specific effects

on the leaf FL pattern are controlled by the leaf pH although

apo’
the physiological significance of such a pH—depender:cy remains
elusive. A further new aspect of this study is that the phenolic
subgroups total PAs and total PAmCs segregated in terms of abun-
dance under conditions of salinity. In contrast to the effects on
total FLs, this salinity effect was not exerted by the salt stress-
induced transient alkalinization of the leaf pHapO. This implies that
different salinity-induced mechanisms are relevant for shaping the
two metabolic profiles. Nonetheless, these results showed that
the pH of the leaf apoplast is a factor that links salinity with leaf
metabolic responses. Previous studies have shown that this pH-
effectis attributable to the anion, that is, ClI” and not related to the
cation, that is, Ca?* (Geilfus & Miihling, 2013).

However, comparison of the single classes of metabolites re-
vealed that by far not all of the analysed derivatives of PAs and FLs

are controlled by the leaf pH Table 1). When compared to non-

(
apo
stressed Pak choi leaves, salt pstress caused statistically significant
changes, not related to or reversed by the pHapo. The PAs COA and
its metabolic successor CQA were reduced by CaCl,-salinity. Both
metabolites, particularly CQA, are key substrates that act as precur-
sors in the phenylpropanoid pathway, therefore being educts for the
synthesis of CQA derivatives as well as for lignin synthesis (Menin
etal., 2010).

Thus, the changes observed may indicate a modulation of the
phenylpropanoid metabolism, that is, towards the synthesis of
cell-wall compounds. Similar implication have been reported for

short-term salt stressed A. thaliana and Oryza sativa plants (Kim

et al., 2007; Wang et al., 2009). Of note, cell-walls are stiffened
by salinity (Geilfus et al., 2017; Neumann et al., 1994). Among the
metabolites, only HFM showed a significant increase in abun-
dancy, being detected at 200 min after the onset of salt stress.
HFM is a PA that is argued to be an antifungal agent (Quentin
et al., 2014) and was found to be increasingly synthesized in three
different Brassica rapa cultivars, upon fungal infection (Abdel-
Farid et al., 2009). Here, we found an HFM accumulation provoked
by abiotic stress. Further insights on the physiological and bio-
chemical role of HFM as well as the PAmCs in general, is scanty.
Therefore, implications for functional traits linked to an accumula-
tion of PAmC are hardly possible.

The contents of IRG, KCDG, and KHDG were not influenced by
salinity. Similar to the marked dynamic of total FLs, IRG, a major con-
stituent of the phenolics in Brassica (Romani et al., 2006), decreased
by 58%, 150 min after the addition of 37.5 mM CaCl, to the roots.
Yet, due to great variances in the control and fixed-pH salt stressed

treatment group, no significant effect could be deduced.

5 | SUMMARY

The aim of this study was to evaluate the role of pH of the leaf apo-
plast in modulating the abundances of derivatives of PAs and FLs
in leaves of Pak choi under chlorine salinity. Starting point was that
our previous studies revealed chlorine salinity-induced changes
in the pH of the leaf apoplast modulating abundances of two key
enzymes of the phenylpropanoid biosynthesis, viz. PAL and cinna-
myl alcohol dehydrogenase. Here, we provided evidence for early
(minutes) salinity-specific reductions of the abundance of plant PAs

and FLs, which were mediated by pH This is the first evidence

apo*
that salinity-induced changes of the Igaf apoplastic pH are func-
tional with respect to the modulation of metabolite abundances.
Additionally, PAs that are conjugated to malate were affected in a
reciprocal way by salt when compared to non-malate conjugates.
This implies that these PAmMCs comprise a salt-responsive subgroup
of phenolics, an observation that, to our best knowledge, had never

been reported before.
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