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Abstract: Zinc (Zn) is one of the principle trace elements required in biological systems, with 
structural or enzymatical roles in hundreds of proteins. In humans, zinc deficiency has gradually 
come to be recognized as a clinically significant and common form of malnutrition, particularly 
in chronically ill patients. The clinical manifestations of zinc deficiency are diverse with effects 
on the immune system, appetite, and embryonic development. The regulation of zinc distribution 
remains a critical, unanswered question. The manner in which zinc is released from its tight 
binding sites in proteins and its transfer from one site to another are also unknown. In this study, 
microarray technology was used to examine the potential effects of Zn exposure (0μM, 1μM, 
50μM, 1mM Zn solutions for 24 hours) on gene expression in Saccharomyces cerevisiae (yeast), 
a model organism that shares roughly 31% of its genome with humans. However, due to 
technical complications, the microarray images were inconclusive due to inadequate signal 
binding. As an alternative approach, the expression of four genes was examined using reverse 
transcriptase-polymerase chain reaction (RT-PCR). The genes selected were IZH1, IZH4, VEL1 
and TDH1. IZH4 was expected to be induced in high zinc conditions. IZH1 was expected to be 
repressed in low zinc conditions. TDH1 is a gene directly involved in metabolism and was 
expected to be expressed in all zinc conditions. VEL1, on the other hand, is a gene of unknown 
function, thought to be involved in velum formation and was expected to be expressed in low 
zinc conditions.  
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V.  Introduction 

      A. Literature Review 

Zinc (Zn), one of the most common naturally occurring elements, is an important integral 

cofactor for many cellular activities. The importance of zinc in the human body has been 

recognized for a long time. However, its importance was doubted because of its ubiquitous 

distribution in the environment (Hambidge, 2000). The evidence of its deficiency in humans 

began to emerge in the 1960s when cases of dwarfism and delayed sexual maturation were seen 

in mid- eastern adolescents (Hambidge, 2000). More than three hundred enzymes require zinc 

for their catalytic function. Zinc is involved in all major biochemical reactions including 

transcription of DNA and translation of RNA. Deficiency of zinc can cause anemia, loss of 

appetite, immune system defects, birth defects and developmental problems (MacDiarmid et al., 

2000). Zinc is a prosthetic group required for growth. It is also present in insulin and helps in 

proper folding of proteins. Zinc is firmly bound to proteins with picomolar binding constants, 

and the concentration of the free ion would be expected to be in the picomolar or nanomolar 

range (Atar et al., 1995). The regulation of zinc distribution remains a critical, unanswered 

question. The manner in which zinc is released from its tight binding sites in proteins and its 

transfer from one site to another are also unknown. Moreover and significantly, zinc in biological 

systems is redox inert, in contrast to copper or iron (MacDiarmid et al., 2000). The term redox 

state is often used to describe the balance of energetically important molecules such as 

NAD+/NADH and NADP+/NADPH in a biological system such as a cell or organ. The redox 

state is reflected in the balance of several sets of metabolites (e.g., lactate and pyruvate, beta-

hydroxybutyrate and acetoacetate) whose interconversion is dependent on these ratios. An 

abnormal redox state can develop in a variety of deleterious situations, such as hypoxia, shock, 
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and sepsis. Redox signaling involves the control of cellular processes by redox processes 

(Silberberg, 2005). Inert means a compound or element which is not readily reactive with other 

elements or forming few or no chemical compounds. In other words, an inert element or 

compound has no pharmacologic or therapeutic action (Silberberg, 2005). If zinc concentration 

rises excessively, zinc will interfere with other metal-dependent processes, particularly pathways 

involving calcium or may inhibit other proteins. Zinc homeostasis must balance zinc utilization, 

precluding pathological consequences. In yeast cells zinc concentration has been found to range 

from 0.1μ M to 1000μM before it becomes toxic to the cell (MacDiarmid et al., 2000). Sufficient 

amounts of zinc should be included in the diet of all animals. In cells, zinc homeostasis is 

accomplished largely through the transcriptional control of zinc uptake and efflux transporters. 

Zinc uptake in S. cerevisiae is time, temperature, and concentration dependent (MacDiarmid et 

al., 2000).  

Zinc is an essential micronutrient and many of the proteins involved in maintaining zinc 

homeostasis are highly conserved throughout evolution. For example, the ZIP (stands for ZRT, 

IRT like protein where IRT is an iron regulated transporter and ZRT stands for zinc regulated 

transporter) and diffusion facilitator (CDF) families of zinc transporter proteins can be found in 

organisms ranging from bacteria to humans (Guerinot, 2000). One such organism is 

Saccharomyces cerevisiae, Baker’s yeast. Yeast makes an ideal model organism to study because 

it is a eukaryotic organism with much of its genome similar to the human genome including 

regions that code for diseases, protein synthesis, membrane transport and metabolic control of 

the cell, while being readily available and relatively easy to culture. There are many other 

reasons that make yeast a favorite eukaryote to study. This species of yeast is nonpathogenic, 

easy to transform with DNA, easy to mate, stable as both a haploid and a diploid, and 
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recombination happens frequently. Most yeast grows best with a plentiful supply of available 

moisture. Yeast can grow in a variety of foods but grow best in foods that contain carbohydrates 

(sugar and starch) which are slightly acidic. They also need nitrogen and several other minerals 

to grow properly. Yeast can grow over a wide temperature range from 0° C to 47.6° C. Since, 

yeast has been highly studied a lot of background information is available (over 53,000 scientific 

papers in the last 40 years) and the DNA sequence of the entire genome has been available since 

1996 at www.yeastgenome.org (Hong et al., 2006). Another reason for using yeast in genetic 

studies is that almost 31% of yeast genes are strikingly similar to human genes (NHGRI 1996). 

These shared genetic regions code for many diseases and for vital processes that control the 

copying and repair of DNA, the synthesis of proteins, membrane transport, and metabolic control 

of the cell (HHMI 2001). Information about the yeast genome is expected to enhance 

understanding about the human genome and may provide insight into human diseases. 

IZH (induced in zinc homeostasis) genes encode a family of paralogous membrane 

proteins (IZH1, IZH2, IZH3, and IZH4) thought to affect zinc homeostasis either by altering 

membrane sterol content or by directly altering cellular zinc levels. These proteins belong to a 

large ubiquitous family of proteins found in both prokaryotes and eukaryotes. This family is 

characterized by the presence of at least seven transmembrane domains and four highly 

conserved motifs rich in metal-binding amino acids that are predicted to cluster on the 

cytoplasmic face of the membrane (Lyons et al., 2004). The IZH protein family has also been 

named as PAQR which stands for progestin, AdipoQ) receptors. Based on the structure of the 

proteins of this family, PAQR is divided into two subgroups: Hyl3-like an Izh-like (Lyons et al., 

2004). Relatively little is known about the members of this family however, these are important 

genes considering the striking conservation of this family from bacteria, yeast and plants to 

http://www.yeastgenome.org/�


9 
 

humans. Moreover, highly conserved metal binding motifs have been found in AdipoR1 and 

mPRγ,β, and α genes in humans and IZH homolog proteins in proteins (Krietsch et al., 2006). All 

four IZH genes exhibit elevated expression in zinc-deficient cells. IZH1 and IZH2 are direct 

targets of the Zap1p transcription factor that senses zinc deficiency, whereas IZH4 is induced by 

excess zinc. IZH2 is located in the plasma membrane and may play a role in lipid and phosphate 

metabolism (Narasimhan ML, et al. 2005). IZH1 and IZH2 possess putative zinc responsive 

elements (ZREs) in their promoter regions, located at -416 (ACCTTTAGGGT) and -225 

(TCCTCTAGGGT), respectively (Lyons, et al.  2004). Three IZH genes; IZH1, IZH2, and IZH4; 

are also induced by fatty acids via the Oaf1p/Pip2p complex that binds to oleate response 

elements (OREs). Putative OREs are present in the IZH1 (302 to 328 bp), IZH2 (159 to 167 bp), 

and IZH4 (240 to 263 bp) promoters (Karpichev IV, et al.  2002). The induction of IZH1 and 

IZH2 by Zap1p under zinc deficiency, as well as the specific decrease in Zap1p activity in cells 

overexpressing Izh proteins, suggests a connection between these genes, sterols, and zinc 

metabolism (Lyons et al.,  2004). 

Combinations of IZH genes are essential for viability. Deletion of either IZH1 or IZH2 

results in increased sensitivity to elevated zinc, whereas deletion of IZH3 or IZH4 results in 

reduced sensitivity. A specific mutation in IZH2 increases the length of the cell cycle in zinc-

treated cells, whereas a specific mutation in IZH3 is known to decrease the lag phase under the 

same conditions. Overexpression of any of these four genes results in decreased activity of the 

Zap1p transcription factor when cells are grown in zinc-limiting medium (Lyons et al., 2004). 

Three possible functions have been proposed for the IZH proteins. First, these proteins may 

function solely in sterol metabolism by influencing the permeability of the plasma membrane 

and, consequently, the homeostasis of cations such as zinc. It is also possible that the Izh proteins 
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function as transporters for zinc used in a signaling capacity, a possibility that may explain their 

regulation by Zap1p and their effect on Zap1p activity. A third possibility is that the Izh proteins 

are involved in a signal transduction cascade that is independent of zinc, and that Zap1p is a 

downstream target of this pathway (Lyons et al., 2004). Due to the similar nature of all Izh 

proteins, only two genes, IZH1 and IZH4 were selected in this study to examine their effects 

when exposed to different concentrations of zinc.  

VEL1 and TDH1 were the other two genes selected to examine. VEL1 is a gene of 

unknown function which is thought to be involved in velum formation and has been shown to up 

be induced in zinc-depleted (low zinc) conditions (Lyons et al., 2000). The formation of velum 

appears to be an adaptive mechanism involving change in cell shape, size and hydrophobicity. 

Velum formation often happens in yeast strains on the surface on sherry wine. These strains can 

not only survive but also thrive in high concentrations of ethanol during the aging process 

(Martinez et al., 1997).  TDH1 on the other hand, is a “housekeeping gene”, involved in basic 

metabolic function. It is a tetramer also called as Glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH) which catalyzes the reaction of glyceraldehyde-3-phosphate to 1,3 bis-

phosphoglycerate. Interestingly, this catalytically active enzyme is found in the cytoplasm and 

cell wall and it has been suggested that TDH1 may be involved in a process other than glycolysis 

because it is synthesized by cells in the stationary growth phase (Boucherie, 1995). 

In this study, microarray technology (Part I) and reverse transcriptase- polymerase chain 

reaction (Part II) were used to examine the potential effects of various concentrations of zinc 

exposure on gene expression in Saccharomyces cerevisiae. The data collected were analyzed for 

patterns to help answer the question of how yeast, and possibly humans, genetically respond to 

zinc. The project has also served as a means to establish effective protocols for working with 
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microarray and RT-PCR in the undergraduate biology laboratory at NSU. This work will provide 

a base for other interested undergraduate students and enable them to investigate further effects 

of other factors on yeast such as minerals in different environments, concentrations and at 

different times and ages of yeast cells. Lastly, the results of this research will be presented at the 

NSU’s Student Research Symposium and at the Beta Beta Beta (βββ) Biological Honors Society 

National symposium in May, 2008 (Power point presentation, pg 98-103). 

B. Overview of Experimental Design 

        Part I. Microarray Testing 

Microarray technology provides a unique tool for the determination of gene expression at 

the level of messenger RNA (mRNA). One important application of microarray technology is its 

use as a screening tool for the identification of molecular mechanisms of toxicity. Such 

approaches enable researchers to identify those genes and their products (either single or whole 

pathways) that are involved in conferring resistance or sensitivity to toxic substances 

(Weeraratna, et al., 2004). This relatively new and powerful tool allows researchers to examine 

the dynamics of a whole biological system by simultaneously interrogating the expression of up 

to tens of thousands of genes (DeRisi et al., 1997). This gives researchers an opportunity to 

examine the response of the genes of unknown function, and observe the response of genes at 

different concentrations of certain minerals and drugs.  

Microarray technology is considered equivalent to >6100 blots for each gene in a yeast 

cell while being a relatively rapid and inexpensive technique with the added benefit of exploring 

how the genes are actually interacting at once (Campbell and Heyer, 2000). The northern blot or 

blot is a technique used in molecular biology research to study gene expression. It takes its name 

from the similarity of the procedure to the Southern blot procedure, named for biologist Edwin 
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Southern, used to study DNA, with the key difference that RNA, rather than DNA, is the 

substance being analyzed by electrophoresis and detection with a hybridization probe (Lodish et 

al., 2000). Microarray technology takes advantage of the fact that when a gene has been 

transcribed it must have produced mRNA. The mRNA was then isolated due to its uniqueness 

from other types of RNA. Eukaryotes, including yeast have a 3΄poly-A-tail and 5΄methyl cap. 

Following microarray technology, mRNA is then converted to DNA (cDNA) by using an oligo-T 

primer (which aligns with the poly A tail of the mRNA) and a reverse transcriptase. This 

converted cDNA (from mRNA) grown in one condition was tagged with red dye (CY5) and 

cDNA grown in the other environment was tagged with green dye (CY3). These two 

complementary cDNAs were pooled and made into a hybridization mixture where they were 

incubated with the microarray slide. The colored cDNAs hybridized to the strand of the DNA 

sequence on the microarray slide that represents its genes or open reading frame (ORF). Any 

unbound cDNA or debris was washed away. Then bound cDNAs were detected by scanning 

through a computer that detects the ratios of red and green color (Figure 1). Red indicates a gene 

was induced in one condition while green shows a gene was induced in the other condition. 

Yellow represents an equal amount of green and red where ORFs are transcribed in both 

environments (Campbell and Heyer, 2000).  

Despite its wide use in research, there are some technical issues to overcome in the use of 

microarray technology. These include: isolating good quality total RNA, making labeled cDNAs 

from RNA and hybridization of the cDNA on a microarray slide for analysis. In addition, data 

obtained and generated by microarray technology is challenging to analyze. “Quantization of the 

intensities on each spot is subject to noise from irregular spots, dust on the slide, and nonspecific 

hybridization. Deciding the intensity threshold between spots and background can be difficult, 
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especially when the spots fade gradually around their edges” (Buhler, 2002). In order to get rid 

of the latter problem, it is necessary to have a good quantity of sample initially (mRNA). The 

Genome Consortium for Active Teaching (GCAT) has developed a program called MAGIC tool 

in order to overcome such technical problems for analyzing data (Campbell et al., 2006). GCAT 

allows us to upload the completed microarray data and use data from previously done 

experiments to compare against our data. This tool and many other resources are available at 

http:www.bio.davidson.edu/projects/GCAT/gcat.html. Using GCAT as a resource, comparisons 

can be made to known genes with unknown functions when analyzing data and theories can be 

created regarding induced and repressed genes that have previously been unidentified (GCAT, 

2006).    

Part I of the experiment was subdivided into two parts (Part I A, and Part I B). In part I A 

of the experiment, four DNA arrays were prepared.  The first array was prepared using cDNA 

from yeast grown in standard YEPD media dyed with both colors (red and green). The other 

three arrays contained three different concentrations of zinc (high, low and medium) and the 

yeast cDNA was labeled with green and red dyes. Zinc concentration in low, medium and high 

was be 1μM, 50μM and 1mM respectively (Figure 2). In the part I B of the experiment, six DNA 

arrays were examined under different environments (Figure 3). There were several replicates per 

treatment, making sure that the same treatment has been labeled with both the red and the green 

dye (Table 1). This is a standard procedure in microarray technology called (dye-swapping) 

(DeRisi et al., 1997). 
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Figure 1:  Main steps of the experiment part I (I A and I B) (adopted from M. Farrell, 
2006) 
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Overview of Experiment:  Part I A 
 
    

 

 

Figure 2: Microarray Test Arrays – Four mostly yellow arrays expected 
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          Overview of Experiment:  Part I B 

       Yeast in zinc colored green         Yeast in zinc colored red  
       vs. Standard colored red           vs. Standard colored red    
 

 

 

 

 

 

 

                

 
Figure 3: Main steps of the experiment part I B  
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Some factors that had to be considered during these microarray experiments were 

whether gene expression was always the same for the same treatment regardless of which dye 

was used or which slide was used. It was agreed that only those genes that gave a clear, 

consistent signal (pattern of gene expression) would be used for data analysis. 

Part II: Reverse transcriptase-polymerase chain reaction (RT-PCR) of four genes 

The polymerase chain reaction (PCR) is a technique widely used in molecular biology, 

microbiology, genetics, diagnostics, clinical laboratories, forensic science, environmental 

science, hereditary studies, paternity testing, and many other applications. The name, polymerase 

chain reaction, comes from the DNA polymerase used to amplify (replicate many times) a piece 

of DNA by in vitro enzymatic replication. The original molecule or molecules of DNA are 

replicated by the DNA polymerase enzyme, thus doubling the number of DNA molecules. Then 

each of these molecules is replicated in a second "cycle" of replication, resulting in four times the 

number of the original molecules. Again, each of these molecules is replicated in a third cycle of 

replication. This process is known as a "chain reaction" in which the original DNA template is 

exponentially amplified (Bartlett and Stirling, 2003). With PCR it is possible to amplify a single 

piece of DNA, or a very small number of pieces of DNA, over many cycles, generating millions 

of copies of the original DNA molecule (Bartlett and Stirling, 2003). PCR has been extensively 

modified to perform a wide array of genetic manipulations, diagnostic tests, and for many other 

uses (Sambrook and David, 2001). The polymerase chain reaction is used by a wide spectrum of 

scientists in an ever-increasing range of scientific disciplines. In microbiology and molecular 

biology, for example, PCR is used in research laboratories in DNA cloning procedures, Southern 

blotting, DNA sequencing, and recombinant DNA technology, to name but a few. In clinical 

microbiology laboratories PCR is invaluable for the diagnosis of microbial infections and 
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epidemiological studies. PCR is also used in forensics laboratories and is especially useful 

because only a tiny amount of original DNA is required, for example, sufficient DNA can be 

obtained from a droplet of blood or a single hair. PCR is used to amplify specific regions of a 

DNA strand (the DNA target). This can be a single gene, a part of a gene, or a non-coding 

sequence (Sambrook and David, 2001). Most PCR methods typically amplify DNA fragments of 

up to 10 kilo base pairs (kb), although some techniques allow for amplification of fragments up 

to 40 kb in size (Cheng et al., 1994). Reverse transcriptase-polymerase chain reaction (RT-PCR) 

is a modified PCR technique used to amplify, isolate or identify a known sequence from a 

cellular or tissue RNA. The PCR is preceded by a reaction using reverse transcriptase to convert 

RNA to cDNA. RT-PCR is widely used in expression profiling, to determine the expression of a 

gene or to identify the sequence of an RNA transcript, including transcription start and 

termination sites and, if the genomic DNA sequence of a gene is known RT-PCR can be used, to 

map the location of exons and introns in the gene. The 5' end of a gene (corresponding to the 

transcription start site) is typically identified by an RT-PCR method, named RACE-PCR, short 

for Rapid Amplification of cDNA Ends (Sambrook and David, 2001). 

Initial steps for this part (Part II) of the experiment were similar to Part I of the 

experiment. Yeast cells were grown followed by the preparation of yeast media for the four 

different zinc environments (0, 1µM, 50µM and 1mM). Total RNA was extracted and mRNA 

was isolated which was then used to produce cDNA. Verification of mRNA and cDNA were 

tested by gel electrophoresis techniques. RT-PCR was done on cDNA, total RNA and on 

samples with no DNA template (as controls.) Gel electrophoresis was performed to see the 

presence or absence of the selected genes followed by data analysis (Figure 4).  
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Figure 4:  Main steps of the experiment, Part II (RT-PCR) 
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VI. Materials &Methods 

A. Part I: Microarray testing 

1. Preparation of  Media 

a. The control: The first slide to be hybridized served as a control. On this slide, 

RNA collected from yeast grown in the standard growth medium (standard 

yeast media) was used for both the standard and experimental samples. Each 

sample was hybridized with a different dye capture sequence (CY3 and CY5 

respectively) and hybridized to the same slide.  Assuming no sample error, this 

step eliminated the possible conjecture that one of the dyes may preferentially 

bind. Since the mRNA came from the same population of yeast, it was expected 

that all the DNA spots on the microarray slide where cDNA bound would be 

yellow indicating equal gene expression (Figure 2, slide 1).  

b. Obtaining yeast:  The yeast strain S288C was used in this research and has 

already been donated to the lab by Dr. Todd Eckdahl of Missouri Western State 

University.  

c. Preparation of Regular Yeast Media: Regular yeast media was prepared by 

dissolving 20g of dextrose, 5.1g of yeast nitrogen base without ammonium 

sulfate and zinc sulfate (US biological, www.usbio.net), and 0.1g each of 

adenine, histidine, tryptophan, and leucine into 1 liter of distilled H2O. 

d. Preparation of Regular Yeast Media with different zinc concentrations: Regular 

yeast media was prepared by dissolving 20g of dextrose, 5.1g of yeast nitrogen 

base without ammonium sulfate and zinc sulfate (US biological, 

www.usbio.net) and 0.1g each of adenine, histidine, tryptophan, and leucine 
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into 1 liter of distilled H2O. Zinc was added as zinc chloride (ZnCl2). For the 

low zinc medium, 1μM (0.136mg) of ZnCl2 was added. A concentration of 

50μM (6.815mg) of ZnCl2 was added for the medium conditions. A final 

concentration of 1mM (136mg) of ZnCl2 was added for the excess amount. 

However, due to unavailability of the sensitive measuring tools which can 

measure very small amounts such as 0.136mg ZnCl2 and 6.8mg ZnCl2, dilution 

techniques were adopted to prepare low and medium zinc solution. Dilutions 

were made from the high zinc media (1mM, 0.136g ZnCl2). In order to make a 

1µM zinc solution from a 1mM solution, 1000µL (1mL) of the well-mixed 

1mM solution was diluted to the 1000ml distilled water. A similar process was 

repeated to prepare the 50µM zinc condition. 50mL from 1mM solution was 

taken out and diluted in 1000mL of distilled water. Addition of 0.2mg (0.0002g) 

of FeCl2 was another challenging step in Winter 06 and Summer 07. However, 

this time dilution techniques were used to add the required amount. 0.2g of 

FeCl2 in 1000mL of distilled water was added and then 1000μL (1mL) of it was 

added to all four media (control, low, medium and high zinc media). Upon 

addition of all the reagents to four different environments, these media were 

heated and swirled with the help of a magnetic stirrer on a hot plate for 10-15 

minutes. The sole purpose of heating was to mix/dissolve all the reagents well. 

Once, all the media looked clear and well-mixed, these media were filtered 

through a filtration system (0.2µM filter size) and later stored in bottles at 4oC.  
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2. Growth of Yeast Cells 

Three 50mL tubes of the appropriate media were poured for each environment 

(zinc concentrations). One loop full of 1 day old yeast grown on regular yeast media 

at room temperature was then added to each tube (zinc concentrations) and allowed to 

grow to an optical density of 0.8-1.00 at 660nm (Allen, 1997), measured on a HP 

8435 UV spectrophotometer. For each environment, the pH was measured with a 

digital pH meter to insure that the environment was within the necessary pH range (3-

6.5). Cell concentrations were determined by measuring the optical density at 660nm 

to find the relationship between actual yeast cell counts and absorbance of cells in 

yeast zinc media. This step is important because research indicated that too many or 

too few cells impact the ability to isolate enough total RNA (Ambion, 2006). 

3. Total RNA Isolation 

The RiboPure-Yeast kitTM from Ambion (Cat # 1926) was used to isolate 

RNA from the yeast cell cultures. Ambion recommends that no more than 3 X 108 

cells per extraction be used. This amount was obtained by centrifugation of 10mL of 

the 50mL (30ml, total was used from the same environment). For each sample, the 

pellet was resuspended in a mixture of lysis buffer, 10% SDS and Phenol 

(chloroform: IAA) and then vortexed using a beating adaptor at a speed of 12,000 x g 

with cold (-20oC) zirconia beads for 10 minutes in order to release the nucleic acids 

from the inside of the cell. Following this protocol, the aqueous phase was separated 

from the organic phase by centrifugation for 20 minutes, and RNA was purified by a 

long series of filtration steps and a subsequent DNase treatment (to remove any 
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remaining DNA). The extracted RNA was then stored at -20oC for future analysis 

(less than two weeks).  

Table 2: Calculation of cell density according to Burke, D., Dawson, D., Stearns, T. (2000) 
Methods in Yeast Genetics; Cold Spring Harbor Laboratory course manual. Pg. 143-144. 
Highlighted samples were selected for use in microarray testing.  

Growth 
Environment 

Original Culture 
size (mL) 

pH 
original sample 

(with yeast) 

(OD) 
A660 

 

#haploid 
cells x 107 

(estimate) 

For 
diploid 

Total # 
cells x 107 

0µM (control) 10 3.43 0.974 1.753 x2 3.506 

0µM (control) 10 3.43 0.969 1.750 x2 2.500 

0µM (control) 10 3.43 0.824 1.753 x2 1.646 

0µM (control) 10 3.43 0.924 1.753 x2 1.848 

1µM 10 3.16 0.988 1.810 x2 3.26 

1µM 10 3.16 0.918 1.790 x2 2.58 

1µM 10 3.16 0.888 1.775 x2 1.77 

50µM 10 3.28 0.890 1.490 x2 2.98 

50µM 10 3.28 0.793 1.480 x2 2.96 

50µM 10 3.28 0.619 1.445 x2 2.89 
1mM 10 6.34 0.190 0 .241 x2 0.482 
1mM 10 6.34 0.129 0 .198 x2 0.396 
1mM 10 6.34 0.143 0 .213 x2 0.426 

 

4. Verification of Total RNA 

Obtaining high quality, intact RNA is the first and often the most critical step 

in performing many fundamental molecular biology experiments. Once media was 

prepared, cell lysis and RNA isolation was performed, an assessment of the total 

RNA was made. In order to know if the RNA was pure, readings using a 

SmartSpecTM 3000 spectrophotometer (Bio-Rad Laboratories, provided by the HPD 

Professor, Dr. Appu Rathinavelu) at 260nm and 280nm were taken. A260 to A280 is a 

standard ratio for RNA purity, and the absorbance values fell in the expected range of 

1.8 to 2.1. Remains of DNA or proteins in the sample bind preferentially over the 

cDNA to the microarray and confound the data. Therefore, it is necessary to have as 
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little DNA or protein as possible in the sample at this point. The overall quality of the 

RNA can be assessed by electrophoresis in a denaturing gel (Figure 5). A special 

quartz cuvette was used in the spectrophotometer because common glass and plastic 

absorb light at A260, the same absorbance measurement of the RNA. This special 

cuvette was ideal because only 1µL sample was needed which was diluted in 99µL of 

buffer. Thus, allowing the total RNA sample to be conserved. 

   Table 3:  RNA Quantification Measurement using UV-spectrophotometer (the highlighted   
    values represent the samples that were used in the microarray experiments; RNA extraction done  
    on May 31st 2007) 

Sample # Environment 
Original 
sample 

Dilution 
factor 

Total 
RNA 
volume 

A260 
nm 

A280 
nm Ratio* 

Conc. * 
(µg/µL) 

1 0      A  10 mL 100 100 0.229 0.094 245 0.92 
2 0      B  10 mL 100 100 0.163 0.070 2.33 0.65 
3 0      C  10 mL 100 105 0.120 0.059 2.03 0.48 
4 1µM     A  10 mL 100 100 0.05 0.024 2.12 0.20 
5 1µM     B 10 mL 100 104 0.103 0.049 2.09 0.41 
6  1µM    C 10 mL 100 100 0.087 0.038 2.26 0.35 
7 50µM   A  10 mL 100 100 0.334 0.196 1.7 1.3 
8 50µM   B  10 mL 100 100 0.07 0.031 2.25 0.28 
9 50µM   C 10 mL 100 104 0.13 0.062 2.1 0.52 
10 1mM    A 10 mL 100 100 0.158 0.073 2.15 0.63 
11 1mM    B 10 mL 100 100 0.162 0.073 2.2 0.65 
12 1mM    C 10 mL 100 100 0.367 0.151 2.4 1.47 
rat-1     100  0.110 0.055 1.98 0.44 

    * represents the values taken from the spectrophotometer (highlighted once are the best  
       sample from each environment based on their absorbance, concentration and ratio).  

 

   Additionally, rat liver RNA of known concentration was measured in the 

spectrophotometer as a control. This purchased RNA (came with Protoscript cDNA 

Synthesis, New England Biolabs) was at a concentration of 0.5 µg/µL. 
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Figure 5:  Results of total RNA (from 05-31-07) from yeast growing in different  
concentrations of Zinc (control, 1µM, 50µM and 1mM). The figure allows for the  
identification of the highest quality separation and their determination of which RNA  
sample contained the highest amount of purity. Arrows represent the standard positions of 
two ribosomal bands 18s (refers to 1800bps) and 28s (refers to 3000bps) in the ladder.   
 

 
5. Preparation and Hybridization of cDNA to Microarray 

From one of the many types of available microarrays, the arrays used for this 

experiment had open reading frame (ORF) spots mostly corresponding to genes, of 

the entire yeast genome in the form of 70-mer base pair stretches of single stranded 

DNA. Each microarray slide had two replicate grids of ORFs printed on it (supplied 

by GCAT). The protocol (3DNA Array 350 protocol) provided by Genisphere was 

used to prepare mRNA into cDNA. This protocol is available at 

www.genisphere.com. According to the protocol, 12µL of total RNA and 1µL of the 

appropriate RT primer with a tag for the appropriate fluorescent dye (for each 

concentration of zinc and for the control) was mixed and heated at 80oC for 10 

minutes (primer mixture). Each sample was then hybridized with a different dye 

capture sequence (CY3 and CY5, respectively) and hybridized to the same slide. This 
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step was done in order to eliminate the possible conjecture that one of the dyes may 

bind preferentially and showing equal intensities of each of the dyes if dye bind 

equally.  A reaction mixture of 5X SuperScript II First Strand Buffer, dNTP mix, 

reverse transcriptase (Superscript II enzyme) and RNase inhibitor was added to the 

primer mixture, gently mixed and incubated at 42oC for two hours. This reaction was 

stopped by adding 0.5M NaOH/50mM EDTA, incubated for another 15 minutes at 

65oC, and then neutralized with 1M Tris-HCl, pH 7.5. The following were mixed in 

order for each reaction to be hybridized to the microarray: 2X Formamide-Based 

hybridization buffer, LNA dt blocker, RNA/primer mix from 0 zinc concentration and 

RNA/primer mix from one of the various three zinc concentrations. The sticky tail 

contained in this mixture later captured the dye when the reaction was heated at 75oC 

for 10 minutes. This mixture was then applied to a pre-washed and pre-warmed 

microarray slide overnight with a cover slip in a hybridization chamber submerged in 

a 43oC bath. Following incubation, the cover slip was removed and the slide was 

subjected to a series of washes and then the slide was dried by centrifugation. After 

incubation the capture reagent was prepared in order preserve light sensitive dyes in a 

dark room by mixing 50oC 3DNA reagent (both types), 70oC 2X hybridization buffer 

with anti-fade and nuclease free water. This mixture was then incubated in the dark at 

75oC for 10 minutes, applied to the pre-warmed slide, covered with a cover slip and 

allowed to hybridize in a chamber at 62.5oC for 4 hours. The slides were then washed 

vigorously in the suggested solution, dried by centrifugation, and put into 50mL tubes 

filled with Nitrogen gas (and properly sealed) for shipping to Davidson College in 

North Carolina for scanning (GCAT, 2006). 
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6. Analyzing Data 

GCAT scanned the array and made subsequent data relating to the spot 

intensities available online. The downloaded scanned files were gridded and 

segmented using the seeded region growing choice according to Microarray Genome 

Imaging and Clustering Tool (MagicTool) (GCAT, 2006). Red and green intensities 

from the dye swaps were compared to determine if either of the dyes faded. 

Unfortunately, there was a lot of non specific binding and the dyes had faded so that 

clean spots could not be visualized, and the location of the gene on the slides could 

not be determined accurately. Due to this result further analysis of the microarray 

slides could not proceed. However, Part II (RT-PCR) was performed in order to 

examine the effects of different concentrations of zinc on the expression of four 

different genes in yeast.  

B. Part II: Reverse transcriptase-polymerase chain reaction (RT-PCR) 

1.   Preparation of Media 

The same protocol was followed as for Part I (p.25-26) 

2. Growth of Yeast Cells 

The same protocol was followed as for Part I (p.27) 

3. Total RNA Isolation 

 The same protocol was followed as for Part I (p.27-28). This time extracted RNA 

was stored at -70oC in the chemistry lab at the Parker South Modular.  pH and 

optical density of the yeast cells with and without zinc were recorded in Table 4. 

Due to a fewer number of cells having grown in low and medium zinc conditions, 
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all three growth tubes for these conditions were mixed which made these media 

more concentrated than the control and high zinc media. 

Table 4: Calculation of cell density according to Burke, D., Dawson, D., Stearns, T. (2000) 
Methods in Yeast Genetics; Cold Spring Harbor Laboratory course manual. Pg. 143-144. (for the 
RNA extraction of Part II). The highlighted values represent the samples that were used in examining 
expressions of IZH1, IZH4, VEL1 and TDH1. 

Growth 
Environment 

pH 
original 
sample 

(w/o 
yeast) 

pH 
original 
sample 
(with 
yeast) 

(OD) 
A660 

 

#haploid 
cells 
X 107 

For 
diploid 

Total # 
cells 
X 107 

Recovered  
volume 

 

Recovered 
volume 

 

0µM (control)  5.41 4.16 
 

0.423 5.64 x2 11.2 530 70 

0µM (control)  5.41 3.99 
 

0.407 5.47 x2 10.94  550 70 

0µM (control)  5.41 3.85 0.479 6.66 x2 13.32  540 70 

1µM  5.87 5.60 0.318 4.12 x2 8.24  540 70 

50µM  5.40  3.43 0.453  6.23  x2 12.46  550 70 

1mM  5.30  3.63 0.564  8.00  x2 16.00  550 70 

1mM  5.30  3.60  0.548 7.80  x2 15.50  550 70 

1mM  5.30  3.83  0.476 6.50  x2 13.00  550 70 

 

4. Verification of total RNA 

The same protocol was followed as for Part I (p.28-29). An electrophoresis gel 

was run on the total RNA sample to confirm the presence of the 2 ribosomal bands. A 

fresh 1.5% agarose gel was made with 1.5g Fisher scientific molecular grade agar 

mixed with 100mL TBE buffer. The 4µl of total RNA samples were mixed with 

Buffer A and 6uL Buffer B and heated to denature according to the Viagen’s 

SuperloadTM Denaturing Gel protocol to limit any remaining secondary structures 

(Gregg, et al. 2004). This solution was allowed to cool and 2µL of the orange loading 

dye was added, vortexed and centrifuge briefly. A separate ladder was prepared by 

adding 4µL of a quantitative ladder (1kb DNA ladder, New England BioLabs, Inc.) 

with 2µL of the orange dye. The RNA samples and ladder were then loaded onto the 
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gel and allowed to run for 30-40 minutes at 130 volts. The positions of bands between 

1800 and 3000bp confirmed the presence of rRNA in the sample. 

Table 5:  Data RNA Quantification Measurements using the UV-spectrophotometer (the 
highlighted values represent the samples that were used in examining expressions of IZH1, IZH4, VEL1 
and TDH1; RNA extraction was done on 12-04-07) 

Sample # Environment 
Original 
sample  

Dilution 
factor 

Total  
RNA 

volume 
A260 
nm 

A280 
nm Ratio* 

Conc. * 
(µg/µL) 

1 0      A  10 mL 100 100 0.229 0.094 2.45 0.92 
2 0      B  10 mL 100 100 0.163 0.070 2.33 0.65 
3 0      C  10 mL 100 105 0.120 0.059 2.03 0.48 
4 1µM     A  10 mL 100 100 0.05 0.024 2.12 0.20 
5 1µM     B 10 mL 100 104 0.103 0.049 2.09 0.41 
6  1µM    C 10 mL 100 100 0.087 0.038 2.26 0.35 
7 50µM   A  10 mL 100 100 0.334 0.196 1.7 1.3 
8 50µM   B  10 mL 100 100 0.07 0.031 2.25 0.28 
9 50µM   C 10 mL 100 104 0.13 0.062 2.1 0.52 
10 1mM    A 10 mL 100 100 0.158 0.073 2.15 0.63 
11 1mM    B 10 mL 100 100 0.162 0.073 2.2 0.65 
12 1mM    C 10 mL 100 100 0.367 0.151 2.4 1.47 
rat-1     100  0.110 0.055 1.98 0.44 
* represents the values taken from the spectrophotometer (highlighted once are the best sample from each 
environment based on their absorbance, concentration and ratio).  
 
Notes: (A260 * dilution factor * 40ug) / total RNA volume = ug/uL   

ratio = 260/280 (1.8-2.1 is good) 

 

  
 
Figure 6: Results of total RNA (12-06-07) from yeast growing in different concentrations of 
Zinc (control, 1µM, 50µM and 1mM). Arrows represent the standard positions of two ribosomal 
bands at 18s refers to 1800bp and 28s refers to 3000bp.   
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5. Gene Selection 

The following genes were selected on the basis of their enzymatic activities, 

properties and effects when exposed to different concentration of zinc. 

Table 6: List of selected genes of interest in molecular pathways involving zinc 
Gene 
Name 

Systemic 
Name Gene Function* Primers Expected Result 

Gene 
Size 

TDH1 YJL052W 

Glyceraldehyde-3-
phosphate 
dehydrogenase, isozyme 
1, involved in glycolysis 
and gluconeogenesis; 
tetramer that catalyzes 
the reaction of 
glyceraldehyde-3-
phosphate to 1,3 bis-
phosphoglycerate; 
detected in the 
cytoplasm and cell-wall 

Forward Primer: 
CAATGAAGGGTGTTTTGG 
 
Melting Temperature (Tm):  51 
 
 
Reverse Primer: 
TTAAGCCTTGGCAACATATTC 
 
 
Tm: 48 

No effect in the 
presence or absence 
of zinc 
 
Should be present 
there all the time 
(since it is a basic 
metabolism gene) 200bp 

IZH4 YOL101C 

Membrane protein 
involved in zinc 
metabolism, member of 
the four-protein IZH 
family, expression 
induced by fatty acids 
and altered zinc levels; 
deletion reduces 
sensitivity to excess 
zinc; possible role in 
sterol metabolism 

Forward Primer: 
GCTTTGGTAGCGGCATCTATA 
 
Tm: 53 
 
Reverse Primer: 
TCGGGCTGATTCAAACTTGA 
 
Tm: 55 Induced in high zinc 200bp 

IZH1 YDR492W 

Membrane protein 
involved in zinc 
metabolism, member of 
the four-protein IZH 
family; transcription is 
regulated directly by 
Zap1p, expression 
induced by zinc 
deficiency and fatty 
acids; deletion increases 
sensitivity to elevated 
zinc 

Forward Primer: 
TTGGTAGCGGCATCTATAAT 
 
Tm: 49 
 
 
Reverse Primer: 
ATTCGGGCTGATTCAAAC 
 
Tm: 49 Induced in low zinc 200bp 

VEL1 YGL258W 

Protein of unknown 
function; highly induced 
in zinc-depleted 
conditions and has 
increased expression in 
NAP1 deletion mutants 
 
Involved in velum 
formation 

Forward Primer: 
TTGCTAACACTGTTACTGGTG 
 
Tm: 51 
 
Reverse Primer: 
GAAAATATTCACAGCTGGGG 
 
Tm: 48 

Highly induced in 
low and medium zinc 
condition 200bp 

*Note: information on gene function has been taken from yeastgenome.org 
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6. Primer Design 

Upon selection of the genes to be examined, forward and reverse primers were 

chosen by examining the 70-mer sequence that was printed on the microarray slide (from 

Part I). Complete coding sequences were obtained from the yeast genome database. Both 

of these sequences were then aligned by using the BioEdit software to create a new 

200bp sequences (Hall, 2007). This new sequence was then targeted by the creation of 

the yeast genome data base website (www.yeastgenome.org) (Hong et al., 2006).  

First the Bioedit software was installed (which was available online on this link, 

http://www.mbioe.ncsu.edu/bioedit/bioedit.html). Then the file, new alignment option 

was selected. Next the sequence option, add new sequence was selected. Once both the 

sequences were added (one from the microarray gene list and one from 

yeastgenome.org), the pairwise alignment under the sequence option was selected. This 

gave a new 200bp long sequence to target. Now this sequence was taken and pasted into 

the yeast genome database to design forward and reverse primers to target this sequence.  

Once on the yeastgenome.org website, the primers link was selected. Then the 

200bp sequence which was generated from the Bioedit software was pasted in the 

appropriate space and the submit button was selected. This process generated forward 

and reverse primers. If primers were not generated, then the melting temperature (TM) 

range and GC content were changed accordingly. Primers or selected oligonucleotides 

were ordered from Operon Biotechnologies, Inc. Primers were obtained in a powder form 

and were then diluted to get the required concentration (100µM). 

 

http://www.yeastgenome.org/�
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Table 7: Primers of selected genes obtained from Operon Biotechnologies, Inc 
with their forward and reverse sequence. The far right column represents the 
amount of water added to the primer to make a 100µM stock solution. 

Selected genes 
Reverse and forward sequences of 
selected genes’ primers 

Amount of water in µl was 
added  to each primer to make 
100µM  solution 

TDH1-forward  GCTTTGGTAGCGGCATCTATA 871.2 

TDH1-reverse   TTAAGCCTTGGCAACATATTC 712.4 

IZH4- forward  GCTTTGGTAGCGGCATCTATA 591.9 

IZH4-reverse  TCGGGCTGATTCAAACTTGA 733.3 

IZH1- forward  TTGGTAGCGGCATCTATAAT 793.6 

IZH1-reverse  ATTCGGGCTGATTCAAAC 783.5 

VEL1- forward  TTGCTAACACTGTTACTGGTG 924.3 
VEL1-reverse  GAAAATATTCACAGCTGGGG 809.6 

 

Upon addition of the required amount of water to the powdered primer to 

make a 100µM solution, a 5µM dilute stock solution was prepared in order to use 

primers for PCR. This was prepared by adding 5µL of primer into 95µL of H2O. 

7. Preparation of cDNA 

The RNA was converted to cDNA using the Protoscript First Strand 

cDNA SynthesisTM Kit (NewEngland Biolabs, Inc). Before mixing the reagents, 

components were thawed and then were put on ice. The 10X RT buffer was 

warmed briefly at 420C and then it was vortexed to dissolve any precipitate. The 

following reagents were added in a microfuge tube: 3µL best samples of total 

RNA from all the environments (exception: 4µl of total RNA was used for the 

1µM, low Zn environment, since total RNA yield for this sample was not great as 

it was for the other environments), 2µL oligo dT-primer, 4µL dNTP mix and 7µL 

nuclease free H2O (6µL of water was taken for the 50 µL environment since it 

had 1µL more total RNA). This mixture was then heated for 5 minutes at 70oC. 

Later it was spun briefly in the centrifuge and was put promptly on ice. The 
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mixture of 10X RT buffer, RNase inhibitor and M-MuLV Reverse transcriptase 

was added to the above mixture and was allowed to incubate for an hour at 42oC. 

RNase H was added to the final reaction tube and incubated one more time for 20 

minutes at 37oC in order to degrade the RNA. In order to inactive the enzyme, the 

reaction was again heated for 5 minutes at 95oC. Upon the inactivation of the 

enzyme, the reaction was diluted with 50µL water. These cDNA reactions were 

then stored at -20oC for the future use for PCR reactions. 

8. PCR with Specific Primers 

Prior to performing PCR, tubes containing 5µL of the specific cDNA were 

prepared by adding 2.5µL forward primer (5µM) for the specific gene, 2.5µL (5µM) of 

reverse primer for the specific gene, 2µL of nuclease free water, and 13µL  Qiagen 

Master Mix (Qiagen, Inc.). A 1.5% agrose gel with TAE buffer was made for each gene 

VEL1, TDH1, IZH1 and IZH4.  In addition, 13µL SYBR Safe 10,000x dye (Invitrogen, 

Inc.) was added to each100mL gel.   Polymerase Chain Reaction (PCR) was run using the 

following program: 

• Step 1: 94oC for 2 minutes 

• Step 2: 94oC for 30 seconds 

• Step 3: 51oC for 30 seconds 

• Step 4: 72oC for 30 seconds 

• Step 5: Go to Step 2 for 24 times. (This step was modified later. 30 cycles were 

performed instead of 24 cycles in order to get more gene product).  

• End 
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  A series of PCR experiments were setup.  First, PCR was setup using the cDNA 

made from the highest quality extracted RNA samples for each condition (table 8). Next, 

two different types of controls were established. For the first type of control, PCR was 

setup using total RNA (instead of cDNA) as the template. The primers were not expected 

to be able to anneal to the total RNA since they were designed for cDNA only (Table 9). 

For the second type of control, no DNA or RNA template was added at all, only primers, 

Master Mix and water. This was done to ensure that the primers were not binding to each 

other and casuing amplification (Table 10). The following tables represent the different 

conditions for testing different genes affected by zinc. 

Table 8: PCR setup using the cDNA made from the highest quality extracted RNA samples 
Gene Name  0=Tube 1µM=Tube 50µM=Tube 1mM=Tube 
TDH1 (control)   CT0 CT1   CT50 CT1m  
IZH4  CI0 CI1  CI50 CI1m 
IZH1  CZ0 CZ1  CZ50 CZ1m 
VEL1  CV0 CV1  CV50 CV1m  

Note: C represents cDNA, T is for TDH1, I for IZH4, Z is for IZH1, V is for VEL1. Numbers such as 0, 1, 50 
and 1m represent the control (no zinc), low (0uM), medium (50uM) and high (1mM) zinc concentrations. 
 
  

 Table 9: PCR setup using Total RNA. - No DNA template should be there. If clear bands in  
the gels are obtain then there might have been DNA in the total RNA sample  

  0=Tube-total 
RNA 

1µM=Tube  
total RNA 

10µM=total 
RNA 

1Mm= Total 
RNA Gene Name  

TDH1 (control)   RT0 RT1   RT50 RT1m  
IZH4  RI0  RI1  RI50 RI1m 
IZH1  RZ0  RZ1  RZ50 RZ50 
VEL1  RV0  RV1  RV50 RV1m  

Note: R represents total RNA, T is for TDH1, I for IZH4, Z is for IZH1, V is for VEL1. Numbers  such as 0, 1, 50  
and 1m represent the control (no zinc), low (0uM), medium (50uM) and high (1mM) zinc concentrations. 
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Table 10:  PCR setup using no DNA template at all. There should be no bands present in 
the gel. This was done to test for problems with the primers. 
Gene Name  NO DNA added-add water instead of DNA 

     TDH1 (control)   DT 
     IZH4  DI 
     IZH1  DZ 
     VEL1  DV 
     Note:  D represents PCR product with no DNA template. T is for TDH1, I for 

 IZH4, Z is for IZH1, V is for VEL1.  
 

9. Gel Electrophoresis 

Gel electrophoresis was done using a quantitative log ladder (New England 

Biolabs #N3200S) since it can both quantify and qualify the bands based on the 

resulting travel distance and intensity. Each band in the ladder has a known DNA 

quantity (Figure 7). Four gels were made for each of the four genes. Gel samples 

were placed in the same order listed above (Table 3, 4 and 5) with a DNA ladder on 

the first lane of each gel giving a total of 13 sample lanes and 2 ladder lanes per gel. 

All the gels were made using on a 1.2% agarose concentration. These gels were 

prepared by dissolving 1.2g Fisher scientific molecular grade agar into 100mL 1X 

TAE buffer (prepared by mixing 20µL of 50X TAE buffer into 980uL of distilled 

water) and heated until all the reagents were mixed well giving a clear look to the gel. 

Upon cooling, 7µL SYBR safe 10,000X was added to the agarose to allow 

visualization of the DNA. Samples were prepared adding 10µL of each appropriate 

PCR product (for each gene from different environments) and 2µL loading dye. Then 

each sample was vortexed and centrifuge to ensure proper mixing. A separate ladder 

was prepared by adding 2µL quantitative ladder (1kb DNA ladder) with 2µl of the 

orange loading dye.  The samples and ladder were then loaded onto the gel and 

allowed to run for 30-40 minutes at 130 volts.   



36 
 

 Figure 7: 2 log DNA ladder (0.1-10.0 Kb) obtained from New                                 
                                  England Biolabs (#N200S) 
 
10. Analyzing Data 

 For Part II of the experiment, the expression of four genes were observed in 

different environments of zinc through gel electrophoresis. Pictures were taken from 

all the trials of gels (done on PCR products). However, not all the pictures are 

included (due to the failure of the gels). The intensity of the bands for all genes was 

compared to the ladder and their quantities (molecular weight) were determined based 

on the band intensity correlation with the quantitative ladder. 

I. Results 

     A. Part I: Microarray Testing 

The microarray results were inconclusive. In all 10 of the microarray 

slides hybridized, there was a lot of non-specific binding and streaking through 

the slides. This made it impossible to orient any spots that did come out clearly 

within the context of the complete microarray (Tables 11 and 12). 
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Table 11: Data and results of microarray slides of Part IA  
Date (microarray 
slide data received)  

slide #  Serial # Material/different 
conditions for samples 

Results  

May 30th 1 13452116 LRZ/LGZ 

Green streak 
everywhere but some 
visible red spots  

June 12th 2 13452115 ORG/OGZ Very poor results 
June 12th 3 13452114 MRZ/MGZ Very poor results 
June 12th 4 13452113 HRZ/HGZ Very poor results 
 
Table 12: Data and results of microarray slides of Part IIA 

Date (microarray 
slide data received)  slide #  Serial # 

Material/different 
conditions for 
samples 

Results  

June 12th 5 13452112 ORZ/LGZ a few good spots 
June 12th 6 13452111 OGZ/LRZ Big green streaks-bad  
June 12th 7 13452110 ORZ/MGZ Yellow streaks-bad 

June 13th 8 13452109 OGZ/MRZ 
A few good dots (red 
background) 

June 13th 9 13452108 ORZ/HGZ 
Red streaks and background- 
bad  

June 13th 10 13452107 OGZ/HRZ 
A few good dots, not possible 
to grid/orient the slide  

Note: L= low, O=zero (control), M=medium, H=high, R= red, G=green, Z= zinc 
 

   B. Part II: RT-PCR Four Genes  

Three gels were performed for each of the PCR products Photographs of 

each gels were taken and the results of the successful gels were included (Figures 

8-12). The results of each of the gels are summarized below (Table 13).  
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Table 13:  Results obtained for the selected genes from part II of the experiment from gel 
electrophoresis  
Gene Size Gel 1  

(1/29/08) 
Gel 2 
(Gels from 
2/02/08 and 
2/02/08) 

Gel 3 
(Gels from 
02/12/08  and 
02/14/08) 

Overall 
results/trends 

Expected 
results  

VEL1 200 Bands present 
at 200bp.  
Present in 0µM, 
1 µM and 1mM 

Gel failed   Bands at all 
positions. However, 
first band of each 
50µM and 1mM 
was brighter than 
the second band  
(due to wrong well 
loading) 

Gene was found 
to express in 
high zinc 
instead of low 
zinc conditions  

express in low 
zinc 
 

IZH4 200 -Bands present 
at 200bp.  
-Bands present 
in 0µM, 1µM,  
50µM and only 
1 band at 1mM 

-Bands  at 200bp 
 
-Bands present in 
0 µM, 50µM, and 
1mM. 

-Bands at 200bp 
  
-Present in 50µM 
and 1mM.  
 

Expression of  
gene (IZH4) 
was found to be 
increasing with 
increasing zinc 
concentration 
with some 
inconsistency 
(in results: such 
as Gel 1) 

Express in high 
zinc 
 

IZH1 200 Gel failed  -Bands present at 
200bp.  
-2 bands present 
in 0µM, 1µM, 
50µM and 1 band 
at 1mM 

-Bands present at 
200bp.  
-2 band present in 
0µM, 1µM, 50µM 
and 1 band at 1mM 

Expression of 
gene (IZH1) 
decreases with 
increasing zinc 
concentration 

Express in low 
zinc 

TDH1 200 Gel failed  -visible bands at 
all positions 
except at low zinc 
(1µM) condition. 
-The positions of 
bands in control 
condition (0µM) 
was wrong 

-visible bands for all 
the environment  

Gene (TDH1) 
was found to be 
present in all 
zinc conditions 
most of the time 

express in all 
environment 
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Figure 8: Results of PCR using IZH4 primers and cDNA from reverse transcriptase of mRNA 
from yeast growing in different concentrations of zinc.  Additionally, PCR was run with total 
RNA from each zinc concentration as well as the total RNA (showing the ribosomal bands) from 
each zinc concentration (Gel performed on 2-14-08). 
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Figure 9: Results of PCR using IZH4 and cDNA from reverse transcriptase of mRNA from 
yeast growing in different concentrations of zinc. Left gel was run on 1-29-08; right gel was run 
on 2-4-08.  Additionally, PCR was run with total RNA from each zinc concentration as well as 
the total RNA (showing the ribosomal bands) from each zinc concentration. Both were the result 
of 24 PCR cycles 
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Figure 10: Results of PCR using from IZH1 primers and cDNA from reverse transcriptase of 
mRNA from yeast growing in different concentrations of zinc.  Left gel was run on 1-29-08; 
right gel was run on 2-14-08. Additionally, PCR was run with total RNA from each zinc 
concentration as well as the total RNA (showing the ribosomal bands) from each zinc 
concentration. Both were the result of 30 cycles. 
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Figure 11: Results of PCR using from VEL1 primers and cDNA from reverse transcriptase of mRNA 
from yeast growing in different concentrations of zinc.  The gel on the left was run on 1-29-08 using 
24 PCR cycles; the gel on the right was run on 2-4-08 using 30 PCR cycles. Additionally, PCR 
was run with total RNA from each zinc concentration as well as the total RNA (showing the ribosomal 
bands) from each zinc concentration.  
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Figure 12: Results of PCR using TDH1 primers and cDNA from reverse transcriptase of mRNA from 
yeast growing in different concentrations of zinc.  The gel on the left was run on 2-4-08 using 24 PCR 
cycles; the gel on the right was run on 2-12-08 using 30 PCR cycles. Additionally, PCR was run 
with total RNA from each zinc concentration as well as the total RNA (showing the ribosomal bands) 
from each zinc concentration.  
 
 

For each gel (corresponding to each gene) the amount of DNA found to be present in 

each band was estimated and recorded (Tables 14-17). The gel that gave the most consistent 

results was then used to make a figure showing gene expression concentration for each 

concentration of zinc examined (Figures 13-16) 

Table 14: Amount of DNA (ng) found in IZH4 from 3 gels. The highlighted gel was considered 
to be the most representative gel and used in further analysis. 

IZH4  0 zinc 0 zinc 1µM 1µM 50µM 50µM 1mM 1mM 
Gel 1 34 35 28 28 32 30 30 17 
Gel 2 0 0 0 0 25 26 28 28 
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Table 15: Amount of DNA (ng) found in IZH1 from 2 gels. The highlighted gel was considered 
to be the most representative gel and used in further analysis. 

IZH1 0 zinc 0 zinc 1µM 1µM 50µM 50µM 1mM 1mM 
Gel 1 30 30 32 32 32 34 20 0 
Gel 2 32 32 18 18 20 20 8 9 

 
Table 16: Amount of DNA (ng) found in VEL1 from 2 gels. The highlighted gel was considered 
to be the most representative gel and used in further analysis. 

VEL1 0 zinc 0 zinc 1µM 1µM 50µM 50µM 1mM 1mM 
Gel 1 32 32 0 0 30 30 34 34 
Gel 2 32 32 18 16 32 32 10 8 

 
Table 17: Amount of DNA (ng) found in TDH1 from 2 gels. The highlighted gel was considered 
to be the most representative gel and used in further analysis. 

TDH1 0 zinc 0 zinc 1µM 1µM 50µM 50µM 1mM 1mM 
Gel 1 32 32 0 0 28 28 28 28 
Gel 2 32 32 32 34 34 34 34 34 

 
 

    
        
Figure 13: Expression of IZH1 decreases       Figure 14:  Expression of IZH4 gene  
in high zinc                                          increases with increasing zinc concentration  
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Figure 15: Expression of VEL1, a gene of          Figure 16:  TDH1: basic metabolism gene is  
unknown function, is increasing in low zinc         expressing in all zinc conditions  
 
  
VIII. Discussion  
 
     A. Part I: Microarray Testing  
 

Due to the sensitive nature of DNA microarray analysis, there are several possible 

reasons why no quantifiable results were obtained. Because no hybridization features 

were determined but fluorescent dye residue was evidenced, it is likely that cDNA was in 

fact not produced. Although there are methods of verifying the existence of cDNA, in this 

experiment it proved impractical due to the amount of sample needed for analysis and the 

relatively small amount of sample obtained. Another possible source of error involves the 

washing steps. If the hybridization chamber was not sufficiently humidified, it is possible 

that the probe dried out without being able to hybridize. Also, the cover-slips were 

directly applied to the microarrays, which may have affected the hybridization process or 

the array spots themselves due to contact between the cover-slips and slides.  

Had the microarray analysis been successful, the red and green intensities would 

have been further analyzed using information technology (MagicTool). Genes expressed 

in each experimental condition would have been represented by the color corresponding 
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to the fluorescent dye added to its particular sample, while genes expressed in both 

experimental conditions would have been represented by yellow spots (merging of red 

and green). However, the first part of the project did not give any strong data or results. 

The spots on the slides could not be clearly attributed to any specific genes. Therefore, 

the project continued by specifically studying four different genes through RT-PCR. 

These genes were IZH1 (expected to be expressed in low zinc), IZH4 (expected to be 

expressed in high zinc), VEL1 (gene of unknown function expected to be expressed in 

low zinc) and TDH1 (expected to be expressed in all zinc conditions). 

B. Part II: RT-PCR of Four Genes 

The results of RNA extraction that were visualized on gels (Figure 6) show that 

ribosomal bands were present (1800 and 3000 bps) with mRNA theoretically present in 

between these bands. The total RNA samples that were chosen for conversion to cDNA 

were based on their absorbance ratio at 260:280nm and the ribosomal RNA band quality 

on the gel. The ratio of extracted RNA to DNA was between 1.7 and 2.3 for all samples. 

The preferred range is 1.8 to 2.1. This indicates that contamination may have been present 

in the RNA sample. Possible contamination of the total RNA was further confirmed by the 

presence of small DNA particles that were seen on the gel as smeary wide bands of low 

molecular weights. After the mRNA was converted to cDNA (using reverse transcriptase), 

PCR was performed. 

IZH1, a gene involved in zinc homeostasis, has been found to be induced in low 

zinc conditions. From the many trials, only two gel photographs were selected (Figure 10).  

Gel pictures taken in January show the presence of bands in all zinc conditions. 

Interestingly, this gene was also present in one of the replicates of the high zinc condition, 
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which was unexpected.  However, it was not there for the second replicate lane (PCR 

product was made from the same cDNA). The gel which ran on Feburary 14th, showed the 

expected results. This time the gene was expressed more in low zinc than high zinc 

conditions. However, the intensity of the bands did not match well with the intensity of the 

bands of the ladder. This may be an indication of the low quality PCR product which in 

fact indicates possible low quality of cDNA and RNA. Other issues, such as bad loading 

or adding slightly more or less of the reagents when making PCR, cDNA or RNA, may 

also have affected gene expression. 

IZH4, a member of the IZH protein family, has been found to be induced in high 

zinc conditions. From the many trials, three gel photographs were selected (Figures 8 and 

9). Gel 1 (left gel of Figure 9) gave the closest results of the expected outcomes. However, 

one would expect not to see any bands in 0µM zinc, or in other words, the presence of this 

gene in the control (0µM) zinc condition. This may suggest the presence of some 

competitive enzyme/proteins in the absence of zinc. The other two gels (right gel of Figure 

9 and Gel 3 from Figure 10) did not give the desired results but weakly showed the 

presence of this gene in the high zinc condition. Some gene product was also found in the 

low zinc condition, but this could be due to the fact that for this gel, the number of PCR 

cycles was 30 instead of 24 and thus more PCR product may have been produced.  Again, 

technical issues such as bad loading or adding more or less of the reagents when making 

PCR, cDNA or RNA can also effect the expression of gene in high zinc conditions. 

VEL1 is a gene of unknown function, which has been found to be induced in low 

zinc conditions (Lyons et al., 2000). In the first trial bright bands were obtained at 0 µM, 

50µM, and 1mM zinc concentrations. In the second trial, the gel did not work due to some 
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problem with the electrophoresis gel box (photograph not included here). For the third 

trial bands were also visualized at 0 µM, 1 µM, 50 µM and 1mM zinc concentrations 

(Figure 11, gel on the right side), although the first bands for 50uM and 1mM were 

brighter than the second bands for the same environment. All gels contained different PCR 

products but were made from the same cDNA sample. The number of PCR cycles was 

also different. There were 24 cycles for the first gel and 30 cycles for the second and third 

gel. In the first two trials which contained the same PCR product, bands were observed in 

the expected zinc conditions meaning there was expression of this gene in the low zinc 

concentration. It appears that VEL1 plays an important role in yeast, but its expression is 

affected by different zinc concentrations (sometimes low or sometimes high) of zinc.  

Many factors may have contributed to the discrepancy of the gel results. Some of the 

factors include bad gel loading, the degree of purity of the RNA and cDNA, and 

contamination. For example, a bad load for VEL1 did not produce clear bands (picture is 

not included). Although the position of the bands was consistent with the bands of the 

third trial, the bands were not bright and the ladder was not clear (also due to poor gel 

loading). Although the function of VEL1 is unknown the results obtained suggest that 

VEL1 is involved in zinc transportation as it was expressed in various zinc concentrations 

(Figure 15). 

The fourth gene selected was TDH1 which is involved in yeast metabolism and is 

not theoretically affected by different concentrations of zinc. Due to its nature, it was 

expected to be found in all conditions. Gel 2 (right gel from Figure 12) shows the 

expression of the gene in the all zinc condition which was the expected outcome. 

Interestingly, it can be seen from the gel picture taken in early February (02/04) that 
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something went wrong with the gel. Unfortunately, one of the gel electrophoresis boxes 

was not working properly and this gel box was used for this gene. 

Due to some inconsistencies in results, strong conclusions remain elusive. 

However, the goals of this study were met by studying several genes of interest that show 

different pattern of expressions in response to zinc exposure. These genes could be further 

investigated in more detailed studies targeting those specific genes and their response to 

additional zinc exposure. The novel gene expression data obtained from this project, using 

yeast as a model organism, will help elucidate our understanding of how zinc can 

potentially affect human gene expression. Since the Izh proteins in yeast and human 

contain highly evolutionary conserved sequences (Krietsch, et al., 2006). 
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X. Appendix I: Lab Protocol Summaries  

             Part I: Microarray testing 

A. Making zinc media and growing Yeast  

B. Extracting RNA 

C. Verification of RNA through electrophoresis  

D. Producing cDNA from total RNA 

E. Hybridizing cDNA and making washes  

F. Hybridizing 3DNA from cDNA 
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A. Preparation of Zinc media and growing yeast 

Part I: Microarray testing 
 

 
Nova Southeastern University 

Preparation of zinc media-May 14th, 2007 
 

Preparation of Zinc media for various concentrations and growing yeast  
 
1. Making zinc media 
 
Purpose: The purpose of this lab was to make the four different zinc media in order to grow 
yeast. However, adding of FeCl2 was a bit challenging but this time, Dr. Giarikos advice made it 
easy to add ferric chloride to the zinc media. It took us three hours to make media, and then we 
let the yeast grow in all media (with loose lid) at the room temperature for 24 hours. 
 
1. Calculation to make zinc media 
 
Following were the different zinc environments selected for this study. The amount of zinc 
needed for each environment is shown in the table below. 

Desired conc. of Zn  Mass of Zn in mg Mass in grams  Volume  

1µM 0.136mg 0.000136g 0.5mL 

50µM 6.8mg 0.0068g 25mL 

1mM 136mg 0.136g 500mL 
 
Molarity = moles / liter of solution 
Moles = Mass/ Molecular weight  
Mass is unknown (X) 
 
Low zinc media (1µM of zinc) 
 
1µM moles of zinc = X / (136g/moles)   
   1L of soln.  
 
X = 136 E -6 g * 1000mg = 0.136mg 
           1g 
 
Mass of zinc needed in 1µM of zinc is 0.136mg 
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Medium zinc media (50µM of zinc) 
 
50µM moles of zinc = X / (136g/moles)   
   1L of soln.  
X = 50 E -6 moles * 136g * 1000mg = 6.8mg 
                                  1mole        1g 
 
Mass of zinc needed in 50µM of zinc is 6.8mg or 0.0068g 
 
High zinc media (1mM of zinc) 
 
1mM moles of zinc = X / (136g/moles)   
   1L of soln.  
 
X =     (1E-3 moles) * 136 E -6 g * 1000mg = 136mg 
                                      1moles            1g 
 
Mass of zinc needed in 1mM of zinc is 136mg or 0.136g 
 
Material and methods  
 

Standard media was prepared by adding 0.2mg (0.0002g) of FeCl2, 20g of dextrose, 0.1g 
of each leucine, adenine, tryptophan and histidine and 6.7 g of yeast nitrogen base (YNB) into 
1000mL of distilled water. This media is a control of an experiment (with no Zinc).  

In order to make prepare three different environments of zinc, required amount of ZnCl2 
(136mg, 6.8mg, 0.136mg) was supposed to add in the prepared standard media (see 
calculations). First, 2 high zinc concentration media (1mM) were prepared by adding 0.136g 
(136mg) of ZnCl2 in the standard media. The other two media (50μM and 1μM) were prepared 
by diluting one of the 1mM media.  

As it was not possible to measure 0.136mg and 6.8mg of ZnCl2 in our laboratory, we 
used our chemistry skills and concepts. We made a zinc media of 1mM first and then diluted it to 
the required amount for 1uM and 50uM. First, we did calculations and figured out how much 
dilution we need to make.  
 
Dilution for 1μM solution 

 
M1V1=M2V2 
(1000μM) * (V1) = (1000μM) * (1000mL) 
V1 = 1mL = 1000μL 

 
Note: to make a 1uM zinc solution from a 1mM solution, take 1000uL of the well-mixed 1mM 
solution, put it into a volumetric flask, and filled the rest with distilled water.  
 
 
 
 



57 
 

Dilution for 50μM solution 
M1V1=M2V2 
(1000μM) * (V1) = (50μM) * (1000mL) 
V1 = 50mL = 50,000μL 
 
Note: to make a 50uM zinc solution from a 1mM solution, take 50mL of the well-mixed 1mM 
solution, put it into a volumetric flask, and filled the rest with distilled water.  
 
M1 is 1000μM as we are diluting 1mM (1mM=1000μM) solution 
M2 is the desired zinc concentration  
V1 is unknown (diluting amount) 
V2 is 1000mL of distilled water 
 
Note: Adding 0.2mg of FeCl2 was very challenging in winter semester 07. We tried different 
ways but we were not sure if we added the right amount. This time Dr. Giarikos helped us. We 
added 0.2g of FeCl2 in 1000 ml of distilled water and then took out 1000μL of from it and added 
this amount to all four media. 
 
 
2. Growing yeast in zinc  
 
Once, all the reagents were added and four media were prepared, they were then heated and 
swirled with a help of magnetic stirrer on a hot plate for 10-15 minutes (don’t let it heat  for a 
long time so it starts to evaporate). The sole purpose of heating is mixing all the reagents very 
well. Once, all the media looked clean and well-mixed, they were then passed through a filter 
and stored in a bottle. 50mL of each media was taken out in a separate tube where 1 full loop of 
already grown yeast (strain SC288) was added to the each tube. Yeast cells will grow in each 
media for 48 hours (12pm- 3pm) at room temperature.  
 
Note: Lid was kept loose on the tubes.  
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B. Extraction of RNA 

Nova Southeastern University 
Preparation of zinc media-05-16-07 

 
RNA Extraction of Yeast Cells Grown In Different Zinc Concentrations 

 
Purpose: The purpose of this lab is to extract RNA from the yeast culture grown in four 
different zinc environments. Before we actually extract RNA, it is always smart to check for 
optical density of media (of cells, this tells us if we have enough cells grown in each media) and 
their pH. It was observed that the 1mM zinc media had lowest amount of yeast cells grown. We 
then checked for its optical density, which confirmed our doubt. Enough yeast cells did not grow 
as the optical density came out very small (0.416) and pH was very high (close to 6.0). High pH 
was the second indication of less number of yeast cells grow in media (pH goes down once 
enough yeast cells have grown as it makes the environment acidic). After recording down optical 
density and pH, we started to extract RNA (to be used later to make cDNA that will be 
hybridized to a microarray 
 
Methods and Materials: RNA was extracted from the yeast grown in the four different zinc 
environments (0µM, 1µM, 50µM and 1mM) according to the RiboPureTM-Yeast Manual by 
Ambion (also available at www.ambion.com) as follows:  
 
Check List (12 measurements of each; 4 environments x 3 samples each) 
 

• 750µl of Zirconia Beads 
• 480µl Lysis Buffer 
• 48µl 10% SDS 
• 480µl Phenol:Chloroform:IAA 
• 100µl Elution Solution 
• 1.9ml Binding Buffer 
• 1.25ml 100% ethanol 
• Filter Cartridge assembled in Collection Tube from RiboPure 
• 1000µl Wash Solution 2/3 
• 10µl 10X DNase I Buffer 
• 4µl DNase I 

 

1. Measure the density of the cells for the four samples (remember to use the different 
concentrations of solutions (0μM, 1μM, 50μM and 1mM and don’t forget to blank the 
spectrophotometer)- 3ml of each sample 

Before starting (20-30 minutes) 
 

- Blank with 0 µM Zn solution then measure yeast grown in 0µM zinc 
- Blank with 1µM Zn solution then measure yeast grown in 1µM zinc  
- Blank with 50µM Zn solution then measure yeast grown in 50 µM zinc 
- Blank with 1mM Zn solution then measure yeast grown in 1mM zinc 

http://www.ambion.com/�
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2. Check pH in the stock solutions and the solutions the yeast are growing in. 
 
Note: Ribo pure recommends a sample size of 3x108 cells 
Note: Add 40 ml 100% ethanol to the wash solution 2/3( if using the kit for the first time).  
 

3. For each sample pour 750µl ice-cold Zirconia Beads into a 1.5ml Screw Cap Tube 
supplied with the kit (750µl=1cm)- set aside 

Cell Disruption and Initial RNA Purification  

4. Take out 3 sets of 10mL zinc yeast media for each sample (12 tubes). 
5. Centrifuge each yeast sample (10ml sample) for 2 minutes at >12,000xg 
6. Thoroughly remove the supernatant from the pellet, check pH, discard supernatant 
7. Add the following to each yeast cell pellet in the order shown and resuspend by 

vortexing vigorously for 10-15 seconds. 
- 480µl Lysis Buffer 
- 48µl 10% SDS 
- 480µl Phenol:Chloroform:IAA 

8. Now, transfer mixtures to the prepared tubes of Zirconia Beads 
9. Position sample tubes horizontally on the vortex adapter with caps toward center and beat 

at maximum speed for 10 minutes 
10. Then, let it centrifuge for 5 minutes at 16,100xg to separate the aqueous phase 

(containing RNA) from the organic phase (20 minutes at 13,000) 
11. Transfer the aqueous phase (top phase) to a fresh 4-15ml capacity tube 
12. Recovered volume should be around 530μL. 

 

13. Check Wash Solution 1 and the 10%SDS for precipitation. If it is precipitated then let it 
heat at 37oC to re-dissolve. 

Before Starting Final RNA Purification 
Before we start RNA extraction, we need to check for following things:  
 

 
14. Preheat Elution Solution to ~95 oC: For each sample prepare a tube with 100µl of 

Elution Solution on the heat block (or make double amount of tubes with 50mL of 
Elution solution. These tube will be used later) 

 

15. Add 1.9ml Binding Buffer to recovered aqueous phase and mix thoroughly 

Final RNA Purification  
In these steps the flow through should not contain the RNA- the filter has the RNA  stuck 
to it. 

16. Add 1.25ml 100% ethanol and mix thoroughly 
17. Apply 700µl of the sample mixture at a time to a Filter Cartridge (as it can only carry 

0.7mL at one time) assembled in a Collection Tube. 
18. Centrifuge for ~0.5-1 minute just to pull the mixture through the filter 
19. Discard the flow-through, return the Filter Cartridge to Collection Tube and add more 

sample mixture (repeat as many time as necessary) 
20. Now RNA is bound to the filter in filter cartilage  
21. Wash the filter with 700µl Wash Solution I and centrifuge for ~1 minute 
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22. Discard the flow-through and return Filter cartridge to the same Collection Tube 
23. Wash the filter with 500µl Wash Solution 2/3 to the Filter Cartridge and centrifuge for ~1 

minute 
24. Repeat with a second 500µl aliquot of Wash Solution 2/3 and centrifuge for 1 minute 
25. Don’t forget this step!! Now transfer the Filter Cartridge to a fresh 2ml Collection 

Tube (RNA is bounded to the filter) 
 
Note: In these steps the RNA is being washed off the filter- CAUTION the flow through 
contains the RNA 
 
26. Elute RNA by applying 50µl Elution Solution (preheated 95oC) to the center of the filter 
27. Centrifuge for 1 minute 
28. Repeat with a second 50µl aliquot of Elution Solution into the same Collection Tube. 

 

29.  Take 50-100µl RNA sample  
DNase I Treatment  

              -add 1/10th volume (of RNA sample) of DNase I Buffer (10μL- amount   
                should be adjusted if not 100µl sample) 

 - add 4µl of DNase I (8U) 
30. Incubate this above mixture for 30 minutes @ 37oC 
31. Resuspend mixture by flicking or vortexing and then add 11µl DNase Inactivation 

Reagent (0.1 volume of the sample) 
32. Mix by vortexing and let it stand for 5 minutes @ room temperature 
33. Centrifuge it for 2-3 minutes at >10,000 to form pellet 
34. Transfer the RNA (supernatant) to a fresh tube 
35. Store at -20oC 

 
RNA yield and quality: 
RNA quality will be assessed by checking its absorbance at UV spectrometer in HPD lab and 
also by electrophoresis. 
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Growth 
Environment 

Result 
 
Table 2: All the measurements from Wednesday (May 16th) and Thursday (May 17th) are 
included in this table.  

pH 
original 
sample 

(w/o 
yeast) 

pH 
original 
sample 
(with 
yeast) 

(OD) 
A660 

 

#haploid 
cells 

For 
diploid 

Total # 
cells 

Recovered  
volume 

 

Recovered 
volume 

 

0µM 
(control) 

 5.67 3.43 
 

0.974 1.753 x2 3.506 530 108 

0µM 
(control) 

 5.67 3.43 
 

0.974 1.753 x2 3.506  590  100 

0µM 
(control) 

 5.67 3.43 0.974 1.753 x2 3.506  630  110 

0µM 
(control) 

 5.67 3.43 0.974 1.753 x2 3.506  630  100 

1µM  5.78 3.16 0.988 1.810 x2 3.26  590  100 

1µM  5.78 3.16 0.988  1.810   x2 3.26  530  104 

1µM  5.78 3.16 0.988  1.810   x2 3.26  530  100 

50µM  5.78 3.28 0.890  1.490   x2 2.98  530  104 

50µM  5.78  3.28 0.890  1.490  x2  2.98  540  100 

50µM  5.78  3.28 0.890   1.490  x2  2.98  590  104 
1mM  5.25  5.22 0.653   0.950  x2  1.90  580  180 
1mM  5.25  5.22  0.653  0.950  x2  1.90  590  160 
1mM  5.25  5.3  0.452  0.617  x2  1.234  530 45 

 

 

Discussion:  
 
 When the optical density of the cells from two samples was checked at the absorbance of 
660, it still came out very low (0.416, but higher than last time which was 0.190). We then 
concentrated solutions by removing 15mL of yeast media from one solution (less concentrated) 
and 25mL of yeast media (more concentrated) from the other solution. This time more 
concentrated solution had optical density (OD) of 0.653 (it was in range) and less concentrated 
solution had OD of 0.452 which was still low. We took out 10mL of the more concentrated in 
two tubes and 10mL of less concentrated solution (so we had three samples in 3 tubes, 2 from 
more concentrated and 1 from less concentrated). Recovered volume is recorded in the table 
above.  
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C. RNA verification 

 The ths was Nova Southeastern University 
Independent Research-BIOL 4990 

RNA verification-05-21-07 
 

A. Verification of RNA by checking optical density/obserbance at 260 and 280nm  
 
Purpose:  The purpose of this lab was to check the presence of RNA in order to make cDNA. A 
protocol was followed and this test was done in Dr. Appu Rathinavelu’s research lab in HPD, 
College of Pharmacy to check to RNA absorbance at 260 and 280. Table 1 shows all the data. 
 
Table 1:  Data recorded today (a, b c represent the 2nd, 3rd trial and so on) 

Sample # Environment 
Original 
sample  

Dilution 
factor 

Total  
RNA 

volume 
A260 
nm 

A280 
nm Ratio* Conc.* Ratio ug/uL 

1 0 10 ml 100 108 0.174 0.068 2.54 695.5 2.56 6.44 
2 0 10 mL 100 100 0.124 0.022 5.77 497.9 5.64 4.96 
3 0 10 mL 100 110 0.098 0.027 3.62 391.6 3.63 3.56 
4* 0 10 mL 100 100 0.148 0.044 3.385 591.26 3.36 5.92 
5 1µM 10 mL 100  100 0.035 -0.055 -7.1092 141.15 -0.64 1.40 
5a     100 100 0.067 0.026 2.58 269.5 2.58 2.68 
6* 1µM 10 mL 100  104 0.089 0.026 3.41 355.68 3.42 3.42 
6a     100 104 0.076 0.021 3.68 303.68 3.62 2.92 
7 1µM 10 mL 100  100 0.061 0.017 3.673 245.65 3.59 2.44 
7a     100 100 0.077 0.023 3.286 308.15 3.35 3.08 
8 50µM 10 mL 100  104 0.085 0.019 4.482 339.69 4.47 2.43 
8a 50µM  10mL 100 104 0.115 0.024 4.88 460.92 4.79 4.42 
9 50µM 10 mL 100 100 0.061 0.015 3.99 243.49 4.07 2.44 
9a     100 100 0.064 0.027 2.33 256.5 2.37 2.56 
10 50µM 10 mL 100 104 0.062 0.01 6.05 248.88 6.20 2.38 
10a  50µM  10 mL 100 104 0.081 0.021 3.91 322.72 3.86 3.12 
10b     100 104 0.077 0.022 3.48 308.14 3.50 2.96 
11 1mM 10 mL 100 180 0.005 -0.002 -0.2097 18.8 -2.50 0.11 
11a     100 180 0.012 -0.001 -8.66 49.31 -12.00 0.27 
11b     100 180 0.013 -0.006 -2.14 53.16 -2.17 0.29 
12 1mM 10 mL 100 160 0.05 0.012 4.40 219.98 4.17 1.25 
12a     100 160 0.06 0.014 4.20 238.12 4.29 1.50 
13 1mM 10 mL 100 45 0.05 0.005 9.387 202.04 10.00 4.44 
13a     100 45 0.047 0.008 5.89 186.36 5.88 4.18 
      100 45 0.047 0.008 6.05 187.4 5.88 4.18 
rat-1     100 100 0.122 0.051 2.39 489.19 2.39 4.88 
rat-2     100 100 0.059 0.01 6.1756 235.98 5.90 2.36 
rat-2a     100 100 0.068 0.026 2.60 271.69 2.62 2.72 
rat-2b     100 100 0.067 0.02 3.28 268.4 3.35 2.68 
rat-2c     100 100 0.103 0.034 3.00 411.65 3.03 4.12 
Notes:       
(A260 * dilution factor * 40ug) / total RNA volume = ug/uL   
ratio = 260/280 (1.8-2.1 is good)       
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RNA sample was put in the spectrophotometer in the following way:  
1uL RNA sample 99uL TE buffer  
 
TE buffer that we have is 100X concentrated. We needed 1X concentrated TE buffer. We diluted 
1X TE buffer by adding 1mL of TE buffer into 100mL distilled water. 

C1V1=C2V2 
(100X) * (1mL) = (1X) * V2 

V2= 100X 1mL  = 100mL 
1X 

Discussion: 
We first blank the spectrophotometer with the blank (blank was the negative control, 

RAT RNA, 0.5μg/μL). We then put our sample one by one. Sample 5 (which 1μM environment) 
gave us weird numbers. Then Dr. Schmitt decided to take the measurement second time (of the 
same sample). Second time number were not quite in range (ratio was actually close to the 
control RNA) but they were not weird any more. From now on, we took readings two times and 
for some sample we took readings three time. We also four took readings for RAT again (which 
we call rat2, rat2a and so on). The readings that are highlighted with yellow color (in above 
table) are good readings and close to the control (Rat1) reading.  But we take a close look at the 
reading of RAT 2(rat2, 2a, 2b, and 2c), it was observed that absorbance readings could be in 
different ranges. One of the reasons of having different readings could be that we concentrated 
sample each time we took a reading. So far, we got at least one good sample from three 
environments. None of the samples from 1mM environment gave us consistent or good results as 
we were expecting them to give us weird results. The reason was some kind of mistake which 
could have done during RNA extraction (most probably I added more or less amount of elution 
solution in all three samples as the total RNA volume for sample 11 and 12 was higher than 
100μL (180μL and 160μL respectively) and for sample 13, it was only get 45μL). But as it was 
said above, the numbers from RNA control were also in different ranges. Therefore, in order to 
make sure if we have enough RNA to make cDNA, we will running gels on Wednesday (May 
23rd, 2007).  If gels do not come out right, then we will extract RNA for 1mM environments (or 
for other too if it is necessary) again. We have already grown the yeast cells in 1mM media for 
backup which I will go tomorrow and check if we have to add more yeast cells or not. Today it 
took us almost 2 hours to check absorbance (10:30am -12-40pm) 
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Nova Southeastern University 
Independent Research- BIOL 4990 

Gel: 05-23-07 
 

II. Verification of RNA by electrophoresis gel 
 
Purpose:  
  
 The purpose of this lab is verify the quality of RNA by using gel electrophoresis 
technology. As of now, we are almost ready for the next step (make cDNA from the extracted 
RNA). However, before we go onto next step we want to make sure if our samples have enough 
mRNA to make cDNA. We have already check absorbance or optical density (OD660) and 
concentrations of all of our samples. These calculations show that we have RNA, but we are not 
quite happy with our numbers. Therefore we want to verify our results by running 
electrophoresis gel. Electrophoresis gels are used to determine the size of molecular substances.  
Today a gel was performed to determine if mRNA was extracted from yeast successfully.  If we 
see two bands (smaller and larger subunit for rRNA which means we have mRNA in our 
sample), we will go ahead and make cDNA on Thursday (may 24th). We follow Viagen for a 
Superload

TM 
Denaturing Gel protocol for loading samples on a gel. In this experiment, all 13 

RNA samples (that were extracted from S. cervisae were used), in addition to the rat control 
RNA. One gel was ran as we were able to see all 14 samples plus three loads on one gel. Instead 
of using 2log-ladder (which we were using last semester for Ruzeen and Niketha’s project), we 
used 1kb DNA Ladder and exact gene mid range plus DNA Ladder.  
 
Materials and Methods 
 
 One gel was run during this experiment.  13 different total RNA samples were used, 
which were extracted from yeast on Tuesday and Wednesday (May 16th and 17th, 2007).   The 
samples have been stored in the freezer since, and have only been taken out to obtain samples.  
The ladder used to estimate molecular weight was Exactgene, 1kb DNA ladder.  Below are the 
steps of preparing 1.5% agrose gel, then dye and Superload: 
 

1. 1.5% Agarose Gel 
a. 1.5g of agar was added into 100mL of  1X TAE buffer. 
b. This mixture was then placed on a hot plate along with magnetic stirr and heated 

and stirred until it became clear.  
c. Once, the mixture/gel was clear, it was placed at room temperature. When it was 

moderately hot/cold (so you can touch it), 13uL of SYBR safe dye was added to it 
(add dye before gel gets too cold and started to solidify).  

      d. Then gel was poured in pre-assembled gel chamber.   
                  

 Calculation to make 1X TAE from 50X TAE buffer 
 

 C1V1 = C2V2 
  (50X) V1 = (1X) * (1000mL) 

  V1 = (1000mL * 1X) / 50X = 20mL 
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Note: Take 20mL of 50X and add it to the 980mL of distilled water. This is a diluted 1X 
TAE buffer which we used to make agarose gel and also poured it on the solidified gel before 
loading samples to the gel. 

 
2. RNA was measured into a 1.5mL tube and the following added, vortexed, centrifuged: 

      a. 4µL RNA sample 
      b. 2 uL Buffer A (premade) 
      c. 6 uL Buffer B (premade) 
      d. 2 uL loading dye 
       
4. A ladder was measured into a 1.5mL tube and the following added, vortexed, centrifuged 
 
 We make two ladders. One with 1kb DNA ladder and exact gene mid range. And, then added 
dye to each one.  
 
First set: 
      a. 1 uL 1kb DNA ladder 
      b. loading dye  
 
Second set: 
 
                a. 1uL exact gene mid range 
                b. 1uL loading dye 
 
 All samples and solutions prior to use were thawed, centrifuged, and vortexed, followed 
by centrifugation to ensure that all solutions and samples were properly mixed.  The ingredients 
in quantities listed below were placed in a test tube for mixing.  The specimens containing the 
RNA samples were incubated at 70oC for ten minutes prior to loading (according to Viagen 
protocol).   
 The gel prepared was a 1.5% TAE gel, made with molecular grade Agarose.  The gel was 
prepared prior to loading the samples.  The gel was run at 130 volts and run for a period of 60 
minutes.   
 
5.  Ladders and samples were loaded into two gels according to the following schemes: 
 
Have to make a table on excel and then copy paste that table into this document. 
 
Lane 1 = exact gene mid range 
Lane 2 - 5 = 0uM ZnCl2 
Lane 6= 1kb DNA Ladder 
Lane 7-9 = 1uM ZnCl2 
Lane 10 = control rat RNA 
Lane 11- 13= 50uM ZnCl2 
Lane 14-16= 1mM ZnCl2 
Lane 17= 1kb DNA ladder 
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D. Preparation of cDNA (Step 1) 

Nova Southeastern University 
Independent Research-BIOL 4990 

Preparation of cDNA, washes -05-24-07 
 

Preparation of cDNA from RNA, cDNA reaction for gels and microarray washes 
 

Purpose: Purpose of this lab was to make cDNA from the previously prepared RNA, then make 
12 cDNA reactions to run gels tomorrow and prepare washes to microarray slides and run PCR 
reaction. We were in doubt if we have enough RNA last time when we check absorbance and 
concentration by using spectrophotometer in HPD lab. Then we ran gels and saw two ribosomal 
bands. However, our bands were not strong which may  an indication of less RNA present in 
sample. Genisphere protocol was used to prepare cDNA. Then two tubes were mixed tubes 
(shown in the table below) and 12 cDNA reactions. Five different kinds of washes were also 
made for future use (which will be used on Tuesday May 29th, 07 to wash microarray slides). 
 

Sample 

Determining the samples to use and calculating the amounts to use: 
1.  The most concentrated samples are:        

Concentration Old recommended 
volume 

New recommended volume Final µg 

0µM µg/µL @ 10µl =  µg/µL @12µl =  µg/µL µg 
1µM Zn µg/µL @ 10µl =  µg/µL @12µl = µg/µL µg 

 
   Sample calculation:  
   1)  10µL sample = µg/µL 
         12µL sample = x 
   2)  Cross multiply and solve for x 
        10x= 12(20.7) x= 24.84 µg/µL 
   3)  After reagents are used the total volume will be -28.5µl so (24.84 µg/µL) divided by 28.5µL    
        will leave a total concentration of 0.84 µg of cDNA. 
 
1. cDNA synthesis from Total RNA 
 
1. Combine the following in one microtube:  

Tube A Tube B Tube C Tube D 
0µM ZnCl2   1µM ZnCl2 0µM ZnCl2 1µM ZnCl2 

12µL total RNA   
1µL RT primer (Vial 11 red cap/green dye) 
 

    

12µL total RNA 
1µL RT primer (Vial 11 blue cap/red dye) 

This is the RNA-RT primer mix 
 

 2.  Mix and microfuge briefly. 
 3.  Heat to 80oC for ten minutes and immediately transfer to ice for 2-3 minute. 
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 4.  Add 1µL Superase-In (Vial 4, to make a final volume of 12µL) 
 5.  In 4 separate tubes mix: 
     4µL 5X SuperScript II First Strand Buffer 
 1µL dNTP Mix (10mM each dATP,dCTP,dGTP,dTTP) (Vial 3) 
 2µL DTT (supplied with enzyme) 
 1µL Superscript II enzyme (vial 4) 
  This is the reaction mix of 8µL  
 6.  Gently mix (do NOT vortex) and microfuge briefly, keep on ice. 
 7.  Add the above reaction mix to the primer mix. 
 8.  Gently mix (NOT vortex) and incubate at 42oC for two hours. 
 9.  Stop the reaction by adding 3.5µL 0.5M NaOH/50mM EDTA. 
10. Incubate at 65oC for ten minutes (so DNA/RNA hybrid gets denature and RNA gets 
degraded). 
11. Neutralize the reaction with 5µL of 1M Tris-HCl, pH 7.5 
12. Now combine A with C (control from both red and green) and B with D (low zinc dyed with 
both red and green) tube (for dual channel expression, total volume was not 57µL, it was around 
25 or 35uL). Rinse the original tubes with 73µL of 10mM Tris, pH 8, 1mM EDTA and add the 
wash to the cDNA mixtures for a total volume of 130µl. 
 

New Tube 0 (to go on slide) 

cDNA Hybridization 
 1.  Thaw and resuspend the 2X Formamide-Based Buffer (Vial 7) by heating to 55oC    
       for 10 minutes. Mix by inversion. Microfuge for the one minute. 
  
2.  Add the following to a new 1mL tube, gently vortex and microfuge after each addition: 

New Tube low  (to go on slide) 
22µL Hybridization Buffer (Vial 7) 22µL Hybridization Buffer (Vial 7) 
2µL LNA dT Blocker (Vial 9) 2µL LNA dT Blocker (Vial 9) 
10 µL of RNA/primer mix-tube (0RA) 10 µL of RNA/primer mix 2 (LRB) 
10 µL of RNA/primer mix- tube (0G-) 10 µL of RNA/primer mix 3  (LGD) 
Note: The dyes are now combined but there was left over in the old tubes to use in further 
experiments or to run PCR and a gel to verify cDNA presence. Old tubes were stored at -20oC.  
 
 3.  Incubate 75-80oC for 10 minutes and then at 43-45oC until loading. 
 4.  Gently vortex and briefly microfuge. 
 5.  Add mixture to pre-washed pre-warmed microarray. 
 6.  Apply glass coverslip. 
 7.  Add 20µL dH20 to wells on the side so that the array doesn’t dry out. 
 8.  Incubate overnight at 43-45oC  
 
2. How to make cDNA reaction 
  12 cDNA reactions (4 reactions for each gene since we will be checking for three genes 
so we have 4*3=12 reactions) were made by adding following to each tube. Three genes were 
TDH1, VEL1 and ZRT1. The reason we had four reactions because we had four tubes 
(remember table 1). We added two tubes (A+C) and (B+D) and saved that for microarray. The 
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remaining cDNA (in each tube), we used for amplification of genes today and tomorrow we will 
be running gel for each gene.  For amplification of the genes, we used cDNA from separate tube 
(A, B, C, D), we did not mix the tubes. 

 
For TDH1: 
-1uL 5mM TDH1 forward primer 
-1uL 5mM TDH1 reverse primer 
-4uL nuclease free water 
-13uL Qiagen Master Mix 
- 5uL cDNA 

 
For  VEL1: 
-1uL 5mM VEL1 forward primer 
-1uL 5mM VEL1 reverse primer 
-4uL nuclease free water 
-13uL Qiagen Master Mix 
- 5uL cDNA 
 
For ZRT1: 
-1uL 5mM ZRT1 forward primer 
-1uL 5mM ZRT1 reverse primer 
-4uL nuclease free water 
-13uL Qiagen Master Mix 
- 5uL cDNA 

 
For our convenience we named tubes according to the following tables 

Tube A Tube B Tube C Tube D genes 
0GZ LGZ ORZ LRZ ZRT1 
0GT LGT ORT LRT TDH1 
0GV LGV ORV LRV VEL1 

0 means control (0uM),    G is green dye,      L means low zinc (1uM) 
Z means ZRT1,                 T means TDH1,    V means VEL1 
  
3. How to Make the Microarray Washes- May 24th, 2007 

 
Washes can be made up ahead of time.  It is highly recommended that carbon free water is used 
due to the sensitivity of the dye.  The dye will preferentially bind to the carbon in the water 
instead of to the carbon within the cDNA, giving a low signal on the array.  We gave the name to 
washes so we don’t get confuse with all the other reaction that I was making at the same time. 
Four washes A, B and C were made and two of Wash E were made as we will be doing 
microarray experiment with 0 and low ZnCl2. 
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Wash A 
For the 2X SSC plus .2%SDS, combine in a 50mL tube: (2 per-tubes) 
 5mL 20X SSC 
 1mL 10% SDS 
 44mL H20 (from box) 
Wash B 
For the 2X SSC, combine in a 50mL tube: (2 per-tubes) 
 5mL of 20X SSC 
 45mL H20 (from box) 
 
Wash C 
For the .2X SSC, combine in a 50mL tube: (2 per-tubes) 
 .5mL 20X SSC 
 49.5mL H20 (from box) 
 
Wash E 
3X SSC plus 0.1% SDS & .1mg/mL salmon sperm (pre-wash) (1 per-tube) 
 7.5 mL 20X SSC 
 500µL 10% SDS 
 500µL 10mg/mL salmon sperm 
 41.5mL H20 (from box) 
 
Note:  before adding the slides to the 50mL tubes, shake the solutions well and spill out about 5-
10mL.  This will help to clean the slides better. If the last rinse with .2X SSC continues to streak, 
try cleaning it in another tube of .2X SSC with slightly less. We did not add salmon sperm to the 
wash E.   
 
4. PCR reaction 
 
Methods & Materials: We followed the protocol that Ruzeen and Niketha used in their research 
study. We had 12 samples which were prepared before which is also outline below:  
 

For TDH1: 
-1uL 5mM TDH1 forward primer 
-1uL 5mM TDH1 reverse primer 
-4uL nuclease free water 
-13uL Qiagen Master Mix 
- 5uL cDNA 

 
For  VEL1: 
-1uL 5mM VEL1 forward primer 
-1uL 5mM VEL1 reverse primer 
-4uL nuclease free water 
-13uL Qiagen Master Mix 
- 5uL cDNA 
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For ZRT1: 
-1uL 5mM ZRT1 forward primer 
-1uL 5mM ZRT1 reverse primer 
-4uL nuclease free water 
-13uL Qiagen Master Mix 
- 5uL cDNA 
 

For our convenience we named tubes according to the following tables 
Tube A Tube B Tube C Tube D genes 

0GZ LGZ ORZ LRZ ZRT1 
0GT LGT ORT LRT TDH1 
0GV LGV ORV LRV VEL1 

0 means control (0uM),    G is green dye,      L means low zinc (1uM) 
Z means ZRT1,                 T means TDH1,    V means VEL1 
 
All reagents were thawed, vortexed and slightly centrifuged. The complete mixture was vortexed 
several seconds and then slightly centrifuged. The thermocycler was already set from previous 
runs under RAT.  All the tubes were then put back in freezer at -20oC. 
 

o Step 1: 94oC for 2 minutes 
o Step 2: 94oC for 30 seconds 
o Step 3: 45oC for 30 seconds 
o Step 4: 72oC for 30 seconds 
o Step 5: Go to step 2   24times 
o Step 6: 0oC hold 

 
Discussion: 
 
 We were doing many things today. We started the procedure of making cDNA from 
RNA by using Genisphere protocol. After mixing reagents, there was a two hour incubation step. 
We used that time to make microarray washes and grab supplies from science annex. Once 
cDNA was prepared, we saved two mixed cDNA tubes (0uM and low Zn) to put on the 
microarray slide and remaining amount of cDNA (in A, B, C and D) tubes was used to make 12 
DNA reactions for DNA verification. Later, we ran out of cDNA (when making reactions) and 
had not enough cDNA for VEL1 for sample B and C. So when making reactions for sample D, 
we revered the order and started from VEL1 and going ZRT1 (so ZRT1 didn’t get enough 
cDNA). Tomorrow we will be running gels (3 gels) and extracting RNA. Dr. Giarikos also 
helped Dr. Schmitt in how to get nitrogen gas in the tube with microarray slide so the stuff on the 
slide does not fade quickly (this will be used when we will be shipping our slide).  
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E .Preparation of cDNA (Step 2, Preparation of cDNA (Step 1)) 
 
  

Nova Southeastern University 
Independent Research-BIOL 4990 

cDNA hybridization-05-30-07 
 
 

Hybridization of cDNA on Microarray slides 
 

Purpose: The 3DNA Array 350 Protocol is unique from other available protocols because it 
produces cDNA with a “sticky tail” that later in the protocol captures the sensitive dyes.  Many 
researchers have reported difficulties with the CY3 and CY5 dyes including bleaching from 
exposure to light, as well as ozone and water competition.  The 3DNA protocol cuts down on 
light exposure because the dye is added at the very last step. The company recommends using 
reagent grade deionized water which was used to make all the washes. The purpose of this lab is 
to hybridize the cDNA array (which was prepared earlier on Thursday, May 24th , 2007) with the 
3DNA Array 350 Capture Reagent (dyes), properly wash them when complete, and send them to 
be scanned (washing and scanning will be done tomorrow, May 30th, 2007). 

 
Methods and Materials: The 3DNA Array 350 protocol by Genisphere (www.genisphere.com) 
was uses follows: 
1.  Incubate the cDNA mixture (low and control) at 75-80oC for 10 minutes and then at 43-
45oC until loading. 
 2.  Gently vortex and briefly microfuge. 
 3.  Add mixture to pre-washed pre-warmed microarray at the hybridization temperature          
43-45oC *. 
4. Apply glass coverslip (I practiced 6 or seven times with a regular slide and plain water and 
then applying coverslip on the slide). 
 5.  Add 20µL distilled water to wells on the side so that the array doesn’t dry out. 
 6.  Incubate overnight at 43-45oC (rest of the steps will be done tomorrow).  
 
Microarray Slide Pre-Hybridization and Blocking 
*Microarray slide was washed and prewarmed by following method: 
 
1.  Place slide into 50mL tube filled with 55oC 3X SSC,0.1%SDS,0.1mg/mL salmon sperm 
(wash E). 
 2.  Agitate for 30 minutes at room temperature. 
 3.  Transfer to a 50mL tube with distilled water. Dip several times. 
 4.  Transfer to centrifuge and spin for 2 min at 1000rpm. Then put the slide on the  
      temperature plate before pouring the cDNA (make sure to clean the slide  before you  
      put it on the temperature plate). 
 
 
 

http://www.genisphere.com/�
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Discussion:  

The slide was difficult to clean as it was with Maria Farrell. One of the Dr. Loomis’s 
research students turned off the heater (where slide supposed to incubate for overnight) by 
mistake but Dr. Schmitt’s trip to the lab before leaving for the day saved our day and Dr. Schmitt 
turned on the machine again. All the washes, when the slide was in the tube, were kept in dark by 
using aluminum foil. All the sensitive reagents to light were also added in dark with in a dim 
light (which was provided from the chemistry research lab). The 3DNA hybridization will be 
completed and the slides will be mailed to the Davidson College to Peggy for scanning.  
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F .Preparation of cDNA (Step 3, Hybridization of 3DNA) 
 
 

     Nova Southeastern University 
Independent Research-BIOL 4990 
Hybridization of 3DNA-05-31-07 

 
      Hybridization of 3DNA and pre & post-slide washes 

 
Purpose: the purpose of today’s lab was to wash the slide before 3DNA hybridization and then 
wash it again and then mail it overnight to the Davidson College for scanning.  
 
Material and Methods: The 3DNA Array 350 protocol by Genispher (www.genisphere.com) 
was used as follows: 
 
Post cDNA Wash: 
Note: All the washes made last week on May 24th, 2007 (on thursday).We named washes A, B, C 
and E in the following order: 
 
* Wash A  2X SSC plus .2%SDS (2 per-tubes) 
* Wash B  2X SSC (2 per-tube) 
* Wash C  0.2X SSC (2 per-tube)  
* Wash E  3X SSC plus 0.1% SDS & .1mg/mL salmon sperm (1 per-tube 
 
1.  Prewarm the 2X SSC, 0.2% SDS wash buffer (wash A) to 55oC-65oC for 15 minutes. 
2.  Remove the coverslip by washing the array in the prewarmed 2X SSC, 0.2% SDS   
     wash buffer for 2-5 minutes or until the coverslip floats off. 
3.  Wash for 10-15 minutes in room temperature 2X SSC (first shake it and then let it  
     rock on rocker machine with aluminium foil around the tube). 
4.  Wash for 10-15 minutes in room temperature 0.2X SSC (first shake it and then let it   
      rock on rocker machine with aluminium foil around it).  
5. Immediately transfer to dry 50mL centrifuge tube and spin at 800-1000rpm to dry. 
    Then put the slide on the temperature plate before pouring the cDNA (make sure to   
    clean the slide  before you put it on the temperature plate). 
 
 
3DNA Hybridization and Wash 
1.  Prepare capture reagent by thawig the 3DNA reagent (vial 1, both of them) in the dark  
     at room temp for 20  minutes. 
2. Then vortex it for 3 seconds and microfuge briefly. 
3. Incubate50-55oC and vortex 3-5 seconds and microfuge briefly. 
4.  Thaw 2X hybridization buffer (vial 7) by heating to 70oC for 10 minutes. 
5.  Prepare a stock solution of antifade reagent (vial 8) and the hybridization buffer: 
 1 µL antifade reagent (vial 8) 
 100µL 2X hybridization buffer (vial 7) 

http://www.genisphere.com/�
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6.  Combine the following: 
 2.5µL 3DNA reagent #1 (vial 1) 
 2.5µL 3DNA reagent #2 (vial 1) 
 16 µL nuclease free water (vial 10) 
 21µL 2X buffer with antifade reagent (prepared above) 
 
7.  Gently vortex and microfuge. 
8.  Incubate at 75-80oC for 10 minutes 
9.  Gently vortex, microfuge, and apply to slide 
10.  Incubate array for 3-4 hours in dark chamber at 50oC (during this break I made the  
       13 reactions or tubes that will be using tomorrow to check the RNA absorbance and   
       concentration, which was extracted last week). 
 
Post 3DNA Hybridization Wash 
1.  Prewarm the 2X SSC, 0.2% SDS wash buffer to 60-65oC  
2.  Remove the coverslip by washing the array in the prewarmed 2X SSC, 0.2% SDS  
     wash buffer  for 15 minutes. 
3.  Wash for 10-15 minutes in room temperature 2X SSC. 
4.  Wash for 10-15 minutes in room temperature 0.2X SSC 
5. Immediately transfer to dry 50mL centrifuge tube and spin without a cap on at 800-1000rpm 
to dry. 
 
Discussion:  
The slide was not difficult to clean as it was with Maria Farrell. All the tubes were kept in dark 
by using aluminum foil. All the sensitive reagents to light were added in dark with in a dim light 
(which was coming across the chemistry research lab). Once all the washing was done, we put 
the microarray slide in a fresh 50mL tube with a tight rubber cork and copper wire on. Nitrogen 
gas was then inserted into the tube for 5 minutes (which was available from chemistry research 
lab). We then put the grease on top so the hole can be closed (which was made by the needle 
pipe of nitrogen gas cylinder). Microarray slide was then packed and mailed from UPS around 
4pm. We got the image of our picture next day (Thursday, May 31st, 2007). Picture will be 
analyzed upon receiving from Davidson College by using GCAT MagicTool software. 
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Part II: RT-PCR 

A. Making media. Similar protocol was followed as part 1 (pg. 60-62) 

B. Growing Yeast: Similar protocol was followed as part 1 (pg. 62)  

C. Extracting RNA: Similar protocol was followed as part 1 (pg. 63-66) 

D. Verification of RNA through electrophoresis and absorbance: Similar protocol was followed 

as part 1 (pg.67-70)  

E. Producing cDNA from mRNA (Protoscript protocol from BioEngland labs) 

F. Running PCR 

G. PCR gel electrophoresis 
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E. Preparing cDNA 

 

Nova Southeastern University 
Honors research project 

Electrophoresis gels, 01-24-08 
 
 

Producing cDNA from mRNA (Protoscript protocol from BioEngland labs) 

 
Purpose: The purpose this lab was to prepare cDNA so PCR product can be made. ProtoscriptTM 
First strand cDNA Synthesis kit and protocol was used for this part of the experiment (different 
cDNA protocol from the Part I). 
 

Material and Methods: 

1. All the components were thawed before mixing and then put on ice. The 10X RT buffer 
was warmed briefly at 42oC and was vortexed to dissolve any precipitate In a sterile 
microfuge tube, following reagents were added (total volume of 16µL) 
a. Total RNA (3µL) 
b. Primer dT23 VN (2µL) 
c. dNTP Mix (4µL) 
d. Nuclease free water (7µL)  

 
2. It was then heated for 5 min at 70oC. After spinning briefly, it was then put on ice 

promptly. 
3.  RNA/primer/dNTP mixer from step 1 was mixed with 2µL 10X RT buffer, 1µL RNase 

inhibitor, 1µL M-MuLV reverse transcriptasr (to make a total volume of 20µL) 
4. It was then allowed to incubate for an hour at 42oC.  
5. This enzyme was activated by heating at 95oC for 5 minutes. 
6. In order degrade the RNA, 1µL of RNase H inhibitor was added and it was then allowed 

to incubate for 20 minutes at 37oC. 
7. This reaction was diluted to 50µL with water and 2-5µL will be used for the PCR. 
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F.  Making the PCR 

 

Nova Southeastern University 
Honors research project 

Electrophoresis gels, 01-29-08 
 
 

Verification of cDNA- Qiagen Protocol for PCR 
 
Purpose: The purpose of this lab was to make the PCR product from the cDNA in order. Qiagen 
protocol was used. 
 
 
1.  Thaw the components and keep on ice. 
 
2.  Mix the following for a 25µL reaction (use special PCR tubes): 
 2.5µL of 5µM TDH1 reverse primer 
 2.5µL of 5µM TDH1 forward primer 
 13µL Qiagen Master Mix 
 2µL H20  
 5µL cDNA 
 
3. Set the thermocycler for following readings (taken from the Taq PCR handbook, page # 23):  
 
      Step 1: 94oC   2 minutes 
      Step 2:  94oC  30 second 
      Step 3: 51oC  30 seconds 
      Step 4: 72oC  30 seconds 
      Go to step 2, 30 times (let it run overnight) 
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G. PCR gel electrophoresis 

 
Nova Southeastern University 

Honors research project 
Electrophoresis gels, 01/31/08 

 
 

Electrophoresis gels for the PCR products 
 

 
Purpose: The purpose of this lab was to run the electrophoresis gels. Gels help to see to if the 
genes of interest are expressing the in different environments.  
  
Loading gel:  (1.2% gel) 
 

1. 
 
- Add 20uL of TAE buffer into 980uL of distilled water for the --concentration 
- Now dissolve 1.2g agar into 100ml of the above prepared buffer and let it heat along with 
magnetic stirrer (donot boil the sample). 
- Add 7µL SYBR safe in agarose once it is cool (not let it cool for a long time so it starts    
  Solidifying) 
-Pour the gel into the electrophoresis gel box and make sure the voltage is set on 130V 
- 2 replicates of all cDNA samples were loaded while only 1 replicate of RNA was loaded to all 
the four gels (see pictures below).   
- a marker for size 200pb was used.  
 

Making and running gel 

2. 
 

Loading Sample 

- 10µL PCR product  
- 2µL loading dye 
- 1µL SYBR safe 

 
3. 

 
Loading Ladder: 

- 2µL of 2 log ladder (from new bio England labs) 
- 2µL loading dye 

 
 

 

 



79 
 

XI. Tribeta Research Scholarship Application  

 

Beta Beta 
Beta 

 

BETA BETA BETA FOUNDATION  
RESEARCH SCHOLARSHIP APPLICATION  

  
Beta Beta Beta, through our Research Scholarship Foundation, supports selected 
research activities by undergraduates who are regular members of TriBeta. Students 
interested in applying for a research scholarship must be registered as regular 
members at the National Office before the grant submission date.   The submission date 
for academic year 2007-2008 is August through September 21, 2007.  The application 
must be in the national office along with proof of membership by the grant submission 
date - post mark dates do not count.  Please submit applications to the National 
Secretary-Treasurer, University of North Alabama, UNA Box 5079, Florence, AL 
35632. 

Title of research project:  

The effects of zinc on gene expression in Saccharomyces cerevisiae 
 
Sponsoring Chapter: 

Rho Rho 

Amount requested:  

$540.00  
Student's Name: 

Quratulain Hayat 
 

Mailing Address:  

8510 NW 10th st  

Pembroke Pines 

Fl- 33024 

Phone:  

954-696-4215 

Email:  

hayat@nova.edu 
Faculty Research Advisor:  

Emily Schmitt, Ph.D.  
 

http://www.tri-beta.org/index.html�
http://www.tri-beta.org/index.html�
http://www.tri-beta.org/index.html�
mailto:hayat@nova.edu�
http://www.tri-beta.org/index.html�
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Address:  

3301 College Ave. (FAR- MST) 

Fort Lauderdale 

Fl-33314 

Email or phone:  

eschmitt@nova.edu (954-262- 

Has your chapter donated to the Research 
Foundation?  

Yes  No  

 

Did a student(s) in your chapter receive a grant(s) 
last year?  

Yes  No  

 

If so, where did the student(s) present his/their 
work?  

N/A 

 

FUND DISBURSEMENT  

1.Will your institution provide matching funds for this research project? 

Yes  No  

If Yes, describe source.  
 
The project is being supported through the Honors college which is the part of our 
undergraduate program at NSU  

2. Will your institution require TriBeta funds to be administered through university 
disbursement procedures?  

Yes  No  

3. Who should the payee on the check be, i.e. research advisor, university, department, 
etc. (it cannot be a student) and what is the mailing address? 

Emily Schmitt, Ph.D. (Research Advisor)  

FAR-MST; Nova Southeastern University  

mailto:eschmitt@nova.edu�
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3301 College Ave.; Ft. Lauderdale, FL 33314  

4. Will this be part of an ongoing funded project?  

Yes  No  

If yes, describe other source(s) of funding. 

Nova Southeastern University's Undergraduate Rese 

Describe your research project. Your description should include: title, short abstract, 
and outline of your proposed project. Your outline should include your research plans 
with specific objectives, explanation of data, treatment, how the finding may relate to 
your hypothesis and literature cited or reviewed. (Attach this description to your 
application as Attachment A.)  

Complete the proposed budget request providing details and rationale of all 
expenditures. Travel may be research related or for convention presentation and 
should be direct gas cost and not mileage. (Attach the details and rationale to your 
application as Attachment B.) 

PROPOSED BUDGET REQUEST 
SUMMARY   

1. Supplies:  

$450.00 

2. Equipment:  

Already secured from matching funds (see 
attachment B) 

3. Travel:  
Already secured from matching funds (see 
attachment B) 

 

Research 
 Already secured from matching funds (see 
attachment B)  

Convention  
Already secured from matching funds (see 
attachment B) 

4. Other Costs:  
Listed in matching funds see attachment B  

TOTAL COSTS:  

$450.00 
 

RESEARCH COMPLETION   

Location of research:  

Nova Southeastern University 

Projected time for completion of 
research:  

May 2008 
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Projected time for presentation of research:  

May 2008 

Projected time for submission of Final 
Report:  

May 2008 

INCLUDE DETAILS AND RATIONALE AS PART OF ATTACHMENT B 

FINAL REPORT  

Tri Beta Research Scholarship Foundation 

Policy Change approved by the Tri Beta Executive Council, Jan. 24th, 2003: REVISED 

Beginning this year, 2003, a "Final Report" will no longer be required from recipients of the 
undergraduate "Tri Beta Research Scholarship Foundation Grants" if the research is 
abstracted and presented, with funding acknowledgement, at a Tri Beta District/ Regional 
Convention and/or National Convention.  To be exempt from the final report the funded 
research must be abstracted, according to the BIOS format, and presented orally or as a 
poster.  The abstract must be submitted to the Convention Coordinators for documentation 
and program listing.  The District Directors/Regional Vice Presidents will forward these 
abstracts to the editor of BIOS for inclusion in the convention news section.   
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Attachment A 
 
Title: The Effects of Zinc on Gene Expression in Saccharomyces cerevisiae 
Project by:  Quratulain Hayat, Nova Southeastern University, Ft. Lauderdale, FL 
 
Abstract: Zinc is one of the principle trace elements required in biological systems, with 
structural or enzymatical roles in hundreds of proteins. In humans, zinc deficiency has gradually 
come to be recognized as a clinically significant and common form of malnutrition, particularly 
in chronically ill patients. The clinical manifestations of zinc deficiency are diverse with effects 
on the immune system, appetite, and embryonic development. The regulation of zinc distribution 
remains a critical, unanswered question. The manner in which zinc is released from its tight 
binding sites in proteins and its transfer from one site to another are also unknown. While several 
studies have examined gene expression of a few genes in response to zinc (Zn) exposure, there is 
a lack of data concerning how an entire genome responds to the presence of Zn. The purpose of 
this research is to use microarray technology to examine the potential effects of zinc exposure 
(0μM, 1μM, 50μM, 1mM Zn solutions for 60 hours) on gene expression in Saccharomyces 
cerevisiae (yeast), a model organism that shares roughly 31% of its genome with humans. 
Preliminary work on this project has already established the effective use of microarray 
technology and arrays will be analyzed soon using MAGICTool, a software developed through 
the Genome Consortium for Active Teaching (GCAT). Variability within and among microarray 
slides will be specifically addressed by examining expression patterns on slides that received the 
same treatments and through an analysis of dye-swaps (the same treatment marked with different 
fluorescent dyes). Subsequently, genes will be identified as being down or up-regulated in the 
various zinc conditions.  
 
Proposed Project Outline: 
 
I. Research plans with objectives 

A. Establish that microarray technology is usable for this project 
To establish protocol and reproducibility for using microarray technology in the laboratory 
Saccharomyces cerevisiae, strain S288C (yeast cells) grown in the same environment 
(standard yeast media) were examined to determine whether gene expression would be 
similar for the same two samples.  RNA was extracted and its quality and quantity was 
assessed.  cDNA was made from the mRNA (taken from the total RNA sample).  The cDNA 
samples were labeled with either a red or green fluorescent dye and hybridized to the array. 
Four such microarray slides were used (with 2 complete replicated gene arrays on each 
slide).  Relatively uniform (yellow) dye incorporation is expected to be found through these 
test arrays (Figure 1).  The proposed research design was presented at Nova Southeastern 
University’s Annual Undergraduate Student Research Symposium in March 2007 (Appendix 
A). 
B. Use microarray technology to study effects of various concentrations of zinc (0μM, 
1μM, 50μM, 1mM Zn) on yeast grown for 60 hours     
In order to determine the effects of various concentrations of Zn on gene expression 
Saccharomyces cerevisiae, strain S288C, will be grown in the various concentrations of Zn.  
All environments will contain standard regular yeast media and then four of these 
environments will have various concentrations of zinc added, as zinc chloride (0μM, 1μM, 
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50μM, 1mM Zn). A total of 6 additional yeast microarray slides (each with 2 complete 
replicated gene arrays printed on it) will be used.  The cDNA from yeast grown in 0µM zinc 
will be the control on each slide.  A dye swap will be done for each concentration treatment, 
meaning that on one slide the cDNA from the yeast grown in 0µM Zn will be labeled green 
and on the other slide the cDNA from the yeast grown in the various Zn concentrations will 
be labeled green (Figure 2).  

 
II. Explanation of data 

While these microarray-based experiments are still in process, a similar project has already 
been completed (Appendix B).  For this prior investigation, in which I was also involved, the 
expression of six genes ZRT1, VEL1, ZRT2, ZRT3, ZRC1, and ZAP1 in the same four zinc 
environmental conditions (0μM, 1μM, 50μM, 1mM Zn) was specifically examined using 
reverse transcriptase PCR.  The results of these PCR reactions are summarized below and 
will be used as a point of comparison to the microarray results obtained from yeast growing 
in the same environmental conditions. 
 
1.  Results for ZRT1 
ZRT1 is a high affinity zinc transporter of the plasma membrane. It is responsible for the 
majority of zinc uptake. Transcription of this gene was induced under low zinc conditions. 
The results of the first trial for ZRT1 show the expression of the gene in 0 µM, 1µM, and 50 
µM zinc concentrations. The expression was indicated by the presence of bright bands. In 
addition, smeary wide bands of low molecular weight were distinctly present below the 
bright bands.  However, the gene was not expressed in the 1 mM zinc concentration. In the 
second trial the same pattern was observed. In the third trial the gene was expressed in 0 µM 
and 50 µM zinc concentrations.  These results were consistent with the first and second trial. 
However, we did not have enough cDNA to obtain PCR products for 1 µM and 1mM zinc 
concentrations. The bands obtained in the various trials were located between 500bp to 
1000bp indicating that the gene was present but not quite in the correct position (1131 bp). 
The gene was likely not expressed in 1mM zinc concentration due to its reported low affinity 
for zinc (MacDiarmid et al., 2002). In addition, the 1mM zinc concentration is likely to be 
toxic to yeast cells because it is beyond the normal range (0.1µM - 1µM) of zinc 
concentration.    
 
2. Results for VEL1 
VEL1 is a gene of unknown function, which has been found to be induced in zinc deplete 
conditions (Lyons et al., 2000). In the first trial bright bands were obtained at 0 µM, 1 µM, 
and 50 µM zinc concentrations. In the second and third trials bands were also visualized at 0 
µM, 1 µM, and 50 µM zinc concentrations, although the bands were not as bright. The gene 
was not visualized in the gel for the 1 mM zinc concentration. In the first two trials which 
contained the same PCR product, bands were observed in the same position.  However, the 
third trial which contained new PCR product produced bands in the same position and this 
gene product was the result of a different total RNA extraction. The bands for this gene were 
present in the right size range on the gel (621 bp). It appears that VEL1 plays an important 
role in yeast, but its expression is affected by high concentrations (1mM) of zinc.  Many 
factors may have contributed to the discrepancy of the results. Some of the factors include 
bad gel loading, the degree of purity of the RNA and cDNA, and contamination. For 
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example, a bad load for VEL1 did not produce clear bands. Although the position of the 
bands was consistent with the bands of the third trial, the bands were not bright and the 
ladder was not clear (also due to poor gel loading). Although the function of VEL1 is 
unknown the results obtained suggest that VEL1 is involved in zinc transportation as it was 
expressed in various zinc concentrations. 
 
3. Results for ZRT2, ZRT3, ZRC1, and ZAP1 
The gels for ZRT2, ZRT3, ZRC1, and ZAP1 were inconclusive because there was no 
distinction between the expected PCR product bands and smeary wide bands of low 
molecular weight, indicating that the desired gene product was likely not obtained 
 
4. Summary of Previous Research Findings 
While the gels for ZRT1 and VEL1 revealed consistent results, the gels for the other gels 
were not as consistent.  These inconsistent results may have been obtained due to the 
inability of reverse transcriptase (RT) to convert mRNA to cDNA of large genes. For 
example the conversion of VEL1 from mRNA to cDNA may have been successful due to its 
small size (621bp). The smeary bands obtained from ZRT2, ZRT3, ZRC1, and ZAP1 may be 
a result of the pausing action of the RT (New England BioLabs, 2003). The RT may have not 
been able to convert mRNA to cDNA due to large gene size (in excess of 1100 bp).  
 

III. Treatment 
A.  Establish that microarray technology is usable for this project 
This part of the study was completed as preliminary work and gave validation for proper 
technique indicating that using microarray technology would be feasible for this project 
(Figure 1).  However, these data have not yet been analyzed. 
B. Use microarray technology to study effects of various concentrations of              Zn 
((0μM, 1μM, 50μM, 1mM Zn) on yeast grown for 60 hours     
The experimental treatment includes two replicated arrays for each zinc concentration 
treatment including one dye-swap per concentration (Figure 2).  This is being done since it 
is known that the red and green dyes bind with different fluorescent intensities thus affecting 
results (DeRisi, 1997).  

        
IV. How findings may relate to hypothesis 

It is expected that the microarray results should support and expand the results obtained 
from the previous work with reverse transcriptase-PCR.  It is expected that zinc will have an 
effect on gene expression in yeast.  Specifically, expression of ZRT1 is expected in at least 
the 0 µM, 1 µM, and 50 µM zinc conditions.  Likewise, the expression of VEL1 is also 
expected in these three conditions.  It is expected that these genes won’t be expressed under 
the high zinc concentration treatment.  In addition to examining the potential response of the 
whole yeast genome to zinc, a few key additional genes known for their potential 
involvement in zinc regulation will be specifically examined (Table 1).  In the condition of 
high zinc concentration, it is expected that zinc will interfere with other metal-dependent 
processes, particularly those involving calcium.  Alternatively the presence (or absence) of 
zinc and its various concentrations may inhibit the function of other proteins, particularly 
enzymes and transcription factors. 
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V.  Application of work 
A.  Provide novel data on the effects of zinc on an entire genome. 
B.  Bring investigative genomics research tools such as the microarray into the  
      hands of undergraduate researchers.  
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Table 1:  Specific genes of interest to be investigated upon analysis of microarray results   
 
Gene name Gene function Systemic 

name 
Gene size 

ZRT1* High-affinity zinc transporter of the plasma 
membrane, responsible for the majority of zinc 
uptake; transcription is induced under low-zinc 
conditions by the Zap1p transcription factor. 

YGL255W 1131 

ZRT2* Low-affinity zinc transporter of the plasma 
membrane; transcription is induced under low-zinc 
conditions by the Zap1p transcription factor. 

YLR130C 1269 

ZRT3* Vacuolar membrane zinc transporter, transports 
zinc from storage in the vacuole to the cytoplasm 
when needed; transcription is induced under 
conditions of zinc deficiency. 

YKL175W 1512 

ZRC1* Vacuolar membrane zinc transporter, transports 
zinc from the cytosol into the vacuole for storage; 
also has a role in resistance to zinc shock resulting 
from a sudden influx of zinc into the cytoplasm. 

YMR243C 1329 

ZAP1* Zinc- regulated transcription factor binds to 
zinc- responsive promoter elements to induce 
transcription of certain genes in the presence of 
zinc; regulates its own transcription; contains 
seven finger domains. 

YJL056C 2643 

COT1 Vacuolar transporter that mediates zinc transport 
into the vacuole, over expression confers 
resistance to cobalt and rhodium. 

YOR316C 1320 

ZIP1 Transverse filament protein of the synaptonemal 
complex, required for normal levels of meiotic 
recombination and pairing between homologous 
chromosomes during meiosis; potential Cdc28p 
substrate 

YDR285W 2628 

ZIP2 Meiosis-specific protein involved in normal 
synaptonemal complex formation and pairing 
between homologous chromosomes during meiosis 

YGL249W 2115 

ZIP3 SUMO E3 ligase; required for synaptonemal 
complex formation; localizes to synapsis initiation 
sites on meiotic chromosomes; potential Cdc28p 
substrate 

YLR394W 1449 

VEL1* Protein of unknown function which is highly 
induced in zinc-deplete conditions and has 
increased expression in NAP1 deletion mutants 

YGL258W 621 

Note:  Genes marked by “*” were already investigated by the author working with other students using 
reverse transcriptase PCR. 
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List of Attached Figures: 
 
Figure 1:  Four microarray test arrays with mostly yellow arrays expected.  cDNA from the 
same condition is being marked with different colored dyes and hybridized on the same 
microarray.  
 
Figure 2: Main steps of the experimental design using dye-swaps to examine the effects of zinc 
concentration on gene expression in yeast. 
 
Appendix A: Using microarray technology to examine the effects of Zinc on gene expression in 
Saccharomyces cervisiae: A Proposal 
 
Appendix B:  The Effects of Zinc on Gene Expression in Saccharomyces cerevisiae using 
Polymerase Chain Reaction (PCR) for six candidate genes (A Poster Presentation) Presented at 
our University’s Undergraduate Research Symposium in March 2007 
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Figure 1:  Four microarray test arrays with mostly yellow arrays expected.  cDNA from the 
same condition is being marked with different colored dyes and hybridized on the same 
microarray.  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Standard yeast media 
1 sample green 
1 sample red 

 

Low zinc media  
1 sample green 
1 sample red 

   

Medium zinc media  
1 sample green 
1 sample red 

 

High zinc media  
1 sample green 
1 sample red 

 

Micro array slide # 1 

Micro array slide # 2 

Micro array slide # 3 

Micro array slide # 4 
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Figure 2: Main steps of the experimental design using dye-swaps to examine the effects of zinc 
concentration on gene expression in yeast. 

 
       Yeast in zinc colored green         Yeast in zinc colored red  
       vs. Standard colored red           vs. Standard colored red    
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Attachment B 
 
Table 1:  Summary list of supplies needed 

Item Estimated Cost 
Microarray slides $ 190.00 
3DNA Array Kit $ 350.00 (5 reactions) 
Total Amount Requested from Tri Beta $ 540.00 * 
 
*Note: Any financial contribution that Beta Beta Beta can provide for this project would be 
appreciated.  I have already obtained most of my funding from my College’s Honors Program 
(Table 2). I plan to continue this work to more fully test the effects of various concentrations of 
zinc and/or duration of zinc exposure on gene expression in yeast.  Therefore, I am only 
requesting funds for microarray slides and the reagents needed for cDNA preparation (Table 1).  
 

 
Table 2: Detailed list of supplies needed and/or already donated for our use. 

Supplies or Item Requested  Company Contact  Price  
Yeast strain S288C  NSU   already have in the lab 
Yeast Regular media     
Regular Yeast media      
 ZnCl2 (1uM, 50uM, 2mM)      Already have in the lab 
 Dextrose       
 yeast nitrogen base w/o ammonium sulfate   
 and w/o zinc sulfate   

MP Biomedicals 
www.qbiogene.com Claudia Qbiogeneline $400.00  

  0.1g of adenine in 1 liter of distilled    
  water Fisher Scientific, Inc.  800-766-7000  $61.00 
  0.1g of histidine in 1 liter of distilled     
  water Fisher Scientific, Inc.  800-766-7001  $ 18.40 
 0.1g of tryptophan in 1 liter of distilled  
 water Fisher Scientific, Inc.  800-766-7002  $13.90 
 0.1g of leucine in 1 liter of distilled  
 water Fisher Scientific, Inc.  800-766-7003  $45.00 
      Postscript  cDNA kit New England Biolabs   $174.00  
Total RNA isolation  Ambion    
 Ambion RiboPure protocol       
 Ribopure Yeast Kit (50 purifications) AM 1924 $280.00  www.ambion.com 
 RNase-free tubes and tips       
  100% ethanol  NSU    already have in the lab 
  vortex mixtrure  NSU    already have in the lab 
  Heat Block  NSU    already have in the lab 
  Microcentrifuge NSU     already have in the lab 
Analysis of RNA purity      
  UV visible spectrophotometer      HPD Lab 
  Quartz cuvettes     HPD Lab 
  1L 20x TE Buffer Fisher Scientific, Inc.    $60.00  
Analysis of RNA quality       
 Electrophoresis units     Already have in lab 
 SYBR Safe Concentrated dye  Molecular Probes, Inc.   $40.00  
DNA Ladder Promega  $100.00 

3DNA array 350 kit Genisphere $650.00  
www.genisphere.com  1-
877-888-3DNA 

http://www.ambion.com/�
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Reverse Transcriptase (dNTPS included)     $100.00  
Quantification of mRNA       
 PCR machine     already have  
 various forward primers University SC Dr. Bert Ely $120.00  
 various reverse primer University SC Dr. Bert Ely $120.00  
 Qiagen Masters Mix 250 units Qiagen   $181.61  
Hybridization        

 Microarray GCAT 
Dr. Malcolm Campbell, 
GCAT $230.00  

SDS   already have in the lab 
SSC   already have in the lab 
Sonicated Salmon sperm   already have in the lab 
Hybridization chamber   already have in the lab 
Aluminum foil   already have in the lab 
Scanning Array 
 GCAT   
Analyzing data       

GCAT Magic Tool     
Available free of charge and 
accessible from GCAT 

Shipping of temperature sensitive material      $100.00 
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XII. Tribeta Research Scholarship (Award Letter) 
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XIII. Proposal Power point 

The Effects of Zinc on Gene 
Expression in Saccharomyces 
cerevisiae (Brewer’s Yeast)

Honor Thesis Proposal

Presented by Quratulain Hayat
Advisor: Dr. Emily Schmitt
Nova Southeastern University 
January 22nd, 2007

  

Thesis Proposal

►Learn all the technical steps of preparing a 
microarray and analyzing the resulting data.

►Apply these skills to a gene expression 
comparison between yeast grown in normal 
conditions and yeast grown in various 
concentrations (1uM, 50uM, 2mM) of zinc.

 

 

Why Microarrays & Why Yeast?
► The microarray is an innovative tool available to 

measure changes in expression of thousands of genes 
simultaneously allowing researchers to:
- Determine the function(s) of unknown genes.
- How genes respond to pharmaceuticals.
- Understand how genes respond to a change in environment.
-Investigate genes involved in diseases

► Yeast is an ideal organism for the study of genomic level 
changes because:
- It is easy to grow and manipulate.
- It’s complete genome is known.
- It’s genome is similar to the human genome, 1985 genes of the yeast genome have human 
equivalents (NHGRI, 1996)

- Both yeast and human are eukaryotic organisms.

   

Why Zinc?

► Why not zinc?

► Zinc is involved in all major biochemical reactions including 
transcription of DNA and translation of RNA.

► More than three hundred enzymes require zinc for their 
catalytic functions.

► Deficiency of zinc can cause anemia, loss of appetite, 
immune system defects, birth defects and developmental 
problems.

 

 

Outline of the Experiment
► Part I: Set of 4 Test Arrays

Question: Will genes be uniformly expressed if 
taken from the same environment at the same 
time? (0, 1uM, 50uM, 2mM)

► Part II: Comparing gene expression for yeast 
grown in normal conditions to those grown in zinc 
on the same array
Question: Will genes still be uniformly expressed? 
If not, which ones will be induced or repressed and 
why is this so?

   

Overview of Microarray

Yeast grown in regular 
media

Yeast exposed and 
induced to incorporate 

zinc

Extract RNA
Check for quantity and 

quality

Extract RNA
Check for quantity and 

quality

Make cDNA & Tag green Make cDNA & Tag red

Hybridize to microarray and scan

Analyze Data

Source: Farrell, Maria. (2006)  
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Experiment Part I
► Using the information obtained from the previous studies done by 

other NSU students working with microarrays, the following questions 
will be investigated:

1.  How is RNA extracted?
2.  How mRNA is extracted and isolated from the RNA and how it

converted into cDNA?   
3.  Are slides cleaning and preparing properly?
4.  Is labeling of cDNA and then hybridizing of it onto the slide is 

occurred properly such that it can be correctly read by the scanner?

► The information and microarray image data obtained in this part will 
serve as the protocol and one of the controls for the entire experiment. 
Three other slides will be prepared in this part with different zinc 
concentrations. 

  

Experiment Part I

►Once a microarray with yellow spots has 
been obtained…

1. Then find out which quantitative and qualitative protocols 
are most productive regarding the isolation and production of  
RNA, mRNA and cDNA.

2. And test gene expressions of yeast grown in zinc compared to 
yeast grown in regular media on the same array.

 

 

Overview of Part I
Regular yeast media

1 sample green
1 sample red

Low zinc media 
1 sample green
1 sample red
(Both colored)

Medium zinc media
1 sample green
1 sample red

High zinc media 
1 sample green
1 sample red

Micro array slide # 1

Micro array slide # 2

Micro array slide # 3

Micro array slide # 4

  

Experiment Part II

► In this part, six micro arrays will be prepared. The 
cDNA from yeast with different zinc concentrations will 
be dyed with red and green color.

► It is theorized that zinc will induce and repress certain 
genes due to its interference with essential minerals.  

► Data will be analyzed after the successful completion 
of part II and will be compared with other studies. 

 

 

Overview of Part II

Yeast in zinc colored green Yeast in zinc colored red
vs. standard colored red vs. standard colored green

Medium zinc (50μM)
Vs. Standard

Medium zinc (50μM)
Vs. Standard 

High zinc (2mM)
Vs. Standard 

High Zinc (2mM)
Vs. Standard 

Micro array slide # 5 Micro array slide # 6

Micro array slide # 8Micro array slide # 7

Micro array slide # 10Micro array slide # 9

Low Zinc (1μM)
Vs. Standard 

Low Zinc (1μM)
Vs. Standard 

  

Analyzing the Data
► Upon successful hybridization of cDNA to the yeast microarray, 

ratios of the amount of red compared to green dye at each ORF 
on the microarray will be determined with the scanner’s 
computer program, Gene Pix.

► The ratios will be analyzed using the GCAT-developed analysis 
software, Magic Tool 

► Six genes of interest (ZRT1, ZRT2, ZRT3, ZRC1, ZAP1, VEL1) will 
be analyzed specifically and then results will be compared with 
another study by 2 different undergraduates in Dr. Schmitt’s lab.

► In addition, the overall patterns of all genes’ induction and 
repression will be analyzed. 
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Expected Research Outcomes

Research using microarrays and this 
experiment in particular will:

1. Provide future NSU science undergrads with   
guidelines  to further microarray studies.

2. Provide the scientific community with novel  
data regarding the response of the entire  
yeast genome to zinc.

3. Advance inquiry and enable further study of 
genes of interest.

   

Project Calendar
Fall 2006
 Literature review 
 Make a thesis proposal

Winter 2007
 Present and Defend Thesis Proposal
 Obtain Supplies
 Grow yeast, make regular yeast media and yeast media with different zinc concentration
 Conduct Part I
 Write progress report

Summer 2007
 Begin Part II

Fall 2007
 Finish part II
 Analyze data
 Write progress report
 Draft thesis

Winter 2008
 Continue analyzing data
 Finish and defend thesis
 Presentation of work at NSU’s research symposium
 Presentation of work at the Beta Beta Beta National Biological Honors Symposium In 2008. 

 

 

Thank you……

►Thank you for your consideration of this 
proposal.

►Thank you to my Advisor, Dr. Emily Schmitt 
for all your help.

  

Literature Cited

► Farrell, Maria (2006).  The Effect of Aluminum on Gene Expression in 
Saccharomyces cerevisiae. Honors Thesis, Nova Southeastern University. Pg.70

► National Human Genome Research Institute. (1996). 1996 Release Yeast 
Genome Sequence. Retrieved January 15, 2007 from 
http://www.genome.gov/10000510.  
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XIV. Thesis Power point 

    

Overview
 How do microarray technology (Part I) and RT-PCR (Part  

II) work?
 Why yeast is important?
 Why zinc is important?
 What was the result ?
 Importance and expected outcomes of this study

 

 

Why Microarrays are Important?
 The microarray is an innovative tool available to 

measure changes in expression of thousands of genes 
simultaneously allowing researchers to:

- Determine the function(s) of unknown genes

-How genes respond to pharmaceuticals.

-Understand how genes respond to a change in environment.

-Investigate genes involved in diseases

    

Why is Yeast Important?
 Yeast is an ideal organism for the study of genomic level 

changes because:
- It is easy to grow and manipulate.
- It’s complete genome is known.
- It’s genome is similar to the human genome, 1985 genes of the  

yeast genome  have human equivalents (NHGRI, 1996)
- Both yeast and human are eukaryotic organisms.

 

 

Why is Zinc Important?
 Zinc is involved in all major biochemical reactions including 

transcription of DNA and translation of RNA.

 More than three hundred enzymes require zinc for their 
catalytic functions.

 Deficiency of zinc can cause anemia, loss of appetite, immune 
system defects, birth defects and developmental problems.

   

Overview of the Microarray Process 
(Part I)

Yeast grown in regular 
media

Yeast exposed and 
induced to incorporate 

zinc

Extract RNA
Check for quantity and 

quality

Extract RNA
Check for quantity and 

quality

Make cDNA & Tag green Make cDNA & Tag red

Hybridize to microarray and scan

Analyze Data

Source: Farrell, Maria. (2006)    
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Results of total RNA (yeast growing in different concentrations of zinc; 
(control, 1µM, 50µM and 1mM))

0 Zinc
A, B & C 
samples

1µM Zinc
A, B & C 
samples

50µM Zinc
A, B & C 
samples

1mM Zinc
A, B & C 
samples

Ladder

18s
28s

Results of the Total RNA Extraction

 

Overview of the Part I A

- Four slides each with yeast grown
in zero, low, medium and high zinc

-Expected Results:
Four yellow microarrays showing 

equal gene expression from the
same environment

Regular yeast media
1 sample green
1 sample red

Low zinc media 
1 sample green
1 sample red

Medium zinc media
1 sample green
1 sample red

High zinc media 
1 sample green
1 sample red

Micro array slide # 1

Micro array slide # 2

Micro array slide # 3

Micro array slide # 4

  

Overview of Part I B
(Dye-Swaps)

Yeast in zinc colored green Yeast in zinc colored red
vs. standard colored red vs. standard colored green

Expected Result: Different gene expression due to 
different concentration of zinc 

Medium zinc (50μM)
Vs. Standard

Medium zinc (50μM)
Vs. Standard 

High zinc (2mM)
Vs. Standard 

High Zinc (2mM)
Vs. Standard 

Micro array slide # 5 Micro array slide # 6

Micro array slide # 8Micro array slide # 7

Micro array slide # 10Micro array slide # 9

Low Zinc (1μM)
Vs. Standard 

Low Zinc (1μM)
Vs. Standard 

      

Analyzing the Data
 Upon hybridization of cDNA to the yeast microarray,  slides were sent 

to Davidson College to scan slides

 GCAT scanned the array and made subsequent data relating to the spot 
intensities available online

 Downloaded scanned files were gridded and segmented using the 
seeded region growing choice according to (MagicTool) 

 Due to a lot of non specific binding spots could not visualized and 
green to red dots intensities could not compared either. 

 Due to this inconsistency in results, further analysis could not 
performed however reverse transcriptase- polymerase chain reaction 
(RT-PCR) was done in order to examine the effects of different 
concentrations of zinc on the expression of four different genes in yeast

 

 

Why RT-PCR is Important?
 RT-PCR is a modified PCR technique used to amplify, isolate 

or identify a known sequence from a cellular or tissue RNA
 Fewer steps and less technically demanding than microarray 

technology 
 Often used to validate microarray studies
 Four genes selected were 

-IZH1   express in low zinc
- IZH4   express in high zinc
- TDH1 express all the time
- VEL1  express in low zinc

  

Gene Selection

*Note: information on gene function has been taken directly from yeastgenome.org

Gene Name Systemic Name Gene Function* Expected Result Gene Size

TDH1 YJL052W

Glyceraldehyde-3-phosphate dehydrogenase, 
isozyme 1, involved in glycolysis and 
gluconeogenesis; tetramer that catalyzes the 
reaction of glyceraldehyde-3-phosphate to 1,3 bis-
phosphoglycerate; detected in the cytoplasm and 
cell-wall

No effect in the presence or 
absence of zinc
Should be present there all the 
time (since it is a basic 
metabolism gene) 200bp

IZH4 YOL101C

Membrane protein involved in zinc metabolism, 
member of the four-protein IZH family, expression 
induced by fatty acids and altered zinc levels; 
deletion reduces sensitivity to excess zinc; possible 
role in sterol metabolism Induced in high zinc 200bp

IZH1 YDR492W

Membrane protein involved in zinc metabolism, 
member of the four-protein IZH family; 
transcription is regulated directly by Zap1p, 
expression induced by zinc deficiency and fatty 
acids; deletion increases sensitivity to elevated zinc Induced in low zinc 200bp

VEL1 YGL258W

Protein of unknown function; highly induced in 
zinc-depleted conditions and has increased 
expression in NAP1 deletion mutants
Involved in velum formation

Highly induced in low and 
medium zinc condition 200bp
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Primer Design 
 Upon gene selection, reverse and forward primers were 

designed

 200bps of each enzyme were generated by aligning 70 
mers sequences (printed  on the microarray slides) and 
complete coding sequences (from the yeast genome)

 Bioedit software was used for the alignment

   

Primer Design 
 Upon gene selection, reverse and forward primers were 

designed

 200bps of each enzyme were generated by aligning 70 
mers sequences (printed  on the microarray slides) and 
complete coding sequences (from the yeast genome)

 Bioedit software was used for the alignment

 

 

Main Steps of Part II (RT-PCR)

Yeast exposed to different 
zinc concentrations

PCR with particular primers 
targeting 200 base pairs (bps) 

fragments of genes 

PCR with total RNA and 
primers (control)

Extract total RNA and check 
for quantity and quality

Making yeast media  

Make cDNA from the mRNA

PCR with no DNA 
template  (control)

Analyze Data 

Gel electrophoresis 

   

Overview of Part II (RT-PCR)
 Preparing zinc media, growing yeast, RNA extraction 

and its verification were the  similar procedures  as 
Part I 

 However,  a different protocol was used to make cDNA 
this time

 PCR was done on these cDNA sample for four different 
genes mentioned above

  

Calculation of Cell Density
Growth 
Environment

pH
original sample 
(w/o yeast)

pH
original sample 
(with yeast)

(OD)
A660

#haploid cells
X 107

For diploid Total # cells
X 107

0µM (control) 5.41 4.16 0.423 5.64 x2 11.2

0µM (control) 5.41 3.99 0.407 5.47 x2 10.94

0µM (control) 5.41 3.85 0.479 6.66 x2 13.32

1µM 5.87 5.60 0.318 4.12 x2 8.24

50µM 5.40 3.43 0.453 6.23 x2 12.46

1mM 5.30 3.63 0.564 8.00 x2 16.00

1mM 5.30 3.60 0.548 7.80 x2 15.50

1mM 5.30 3.83 0.476 6.50 x2 13.00

Calculation of cell density according to Burke, D., Dawson, D., Stearns, T. (2000) Methods in Yeast Genetics; Cold Spring 
Harbor Laboratory course manual. Pg. 143-144. (for the RNA extraction of Part II). The highlighted values represent the 
samples that were used in examining expressions of IZH1, IZH4, VEL1 and TDH1

   

Results of the Total RNA-ribosomal bands

0 Zinc
A, B & C samples

1µM Zinc
A, B & C samples

50µM Zinc
A, B & C samples

1µM Zinc 
A, B & C 
samples

Ladder

18s 28s

Total RNA verification from yeast growing in different concentrations of zinc 
(control, 1µM, 50µM and 1mM). Gel was done on 12-04-07
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RNA Quantification Measurement using UV-spectrophotometer

Highlighted once are the best sample from each environment based on their absorbance, 
concentration and ratio and were used later for the cDNA and PCR

Sample 
# Environment

Original
sample Dilution factor

Total 
RNA volume A260 (nm) A280 (nm)

1 0      A 10 mL 100 100 0.229 0.094

2 0      B 10 mL 100 100 0.163 0.070

3 0      C 10 mL 100 105 0.120 0.059

4 1µM     A 10 mL 100 100 0.05 0.024

5 1µM     B 10 mL 100 104 0.103 0.049

6 1µM    C 10 mL 100 100 0.087 0.038

7 50µM   A 10 mL 100 100 0.334 0.196

8 50µM   B 10 mL 100 100 0.07 0.031

9 50µM   C 10 mL 100 104 0.13 0.062

10 1mM    A 10 mL 100 100 0.158 0.073

11 1mM    B 10 mL 100 100 0.162 0.073

12 1mM    C 10 mL 100 100 0.367 0.151

rat-1 100 0.110 0.055

    

Expression of IZH4

Ladder 00µM  
Zinc

10µM  
Zinc

50µM 
Zinc

01mM 
Zinc

0, 1uM, 50uM, 1mM Zinc 
Total RNA with Primers -
PCR N

o 
D

N
A

→
 

Ladder

Expression of IZH4 gene increases with increasing zinc concentration 

   

 

Expression of IZH1

0 Zinc 1 µM Zn

N
o 

D
N

A
→

 

0, 1µM, 50µM, 1mM Zinc 
Total RNA with Primers -
PCRLa

dd
er

La
dd

er 50µM Zn 1mM Zn

Expression of IZH1 decreases in high zinc conditions 

   

Expression of VEL1 

Expression of VEL1, a gene of unknown function, is increasing in 
low zinc conditions 

0, 1µM, 50µM, 1mM 
Zinc Total RNA with 
Primers -PCR

0 Zn 1µM Zn 50µM Zn 1mM Zn

La
dd

er

N
o 

D
N

A
→

 

La
dd

er

 

   

Expression of TDH1

0 Zn 1µM 
Zn

50µM 
Zn

1mM Zn

0, 1µM, 50µM, 1mM 
Zinc Total RNA with 
Primers -PCR

N
o 

D
N

A
→

 

La
dd

er
La

dd
er

TDH1: basic metabolism gene is expressing in all zinc conditions 

   

Expected Research Outcomes
Research using microarrays and RT-PCR experiment in 
particular will:
1. Provide future NSU science undergrads with guidelines  to further  

microarray studies.

2. Provide the scientific community with novel data regarding the response of  
the entire yeast genome to zinc.

3. Advance inquiry and enable further study of genes of interest.
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