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My name is Zhong Wei, Wu. I’m a junior high school student, and I’m greatly
interested in science research. I also enjoy studying history, English, and foreign cultures.
In school, I spend time discussing ideas with my classmates, such as “how big is the
universe?” and “how far can human travel in the universe?” I think about many issues
on mental problems, too; how people gain trust through social activities is the question I
am currently working on. These thoughts and conversations create a “brainstorm” for
my ideas and personal values.
My friends say that I’m a very clever person. Well, I recognize myself not as a
smart student, but as one who is hungry for knowledge and self-improvement. I look
forward to becoming a scientist and an artist, and I’ll keep absorbing knowledge and
thinking more things.
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摘要
粒線體，『細胞內的發電廠』，它生產了我們生存所需的幾乎所有能量。除了產生能量，它也
參與了細胞的凋亡的過程，或反應出自由基所引起細胞的老化。我們在此實驗中，利用酵母
菌模式，跟兩個特殊的螢光染劑（JC-1 與 Rhodamine 123）
，來活體測量酵母菌裡的粒線體
膜電位的變化，以了解細胞的早期凋亡的過程。並且，透過加入抗氧化劑與否，測量氧化游
離基的產生，探討跟粒線體膜電位之間的關聯性。實驗結果顯示，的確酵母菌經過長期培養，
且無提供適當的營養補充條件下，雖然外表還活著，但 JC-1 的螢光染色顯示，粒線體膜電位
是有逐步遞減的現象，代表酵母菌活力慢慢衰弱。但是，另外氧化游離基的實驗結果卻沒有
如預期般增加，反倒是跟 JC-1 的表現呈正相關現象。抗氧化劑的加入，非但沒有增加酵母菌
的活力，反而是減弱了粒線體膜電位的表現，而氧化游離基也同時降低。這樣的實驗結果，
雖然跟事前的預期結果不同，但也可能暗示 1. 胡亂加入抗氧化劑，對生物不盡然是有幫忙的。
2. 酵母菌在這一種生長條件中，可能需要一些氧化物的刺激或幫忙。3. 粒線體是細胞內氧化
作用最強的單位，如果他生命力變弱了，自然產生氧化游離基的能力變弱，而非氧化游離基
一開始去減弱粒線體的活性。此實驗的重大意義，是告訴我們，氧化游離基或抗氧化物的腳
色並非一成不變的，甚至你原來認為的粒線體膜電位改變是細胞凋亡的起始原因，也可能相
反，粒線體膜電位改變只是細胞凋亡後來發生的結果。科學的有趣也就是在這裡!我們藉助於
【實驗】
，不斷地實驗，去挑戰既有的知識跟原理，會讓我們發現更多的真理，一個單細胞的
酵母菌就有這麼多問題需要去回答，那麼放眼將來不孕症醫師想嘗試『卵質轉移』
，主要就是
要取得健康的粒線體，增加懷孕的機會，那就可能需要更多的實驗跟努力，才能給出一個真
正的正確答案。
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ABSTRACT
Mitochondria, the powerhouse of the cell, perform diverse functions such as energy production. It is
also involved in the process of cell apoptosis, or in the aging of cells caused by reactive oxygen
species (ROS). In this experiment, we used the yeast model with two special fluorescent dyes (JC-1
and Rhodamine 123) to measure the changes in mitochondrial membrane potential (MMP) in yeast,
and to explore the relationship between MMP changes and cell apoptosis. Furthermore, by adding
antioxidants or not, the production of ROS was measured, and correlated with the MMP. The results
showed that the longer culture without appropriate nutrition support, though appearing to be alive,
the JC-1 showed that the MMP of the yeast decreased, indicating that the yeast activity might be
slowly weakening. However, the ROS did not increase as expected, but it was positively correlated
with the performance of JC-1. The addition of antioxidants did not increase the viability of the yeast,
but rather weakened the performance of the MMP, while the ROS also decreased. The results,
although different from the expected, may also imply: 1) indiscriminately adding antioxidants is not
helpful to the cells; 2) yeast may require some oxide stimulation or help in their growth; 3)
mitochondria produce the strongest intracellular oxidation, and if its MMP is weakened, the ability to
naturally produce ROS is also weakened. It might not be true that ROS initially weaken the
mitochondria. This experiment tells us that the role of ROS or antioxidants is not static. The MMP
change was thought to be the cause of apoptosis by most people before; however, it might be the
result of apoptosis for certain conditions. Science is interesting! We repeat and repeat the experiments
and will challenge existing knowledge and principles, which will allow us to discover more truths. A
single-cell yeast has so many questions to answer. Recent attempts about “ooplasm transfer” focusing
on good quality of mitochondria to get a higher pregnancy rate are obviously a big job to explore. It
must take more experiments and effort to give a real answer.
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1. INTRODUCTION

Cell death are usually divided into two main categories: necrosis and apoptosis. In multicellular
organisms, cells that are no longer needed or potentially dangerous to the rest of the organism are
destroyed by a regulated cell suicide process known as programmed cell death, or “apoptosis”. Two
major pathways were proposed: the first: ‘‘intrinsic pathway’’ in which mitochondria involved, and
the second: “extrinsic pathway’’ in which mitochondria not involved. For the intrinsic pathway,
some events have been regarded as integral control elements in the cell’s decision to die, namely, the
elevation of mitochondrial membrane potential (MMP) and the production of reactive oxygen
species (ROS).
Mitochondria are considered as the powerhouse of the cell because they function as the energy
source within a cell; mitochondrial dysfunction was considered to participate in the induction and to
play a key role in apoptosis. Once the mitochondrial permeability transition pore opens, it will induce
depolarization of the MMP and release apoptosis inducing factors (AIF). The loss of MMP may be
an early event in the apoptotic process; however, from other emerging data, the loss of MMP may not
be an early requirement for apoptosis, but rather a consequence of the apoptotic-signaling pathway.
In other words, dissipation of MMP may or may not be an early event in the apoptotic pathway. It is
also worth nothing that the release of AIF is dependent upon disruption of MMP in the apoptotic
pathway.
S. cerevisiae, commonly known as yeast, have been served as a model for all eukaryotes in
studying cellular response to ionizing radiation and radioprotection. Also, yeast is easy to handle and
also cheap compared to similar experiments in more complex animals such as mice and zebrafish. In
this research, we conducted an experiment using flow cytometry to measure the change in MMP of
S. cerevisiae in prolonged in vitro culture. Moreover, to verify ROS among this system, we added an
antioxidant, N-acetyl-l-cysteine (NAC) in the culture.
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2.

MATERIALS AND METHODS

2.1 Yeast culture
S. cerevisiae strain used in this study was from Belgium; it was purchased from Sunright Foods
Corporation (Nantou County, Taiwan) and was mixed with sorbitan fatty acid (emulsifying agents).
Yeast cell powder (0.2 gm) was put into 20 mL of 5% sucrose medium in a 50 mL Sarstedt conical
tube (Nümbrecht, Germany) on a rotary shaker at 25 °C for 4 h (stated as Day 1), 28 h (Day 2), 76 h
(Day 3) and 100 h (Day 4),

respectively. The cover was released a little to make the oxygen circulate

freely. The cells mostly look like single cells, some with small colonies after 12 hours (Figure 1).

Figure 1. S. cerevisiae cultured in 5%
sucrose solutions for 12 hours and they
looked as mostly single cells under
microscope 400X field.

2.2 Trypan Blue Exclusion assay
We prepared a 0.4% solution of trypan blue in buffered isotonic salt solution with pH 7.2 to 7.3.
Then, we loaded 0.1 mL of yeast cells on the Makler counting chamber, and added 0.1 mL of trypan
blue stock solution and examined immediately under a Nikon microscope at low magnification.
Further, we counted the number of blue staining cells and the number of total cells (Figure 2). If cells
take up trypan blue, they are considered non-viable, so the % viable cells = [1.00 – (Number of blue
cells ÷ Number of total cells)] × 100.
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Figure 2. Cell viability is calculated as
the number of viable cells divided by the
total number of cells within the grids on
the Makler counting chamber.

2.3 Mitochondrial membrane potential (MMP) assay by flow cytometry
The recommended density of cells in suspension is 0.2–1.2 x 10 6 cells/mL. However, there may
be some yeast cell clusters aggregated bigger than 50 m in diameter, which may obstruct the suction
tube of the flow cytometer. Therefore, we used a 20 m-mesh to filter them.
JC-1 was dissolved to a final concentration of 2.5 μM in the presence of 0.1, 15 or 35% DMSO.
Emission spectra at 405 and 488 nm and excitation spectra at 530 and 595 nm were determined.

Figure 3. The positive rates of MMP
should be corrected by the negative
control (background signal).

2.4 Antioxidants co-culture
N-acetyl-l-cysteine (NAC, M.W. = 161.3, Sigma-Aldrich, Saint Louis, MO) having a thiol, a
precursor for glutathione (GSH), is known as an antioxidant that scavenges ROS. GSH is involved in
many

cellular

functions,

including

antioxidant

defense

via

direct

interaction

with

ROS. Radioprotective effect of NAC has been studied in vivo and in vitro using mice, yeast, and
human blood cells. These studies showed that NAC confers radioprotection in some, but not in all,
studies. In order to verify the roles of ROS, we added 20 mM NAC in each culture at the beginning
and check for MMP and free radicals at time points from Day 1 to Day 4.
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2.5 Measurements of free radicals by flow cytometry
The cell permeant reagent 2’,7’ –dichlorofluorescin diacetate (DCFDA, ab113851, Abcam Plc.,
Cambridge CB4 0FL, UK), a fluorogenic dye that measures hydroxyl, peroxyl, and other reactive
oxygen species (ROS) activity within the cell. After diffusion in to the cell, DCFDA / H2DCFDA is
deacetylated by cellular esterases to a non-fluorescent compound, which is later oxidized by ROS
into 2’, 7’ –dichlorofluorescein (DCF). DCF is a highly fluorescent compound which can be detected
by fluorescence spectroscopy with excitation / emission at 495 nm / 529 nm.
We collect yeast cells stained with DCFDA for 30 min without washing, and analyze them with
flow cytometer.

2.6 Statistical analysis
The data were analyzed using SPSS 17. The mean percentages of negative expression of trypan
blue and positive expressions of JC-1, Rhodamine 123, or DCFDA were compared using KruskalWallis test to examine the difference among those time points. If a significant difference existed (P <
0.05), Mann-Whitney U test would be followed to compare the data of each pair. Pearson correlation
between JC-1 and DCFDA was also checked, and P < 0.01 would be considered as significant.
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3. RESULTS
3.1 Trypan blue exclusion assay
Dye exclusion is a simple and rapid technique for measuring cell viability. However, from Day1
to Day 4, these samples all have good results of viability and do not show any significant difference
(P > 0.05 by Kruskal-Wallis test).
Live percentage：trypan blue (-):
Day 1 = 97.06±2.10 (%)
Day 2 = 96.91±1.83 (%)
Day 3 = 96.96±1.77 (%)
Day 4 = 96.87±1.83 (%) (P > 0.05 by Kruskal-Wallis test)

3.2 Mitochondrial membrane potential (MMP) of JC-1, Rhodamine 123
We used two fluorescent dyes (JC-1, Rhodaimne 123) to check the MMP of S. cerevisiae culture
from Day 1 to Day 4. This experiment shows that the longer the culture time of the yeast is, the worse
the yeast activity becomes after the nutrient supply is used up, and the JC-1 staining decreases in this
experiment (Table 1. & Figure 4). For Rhodamine 123, there is no significant difference (Table 1.
& Figure 5).

Table 1. The percentages of positive rates of JC-1 and Rhodamine 123 on S.
cerevisiae cultured for 4 days
JC-1 (%)

Rhodamine 123 (%)

Day 1

38.74±11.33a, b, c

79.81±12.29

Day 2

27.65±12.74a, d

81.75±2.90

Day 3

b, e

76.64±7.61

26.38±12.51

c, d, e

Day 4
a

13.18±7.10
b

c

73.86±2.18

d

e

P=0.043, P=0.038, P=0.000, P=0.006, P=0.012 by Mann-Whitney U test.
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Figure 4. JC-1 change: the JC-1of the
yeast decreased with time (P < 0.05 by
Mann-Whitney U test when compared
to Day 1)

Figure 5. Rhodamine 123 change: the
Rhodamine 123of the yeast did not
change significantly with time (P >
0.05)

3.3 free radicals in yeast culture
We proposed that the JC-1 decreased in previous results may due to free radical production.
Therefore, we checked DCFDA percentage in the yeast culture, and in the meantime, we add NAC
(antioxidants) to compare the controls without NAC supplementation. Unexpectedly, we noticed free
radicals (DCFDA expression) decreased with time, rather than increasing (Figure 6). More strangely,
the cells owned more free radicals when we added antioxidants.
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Figure 6. The DCFDA expressions
decreased with time, rather than
increased. By adding NAC, the DCFDA
did not decrease as expected, but
increased significantly compared to
controls (P < 0.05).

Facing such an unexpected result, we repeated the NAC experiment again. This time, we
measured JC-1 and DCFDA simultaneously. We confirmed the previous works: 1) DCFDA
decreasing with time (same as Figure 6); 2) adding NAC would increase DCFDA (same as Figure
6); 3) JC-1 decreased with time (same as Figure 4) (data not shown here). Here, we made a correlation
between JC-1 (mitochondrial survival) and DCFDA (free radicals), and they showed a very close
positive correlation (Figure 7, P = 0.000 by Pearson correlation test).

Figure 7. The DCFDA expressions (free
radicals) correlated very well with JC-1
(mitochondrial membrane potentials).
The p value is 0.000 by Pearson
correlation tes.
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4.

DISCUSSION

Cell apoptosis is a programed cell death, and some types involved mitochondria dysfunction.
When the mitochondrial permeability transition pore opens, it will induce depolarization of the
transmembrane potential, release of AIF and loss of oxidative phosphorylation. Therefore, the MMP
change may be an early sign of cell apoptosis. In this study, we chose two fluorescent dyes, JC-1 and
Rhodamine 123, to measure the MMP changes of the yeast, S. cerevisiae, to study the cell apoptosis
in long term culture.
Why do the cells undergo into apoptosis? One of the most fascinating reasons for cell death is
to get rid of dangerous cells, those that could be harmful to the rest of the organism. For research,
some tools like nutrition starvation, oxygen stress or irradiation can make cells enter apoptosis. In a
previous study (http://www.shs.edu.tw/works/essay /2010/03/2010033010170642.pdf) using S. cerevisiae to
measure the CO2 production, the researchers demonstrated that yeast function would decline after 2
days if nutrients not supplied. Therefore, we used double cell number and half the nutrients to set a
model to study the MMP and apoptosis, in replace of gamma-rays method needing more complicated
instruments, expense and safety concerns.
As expected, in the trypan blue study, there were more than 90% yeast cells survived after 4 days
culture; therefore, this method cannot tell us what happened during the 4 days culture. Then, we
demonstrated that JC-1 expressions declined along with the culture days; it matched our hypothesis
that poor nutrition and more toxins would make cell uncomfortable even in a single cells like yeast.
Data of Day 2, Day 3, and Day 4 all showed significant depletion in JC-1 compared to Day 1. However,
Rhodamine 123 data did not showed a significant changes; this may be due to small case numbers.
Also, we noticed that generally Rhodamine 123 had higher sensitivities compared to JC-1. The
reasons may be 1) different antibody have different binding strengths, and 2) the molecule of JC-1
dimer is relatively large, which may cause it entering the cell slightly less efficiently than Rhodamine
123. Moreover, Rhodamine 123 is the first antibody to discover the MMP. Thus, Rhodamine 123 is a
relatively early method. Later antibodies such as JC-1 will be widely used, so we "guess" that newer
antibodies should be compared with high credibility.
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JC-1 depletion is reasonable; although under more severe the culture conditions, the yeast does
not necessarily die immediately, it should have been subjected to "internal injury" – shown by MMP
change. Studies by Chinese scholar Cao Guozhen and others have also shown that the "internal injury"
of yeast caused by gamma-rays is manifested in the performance of the MMP Rhodamine 123.
Free oxygen species may be produced more in the unsatisfied culture condition and finally
resulted into early step of apoptosis, or MMP change. Therefore, we then measured an indicator of
ROS, DCFDA, to verify the etiology of MMP change of the yeast. Also, in order to monitor the ROS,
we added an anti-oxidant, NAC, to compare the effects between NAC group and controls. Very
unexpectedly, we did not see the ROS increase along with the culture days. Actually, the ROS
decreased day by day. And more strangely, when we added NAC, the ROS did increase significantly.
This result conflicts with the principle that antioxidants will countervail the ROS. Therefore, we
repeated this model again, and measure the JC-1 simultaneously.
The second experiment reproduce the same results. That is Science. JC-1 performance resembles
the previous one: declined activity throughout the days. The ROS (DCFDA) also declined throughout
the days, not increasing. NAC supplementation did not counteract the ROS; on the contrary, it
enhanced DCFDA activity. We made a correlation between MMP (JC-1) and ROS (DCFDA) and
found a positive correlation (P=0.000). The result is real, but not as we originally expected.
There are some pathophysiological mechanisms to answer these unexpected laboratory results.
First, the mitochondria are a major source of ROS in a cell. If the mitochondria are injured, the ROS
produced by mitochondria will decline immediately; therefore, the JC-1 and DCFDA demonstrated a
positive correlation, rather than a negative correlation. Second, free radicals are also served as an
intracellular message transfer factor. Excessive inhibition by antioxidants may trigger secondary
negative reactions; for example, there is a report on increased risk of heart disease and increased
mortality in humans with excessive intake of vitamin E, an antioxidant. Third, the NAC co-culture
increased the ROS production may be interpreted as more mitochondria alive after NAC-implement.
From this study, we have learned some important things in addition to technique itself: 1) to set
a good model, even a yeast cell, can teach us lots of things; 2) to study step by step, even by a simple
tool (e.g. flow cytometry), offer us lots of useful information; 3) to believe in science, even get an
unexpected result, repeated experiments can confirm our findings and give it a reasonable explanation.
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5.

FUTURE APPLICATIONS

5.1 Prediction of fermentation function in mitochondrial living body staining:
Our traditional fluorescent staining is an antigen-antibody reaction. Can we only know the
characteristics of cells? But the cells are dead, and there is not much understanding of the function
before their death. But, when a cell is alive, what can be done is more important than the
appearance after death. Therefore, the detection of this MMP just provides a functional check of
living cells. Taking yeast in fermented flour or brewing as an example: suppose we need to know
which temperature, humidity, pH value, and the maximum effect on yeast; this MMP test can help
a lot, because the answer provided is real-time, and it is the functional performance of living cells.

5.2 Mitochondrial "apoptosis" provides new applications for cancer treatment:
The treatment of cancer is changing with each passing day. One of the most embarrassing topics
at the moment is the mitochondria. Mitochondria are the main source of energy for cells.
Scientists have noted that when cancer cells face the crisis of mitochondrial dysfunction and ATP
deficiency, the metabolic rate is faster than that of normal cells. When the autophagy of normal
cells can barely survive, the cancer cells also initiate autophagy, but not easy to survive. Therefore,
cancer cells have died in large numbers when the average cell is still alive. Currently, the research
team sees this in both breast and prostate cancer cells.

5.3 Functional testing of live cells of spermatozoa
We have studied the zebrafish sperm affected by plasticizers before, and CASA (Computer Aided
Sperm Analyzer) was used to analyze its activity. But unfortunately there was no obvious
difference. Later, an electron microscope was applied to analyze the sperm of the squid. It was
found that although the number of mitochondria in the sperm was not reduced, the membrane of
the mitochondria often had a small saw blade, or even a dislocation. This latest mitochondrial
live MMP staining may help explain the changes that were previously not fully resolved by these
previous experiments.
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【評語】070004
1. 研究主題在於探討酵母菌粒線體膜電位的變化和細胞凋亡之
關聯性，利用兩種螢光染劑量測粒線體膜電位與酵母菌活力的
變化。
2. 研究主題明確，研究方法適切，書面報告陳述流暢清晰。
3. 書面報告的英文摘要中首度出現 IVF 縮寫，宜有全文說明。第
5 頁 5％蔗糖溶液與第 6 頁 5％葡萄糖溶液陳述前後不一致。使
用兩種螢光染劑宜引述前人的文獻資料供參考。
4. 以英語表達，相當清楚流利。
5. 為獨立完成之研究，具整體完整概念。
6. 部分數據尚待進一步澄清。

