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Comparison of salt-induced osmotic adjustment
and trigonelline accumulation in two soybean cultivars
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Abstract

21-d-old seedlings of the soybean {Glveine max) cvs. Essex and Forrest were trealed
with NaCl in a step-wise manner over 9 d (3 d 30 mM. 3d 70 mM, and 3 d 100 mM)
and maintained ynder 100 mM» NaCl Tor an additional 14 d. During, salt treatment.
osmolic potential decreased more in cv. Forrest relative to ¢ev. 'ssex. In non-stressed
leal tssue. cv. Forrest contained more trigonelline (TRG) relative 1o cv. Tissex.
During salt treatment, TRG amounts inereased in cv, Fonest but were unchanged in
cv. Essex. Both evs. osmotically adjusted in response to sall stress; the maximal
osmotic adjustment was 0.80 and 0.18 MPa in cv. Forrest and ev. Lssex, respectively.

Adelitionmd kev words: Fuhaeeae, Gleeine max.

Introduction

Living cells. in order to maintain wrgor, must be able o develop an osmolic potential
at teast equivalent to the osmotic potential excrted by the extracellular solution. In
response 1o declining leaf water potential (ys.). many plant species experience a
similar decline in osmotic potential Gy (Morgan 1984). To maintain osmotic
balance under osmotic-stress, the majority of organisms tely upon low molecular
mass organic solutes that are “"compatible” with normal metabolism (Brown and
Simpuon 1072). A emall number of maleenles in haoth prokaryatic and enkarvolic
cells, function as organic compatible solutes and inctude sugars, amino acids. and
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methylamines such as trigonelline (for reviews sce Crowe ¢f af. 1992, Csonka 1989,
Rhodes and Hansan 1993).

Trigonelline (TRG). nicotinic acid betaine. has been shown to stabilize enzyme
activity in vitro (Shomer-Tlan ¢/ of. 1991) and is postulated to function as a
compatible solute in response to salinity- and water defieit-stress ( Shomer-llan ef of.
1991, Naidu ef af. 1992). TRG is present in the seeds (Tramontano ¢f of. 19863 and
leaves (Tramontano and Jouve 1997} of Glveine may. We are interested in the
biochemical responses o € maxy to environmental  stresses, particularly the
accumulation of low molecular mass compatible solutes. with the long-term goal of
genetically mapping the genes involved in trigonelline hiosynthesis. The present
experiments were undertaken to determine the variation of salt-induced TRG
accumulation and osmatic adjustment between the contrasting soybean cultivarg
Essex and Forrest.

Materials and methods

Plants: The sovbean |Glveine mav (1) Meer] cultivars Dssex (Smith and Camper
1973) and Porrest (Hartwig and Fpps 1973) were obtained from Dr. DA, Lightfoot
(Soathern Tlinois University, Carbondale. 11, TISAY, Soybean seedlings were grown
under controlled conditions (14-h photoperiod, duy/might lemperature 29/23 °C,
irradiance of 200 pmol m™ 7' from a mived light source). watered daily and fertilized
once per week with a modified Hoagland's solution (Wood ef o/, 1996). 21-d-old
seedlings were treated with NaClin a step-wise manner over Y d i order (o avoid
salt-shock (3 d 30 mM, 3 d 70 mM, and 3 d 100 mM) and maintained under 100 mM
NaCl for an additional 14 d. The V1 leaf (7 e. the first teal beneath the first unfolded
trifoliate leal) was harvested on day Y, 16, and 23, and analyzed for TRG as deseribed
below,

Determination of water relations: Relative waler content (RWC) was measured by
placing leat tissue into tared [Tasks containing distilled water and caleulated

)
accordmg to the Tormula

RWC - [(Iresh mass - dry mass)(water saturated mass - dry mass)] x 100,

A second leal was sealed in a polyethylene freezer hag, frozen in liquid nitrogen and
stored at =20 "C Leal tissue was thawed, centrifuged ot [ 200 ¢ for 25 min at 4 °C to
extract cell sap. Osmotic potential (i) of the collected cell sap was measured using a
HWescor Model 3520 vapar pressure osmometer {Hescor, Logan. USA). Osmotic
potential was corrected. according 1o Tyree (1976), lor the dilution of symplastic sap
by apoplastic waler that occurs when expressed sap is collected from frozen and
thawed tissue. Osmotic potential at maximum pressure  potential (o e0) was
calculated according to the formula

Uino W (RWE - AWCY(1.0 - AWC)
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SALT-INDUCED OSMOTIC ADJUSTMENT

where AWC was 11 %, Osmotic adjustment was calculated as the difference between
W ion values estimated for salt-stressed and non-siressed soybean leaves.

Extraction, isolation and analysis of trigonelline: Leaf tissuc (0.1-0.5 g) was
extracted in methanol at 4 °C in the dark. and phase scparated by the addition of
distilied water and chloroform (5:3:2. respectively v/v/v). The aqueous phase was
removed. air-dricd and resuspended in distilled waer. TRG was purified by
Dovvex-i-OfF and Dovex-30-11 ion exchange chromatography. Reduced sugars and
gualernary  ammonia  compounds (OACs) were cluted from Dowex-1-OF with
distilted water while amino acids were eluted by 2.5 M 11C1 QACs (including TRG)
and amino acids were cluted from a Dowey-30-I1" column with 6 M NHLOI1. The
povified fractions were air-dried and resuspended in | em’ of 11,0 (for details see
Wood ¢f af. 1996). TRG was measured spectrophotometrically at 264 nm (UV-VIS
spectrophotometer  Lambdo 12, Perkin-Elmer. Norwalk, USA) as described by
Yuyama und Suzuki (1983) and quantified using authentic trigonelline standards
(Sioma. St Louis. USA). The identity of TRG was confirmed by plasma desorption
mass speetrometry using a BIOION 20R Plasma Desorption Mass Spectromeler
(RICION K. Uppsala, Sweden) as described Bonham ef of. (1995},

Results and discussion

Water status of soybean seedlings in response to salinity-stress: Cultivars Tssex and
Forrest conleast for yield (Njiti ef af. 1997), resistance to disease (Chang er ol 1997).
manganesc (Kilo and Lightfool 1996) and aluminum toxicity {Miur and Sabbe 1993),
and drought-tolerance (Miur and Sabbe 1993). Prior o salt treatment. 21-d-old
seedlings were cssentally indistinguishable bascd upon plant height (car. 45 em) and
pumber of expanded leaves (11) (data not shown). RWC was measured on fully
expanded leaves (Fig. 14). Non-stressed plants of both cultivars maintained a
RWC = 93% throughout the experiment. RWC ol salt-stressed plants was
indistinguishable from non-stressed plants during the first 9 d. Over the next 14 d.
RWC declined tinearly for both cultivars and cv. Forrest maintained higher RWC
relative to cv. Fssex on both day 15 and day 23.

Trigonelline accumulation and osmaotic adjustment: Prior to the initiation of stress,
Wage Was identical in both cultivars (Fig. 15). During NaCl trcatment, Wi
decreased on both cvs. indicating an active accumulation of solute; cv. Forrest
developed a lower i, relative to cv. Cssex. Shamad and Shadad (1997) have
demonstrated that ev. Forrest can tolerate NaCl stress up to an g of -1.5 MPa. Under
those conditions. the decrease in y, was attributed primarily to the accumulation of
soluble proteins, proline and calcium. The contribution of TRG, and other QACs, to
osmotic adjustment {OQAY in (/. nax was not determined in that study.

To more closely study the individual solutes contributing to OA, we analyzed
soybean secdlings for the presence of QACs. PD-MS analysis demonstrated the only
QAL prevalent in soybean is TRG (data not shown). In non-stressed leal tissue,
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cv. Forrest contained more TRG relative to cv. lissex (Fig. 1Cy During salt stress,
TRG amounts were essentially unchanged in cv. Essex. In ev. Porrest, TRG amounts
increased dincarly to 500 pg g"(tl.m.) tday 16Y and then declined 1o amount
indistinguishable from ev. ssex, The QACs glyeine betaine and nicolinic acid
betaine (FRG) are derived from choline and nicotinic acid. respectively (Rhodes and
Hanson 1993). ‘The biosynthesis of these compatible solutes is mtimately linked 1o
primary metabolism and TRG iy considered a storage form of nicotinic acid. Unlike
glyeine hetaine which is not appreciably catabolized in higher plants (Tadvman er al.
L980). TRG can be catabolized by demethylation (o nicotinic scid Under prolonged
stress (160 - 23 dy in cv. Forrest, TRG content declined indicating an increased
demand for nicotinic acid.
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Fig. 1 Comparison ol relative water comtent (RWCY (1 ostaotic potential al maximum pressare
potential (ya0) (8). rigonelline (TRGY accumulation (O, and osmotic adjustment (OA) (1)) within
2 -d-old soy bean seaedlings ol evs. Forrest topea corclesy and Vssex (closed cireles) Jdur g saliniy
trentment. In A data of controls arc also presenied (g fciiedes), Baeh data point represents the mean
measurement on 3 individual plants and e ervor oy indicate SIE

The maximal OA wax 0.80 MPa in oy, Forrest (16 <y and O 18 MPu i ov. IFssex
(1o dy (Fig. 1) I buth evs.. OA declined during prolonged salt stress (16 - 23 d
and e remained constant (Fig. 18) as RWC declined (Fig. 1), Cells no laneer
actively aecumulated  additional solutes and OA decreased as RWC declined.
withdrawing more water from the cell. TRG content increased in ey, Forrest
(g, 1C) and accounted for 0,23 % of the maximal measured OA (16 ) tdata net
shown ) TRG content did not inerease in ev, 1issey (Fig. TC) but seconnted Tor 5.1 Yy
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of the maximal OA (day 18) (data not shown). The maximal OA of cv. Forrest is
4-fuld greater than ev. Essex. TRG contributes to OA in soybean under salt stress.
However. the ability of ¢v. Forrest to develop greater OA relative to cv. Essex is not
Jdue o an increased accumulation of TRG. The modest contribution of TRG to OA in
sait-stressed soybeans suggests that its role as a compatible solute is limited unless
TRCG s sequestered within organelles or specific tissues. Targeted accumulation of
compatible solutes may represent an important protective mechanism that allows
sensitive cellular components 1o survive stress (Rhodes and Ilanson 1993). An
alternative hypothesis for the role of TRG in plant stress responses has been
suggested by Berglund (1994), The biosynthesis of TRG, by the methylation of
nicotinic acid. depletes the S-adenosyl-methionine poel and may serve as a
hypomethylating  reaction, therchy limiting  oxidative  stress-induced  NA
methylation.

The physiological importance of OA as an adaptive trait to dreught or salinity is
still an open question (Hare of «f. 1998), We are interested in evaluating the role of
TRG in soybean yicld stability under drought- and salt-stress by evaluating
quantitative trail laci (QTT.s5). An cv. Essex x cv. Forrest Is derived population of
100 soybean recontbinant inbred lines has been developed (Chang ef «f. 1997) that is
ideal for identifying genes underlying the biochemical basis of yield. and yield under
stress. The variation in TRG amount and OA in the parental lines of this population
(re. cv. Forrest and cv. Fssex), presenied in this report, will allow the genetic
mapping of loci associated with TRG accumulation. When compared with molecular
map data, we will be able to identify loci conditioning high yiclds under stress and
evaluate the role of TRG accumulation {and OA} in the phenotype.
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