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Purpose:
In the first part of the experiment, DNA from lyophilized E. coli was extracted and isolated, and using its absorption properties its degree of purity and integrity was determined. In the second part of the experiment, the effects of salt and a denaturing agent on DNA structure of a commercial source of E. coli DNA are visualized by creating melting curves. Looking at homogeneity and integrity, the commercial source of DNA and the in lab prepared DNA were compared. In the last part of the experiment, restriction enzymes were used to digest unknown plasmids and then the plasmids were separated using agarose gel electrophoresis. 
R1) 
In the first experiment ultraviolent spectroscopy is used to quantitate the amount of DNA and its degree of purity.  Due to the presence of aromatic amino acids, tyrosine and tryptophan proteins absorb UV light with a maximum absorbance at 280 nm. Due to aromatic characteristics of bases, nucleic acids show characteristic UV absorption spectra with maximum absorbance at 260 nm.  The A260/A280 ratio shows the relative amounts of the different nucleotides in a specific DNA sample. If the ratio is between 1.8 and 1.9, then the DNA sample is pure double stranded DNA sample. If the ratio is higher, then the sample is likely contaminated with RNA. Nucleic acids have an absorbance minimum at 234 nm, if the sample is contaminated with protein then their will be an increase in the absorbance at this wavelength. A A234/A260 ratio higher then 0.5 is demonstrative of protein contamination. 
A260= 0.471
A280=0.381
A260/A280= 0.471/0.381=1.24

The A260/ A280 ratio is 1.24, which does not fall between the normal range of 1.8-1.9 indicates that there is some contamination of the sample, although not RNA most likely as it is not above 1.9.
A234= 0.485
A260= 0.471
A234/A260= 0.485/0.471=1.029
The A234/A260 ratio is very high, over double what it should be as it should be around 0.5 which means that there is a lot of protein contamination in our sample.
Overall, our sample was not very pure as the first ratio was much lower then expected, indicating there was some contamination although it was not RNA contamination as it was not higher then 1.9. The second ratio was much higher the 0.5, indicating our sample had a lot of protein contamination. This was likely the result of errors that occurred when pipetting the upper aqueous phase off, as some protein could have been in the aqueous layer, which would have contaminated the sample. 

R2)


Figure 1. Commercial E. coli DNA with no additives. The change in absorbance at 260 nm of the DNA as a function the temperature was recorded and graphed using the Cary100 Bio spectrophotomer system. The slope of the absorbance curve (dA/dT) is also plotted against the temperature so that the inflection point and energy requirements can be more easily visualized. The DNA sample used for this melting curve was made using 50 µL of commercial E. coli DNA in 950 µL of 15 mM citrate buffer pH 7. The inflection point of the temperature vs absorbance graph is also called the TM and is the point where the DNA starts to denature and change from double stranded DNA to single stranded DNA. The peak of the derivative is also the point at which 50% of the DNA is single stranded and the other 50% is double stranded. This data came from group 9. 


Figure 2. Commercial E. coli DNA with 0.03 M NaClO4. The change in absorbance at 260 nm of the DNA as a function the temperature was recorded and graphed using the Cary100 Bio spectrophotomer system. The slope of the absorbance curve (dA/dT) is also plotted against the temperature so that the inflection point and energy requirements can be more easily visualized. The DNA sample used for this melting curve was made using 50 µL of commercial E. coli DNA in 950 µL of 15 mM citrate buffer pH 7, 0.03M NaClO4. The inflection point of the temperature vs absorbance graph is also called the TM and is the point where the DNA starts to denature and change from double stranded DNA to single stranded DNA. The peak of the derivative is also the point at which 50% of the DNA is single stranded and the other 50% is double stranded. This data came from group 11. 



Figure 3. Commercial E. coli DNA with 4.75 M NaClO4. The change in absorbance at 260 nm of the DNA as a function the temperature was recorded and graphed using the Cary100 Bio spectrophotomer system. The slope of the absorbance curve (dA/dT) is also plotted against the temperature so that the inflection point and energy requirements can be more easily visualized. The DNA sample used for this melting curve was made using 50 µL of commercial E. coli DNA in 950 µL of 15 mM citrate buffer pH 7, 4.75 M NaClO4. The inflection point of the temperature vs absorbance graph is also called the TM and is the point where the DNA starts to denature and change from double stranded DNA to single stranded DNA. The peak of the derivative is also the point at which 50% of the DNA is single stranded and the other 50% is double stranded. This data came from group 7. 


Figure 4. Extracted DNA sample from experiment 1. The change in absorbance at 260 nm of the DNA as a function the temperature was recorded and graphed using the Cary100 Bio spectrophotomer system. The slope of the absorbance curve (dA/dT) is also plotted against the temperature so that the inflection point and energy requirements can be more easily visualized. The DNA sample used for this melting curve was made using 200 µL of dissolved E. coli DNA in 800 µL of 15 mM citrate buffer pH 7. The inflection point of the temperature vs absorbance graph is also called the TM and is the point where the DNA starts to denature and change from double stranded DNA to single stranded DNA. The peak of the derivative is also the point at which 50% of the DNA is single stranded and the other 50% is double stranded. This data came from group 9. 
Table 1. DNA melting results for the commercial DNA and the extracted DNA. The following chart displays trends of temperature relating to DNA denaturing and the purity of the DNA samples. TM is the characteristic transition temperature or melting temperature of the DNA strands. The ΔT is the small temperature range or total increase in absorption throughout the decrease in quantity of double stranded DNA. The h% value represents the hyperchromicity of the DNA solutions and is represents the purity of the DNA solution.  h/ΔT  is another method to determine the purity of the DNA sample in question. The commercial DNA sample was created using 50 µL of commercial E. coli DNA in 950 µL of 15 mM citrate buffer pH 7, the commercial+0.03 M NaCLO4 sample was made of 50 µL of commercial E. coli DNA in 950 µL of 15 mM citrate buffer pH 7, 0.03M NaClO4, the commercial+4.75 M NaClO4 was made of 50 µL of commercial E. coli DNA in 950 µL of 15 mM citrate buffer pH 7, 4.75 M NaClO4 and the extracted DNA was made of 200 µL of dissolved E. coli DNA and 800 µL of 15 mM citrate buffer pH 7. Calculations for all samples are below the table. 
	DNA sample
	TM (°C)
	ΔT(°C)
	h (%)
	h/ ΔT (°C-1)

	a) Commercial
	78
	9.1
	28.26
	3.105

	b) Commercial + 0.03M NaClO4 
	83.92
	5
	31.7
	6.34

	c) Commercial + 4.75 M NaClO4
	66.02
	14.05
	20.23
	1.44

	d) Extracted DNA (step 15)
	85.5
	5.9
	8.10
	1.37



TM is the characteristic melting temperature of the DNA strands, and is defined ast the temperature at which 50% of all molecules of a given DNA sequence are in double stranded DNA and the other 50% are single strands. The value of TM was obtained from the maximum point on the peak of the derivative graph.
The ΔT is the small temperature range or total increase in absorption throughout the decrease in double stranded DNA. It is calculated from the difference between Ti (the temperature where DNA starts to denature) and the Tf (the point where the temperature levels off, when the DNA tops denaturing.) 
Solution a) =Tf-Ti= 82.57-73.47=9.1 °C
Solution b) =Tf-Ti= 81.12-76.12=5 °C
Solution c) =Tf-Ti= 75.02-60.97=14.05 °C
Solution d) =Tf-Ti= 87.47-81.57=5.9 °C
Solution C had the largest temperature range, meaning that solution C partially denatured or shortened the DNA leading to a broader temperature profile. 
h% represents the hyperchromicity, calculated using this formula:
h%= 100 (AS-Ad)/Ad= 100 ΔA/Ad
Ad= the absorbance for the double strand
As= the absorbance for the single strand
Hyperchromicity represents the increase of absorbance of DNA as it is denatured, and so a hyperchromic shift less than 40% indicates relatively impure DNA. 
h% for solution A (commercial solution) = 100 (AS-Ad)/Ad= 100 ΔA/Ad
						    =100 (0.708-0.552)/0.552
						    =28.26%
h% for solution B (commercial solution + 0.03 M NaClO4) = 100 (AS-Ad)/Ad= 100 ΔA/ Ad  
									=100 (0.614-0.466)/0.466
           								=31.7%	
h% for solution C (commercial solution+ 4.75 NaClO4) = 100 (AS-Ad)/Ad= 100 ΔA/Ad
									=100 (0.737-0.613)/0.613
           								=20.23	%
h% for solution D (extracted DNA) = 100 (AS-Ad)/Ad= 100 ΔA/Ad
					              =100 (0.507-0.469)/0.469
           					 =8.10 %
A high h/ΔT represents a pure and intact DNA, with h being hyperchromicity and ΔT representing the temperature range, all calculated above. 
Solution a): h/ΔT= 28.26%/9.1 °C = 3.105 C-1
Solution b): h/ ΔT= 31.7%/5 °C=6.34 C-1
Solution c) h/ ΔT=20.23%/14.05°C=1.44 C-1
Solution d)  h/ ΔT=8.10%/5.9°C=1.37 C-1
The most pure DNA based on the h/ΔT ratio would be b, followed by the DNA in solution a, c and d. 
R3)
Salt can have different effects on DNA structure depending on the concentration. At concentrations from 0.01 to 1 M, salt will increase the Tm value, as the cations shield the negative charges on the phosphate backbone and reduce the interchain repulsion that destabilizes the double stranded DNA. This was seen in this experiment as the Tm in solution b), where there was 0.1 M of NaClO4 , the TM was increased from the sample without salt from 78 °C to 83.92 °C. The hyperchromicity increased in solution b), indicating that the DNA is more pure then the DNA in solution a). The DNA is purer because the salt acts to stabilize the DNA and prevent it from denaturing. 
With higher concentrations of salt, like in solution c) , anions break the hydrogen bonds between the complementary strands, causing a destabilization on the double helix and a decrease in the Tm value. This was seen, as the Tm in our experiment went from 78 °C to 66.02 °C. The hyperchromicity was also decreased in solution c) indicating that the DNA is less pure and also that the DNA is already partially denatured, shortened or contaminated with UV absorbing materials. It also means that DNA is partially denatured from the addition of the salt. 

R4)
The integrity of the extracted DNA can be determined when the values of Tm and hyperchromicity are analyzed. Looking at the results for d) the Tm has the highest value meaning that the DNA solution takes a lot of energy and heat to fully dissociate and that the solution is relatively stable. The hyperchromicty is the lowest of all four samples and is approximately 8.10%, much less then the 40% that indicates a pure sample. This indicates that the DNA is not only not very pure, but possibly contains proteins in solution. The h/ ΔT is the lowest of the four samples which also indicates that the DNA is not very pure. 
R5)
[image: S:\BCH 2333_2733\2014\Summer 2013 Results\Lab 5\Lab 5 unknown plasmids results 17-03-2014\Lab 5 Plasmid #8 Taq.tif]
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Figure 5.  Agarose Gel Electrophoresis of DNA.  In the first well labeled EcoRI, 15 µL of a sample containing 11 µL of water, 2 µL of 10x digestion buffer, 6 µL of the plasmid from the backup plasmid data, and 1 µL of digestion enzyme EcoRI µL was loaded. In the second well labeled Hind III,15 µL of a sample containing 11µL of water, 2 µL of 10x digestion buffer, 6 µL of the plasmid from the backup plasmid data, and 1 µL of digestion enzyme HindIII µL was loaded. In the third well labelled EcoRI+ Hind III, 15 µL of a sample containing 10µL of water, 2 µL of 10x digestion buffer, 6 µL of the plasmid from the backup plasmid data, 1 µL of digestion enzyme EcoRI µL and 1 µL of digestion enzyme Hind III was loaded. In the fourth well labeled DNA Marker, 10 µL of MassRuler express Forward DNA ladder marker (M) was loaded and the DNA fragments were labeled by amount of base pairs. 

Table 2. Gel electrophoresis protein results. The migration distance was measured in cm from the beginning of the plate to the middle of the marker line. The molecular weight (MW) in base pairs was taken from the laboratory manual and the log was calculated using these values. 
	Molecular weight (bp)
	Migration Distance (cm)
	Log Molecular Weight

	10,000
	3.5 
	4

	7000
	4.5 
	3.85

	5000
	5 
	3.7

	3000
	5.7 
	3.48

	2000
	6.5 
	3.30

	1500
	7.2
	3.18

	1000
	8 
	3

	700
	8.6 
	2.85

	500
	9.5
	2.7

	300
	10
	2.48

	200
	10.6
	2.3

	100
	11.2
	2




Figure 6. Log MW in base pairs vs the migration distance from agarose electrophoresis of DNA. The migration distance at which the DNA markers were located on the gel was measured as the distance from the top of the well to the middle of the band. This graph shows a negative linear trend, and the equation of the line fitted to the data is y=-0.2476x + 4.933.
Estimated MW bp of DNA fragments:
EcoRI: approximately 8000 bp
HindIII: first line approximately 6,000 and second line approximately 2,000 bp
EcoRI and HindIII: first line approximately 5,000 bp, second line approximately 2,000 bp, and third line approximately 700 bp.
Control: First line approximately 10,000 bp, second line approximately 5,000 bp. 
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Figure 7 Reconstructed plasmid based on migration distance of fragments. Based on the number and size of the fragments observed in the three digested samples, the total size of the plasmid will be approximately about 8,000 bp as the digested fragments from solution a, b and c all add to approximately 8000 bp. Doing some rounding and estimating, the plasmid should look similar to this, with a EcoRi cut at 700 bp in and HindII will have one cut at 0 bp and a cut at 2000 bp.

R7)
[bookmark: _GoBack]Looking at Figure 5, it is possible to determine if the plasmids in each solution are fully digested or partially digested. A strong bright band means that the plasmid was digested and a faint colored band means the plasmid was only partially digested.. This DNA was completely digested, as most lines seen on the electrophoresis plate were bright solids, all the fragments digested in each well added to the same molecular weight, and there is one band seen for EcoRI, two for Hind III and three for EcoRI + Hind III. If there was partial digestion, then you would have seen more bands in each well. Since the DNA was completely digested, it should be in linear form. 
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