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My name is Yi-wen Tsai. | study in Kaohsiung senior high school. Though not a genius, |
have tried my best to improve myself. Since my childhood, | have been enthusiastic about nature.
After entering senior high school, | have had a deep interest in natural science, especially in
chemistry and biology. | keep reading magazines and popular science books as to obtain the latest
scientific knowledge. By carrying out this project, | have gained much knowledge, sharpened my
English ability, refined my experimental ability, and so on. | made up my mind to be dedicated to
academic research.

I am glad to have the chance to take part in this science fair. | express an immense gratitude
to my advisor, teachers, friends who helped me, and most importantly.
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Abstract

Many heavy metals are necessary for plants, but excessive quantities directly affect plant
growth and survival of organisms, cause cell death, or even affect human life indirectly. Cu
(copper ion) is a heavy metal, which is one of micronutrients essential for normal growth and
development of plants.

The purpose of this experiment is to study the effect of excessive copper on Glycine max
and Sesbania roxburghii root tips. I conducted some experiments by means of Evans blue
staining (analysis of cell death), western blot analyses, and fluorescence microscope in order
to examine the way copper results in plant death.

Measurement of root length and analysis of cell death showed that excessive copper
could bring about the inhibition of plant growth as well as cell death. With fluorescence
microscope, I found that excessive copper might increase the level of copper-caused reactive
oxygen species (ROS) in both the root tips of Glycine max and Sesbania roxburghii. In
addition, I used Oregon Green 488 BAPTA-1 so as to assess the accumulation of calcium ions
in root tips and found that the exposure of root tips to excessive copper results in the
accumulation of calcium ions. To investigate whether calcium ions and calcium-dependent
protein kinase (CDPK) play a role in the cell death caused by excessive copper, I tested W-7,
calmodulin and CDPK inhibitors, and EGTA, Ca®* chelating agents, before copper
treatment — immersing copper in CuCI2. In this way, plant cells would be effectively
prevented from copper-caused death.

Besides, to find out whether copper activates MAPKSs in plant cells, I took advantage of
western blot analysis with Phosphor-Map kinase Antibody and Map kinase Antibody. The
results revealed that excessive copper might lead to TEY or TDY motif phosphorylation of
approximate 42- and 64-kDa MAPKSs in the cells of Glycine max root-tip and approximate
42-kDa MAPKSs in the cells of Sesbania roxburghii root-tip. Furthermore, with RT-PCR, I
found that the transcription of Glycine max MAPK1 and MAPK2 mRNA happens more
frequently in root cells after copper treatment. In addition, this study suggested that the
MAPK cascade CDPK pathway may function in the heavy-metal-signaling pathway in plant,
and that calcium ions and ROS might get involved in the copper-caused death of plant cells.

By studying signal transduction against heavy-metal toxicity in the plants, we can know
how the organisms protect themselves. Sesbania roxburghiivv (or Glycine max), as green
manure, could be used for metal-hyper-accumulator with the help of genetic engineering in

the future.
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Figure 1.Germination rate of Sesbania roxburghii and Glycine max seeds in different

concentrations of copper
Percentage germination was measured after the seeds were treated with different
concentrations of CuCl, for 2 days. Result are the mean *SD of three independent

experiments performed in duplicate.




g
gﬂ 48hr treatment
% 72hr treatment
S
~
50 100 200 400
Copper concentration( ¢ M)
B
Gl
L
gﬁ [148hr treatment
% 72hr treatment
ke

0 25 50 100 200 400
Copper concentration( ¢ M)

Figure 2.Effects of copper on root growth in Sesbania roxburghii (A) and Glycine max (B)
Root length was measured at 2 day and 3 day after treated with different
concentrations of CuCl,. Result are the mean +SD of three independent experiments

performed in duplicate.
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Figure 3.The dosage effect of copper-induced cell death by in Sesbania roxburghii roots and
Glycine max roots
Roots were exposed to different concentrations of CuCl, for 6 hours. Cell death was
monitored by staining with Evans blue, as described in “Materials and Methods.”

Result are the mean +SD of three independent experiments performed in duplicate.
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Figure 4.Localization of ROS in Glycine max roots during dosage copper treatment for 15
minutes
Fluorescence indicates the presence of ROS. ROS is monitored by CM-H,DCFDA.
Three independent experiments performed in duplicate showed the similar results.

(Scale bar, 1 mm )
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Figure 5.Localization of ROS in Sesbania roxburghii roots during dosage copper treatment for
15 minutes
Fluorescence indicates the presence of ROS. ROS is monitored by CM-H,DCFDA.
Three independent experiments performed in duplicate showed the similar results.

(Scale bar, 1 mm ) Relative luminance of each treatment shows in Figure 6.
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Figure 6.Relative luminance and green of fluorescence of ROS in Glycine max (A) and

Sesbania roxburghii (B) roots during dosage copper treatment for 15 minutes
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Figure 7.Localization of Ca*" in Glycine max roots during dosage copper treatment for 15
minutes
Fluorescence indicates the presence of Ca®". Ca®" is monitored by Oregon Green 488
BAPTA-2. Three independent experiments performed in duplicate showed the

similar results. (Scale bar, I mm )
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Figure 8.Localization of Ca*" in Sesbania roxburghii roots during dosage copper treatment for

15 minutes
Fluorescence indicates the presence of Ca®". Ca®" is monitored by Oregon Green 488
BAPTA-2. Three independent experiments performed in duplicate showed the

similar results. (Scale bar, I mm) Relative luminance of each treatment shows in

Figure 9.
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Figure 9.Relative luminance and green of fluorescence of Ca> in Glycine max (A) and

Sesbania roxburghii (B) roots during dosage copper treatment for 15 minutes
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Figure 10.The effect of EGTA on copper-induced cell death in Sesbania roxburghii roots (A)
and Glycine max roots (B)
EGTA was added to the root-culture medium 1 hour before the addition of 400 ¢ M
CuCl,. Result are the mean +SD of three independent experiments performed in

duplicate.
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Figure 11.The effect of W-7 on copper-induced cell death in Sesbania roxburghii roots (A)
and Glycine max roots (B)
W-7 was added to the root-culture medium 1 hour before the addition of 400 ¢ M
CuCl,. Result are the mean +SD of three independent experiments performed in

duplicate.
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Figure 12.Western blot analysis of MAPK activation after copper treatment in Sesbania
roxburghii roots
Three independent experiments performed in duplicate showed the similar results.
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Figure 13.Western blot analysis of MAPK activation after copper treatment in Glycine max
roots

Three independent experiments performed in duplicate showed the similar results.
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Figure 14.RT-PCR analyze of Glycine max MAPK1 and MAPK2 mRNA expression
RNA were extracted from the roots of Glycine max after copper treatment: 0 uM
(Con) and 400 uM (CT). Markers were loaded in Linel. Total RNA were shown in

(A). RT-PCR analyze by using primers were shown in (B) and the transcripts were
shown by arrows at the right.
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Figure 15.The presumable copper-induced cell death pathway
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Appendix 1.The phylogenetic relationship of MAPKSs to other plant MAPKSs (A) and alignment of
the predicted Glycine max MAPK1 and MAPK?2 with MAPKs from other
organisms (B)

The protein sequences shown in these diagrams are listed in the NCBI database



Appendix 2.Primer sequence for RT-PCR

Gene Primer Sequence(5’—3")

GMMAPK1 GMMAPKI1-3’UTR-F GAA AAA CTC AAG GACTTG AAG CAG GC

GMMAPKI1-3’UTR-R GCA ATAAGT TAA CGATGC AAATAAC

GMMAPK2 GMMAPK2-mid-CDS-F TGG CTC GTG TCA CGT CTG AAA CTG AT

GMMAPK2-mid-CDS- R TCA GGG TTA AAT GCT AGA GCC TCT CG

Appendix 3.. Reactant for experiments

A. RT-PCR
Reactant Volume( 12 1) Final concentration
Nuclease-Free Water 16 to a final volume of 40 1 1
AMV/T1l 5X Reaction Buffer 8 1X
dNTP mix (10mM) 0.8 0.2mM
MgS04 (25mM) 1.6 ImM
Downstream primer 4 1uM
Upstream primer 4 luM
AMYV Reverse Transcripase (5u/ 1 1) 0.8 0.1u/1 u1
Tl DNA Polymerase (5u/ 1 1) 0.8 0.1u/1 n1
RNA Template (0.25 ¢ g/ 1 1) 4 lug
Total volume 40

B. Evans blue staining
1. 0.25 % Evans blue
Take 1 g Evans blue and add ddH,O to make to 100 ml
2. Evans blue distain
Take 0.5 g SDS and 25 ml Methyl alcohol, and add ddH,O to make to 50 ml

C. Western blotting
1. Running buffer
Outer buffer
47.2 ml mops buffer and add 452.8ml ddH,O to make to 900ml
Take 300ml for inner buffer
Inner buffer
300ml outer buffer +750 121 antioxidant



2. Transfer buffer

Electrophoresis buffer

10x stocks
Tris-base 30285 ¢

Glycine 144.13 g

Add distilled water to make 1 L
Transfer bufter

100 ml 10x Electrophoresis buffer + 200 ml methanol + 700 ml distilled water
3.10x TBS

10x stocks 10x
Tris-base 12.114 g 200 mM
NaCl 40.03 g 1370 mM
Add HCI to make 499ml at pH 7.6

IXxTBST
50 ml TBS + 0.5 ml 10095 Tween-20
Add distilled water to make to 500 ml

3. Blocking solution
TBST + 5 % non-fat milk

4. stripping buffer
35.5ul 2-mercaptoethano,
10 ml 10%6SDS
3.125 ml 1M Tris-base
add water to make 50 ml
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