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ABSTRACT 

Zinc is an essential micronutrient that contributes to sustaining life in complex 
organisms such as humans to organisms as miniscule as the baker's yeast, 
Saccharomyces cerevisiae. Processes and functions that zinc is a part of include 
regulation of genes, cell differentiation, apoptosis (programmed cell death), and 
maintenance of health. Zinc's exact role in these processes is not fully known due to the 
difficulty in studying zinc in an intracellular fashion. If a method could be developed to 
study intracellular zinc in an efficient manner, advancements in human health may be 
possible. My research focused on trying to accomplish this. I used nuclear magnetic 
resonance (NMR) in order to attempt to measure intracellular zinc compounds. Zinc is 
not visible by NMR methods alone but can be tracked in this fashion when an indicator 
molecule such as F-BAPTA is used that binds zinc. Thus, making a complex that is 
NMR visible. My goal was to load yeast cells with F-BAPTA so that I could use NMR 
to measure intracellular zinc concentrations. I discuss my research in three different 
styles. Part one is a general summary of the results of my study, part two is a reflection 
on my time as a researcher, and part three is the formal laboratory report covering my 
research. 
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PART I 

GENERAL SUMMARY OF RESEARCH 
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Zinc is a trace element that is extremely beneficial to organisms in biological 

processes when in the proper concentration. Zinc can become toxic if in too high a 

concentration and low concentrations have been linked to poor health. More specific 

examples can be seen in the introduction of the formal laboratory report in part three. 

Understanding the mechanisms of how our cells use and transport zinc could potentially 

lead to beneficial discoveries in medicine. 

Saccharomyces cerevisiae (baker's yeast) is a single celled organism that has 

received the most research in regards to mechanisms of controlling zinc concentrations 

inside the cell. This organism is also a eukaryote like humans (a true membrane bound 

nucleus is the main feature). Many of the proteins that control zinc movement into and 

out of the cell for yeasts are analogous to human proteins that conduct the same function. 

For this reason, in addition to being easy to grow and cultivate, S. cerevisiae was chosen 

as the model organism for this study since results for the yeast can be potentially 

applicable to humans. 

In order to measure zinc inside a yeast cell, a compound was used that binds to 

zinc and a technology was used that can detect this binding. The compound is called F

BAPTA and the technology is nuclear magnetic resonance (NMR). A more well known 

application ofNMR is magnetic resonance imaging (MRI) that is conducted in hospitals 

for medical diagnoses. NMR can detect alterations in the surrounding environment of an 

atom that has an odd number of protons and neutrons (termed nucleons). F-BAPTA has 

two 19F (fluorine) atoms that have an odd number of nucleons and so can be detected by 

NMR Data is sent to a computer so that the detection of the compound can be 
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visualized. That visualization takes the form of a peak at a certain point on the X -axis of 

a graph (termed an NMR spectrum) 
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Fig 28: 1250 scan 19F NMR spectrum of Img F·BAPTA in 100JlL of D20 solvent. A) F· 
BAPT A peak is seen between -121 ppm and -122ppm with a computed signal strength of 
~2.3G and a signal strength of -1.0 (billions on the Y-axis). 

The most difficult part of this study was loading F -BAPT A into the yeast cells 

and obtaining a peak. Different techniques of helping F-BAPTA cross the plasma 

membrane (a fatty layer that surrounds and protects a cell from the outside environment) 

were used to help in this matter but none provided a successful result. Instead, only 

background noise was obtained for yeast cell samples that were analyzed by NMR. 
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The above NMR spectrum is representative of all yeast cell samples that were tested. No 

defined peaks can be seen. However, the possibility might exist that this method can still 

be used to measure intracellular zinc concentrations. Treatments could be performed that 

break down barrier properties of the plasma membrane (a chemical called digitonin) 

which might help F -BAPT A enter the cell. This is not desirable, though, because results 

will have more meaning if the cell is as normal as possible. Future research will be 

needed in order to determine ifNMR and F-BAPTA can be used for this task. 
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PART II 

REFLECTION ON MY TIME AS A YOUNG 
RESEARCHER 
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My time spent conducting research was the most enjoyable educational 

experience I had while attending Ball State University. I worked on my project for a year 

and the knowledge I gained from this endeavor is invaluable. Conducting my own 

experiments was the ultimate reward after completing most of my science courses. Being 

able to use the practical knowledge I accumulated during my four years in the science 

program gave me confidence in my field. This experience also helped to direct me 

towards my career path of being a medical technologist. 

The most surprising factor to me about research is how addictive it can be. No 

experimental result means that the work is finished. Every experiment leads to more 

questions that need to be answered. This is where the freedom to develop my own ideas 

and to think of new ways of testing for what I was searching for was so refreshing. 

Laboratory classes become mundane after awhile because, for the most part, there is no 

creativity. A certain lab is to be performed by a student in a certain manner that will 

give a certain result. The exciting aspect to research is that nothing is ever certain. This 

fact gets lost in class. We become robots repeating a procedure that we have read in a 

book and only hope that we get the right result so that we can achieve a high grade. This 

is the difficulty that exists when trying to teach students the basic information they need 

to know. 

What makes research so intriguing is how desperately frustrating it can become. 

In my particular situation, the main goal was never achieved. I was never able to obtain 

an NMR spectrum from a yeast sample that displayed a definable peak. Each experiment 

required three days of preparation which culminated in a twelve-hour day in order to 

obtain NMR spectra for my samples. My report doesn't even display the weeks where no 
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results were obtained due to an instrument malfunction or the random week where the 

yeast cells decided not to grow. Even though my hours of hard work would seem to have 

been wasted, nothing could be further from the truth. I learned more about my subject 

matter by obtaining negative results. I would read through journal articles, trying to 

figure out what caused my experiment not to work in the way I had hypothesized. 

During this time, my critical thinking abilities were developed and I actually enjoyed 

synthesizing all of the information from the different journals. The process taught me 

determination, perseverance, and patience. Another important skill that I developed was 

time management. During the Summer Chemistry program, many people were using the 

same equipment. This meant that experiments had to be planned weeks in advance so 

that a four hour time frame could be used. All of the preparation work had to be done at 

the right time so that the experiment could proceed as planned. 

An interesting detail I noticed during my time as a researcher was how our 

science department is a microcosm of the entire research community as a whole. The 

advancement of scientific knowledge depends on the interaction of all the separate 

disciplines. To classify myself as a microbiology major during my research would be 

meaningless. My background might have given me a head start on preparing media for 

the growth of yeast and some basic knowledge of yeast physiology but I was working in 

all areas of at once. One day I would use an NMR and then the other I would be 

discussing with my advisor the affects of pH on chemicals that I would be using. I 

learned as much as I could from specialists in all areas. These little bits of knowledge 

helped me to understand the entire picture of my project more. This is the same way that 

the professional research community works so that progress can be made. 
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Entering a research program of some sort is definitely a requirement that all 

science students should complete. I did mine voluntarily, as there is no requirement in 

my major to conduct independent research. However, I don't think it would have been 

possible for me to know that I truly enjoy science if I had not done this. For students that 

are unsure if a career in the scientific field is for them, doing research would definitely 

help in determining their decision. 
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PART III 

LABORATORY REPORT 
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ABSTRACT 

Saccharomyces cerevisiae was used as a model organism in an attempt to measure 

intracellular concentrations of zinc. 19F NMR was used with the zinc indicator F -BAPT A 

in order to obtain data that could be used for the computation of zinc concentrations. The 

acetoxymethyl ester (AM) form ofF-BAPTA was used in a buffer of pH 7.0 and pH 4.5 

but neither condition resulted in an NMR analyses with an observable peak for a yeast 

sample. F-BAPTA (no AM tag) was incubated with S. cerevisiae in an acidic buffer of 

pH 4.5 and pH 4.0 but also failed to produce an F-BAPTA I zinc peak. The ABC 

transporter inhibitor, vanadate, was used with F-BAPTA and F-BAPTA-AM and also 

failed to produce a definable peak. Probenecid was used with F-BAPTA and followed 

the same pattern as all previous attempts of producing no peaks. Supernatant samples 

taken from cell suspensions at pre, mid, and post incubation periods succeeded in 

displaying peaks for zinc and/or calcium for all incubations involving F-BAPTA. The F

BAPT A incubation in the buffer of pH 4.0 displayed only zinc peaks whereas the F

BAPT A incubation with probenecid produced only calcium peaks. Supernatant samples 

taken from all cell suspensions involving F-BAPTA-AM displayed no peaks. An 

additional experiment tested the signal ofF-BAPTA in a buffer of pH 7.0 and a buffer of 

pH 4.5. In the buffer of pH 7.0, the F-BAPTA peak was shifted from -121.5 ppm to 

-120.8ppm. In the buffer of pH 4.5, the F-BAPTA peak was shifted to -113.9ppm. More 

research will need to be conducted to determine a successful method for measuring 

intracellular zinc concentrations. 
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INTRODUCTION 

Zinc is an essential trace element with an active role in many biological processes. 

These include critical structural roles in proteins (zinc-finger motif DNA binding proteins 

specifically), catalytic component of over 300 enzymes, DNA synthesis, regulation of 

phospholipid synthesis, apoptosis, microtubule polymerization, gene expression, receptor 

down-regulation, neurotransmission, cellular growth, cellular differentiation, and 

transcription (3,5,6, 12, 15, 16, 19). The Journal a/Clinical Nutrition in their 1998, 

volume 68 edition, devoted an entire supplement (no pun intended) to this micronutrient. 

An interesting topic covered specifically was how zinc had a direct affect on immunity. 

In developing countries, when children were given zinc supplements, a noticeable 

increase occurred in their immune response. Diseases involving diarrhea and respiratory 

illnesses decreased. Children in Gambia that were given an oral zinc supplement had 

32% fewer clinical visits for malaria. A study in Brazil revealed that low-birth-weight, 

full term babies showed an increase in weight when given a zinc supplement (l). These 

benefits give the illusion that the "more zinc, the better" is the case for an organism. 

However, zinc can be toxic at high levels. An optimum level of zinc must be attained in 

order for a benefit to exist (5). Cells have an array of genes and proteins that insure a 

proper intracellular zinc concentration. 

Although zinc is known to contribute to these processes, the exact mechanism of 

how zinc contributes is not entirely understood. This is due to the difficulty of studying 

zinc in an intracellular manner. The fluorophore, Zinquin, has become popular within the 

last decade for imaging intracellular zinc ions in Saccharomyces cerevisiae, rat brain 

tissue and rat hepatocytes but no mechanism exists as of yet to make quantitative 
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measurements of intracellular zinc concentrations (3, 5, 19). Having the ability to make 

these kinds of measurements could result in an understanding of the way in which 

organisms control zinc transport. This understanding could lead to advances in medicine. 

Saccharomyces cerevisiae has the most heavily studied history for zinc transport. 

Two proteins, Zrtl and Zrt2, are involved in high affinity and low affinity zinc uptake 

from the extracellular environment respectively. Zrcl and Cotl are involved with 

vacuole sequestration of excess zinc. Mammalian transporters that are related to Cot! 

and Zrc 1 have been discovered and are named ZnTs. This protein similarity gives 

importance to zinc studies in yeast because these findings can be related to higher 

eukaryotes (5). For these reasons, (protein similarity and vast genomic knowledge) 

Saccharomyces cerevisiae was used as the model organism for this study. 

The method being used for studying intracellular zinc concentration in these 

experiments is 19F NMR using the zinc indicator, F-BAPTA. F-BAPTA is one of many 

in an exciting group of indicators that use the 19F atom and show promise in 

physiological and medicinal studies. F-BAPTA binds to zinc and gives a specific 

chemical shift in NMR analysis (20). Using NMR on a cell suspension is definitely not 

the normal use for this technology due to the heterogeneity of the sample and the 

impeding of molecular spin by the cells. However, this is also not a novel concept. 

NMR has been used to measure calcium levels in human red blood cells (17). NMR has 

also been used to identify species of another form of yeasts, the genera Candida (11 ). 

As for indicators, C-SNARF-AM (an indicator for intracellular pH) and indo-! 

(an indicator for intracellular [Ca2+]) have been used successfully with S. cerevisiae but 

were measured by fluorescence intensities instead ofNMR The methods for their 
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loading into yeast cells were the two methods attempted in this study. C-SNARF-AM 

was able to dissolve across the cell membrane due to the acetoxymethyl ester (AM) tag. 

Once inside the cell, intracellular esterases disconnected the AM from the indicator 

which allowed the chemical to remain inside the cell (9, 10). Due to this success, F

BAPTA-AM was used in this study. 

The scientists that conducted the experiment using indo-l did not have success 

with AM. They instead used a method that involved incubating the yeast cells and indo-l 

in a medium at an acidic pH. The indo-l became uncharged and un-dissociated in this 

medium and was able to penetrate the cell membrane. Once inside the cell, indo-l 

dissociated and became trapped inside the cell due to the higher cytosolic pH (8). In an 

attempt to replicate their successful indicator loading method, this study also used the 

low-pH incubation technique with F-BAPTA (no AM tag). 

S. cerevisiae is a very tenacious organism. This is an advantage when growing 

the organism due the relative ease of the process. However, yeasts have excellent multi

drug resistance (MDR) mechanisms that pump foreign substances that come into the cell, 

back out ofthe cell. One of these systems is the ATP binding cassette (ABC) transporter 

proteins (13, 14). Vanadate is a chemical that has been shown to inhibit this process in S. 

cerevisiae and so was used in this study. Another chemical that has been shown to 

inhibit MDR mechanisms is probenecid. In studies involving HL-60 cells and S. 

cerevisiae, probenecid was seen to reverse the multi-drug resistance mechanisms ofthese 

cells (7, 18). Probenecid was also used in this study. 

The purpose of this experiment was to develop a procedure that would load F

BAPT A into yeast cells and then be able to attain an NMR spectrum that displayed a 
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strong peak ofF-BAPTA linked to zinc. This was attempted by using F-BAPTA-AM, F

BAPTA in acidic loading buffer, F-BAPTA and F-BATPA-AM (separately) with 

vanadate, and F-BAPTA with probenecid. 

MATERIALS & METHODS 

Growth and isolation of yeast 

The sample of Saccharomyces cerevisiae used for all experiments was a gift from 

Dr. Parra-Belky and her lab. The sample was kept in storage at -80°C and transferred to 

a solid YPD (10glL yeast extract, 20g/L peptone, 40mlIL 50% glucose solution, 15g/L 

bactoagar) medium and grown for a period of two days in an incubator at 30°C. All 

subsequent subcultures were made from solid media at four week intervals. Subcultures 

were kept in a refrigerator at ~2-8°C. In preparation for each experiment, 100 ml ofYPD 

(prepared the same as solid YPD media sans bactoagar) was inoculated with one colony 

of yeast from a subculture plate. The pre-culture was then placed in an orbital 

shaker/incubator at 220rpm at 30°C overnight. The optical density at 600nm (OD600) was 

then obtained for the pre-culture using UV-Vis absorption spectroscopy. The volume of 

pre-culture needed to obtain an OD600 of 1 (1xl07cells/ml, late log phase) in 1 L ofYPD 

overnight was then transferred to the 1 L flask of YPD. The 1 L YPD culture was then 

placed in an orbital shaker/incubator at 220rpm at 30°C overnight. An OD600 was then 

obtained for the 1 L culture and the experiment continued if the reading was between .9-

1.5. Yeast cells were then isolated by a washing process that involved three 

centrifugations at 5000rpm for 5 minutes. The experiment determined what was being 

used as the washing agent (Hepes was used as washing agent in experiment 1 and 

Millipore water was used in all other experiments) between centrifugations. Yeast cells 
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were diluted (diluent dependent on type of experiment) to a volume that would provide a 

cell density of 1x109 cells/m1 (exceptions are noted). 

Treatment of yeast cells 

Experiment 1: Incubation olS. cerevisiae with Hepes bulfer and F-BAPTA-AM 

A .05M concentration of Hepes buffer solution at pH 7.0 was prepared. This 

buffer solution was used in the washing steps described in the "growth and isolation of 

yeast" section. The cells were then brought to a cell density of 1 x 109 cells/ml with 

Hepes buffer solution. F-BAPTA (1 ,2-bis(2-amino-5-fluorophenoxy)ethane-N,N,N',N'

tetraacetic acid) in AM (acetoxymethyl ester) form dissolved in DMSO at a 

concentration of 10JlM was then added to the cell suspension. Immediately following 

this, a 1 ml sample was taken from the cell suspension. This sample was then spun down 

and the supernatant removed. The supernatant was transferred to an NMR tube and 

placed in a refrigerator until NMR testing was conducted. The yeast pellet was re

suspended into the cell suspension. The cell suspension was then placed on a horizontal 

shaker (l20rpm) at 25°C for 45 minutes. At this point another sample of supernatant was 

obtained. The cell suspension was then placed on the horizontal shaker for an additional 

45 minute incubation time. A 3rd supernatant sample was obtained at the end of the 

incubation time. The cell suspension was then put through a series of 3 washings with 

Hepes buffer and centrifugations at 5000rpm. The yeast pellet was then transferred to an 

NMR tube using a pipette and kept in a refrigerator until NMR testing could be 

conducted. 
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Experiment 2: Incubation ofS cerevisiae with acidic loading buffer and F-BAPTA 

Millipore water (instead of He pes buffer) was used as washing buffer during the 

initial isolation stage of yeast cells. An acidic buffer (buffer A; 10mM Succinic Acid, 50 

mM KCL, pH 4.5) was prepared as the diluent for the yeast cells (1 x 109 cells/ml). F

BAPT A (not the AM form) was then added to the cell suspension at a concentration of 

20flM. The incubation times and supernatant samples were done in the same way as in 

experiment one. The change occurred in the post-incubation washing step. A washing 

solution (buffer B; 10mM Succinic acid, .1mM EDTA, pH 4.0) was used for the second 

and third centrifugation. Preparation of the NMR tube for the yeast cells was done as 

described previously. 

Experiment 3: Incubation ofS cerevisiae with pH 4.5 buffer and iOOpM F-BAPTA and 

a separate incubation with pH 4.0 buffer and 20pM F-BAPTA 

Cells were diluted with Millipore water to 5 x 108 cells/ml at the end of the 

primary washing and isolation stage. This was to allow for easier handling since one 

sample of yeast cells was to be used for two separate experiments and thus two separate 

NMR tubes. The cells were split in half and each brought to a 10 ml volume with their 

respective buffer solution (buffer A and buffer B). 100flM ofF-BAPTA was added to 

yeast cells suspended in buffer A. 20flM ofF-BAPTA was added to yeast cells 

suspended in buffer B. The rest of the procedure was conducted as described in earlier 

experiments except in duplicate. 

Experiment 4: incubation ofS cerevisiae with Vanadate and F-BAPTA 

Cells were diluted with buffer A to 5 x 108 cells/ml at the end of primary washing 

and isolation stage. The yeast cells were split into two cell suspensions (suspended in 
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buffer A) with one portion being treated with ImM vanadate and another portion not 

being treated with vanadate. Both cell suspensions were treated with 100llM 

concentrations ofF-BAPTA. The rest of the procedure was conducted as described in 

earlier experiments. 

Experiment 5: Incubation ofS. cerevisiae with vanadate and F-BAPTA-AM 

Yeast cells were diluted to I x 109 cells/ml with buffer A. The cell suspension 

was then treated with ImM vanadate and 10IlM F-BAPTA-AM dissolved in DMSO. 

The rest of the procedure was conducted as described in previous experiments. 

Experiment 6: Incubation ofS. cerevisiae with probenecid and F-BAPTA 

Yeast cells were diluted to 1 x 109 cells/ml with buffer A. The cell suspension 

was then treated with SmM probenecid and 100JlM F -BAPT A. The rest of the procedure 

was conducted as described in previous experiments. 

Experiment 7: Test of F-BAPTA at pH 7.0 and pH 4.5 

F-BAPTA was added in 2JlM concentrations to buffer A (PH 4.S) and Hepes 

buffer solution (pH 7.0). Yeast cells were not added to any sample. 1 ml samples were 

taken from both solutions and NMR analyses were conducted. 

NMR spectroscopy 

Treated yeast cells, 1 ml supernatant samples and 1 ml samples ofF-BAPTA with 

buffer were placed into NMR tubes with 200-300IlL of D20 solvent. 19F NMR analyses 

were conducted at 37°C with a spin of ISHz. On average, SOOO to 10,000 scans were 

performed depending on time constraints. Spectrum were then processed using JEOL 

Delta NMR software (parameters for each experiment are included in spectrum figures). 

Peak comparisons for supernatants were made using the Y axis (signal strength) and 
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areas of the peaks. Peak area was determined by making integration computations using 

software. The numbers in themselves are arbitrary but since the same volume of 

supernatant was used per experiment, the signal strengths can be used for comparison 

purposes. 

RESULTS 

Experiment 1: Incubation olS. cerevisiae with Hepes buffer and F-BAPTA-AM 

19F NMR analyses were conducted for three supernatant samples (prior to F

BAPTA-AM incubation, mid-point ofF-BAPTA-AM incubation, and post F-BAPTA

AM incubation) and F-BAPTA-AM treated yeast cells. Samples were analyzed within 

24 hours of preparation. Figure 1 displays the NMR spectrum for each sample. All 

spectra contained no signals characteristic ofF-BAPTA. 
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A 

B 

c 

D 

Fig 1: 5000 scan 19F NMR spectra for A) supernatant prior to F-BAPTA-AM incubation B) 
supernatant at midpoint (45min) ofF-BAPTA-AM incubation C) supernatant at the end (90min) 
ofF-BAPTA-AM incubation and D) F-BAPTA-AM treated Saccharomyces cerevisiae (1.08 x 
1010 cells). Cell suspension consisted of He pes buffer and IOIlM F-BAPTA-AM 
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Only background noise with no peaks was displayed in the spectrum. 

Experiment 2: Incubation ofS. cerevisiae with acidic loading buffer (buffer A) and F-

BAPTA 

NMR analyses were initially set for 5,000 scans for all supernatant samples and 

yeast cells (data not shown). Peaks were not visible at this setting. Another set ofNMR 

analyses were conducted at 10,000 scans which allowed for peaks in the supernatant to be 

seen. Figure 2 displays the results of the NMR analysis on the supernatant obtained from 

the cell suspension after F-BAPTA had been added but pre-incubation on the horizontal 
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Fig 2: 10,000 scan 19F NMR spectrum of pre-incubation supernatant. The supernatant was a 
Iml sample taken from yeast cell suspension that comprised buffer A and 20~M F-BAPT A. Two 
signals can be seen from this spectrum. A) Signal representative ofF-BAPTA linked to Calcium 
and B) signal representative ofF-BAPTA linked to zinc. 

shaker. The spectrum displays two peaks. A zinc peak is seen between -116ppm and 

-117ppm on the X axis. A calcium peak is seen between -1 14ppm and -115ppm and is a 
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larger peak than the zinc signaL The zinc peak (-5 on Y-axis) is smaller than the calcium 

peak (-10 on Y-axis). The rest of the spectrum appears to be background noise. Figure 3 

displays the results of the NMR analysis of the supernatant taken at the mid-point 

(45min) ofF-BAPTA incubation. 
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Fig 3: 10,000 scanl~ NMR spectrum of supernatant at mid-point (45min) incubation with F
BAPT A. The supernatant was a 1 ml sample taken from yeast cell suspension that comprised 
buffer A and 20llM F-BAPTA. A) Signal ofF-BAPTA linked to calcium. B) Signal ofF
BAPT A linked to zinc. 

The zinc peak and calcium peak are again seen in the spectrum. The zinc peak (-8.5 on 

Y-axis) is larger than in the first supernatant sample and is similar in size to the calcium 

peak (-9.8 on Y-axis). Figure 4 displays the NMR spectrum of the supernatant sample 

taken at the end (95min) of the incubation time and before washing of the yeast cells. 

This spectrum contains the zinc and calcium peak. The zinc peak (14 on the Y-axis) is 

higher than the calcium peak (-6.5 on Y-axis) and is higher than all previous zinc peaks 
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in the other supernatant samples. The calcium peak (~6.5 on Y-axis) is smaller than 

previous calcium peaks. Figure 5 displays the NMR spectrum obtained from the S. 

cerevisiae sample (1.5 x 1010 cells). The cells had been treated with F-BAPTA in buffer 

A for 90 minutes and then were washed with buffer B. The spectrum contains no 

definable F-BAPTA peaks and appears to be only background noise. 
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Fig 4: 10,000 scan 19F NMR spectrum of Iml supernatant sample at the end (90 min) of 
incubation time with 20llM F-BAPTA and buffer A. A) F-BAPTA + calcium peak. 8) F
BAPT A + zinc peak. 
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Fig 5: 10,000 scan 19F NMR of Saccharomyces cerevisiae (1.5 x 1010 cells) treated with F
BAPT A in buffer A. No defined peaks were obtained. 

Experiment 3: Incubation olS. cerevisiae with pH 4,5 buffer and lOOpM F-BAPTA and 

a separate incubation with pH 4. 0 buffer and 20pM F-BAPTA 

Two cell suspensions were incubated simultaneously during this experiment. One 

cell suspension was incubated with buffer A (pH 4.5) and 100J,tM F-BAPTA. The other 

cell suspension was incubated with buffer B (PH 4.0) and 20J,tM F-BAPTA. The purpose 

of this was to test a higher concentration ofF-BAPTA with buffer A to compare to 

experiment 2 and to test if a buffer with a lower pH would transport F -BAPTA into the 

yeast cells. Figures 6-8 display the NMR spectra for the supernatants from the buffer B 

experiment. Only zinc peaks are seen in these spectra. The computed integrals were 

35.4M, 35.2M, and 54M for supernatants taken from the pre, mid-point, and post 

incubation periods respectively. The NMR spectrum for the yeast cell suspension (figure 

9) did not display any definable F-BAPTA peaks. 
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Fig 6: 10,000 scan 19F NMR spectrum of supernatant sample from cell suspension consisting of 
buffer B (pH 4.0) and 20!lM F-BAPTA. Sample was taken after F-BAPTA was added but 
before incubation on horizontal shaker. A) Zinc + F-BAPTA peak with a computed integral of 
~35.4M and a signal of ~ 17.8. 
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Fig 7: 1 0,000 scan 19F NMR spectrum of supernatant sample from cell suspension consisting of 
buffer B (pH 4.0) and 20!lM F-BAPTA. Sample was taken at mid-point (45min) of incubation 
with F-BAPTA. A) Zinc + F-BAPTA peak with a computed integral of ~35.2M and a signal 
strength of ~15.9. 
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Fig 8: 10,000 scan 19F NMR spectrum of supernatant sample from cell suspension 
consisting of buffer B (pH 4.0) and 20llM F-BAPT A. Sample was taken at the end (90min) 
of the incubation period with F-BAPTA. A) Zinc + F-BAPTA peak with a computed 
integral of -54M and a signal strength of -20.1. 
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Fig 9: 10,000 scan 19F NMR spectrum of yeast cell suspension (1.04 x 1010 cells). Yeast 
cells had been treated with 20llM F-BAPTA and buffer B (pH4.0) for 90 minutes. Cells 
were washed 3x and then transferred to NMR tube. No definable peaks were obtained. Only 
background noise is observed. 
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Fig 10: 10,000 scan NMR spectrum of supernatant sample from cell suspension 
consisting of buffer A (pH4.5) and IOOIlM F-BAPTA. Sample was taken after F-BAPTA 
was added but before incubation on horizontal shaker. A) Calcium + F-BAPTA peak. 
Computed integral of ~ 130M and signal strength of ~ 18. B) Zinc + F-BAPTA peak. 
Computed integral of ~85M and a signal strength of ~31. 
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Fig 11: 10,000 scan 19F NMR spectrum of supernatant sample from cell suspension 
consisting of buffer A (pH4.5) and 100llM F-BAPTA. Sample was taken at mid-point 
(45min) of incubation with F-BAPTA. A) Calcium + F-BAPTA peak with a computed 
integral of~124M and a signal strength of~18.5. B) Zinc + F-BAPTA peak with a 
computed integral of ~54M and a signal strength of ~24.7. 
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Fig 12: 10,000 scan 19F NMR spectrum of supernatant sample from cell suspension 
consisting of buffer A (pH4.5) and 100JlM F-BAPTA. Sample was taken at the end (90min) 
of the incubation period with F-BAPTA. A) Calcium + F-BAPTA peak with a computed 
integral of -12M and a signal strength of -13. B) Zinc + F-BAPT A peak with a computed 
integral of -85M and a signal strength of -40. 

Fig 13: 10,000 scan 19F NMR spectrum of yeast cell suspension (1.04 x 1O lOcells). Yeast 
cells were treated with buffer A (pH4.5) and IOOJlM F-BAPTA for 95 minutes. Cells were 
washed 3x and then transferred to NMR tube. No definable peaks were obtained. Only 
background noise is observed. 
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Figures 10-12 display the NMR spectra for the supernatants from the cell 

suspension consisting of buffer A (pH 4.5) and 100jlM F-BAPTA. All NMR spectra for 

the supernatant samples displayed a single calcium and a single zinc peak. The computed 

integrals for the calcium peaks were 130M, 124M, and 72M for supernatant samples 

taken at pre, mid-point, and post incubation periods respectively. The computed integrals 

for the zinc peaks were 85M, 54M, and 85M for supernatant samples taken at pre, mid

point, and post incubation periods respectively. The NMR spectrum for the yeast cell 

suspension (Figure 13) did not display any definable F-BAPTA peaks. 

Experiment 4: Incubation olS. cerevisiae with Vanadate and F-BAPTA 

This experiment consisted of incubating simultaneously a cell suspension with 

ImM vanadate and 100jlM F-BAPTA and a cell suspension with only 100jlM F-BAPTA 

as a controL Both solutions consisted of buffer A (pH 4.5). Figures 14-16 display the 

NMR spectrum results for the control. The supernatant sample from time zero was 

damaged and not able to be analyzed. The supernatant from the mid-point (40min) of the 

incubation (Fig. 14) period displayed a calcium and zinc peak with computed integrals of 

56M and 59M respectively. The calcium peak had a signal strength of 10.5 and the zinc 

peak had a signal strength of 31. NMR results for the supernatant sample after the 

incubation period (Fig. 15) also displayed a calcium and zinc peak. The calcium peak 

became smaller when compared to the mid-point sample with a computed integral of 

31 M and signal strength of 6. The zinc peak became larger when compared to the mid

point sample with a computed integral of 110M and a signal strength of 51. NMR results 

for the yeast suspension (Fig. 16) displayed no definable peaks. This is in agreement 
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Fig 14: 10,000 scan 19F NMR spectrum of supernatant sample from cell suspension consisting of 
buffer A (pH4.5) and IOOflM F-BAPTA. Sample was taken at the mid-point (40min) of the 
incubation period with F-BAPTA. A) Calcium + F-BAPTA peak with a computed integral of -56M 
and a signal strength of -1 0.5. B) Zinc + F-BAPT A peak with a computed integral of -59M and a 
signal strength of -31. 
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Fig IS: 10,000 scan 19F NMR spectrum of supernatant sample from cell suspension consisting of 
buffer A (pH4.5) and 100flM F-BAPTA. Sample was taken at the end (90min) of the incubation 
period with F-BAPTA. Sample was taken at the end (90min) of the incubation period with F
BAPTA. A) Calcium + F-BAPTA peak with a computed integral of-31M and a signal strength of 
-6. B) Zinc + F-BAPT A peak with a computed integral of -110M and a signal strength of -51. 
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Fig 16: 10,000 scan 19F NMR spectrum of yeast cell suspension (9.7 x 109cells). Yeast cells 
were treated with buffer A (pH4.5) and IOOI-lM F-BAPTA for 90 minutes. Cells were washed 
3x and then transferred to NMR tube. No definable peaks were obtained. Only background 
noise was observed. 

A 

Fig 17: 10,000 scan 19F NMR spectrum of supernatant sample from cell suspension 
consisting of buffer A, 100l-lM F-BAPTA, and ImM vanadate. Sample was taken after 
addition of F-BAPTA and vanadate but before incubation on horizontal shaker. A) An 
unknown peak that was consistently present when vanadate was used. A possible interaction 
between F-BAPTA and vanadate. The computed integral of the peak was -80M and the 
signal strength was ~39, 
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Fig 18: 10,000 scan 19F NMR spectrum of supernatant sample from cell suspension 
consisting of buffer A, 100l-lM F-BAPTA, and ImM vanadate. The sample was taken at the 
mid-point period of incubation. A) + B) Unknown peaks with a computed integral of ~ 19M 
and ~23M respectively and signal strengths slightly above 10. C) Zinc + F-BAPTA peak 
with a computed integral of ~ 173M and a signal strength of ~ 78. D) Characteristic peak of 
vanadate incubation with a computed integral of -52M and signal strength of ~24. 

B 

A 

Fig 19: 10,000 scan 19F NMR spectrum of supernatant sample from cell suspension 
consisting of buffer A, 100l-lM F-BAPTA, and ImM vanadate. The sample was taken at the 
end (90min) of the incubation period. A) Unknown peak that was slightly developed in the 
first supernatant sample. The peak had a computed integral of ~23M and a signal strength of 
10. B) Characteristic peak of vanadate incubation with a computed integral of ~67M and 
signal strength of -34. 
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Fig 20~ '>iO:OOO's~,;~"i9F'NMR spectrum of yeast cell suspension (9.7 x 109cells). Yeast cells 
were treated with buffer A, IOOIlM F-BAPTA, and ImM vanadate for 90 minutes. Yeast 
cells were washed 3x with buffer B and transferred to NMR tube, NMR spectrum revealed 
no defmable peaks. 

with experiment three's result for the cell suspension treated in the same way as this 

control. The typical spectrum of background noise was observed. 

Figures 17-20 display the NMR results for the cell suspension that underwent 

treatment with vanadate and IOOIlM F-BAPTA under a pH of 4.5. Spectra displayed 

peaks that, till this point, had not been observed. NMR results for the supernatant sample 

from time zero (Fig. 17) display an unknown peak at -125.5ppm. This may possibly be 

an interaction between vanadate and F-BAPTA as this peak is only seen in experiments 

using vanadate. This peak will be referred to as the vanadate peak. The vanadate peak 

had a computed integral of 80M and a signal strength of 39. NMR results for the 

supernatant sample from the mid-point period of incubation (Fig. 18) displayed a 

vanadate peak, a zinc peak, and two unknown peaks at -113.5ppm and 113.8ppm. The 

vanadate peak had a computed integral of 52M and a signal strength of24. The zinc peak 

had a computed integral of 173M and a signal strength of 78. The unknown peak at 

-113.5ppm had a computed integral of 19M and a signal strength of 10. The unknown 
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peak at -113.8ppm had a computed integral of 23M and a signal strength of 10. NMR 

results for the supernatant sample taken at the post-incubation period (Fig. 19) displayed 

a vanadate peak and an unknown peak at -123Appm. A possible calcium peak was 

observed but did not have a strong signal. An unknown peak was observed at -108.1 ppm 

but also had a very weak sample. The vanadate peak had a computed integral of 67M 

and a signal strength of 34. The unknown peak at -123 Appm had a computed integral of 

23M and a signal strength of 10. The strong zinc peak seen in supernatant sample two 

was not seen in this spectrum. NMR results for the yeast cell suspension (Fig. 20) did not 

display any definable peaks. 

Experiment 5: Incubation ofS. cerevisiae with vanadate and F-BAPTA-AM 

This experiment tested the affect of 1 mM vanadate on yeast's ability to uptake 

lOIlM F-BAPTA-AM in an acidic (pH 4.5) solution whereas the last experiment with 

vanadate was conducted with F ·BAPT A. Figure 21 displays the NMR results for all 

three supernatant samples (pre, mid, and post incubation) and for the S. cerevisiae cell 

suspension. As seen in experiment one, the use of F-BAPTA-AM resulted in no 

definable peaks being observed for any sample. 
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Fig 21: 1 0,000 scan 19F NMR Spectra for A) supernatant sample taken pre-incubation, B) 
supernatant sample taken at the mid-point (45min) period of incubation, C) supernatant taken 
at the end (90min) of the incubation period, D) and of the yeast cell suspension (1.26 x 1010 

cells). Incubation treatment consisted of buffer A, 10IlM F-BAPTA-AM, and ImM 
vanadate. All spectra displayed no definable peaks. 
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Experiment 6: Incubation olS cerevisiae with probenecid and F-BAPTA 

This experiment tested probenecid's affect on allowing F-BAPTA into a yeast 

cell. Probenecid was used in a 5mM concentration and F-BAPTA was used in a lOOIlM 

concentration. Buffer A (pH 4.5) was used as the loading buffer Figures 22-25 display 

the NMR results of this experiment. The NMR spectrum for the supernatant sample from 

time zero (Fig. 22) displayed a calcium peak with a computed integral of 148M and a 

signal strength of 23. NMR results for the supernatant sample from the mid-point period 

of incubation (Fig. 23) displayed a calcium peak with a computed integral of 141 M and a 

signal strength of 18. NMR results for the supernatant sample taken post-incubation 

displayed a calcium peak with a computed integral of 157M and a signal strength of 26.6. 

A weak signal zinc peak could be seen to increase slightly in each of the three 

supernatant samples. The signal strength progressed from ~4.5 to ~6.5. NMR results for 

the yeast cell suspension revealed no definable peaks. 

Fig 2i:"'io:ooo"s~~~'19F NMR spectrum for supernatant sample from cell suspension treated 
with buffer A, lOOf.LM F-BAPTA, and 5mM probenecid. Sample was taken post addition of 
F-BAPTA and probenecid and pre-incubation on horizontal shaker. A) Calcium + F
BAPTA peak with a computed integral of ~ 148M and signal strength of23. 
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Fig 23: 10,000 scan 19F NMR spectrum for supernatant sample from cell suspension treated 
with buffer A, 100~M F-BAPTA, and 5mM probenecid. Sample was taken at the mid-point 
(45min) period of incubation with F-BAPTA and probenecid. A) Calcium + F-BAPTA peak 
with a computed integral of ~ 141 M and a signal strength of ~ 18. 
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Fig 24: 10,000 scan 19F NMR spectrum for supernatant sample from cell suspension treated 
with buffer A, 100~M F-BAPTA, and 5mM probenecid. Sample was taken at the end 
(90min) of the incubation period. A) Calcium + F-BAPTA peak with a computed integral of 
~ 157M and signal strength of ~26.6. 
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Fig 25: "'io',ooo'~~;~'i9F' NMR spectrum for yeast cell suspension (1.4 x 1010 cells). Cells 
were treated for 90 minutes with buffer A, 100llM F-BAPTA, and 5mM probenecid. Cells 
were washed 3x with buffer B and transferred to an NMR tube. NMR spectrum revealed no 
definable peaks. 

Experiment 7: Test ofF-BAPTA at pH 7.0 and pH 4.5 

The purpose of this experiment was to see how pH affected the signal obtained 

through NMR for F-BAPTA. Samples of 211M F-BAPTA were prepared in a solution of 

pH 4.5 and a solution of pH 7.0. NMR results for F-BAPTA in buffer A (pH 4.5) 

displayed a peak just to the left of -ll4ppm (Fig. 26). NMR results for F-BAPTA in 

Hepes buffer (pH 7.0) displayed a peak just to the left of -12lppm (Fig. 27). The acidity 

of the solution is seen to have an affect on the signal ofF-BAPTA. Figure 28 displays an 

NMR spectrum ofF-BAPTA in D20 solvent. This sample serves as a comparison to the 

F -BAPT A signals for the two different pH samples. 
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Fig 26: 10,000 scan 19F NMR spectrum of a Iml solution of2~M F-BAPTA and buffer B 
(pH 4.5). A) Unprocessed peak that is shifted slightly left of the normal F-BAPTA + 
calcium peak (between -113ppm and -114 ppm instead of -114ppm and -115ppm) 
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Fig 27: 10,000 scan 19FNMR spectrum ofa Iml solution of2IlM F-BAPTA and Hepes 
buffer (pH 7.0). A) Unprocessed peak that is shifted slightly left of the normal F-BAPTA 
peak (between -120ppm and -121 ppm instead of -121 ppm and -122ppm) 
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Fig 28: 1250 scan 19F NMR spectrum of Img F-BAPTA in 100flL ofD20 solvent. A) F
BAPT A peak is seen between -121 ppm and -122ppm with a computed signal strength of 
-2.3G and a signal strength of - 1.0 (billions on the Y-axis). 

DISCUSSION 

Experiment 1: Incubation olS. cerevisiae with Hepes buffer and F-BAPTA-AM 

This first experiment was an attempt to use the simplest method possible of 

loading the yeast cells with F-BAPTA-AM. The goal was that the acetoxymethyl ester 

tag on the F-BAPTA molecule would transfer the chemical across the cell membrane and 

into the cell where it could then bind to zinc and display a peak. The fact that no peaks 

were observed in the NMR spectra can have a couple of explanations. The worst-case 

scenario is that the F-BAPTA-AM did not dissolve across the cell membrane ofthe yeast 

celL A process would then need to be developed to load the F-BAPTA-AM chemical 

into the yeast cell but this would leave little hope for using this molecule. Another 

alternative is that the F -BAPT A-AM did dissolve across the cell membrane but that the 

cell's esterases did not cleave the AM off of the F -BAPT A. This would lead to no signal 

being obtained through NMR since F-BAPTA-AM is invisible to NMR. More work 

would then need to be done to determine how to make the esterases of the yeast cell come 
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in contact with F-BAPTA-AM. A third possibility is that the F-BAPTA-AM dissolved 

across the cell membrane but then transferred back out of the cell without esterase action. 

No signal would be obtained in the supernatant samples since the AM tag is still on the F

BAPTA, thus making the molecule invisible to NMR. In addition, the F-BAPTA-AM 

could have dissolved into the cell and also had the AM tag cleaved. However, the 

heterogeneity of the cell mixture might make it impossible to obtain a signal, especially a 

weak signal, using NMR. Further experiments could be developed using higher 

concentrations ofF-BAPTA-AM than the lO~M concentration used in this experiment to 

see if this method would succeed. The problem with this is that the chemical could 

become toxic at higher concentrations which would lead to deleterious affects on cells. 

Experiment 2: Incubation ofS. cerevisiae with acidic loading buffer (buffer A) and F

BAPTA 

Without the ability or time to test for the different possibilities of the F -BAPTA

AM failure, the next experiment used F-BAPTA without the acetoxymethyl ester. In 

order to make this compound theoretically permeable to the cell membrane an acidic 

loading buffer (buffer A, pH 4.5) was used. The acidic loading buffer protonates the F

BAPT A molecule which allows for transfer across the cell membrane. Once inside the 

cell, the F-BAPTA molecule would then lose the protonation and stay inside the cell. An 

advantage to this is that the variable of intracellular esterases is eliminated. F -BAPT A 

would then be ready to bind to zinc. In this experiment, peaks were seen in all three 

supernatant samples. A calcium and zinc peak appeared with the calcium peak steadily 

declining in signal strength and the zinc peak steadily rising. This hints at a mechanism 

where the yeasts are exporting zinc from the cell and importing calcium into the cell over 
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time. Supernatant samples were all of the same size (lml). Ifno efflux or influx was 

occurring, one would expect that the peaks would remain the same. No peaks were seen 

in the NMR spectrum of the yeast sample. Either the pH was not low enough to 

proto nate F -BAPT A or even when protonated, the indicator was not able to enter the cell. 

As with the first experiment, the heterogeneity of the cell suspension might have 

inhibited the NMR from detecting an F-BAPTA signal. In any event, this procedure was 

not successful in obtaining a zinc peak for a cell suspension of S. cerevisiae. 

Experiment 3: Incubation ofS. cerevisiae with pH 4.5 buffer and IOOpM F-BAPTA and 

a separate incubation with pH 4.0 buffer and 20pM F-BAPTA 

This experiment tested two variables at one time. A suspension of yeast cells was 

treated with a more acidic buffer (buffer B, pH 4.0) but the same concentration ofF

BAPT A as in experiment 2 (20I-tM). This was an attempt to see if a lower pH would be 

more effective in protonating F-BAPTA so that it could cross the cell membrane and 

enter the cell. The other suspension of yeast cells was treated with the same buffer as the 

cell suspension in experiment two but with a five-fold increase in the concentration ofF-

BAPT A (1 OOI-tM) 

The supernatants from the cell suspension treated with buffer B displayed only a 

zinc peak. The peak's computed integral stayed fairly consistent with a small rise in the 

third supernatant and the signal strength was consistently in the 15-20 range. This is 

contrary to experiment two's result where zinc started smaller and continually increased. 

The lower pH may have had an effect on the calcium peak so that it was not seen, the 

binding properties ofF-BAPTA to calcium, and/or the yeast's physiology of releasing 

calcium. The lower pH proved to be ineffective in providing an NMR signal for F-
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BAPTA bound to zinc inside yeast cells. A pH of 4.0 should be low enough in order to 

protonate F-BAPTA. This supports the theory that the signal is not being found during 

the NMR scan. 

The supernatants from the cell suspension treated with buffer A and IOOIlM F

BAPT A displayed calcium and zinc peaks. As expected, stronger signals were seen with 

the higher concentration of F -BAPT A. The calcium peak was broader than the zinc peak. 

This possibly means that the zinc signal is clearer than the calcium peak. The computed 

integral decreased steadily through the series of supernatants (13 OM to 72M). However, 

the computed integral for zinc started at 85M, dipped to 54M, and rose to 86M in the 

post-incubation supernatant. This dip in the amount of zinc might possibly indicate that 

the F-BAPTA might have entered the yeast cells. The F-BAPTA cannot simply 

disappear. The indicator is either in the supernatant or in the cells. The ability to conduct 

an NMR scan closer to the loading period with F-BAPTA would be desirable. The 

possibility exists that there is a period of time when F-BAPTA is in the cell and that this 

period is being missed. This experiment proved unsuccessful in producing an NMR 

spectrum of a yeast cell suspension with F -BAPT A peaks. 

Experiment 4: Incubation olS. cerevisiae with Vanadate and F-BAPTA 

The purpose of this experiment was to determine ifthe MDR (multi-drug 

resistance) mechanisms of S. cerevisiae were the reason no NMR signal ofF-BAPTA 

could be obtained from a cell suspension sample. Vanadate has been shown to inhibit 

A TP binding cassette (ABC) transporters and so was used for the purpose of this 

experiment (13, 14). A control experiment was also conducted without vanadate and 

used the same IOOIlM concentration of F -BAPT A as the vanadate experiment. The use 
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of vanadate resulted in peaks that had not been seen in previous experiments or peaks 

seen in the control. A peak was seen in all three supernatant samples at -125.5ppm. This 

peak may be an interaction between vanadate and F-BAPTA. A zinc peak was only seen 

in the second supernatant sample. The peak had a signal strength of -76 and a computed 

integral of 173M. Why such a strong zinc peak would be present only in the second 

supernatant is not known. The control displayed only a zinc and calcium peak in the 

supernatant samples, as had been seen in previous experiments involving F-BAPTA in 

buffer A. Vanadate proved unsuccessful in achieving F -BAPT A peaks for the S 

cerevisiae sample. This could be due to the fact that vanadate inhibits an ATP active 

MDR mechanism. Since the yeasts are not being supplied with glucose in the buffer, the 

mechanism is most likely not in effect and thus not the cause of why no F-BAPTA peak 

is seen in NMR spectra for yeasts. The new signal being displayed also may indicate that 

vanadate is inhibiting F-BAPTA in some way so that it can not enter the cell. Additional 

experiments could be performed in the future that use vanadate in higher and lower 

concentrations to see if this changes the outcome with the NMR spectrum for yeast cells. 

As expected, due to results from previous experiments, the control did not succeed in 

obtaining an NMR spectrum with F-BAPTA peaks for the S cerevisiae cell suspension 

sample. 

Experiment 5: Incubation oiS cerevisiae with vanadate and F-BAPTA-AM 

The purpose of this experiment was to test the use ofF-BAPTA-AM with the 

vanadate and buffer A. This was testing ifin experiment one, F-BAPTA-AM might have 

been pumped out of the cell by the MDR mechanism. However, all NMR spectra 

displayed no definable peaks. This means no F-BAPTA was in the supernatant. F-
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BAPTA-AM may have passed into the cell and the vanadate may have inhibited the cell 

from exporting F-BAPTA-AM but the intracellular esterases still may not have acted 

upon the AM tag. 

Experiment 6: Incubation ofS. cerevisiae with probenecid and F-BAPTA 

This experiment used another known MDR inhibitor, probenecid, which is 

thought to affect energy independent mechanisms. As in all other experiments, this 

method proved ineffective at providing an NMR spectrum with F-BAPTA peaks for the 

yeast cell suspension sample. After the failure of two MDR inhibitors, the cause of F

BAPTA not staying in the cells may not have an association with this mechanism. A 

difference in this experiment was that in all supernatant samples, only calcium peaks 

were seen. The computed integral was consistently in the 147M-157M range. 

Probenecid may interfere with the zinc peak or with the S. cerevisiae 's ability to release 

zinc. Time did not permit for an experiment using Probenecid with F-BAPTA-AM but 

this would be beneficial for comparison with experiment five. 

Experiment 7: Test of F-BAPTA at pH 7. a and pH 4. 5 

The purpose of this experiment was to see the effect pH has on the NMR signal of 

F-BAPTA. F-BAPTA dissolved in D20 was used as the control in order to visualize the 

normal -121.4ppm peak. Both buffers resulted in a different peak than that observed in 

the control. The Hepes buffer (pH 7.0) resulted in a peak shifted slightly left of the 

control whereas buffer A (pH 4.5) resulted in a peak shifted to -113.8ppm, which is 

slightly left of the normal calcium peak. This is most likely the result ofF-BAPTA 

becoming protonated. The 19F atom becomes situated in a new atomic environment and 

affects the signal received. These results could confirm that the F-BAPTA is becoming 
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protonated which should result in the indicator being able to enter the cell. Future studies 

that might be beneficial would be to conduct experiments that include samples with zinc 

and calcium to see if their linked peaks with F-BAPTA change in the presence of pH. 

This would assist in determining if the peaks seen in the previous experiments were 

indeed zinc and calcium peaks. 

Concluding Remarks 

The result from these experiments was that a procedure to measure intracellular 

zinc concentrations for S. cerevisiae using NMR was not successfully developed. No 

definable peaks were obtained for any yeast sample. This may be due to zinc being stored 

in the vacuole and cytoplasmic vesicles (5, 16). The F -BAPTA indicator may not be able 

to penetrate these compartments and the little amounts of free zinc that are available in 

the cytoplasm may not provide a strong enough signal when linked to F-BAPTA to be 

detected by NMR. Possible future experiments could involve the use of zymolase and 

digitonin. Zymolase dissolves cell walls and digitonin permeablizes cell membranes. 

This could potentially help with introducing F-BAPTA into the cell but then the question 

rises of how useful results are from such a disrupted cell. 

For additional experiments, the use of glucose in the incubation buffer might be 

beneficial. Perhaps the cells died without an energy source and this affected the ability of 

F-BAPTA to enter the cell. Being able to perform an NMR analysis on the yeast sample 

in a shorter amount of time may also be of a benefit. Experiments were rarely able to be 

performed within 4 hours of the sample being prepared. 

As for supernatant samples, the varying magnitudes of the zinc and calcium peaks 

that appeared when both peaks were seen simultaneously may be due to zinc's ability to 
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form complexes with higher kinetical stability than calcium (4). This study showed that 

Zinc can form complexes with F -BAPT A that are five times longer than that of calcium. 

Perhaps why zinc was shown to increase in amount over time was due to the fact that 

zinc was out competing zinc for binding sites to F-BAPTA and keeping attached to those 

binding sites. This theory is supported by experiments three and four. In experiment 

three, when buffer B (pH 4.0) was used and zinc was the only peak seen, the zinc peak 

stayed relatively consistent in size. In experiment 6, when probenecid was used and only 

the calcium peak was seen, the peak also remained consistent in size. Why only a single 

peak was present in these experiments is not known. 

As for using F -BAPTA as an indicator for intracellular zinc measurements, 

research has shown that this compound is not useful as a 19F NMR indicator for calcium 

concentrations (2). Maybe the same situation is true for F-BAPTA as an indicator for 

zinc. In this case, new indicators that bind to zinc and are able to be analyzed efficiently 

by NMR may be needed. The NMR method may not be useful as a whole due to the 

heterogeneity of the yeast sample. Current methods of studying intracellular zinc 

qualitatively have used a compound called Zinquin. This compound binds to zinc and 

then can be viewed through fluorescence microscopy (Devirgiliis). Zinquin is able to 

diffuse across plasma and vesicular membranes. F-BAPTA-AM is able to transfer 

through the plasma membrane but the intracellular esterases that cleave the AM portion 

of the molecule may inhibit F-BAPTA from entering into compartmental vesicles that 

contain zinc. This has caused some researchers to doubt the effectiveness of AM loading 

as far as zinc is concerned (19). Maybe a method that uses fluorescence and is then able 

to measure this fluorescence (possibly a fluorescence spectrophotometer) in order to 
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obtain a quantitative measurement of intracellular zinc concentrations could be 

developed. A similar method was used to measure labile zinc concentrations in rat 

hepatocytes using Zinquin (3). Hopefully, future research will produce a method that 

will be able to easily quantify intracellular zinc concentrations. 
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