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Study on the physiological significance of triterpenoid in salt tolerance of mangrov
e
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This study examined our postulate that the triterpenoids function against salt str
ess as a component of membrane lipid. Concentration of triterpenoid in all mangrove species increased with
increasing salt concentration irrespective of salt secretor or non-salt secretor, and returned to the ini
tial level after replacement of the salt water with water. Increasing the membrane concentration of triter
penoid in yeast affected its growth rate under salinity condition which directly proved the physiological
significance of triterpenoid iIn salt tolerance. Furthermore, gene expression analysis suggested that the i
ncreased triterpenoid represents the long-term salt tolerance mechanism of mangrove in conjunction with th
e other short-term adaptation system.
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Table 1. Effect of salinity on the isoprenoid content of A. marina root

| soprenoids Content (ug g”)

0% (n=5) 0.5% (n=5) 1.5% (n=5) 2.0% (n=5) 3.0% (n=4)

Phytosterols Campesterol 2.840.5  9.8+1.0%  8.0+1.0°  11.9+1.7° 12.4+0.8"
Sigmasterol 16.743.0  23.344.5  28.0£2.7  32.024.0° 35.542.0°
b-Stosterol 60.5+3.8  69.249.6 72.3%6.8  78.6+1.1  102.15.6°

Total 80.0+6.3  102.3+12.8 108.348.7 122.5+6.9° 150.0+11.5"
Triterpenoid b-Amyrin 3.740.6 8.7+0.9 9.7+0.6 15.0£2.4%  17.7+2.5°
Lupeol 66.1£6.7  71.0+7.5  96.2+7.5% 106.3+4.1° 116.7+6.4%
a-Amyrin - 17.243.2  22.843.8  26.143.1  30.6:4.4°  38.742.6°
Total 87.045.4  102.549.4 132.0£6.4° 151.949.3% 173.1+6.7°
Lanosterol 33.043.1  10.8+2.8° 11.6+4.3" 9.1%1.1°  9.61.1°

Data are represented as the means = SE.
“Sgnificantly different from 0% at P < 0.05 using Dunnett's test

Table 2. Effect of salinity on the isoprenoid content of A. marina leaf

|soprencids Content (ug g7

0% (n=4) 0.5% (n=4) 1.5% (n=4) 2.0% (n=5) 3.0% (n=5)

Phytosterols Campesterol 3.5+0.9 1.5+0.2 3.4+0.8 3.0+0.2 3.9+0.8
Stigmasterol 6.8+0.7 12.440.6  13.582.5  16.542.3% 19.6+1.3°
b-Stosterol 25.4+1.9  37.4+4.1 40.5+5.7 57.3+6.7% 65.3+5.2%
Total 35743.1 513439 57.4:3.9  76.849.3° 88.8+6.3%

Triterpenoid b-Amyrin  2.620.1 3.9+0.4 10.4£2.7°  19.3+0.7°  20.9+1.8°

Lupeol 59.144.6  74.6:6.3 82.749.3  91.9+6.8° 101.1+6.4°

a-Amyrin__ 4.540.5 5.0+0.4 6.4%1.3 15.551.1°  20.6+1.6°

Tota 66.2+4.7  83.5+6.1  99.5+11.5% 126.746.9° 142.6+6.1%
Lanosterol 3.840.9 12403 4.842.0  4.4+l.1 5.0+1.4

Data are represented as the means + SE.
*Sgnificantly different from 0% at P < 0.05 using Dunnett's test

Table 3. Effect of salinity on the isoprenoid content of R. stylosa root

| soprencids Content (ug g7

0% (n=3) 0.5% (n=5) 1.5% (n=5) 2.0% (n=5) 3.0% (n=5)

Phytosterols Campesterol 5.742.3%  17.6+0.8° 18.9+0.4" 19.1+1.6° 25.6+1.3%
Sigmasterol 27.622.0  56.5+3.0° 49.43.2% 41.333.6  51.4+1.9%
b-Stosterol 45.7+2.6  53.0+3.8  63.124.2° 63.543.4% 87.7+2.3%
Total 79.043.6  127.1+6.9" 131.4+6.8° 123.948.4° 164.7+5.0°

Triterpenoid Taraxerol — 11.542.6  12.1+1.8  14.0+1.7 14.4+1.3  18.9+0.8°
Germanicol 12.620.6  14.9+1.0 15.1x1.3 15.8+0.8  17.6x1.2%
b-Amyrin  14.4£1.4  20.8+2.3  36.8+1.1° 38.8+1.4° 49.3x1.8°
Lupenone  3.5+1.3 3.2+1.1 3.1£1.3 0.6+0.3 2.6%1.5

Lupeol 4.1+0.8 6.7+0.7 9.0+2.6°  9.9+1.1°  10.6+0.5"

a-Amyrin - 11.442.8  18.4+1.0°  19.740.4° 22.240.7° 27.4+1.8°

Total 575841  76.135.1° 97.7+2.4% 101.7+2.2° 126.445.6°
Lanosterol 14.842.8  16.0+2.4 17.5:4.3  18.5£1.0  20.7£1.2°
Cyloartenol 2341.0  1.040.3  2.1+0.8 03202 0.6+0.2

Data are represented as the means = SE.
#Sgnificantly different from 0% at P <0.05 using Dunnett's test
nd, not detected.



Table 4. Effect of salinity on the isoprenoid content of R. stylosa leaf

I soprenoids Content (ug g7
0% (n=5) 0.5% (n=5) 1.5% (n=4) 2.0% (n=5) 3.0% (n=5)
Phytosterols Campesterol 1.5+0.1 1.80.5 1.9+0.2 2.340.5 4.2+1.0°
Sigmasterol 2.0+0.5 3.4£1.0 2.9+0.4 3.840.5 5.8+1.7%
b-Stosterol 12.8+0.5  20.7+4.3  19.5£2.3  25.9+3.8" 32.5+3.1°
Tota 16.3:0.9  25.916.0 24.3:3.2 32.04.6 42.545.2°
Triterpenoid Taraxerol 34.4+1.0 36.343.5 41.340.6 422420 52.543.1%
Germanicol nd nd nd nd nd
b-Amyrin  36.7£1.7  56.243.6" 75.242.3° 88.020.7° 90.9+4.5"
Lupenone  nd nd nd nd nd
Lupeol 3.0+0.4 3.240.5 3.6+0.3 4.1+0.4 5.2+1.3
a-Amyrin_ 2.540.2 3.240.6 4.0+0.2 4.50.5 6.9+1.5"
Tota 76.6£1.6  98.9+4.3% 124.1+2.4° 138.8+2.3% 155.5+3.8%
Lanosterol 45480.6  50+0.6  7.0+03 9311  11.7#1.3%
Cyloartenol 1.1+0.3 0.9+0.3 0.5+0.1 0.6:0.0 2.5+1.5

Data are represented as the means + SE.

2Sgnificantly different from 0% at P <0.05 using Dunnett's test
nd, not detected.
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Table 5. Correlation coefficient between salt concentration and isoprenoid
component in the root and leaf of mangrove trees.

| soprenoids A. marina R. stylosa

Root Leaf Root Leaf
Campesterol 0.82 0.55 0.86 0.89*
Stigmasterol 0.90* 0.89* 0.42 0.89*
b-Sitosterol 0.91* 0.92* 0.94* 0.94*
Lanosterol -0.71 0.57 0.64 0.83
Taraxerol nd nd 0.98* 0.97%
Germanicol nd nd 0.94* nd
b-Amyrin 0.96* 0.93* 0.99* 0.95%
Cydoarenol nd nd -0.59 053
Lupenone nd nd -0.54 nd
Lupeol 0.97* 0.90* 0.95% 0.97*
a-Amyrin 0.91* 0.88* 0.96* 0.97*

Correlation coefficient in this study wes calculated using Excel 2000 for Windows.

nd, not detected. * Satistically significant at P<0.05 using Sudent's t-test.
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ppa
(inorganic pyrophosphatase) S0S3
(serine/threonine-protein phosphatase 2B
regulatory subunit) DREB1A
(dehydration-responsive element-binding
protein 1A) SOD
GPX APX CAT GR MDHAR GST I1CDH

aoc (allene oxide cyclase)

DREB1A

aoc

MaxMin

206  CL456.Contigs (alnlen = 757 bp, homelogy = 58.78%)
167 CL456.Contig4 (an.len = 535 bp, homelogy = 61.12%)
215 CL455.Contig2 (ainlen = 561 bp, homolagy = 55.87%)

RsM1/M2

CL455 Contigs (ain len = 758 bp, hamalogy = 93.80%)
GL456 Contig2 (an len = 559 bp, homology = 94 45%:
CL456 Contigd (an len = 537 bp, hamelogy = 93.67%)
CL456.Contig3 (ain len = 338 bp, homology = 04.67%
CL6217.Contig (ain.len = 693 bp, homology = 52.81%)

RsCAS

217 CLG217.Contig1 (aln.Jen = 692 bp, nomology = 67.20%)
225  CLE217.Contig2 (ain.len = 664 bp, nomology = 67.47%)

RsM1/M2
(RsCAS)
8-2

KcMS

KcCAS
KcMS 849bp
ABRE
GARE
CAAT-box, CGTA-motif, G-Box
KcCAS
867bp
GARE CAAT-box
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