LAB 5: Nucleic Acids
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Purpose4/5

This lab aimed to display some of the fundamental molecular principles involved in double stranded DNA and to quantify and characterize the DNA using UV spectrophotometry at different wavelengths and by using a melting curve. The purity and the effects of low and high salt on the DNA were also investigated. A plasmid map was constructed to map the relative position of the HindIII and EcoRI restriction enzyme cut sites on a plasmid following digestion of the plasmid with these two enzymes. This map was made by analysing the migration distances of the resulting fragments by agarose gel electrophoresis
mention name of salt used, also h%

Results12.5/13.5

1.    

	A234 =  0.198
A260  =  0.349
A280  =  0.182

	



	
	



The ratio of A260 to A280 was 1.918, since it was higher than 1.9 this indicates that there was some RNA contamination. This could have been caused by insufficient removal of the ethanol when drying the DNA. Since RNA is soluble in the solvent, it could have attached itself to the DNA while drying. The ratio of A234 to A260 was 0.567, this is higher than 0.50 which indicates that there was some protein contamination in the DNA sample. Proteins are known to have a maximum absorbance at 280 nm so the contamination of proteins will lower the absorbance of the sample. This could have been caused by incorrect collection of the aqueous phase and perhaps some of the protein was pipetted in the interface between the organic and aqueous phase.
should mention the range of DNA purity (1.8-1.9
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Figure 1: DNA melting curve of commercial E. coli DNA. 50 μL of a commercial E. coli DNA stock solution was diluted in 950 μL of a 15mM citrate buffer (pH 7).  The sample was then loaded into a Cary100 Bio spectrophotometer and the absorbencies were measured at 260 nm. Graph A shows the absorbance at 260 nm plotted against temperature. Ti represents the initial temperature, Tf represents the final temperature, Ad represents the absorbance for the double stand and AS represents the absorbance for the single strand. Graph B shows the 1st derivative of the melting curve plotted against temperature. Tm is the temperature corresponding to the inflexion point of the curve called the transition temperature or melting temperature.
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Figure 2: DNA melting curve of commercial E. coli  DNA in the presence of 0.03M NaClO4. 50 μL of a commercial E. coli DNA stock was diluted in 950 μL of a 15mM citrate buffer (pH 7) with 0.03M NaClO4. The sample was then loaded into a Cary100 Bio spectrophotometer and the absorbencies were measured at 260 nm. Graph A shows the absorbance at 260 nm plotted against temperature. Ti represents the initial temperature, Tf represents the final temperature, Ad represents the absorbance for the double stand and AS represents the absorbance for the single strand. Graph B shows the 1st derivative of the melting curve plotted against temperature. Tm is the temperature corresponding to the inflexion point of the curve called the transition temperature or melting temperature.
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Figure 3: DNA melting curve of commercial E. coli  DNA in the presence of 4.75M NaClO4. 50 μL of a commercial E. coli DNA stock was diluted with 950 μL of a 15mM citrate buffer (pH 7) with 4.75M NaClO4. The sample was then loaded into a Cary100 Bio spectrophotometer and the absorbencies were measured at 260 nm. Graph A shows the absorbance at 260 nm plotted against temperature. Ti represents the initial temperature, Tf represents the final temperature, Ad represents the absorbance for the double stand and AS represents the absorbance for the single strand. Graph B shows the 1st derivative of the melting curve plotted against temperature. Tm is the temperature corresponding to the inflexion point of the curve called the transition temperature or melting temperature.
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Figure 4: DNA melting curve of prepared E. coli DNA. 60 mg of E. coli, strain B gram negative bacterium suspended in 4 mL of cold saline-EDTA (0.15 M NaCl in 0.1 M ethylene-diamine tetra-acetate – EDTA, pH 8.0) was added to 375 μL of 25% sodium dodecyl sulfate (SDS) and incubated at 60°C for 10 minutes.  0.725mL of 6.0M NaClO4 and 5.0 mL of chloroform:isoamyl alcohol (24:1, v/v)l was added. The solution was then mixed and centrifuged at 12,000 xg after balancing. 10 mL of 70% ethanol was added over the aqueous phase and mixed gently for precipitation of the DNA. The DNA was retrieved with a glass rod and then immersed in a microtube of 1 ml of 70% EtOH and then let to drain for 10 minutes. The crude DNA was then dissolved in 2 mL of 15mM citrate buffer (sonicated) at pH 7.0 in a 15 mL centrifuge tube. The tube was sealed and then placed on a waver for 5 minutes. 1 mL was then transferred to a 1.5 mL microtube and then centrifuged it for 1 min at 13,000 rpm. 200 μL of the dissolved DNA was then pipetted into a quartz cuvette containing 800μL of 15 mM citrate buffer and then mixed by inversion. The absorbencies were read at 234, 260 and 280 nm with the UV spectrophotometer, using the 15 mM citrate buffer as the blank. Graph A shows the absorbance at 260 nm plotted against temperature. Ti represents the initial temperature, Tf represents the final temperature, Ad represents the absorbance for the double stand and AS represents the absorbance for the single strand. Graph B shows the 1st derivative of the melting curve plotted against temperature. Tm is the temperature corresponding to the inflexion point of the curve called the transition temperature or melting temperature.

Table 1: DNA curve melting results from commercial and extracted E.coli genomic DNA. These results were calculated in Figures 1-4 for both commercial and extracted DNA. Tm is the temperature corresponding to the inflexion point of the curve called the transition temperature or melting temperature, ΔT is the temperature range over which the total increase in absorption occurs and h is the hyperchromicity. The absorbance values for all four samples were measured at 260 nm in the Cary100 Bio UV spectrophotometer,
	DNA sample
	Tm (°C)
	T (°C)
	h (%)
	h/T (°C-1)

	a) Commercial
	78
	14
	27.17
	1.94

	b) Commercial + 0.03M NaClO4
	82.6
	12.8
	31.53
	2.46

	c) Commercial + 4.75M NaClO4
	65.5
	17.5
	36.07
	2.06

	d) Extracted DNA
	85
	7.4
	12.79
	1.73



	Calculations for Commercial DNA sample
	

	Tf = 86 °C
	

	Ti = 72 °C
	

	
	

	Ad = 0.519
As = 0.660
	


	
	


	
	

	
h = 
ΔT = 14 °C
	





Therefore, the hyperchromicity for the commercial sample was calculated to be  and the  was calculated to be 

R3. 14/14
In the presence of 0.03M NaClO4, the commercial DNA’s Tm was 82.6°C, which is an increase from Commercial DNA (78°C) which means that more energy was required to denature the DNA. Salts in the range 0.01 to 1 M increase the Tm value because cations shield the negative charges on the phosphate backbone and reduce the interchain repulsion that destabilizes the double-stranded DNA. In the presence of 4.75M NaClO4, the commercial DNA’s Tm was 65.5°C, which is a decrease from Commercial DNA so less energy is required to denature the DNA. This is because at higher salt concentrations (from 1 to 4 M), the anions break the hydrogen bonds between the complementary strands causing a destabilization on the double helix and a decrease in the Tm value. Therefore, low [salt] will stabilize the DNA and higher [salt] will destablilze it. For both the low and high salt samples the hyperchromic shift was less than 40%, this indicates that in both samples there was relatively impure DNA or that the DNA is already partially denatured, shortened or contaminated with UV absorbing materials. [Salt] should have no effect on hyperchromicity.


R46/8
The TM of the extracted E.coli DNA sample was estimated to be 85°C, this is 7° higher that the TM  of the commercial DNA sample. This shows that more energy as required to break apart the double helix and which means stability of the DNA double helix increased. and what does this mean? (salt or EtOH containation) The hyperchromicity was calculated to be 12.79%, which is lower than 40% indicating that the DNA was contaminated with protein, this could have happened during the transfer of the DNA phase after centrifugation. Since the DNA was relatively impure, it is also possible that the DNA was contaminated with UV absorbing materials, partially denatured or shortened. 
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Figure 5: Gel electrophoresis of E. coli DNA fragments. Unknown plasmid 57 (100 ng/μL) was digested with a combination of two different restriction enzymes: EcoRI (10 U/μL) and HindIII (10 U/μL). 4 reaction mixtures were prepared in 0.5 mL microcentrifuge tubes with 6 μL of unknown plasmid 57 (100 ng/μL), various amounts of water, 10X buffer, EcoRI (10 U/μL) and HindIII (10 U/μL) for a total volume of 20 μL per tube. The tubes were mixed, centrifuged for 15 seconds and were then incubated in 370C water bath for 1 hour. Once the digestion was completed, 2.2 μL of 10X DNA-electrophoresis loading buffer was added to each sample. 10 μL of provided MassRuler Express Forward DNA ladder marker and 15 μL of each sample were loaded into wells 1-5 and the electrophoresis was then run at 100 V for 45 minutes. The agrose gel was composed of 100 ml of a 1% (w/v) agarose solution in TAE (40 mM tris-acetate, 1.0 mM EDTA) buffer with 10 μL of SyBr Safe DNA Stain. The control DNA fragment size was 9175 bp. HindIII fragment sizes were 5845 bp and 2256bp. HindIII + EcoRI fragment sizes were 5559, 2256 and 583. The EcoRI fragment size was 8300 bp.
NOTE: This is not our team’s original gel electrophoresis, ours was incorrectly done so we were told to take team 11’s gel results. Their unknown plasmid # was 57.good
Table 2. MW (bp), logMW (bp) and migration distance (cm) of the E. coli DNA fragments from electrophoresis of plasmid 57. The migration distance was estimated by measuring the distance from the middle of the well to the middle of the DNA marker. Values of logMW (bp) were obtained by taking the log corresponding to the length of MassRuler DNA Ladder molecular weight (MW) .
	MW (bp)
	logMW (bp)

	Migration distance (cm)

	10000
	4
	3.5

	7000
	3.85
	4

	5000
	3.70
	4.5

	3000
	3.48
	5.5

	2000
	3.30
	6.4

	1500
	3.18
	7.2

	1000
	3
	8.2

	700
	2.85
	8.9

	500
	2.70
	9.5

	300
	2.48
	10.4

	200
	2.30
	10.9

	100
	2
	11.5





























Figure 6: logMW (bp) plotted against the migration distance (cm) of a DNA marker ladder. The migration distance was estimated by measuring the distance from the middle of the well to the middle of the DNA marker. Values of logMW (bp) were obtained by taking the log corresponding to the length of MassRuler DNA Ladder molecular weights (MW). The trendline regression equation is y -0.2176x + 4.7242 and the R² value is 0.9951.


Estimated MW (bp) of all DNA fragments
Control: 9175 bp
HindIII: First band = 5845 bp
              Second band = 2256 bp

EcoRI + HindIII: First band = 5559 bp
                            Second band = 2256 bp
                            Third band = 583 bp

EcoRI: First band = 8300 bp
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Figure 7: Plasmid map representing estimated cut sites for the two restriction enzymes: EcoRI and HindIII on unknown plasmid #57. Restriction sites for the restriction enzymes EcoRI and HindIII were determined by using gel electrophoresis and analysing the migration distances of the bands on the agarose gel. The restriction enzyme HindIII cut the plasmid at two locations along the plasmid, the first fragment was estimated to be around 2256 bp and the second was around 2256 bp. The restriction enzyme EcoRI cut the DNA once, which resulted in a fragment that was around 583 bp. The total size of unknown plasmid 57 is estimated to be around 3398 bp.

Calculations for HindIII (first band)
	d = 6.3 cm
y = -0.2176x + 4.7242
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Lane 1 from Figure 5 shows that undigested plasmid 57 is in the nicked formation. This means that the plasmid may be damaged or in the process of being replicated at the time of isolation. The nicked DNA migrates slowly mimicking a DNA fragment longer than its linear form, which can be seen in lane 1. The band is also relatively thin, if it were thick it then supercoil conformation would be more plausible. The digestions for EcoRI and HindIII were complete. Figure 5 shows that in lane 4 for EcoRI there was 1 band and in lane 2 for HindIII there were 2 bands. For full digestion there would have to be 3 bands to signify all 3 cuts have been made (2 by HindIII and 1 by EcoRI) which is what is seen in lane 3 so the digestion is complete










57.619998930000001	58.619998930000001	59.619998930000001	60.619998930000001	61.619998930000001	62.619998930000001	63.619998930000001	64.619995119999942	65.619995119999942	66.619995119999942	67.619995119999942	68.619995119999942	69.619995119999942	70.619995119999942	71.619995119999942	72.619995119999942	73.619995119999942	74.619995119999942	75.619995119999942	76.619995119999942	77.619995119999942	78.619995119999942	79.619995119999942	80.619995119999942	81.619995119999942	82.619995119999942	83.619995119999942	84.619995119999942	85.619995119999942	86.619995119999942	87.619995119999942	88.619995119999942	89.619995119999942	90.619995119999942	91.619995119999942	92.619995119999942	93.619995119999942	1.151214165E-4	-1.004065154E-3	-3.528048983E-4	4.5104828309999999E-4	3.3461058050000001E-4	2.475430956E-4	4.1400395279999999E-5	-2.733022266E-4	1.548677828E-4	7.6144450579999998E-4	2.5082629870000001E-4	-3.4944716030000002E-4	-8.6317464589999996E-5	1.5018385599999999E-4	3.4218531799999998E-4	5.3686904720000002E-4	8.2546484189999995E-4	8.7957590590000004E-4	2.5208345609999999E-3	4.1239811109999996E-3	6.825144868E-3	9.4776758919999995E-3	1.135145221E-2	1.374545414E-2	1.4665058809999999E-2	1.5585752200000001E-2	1.461281069E-2	1.357940491E-2	1.226068195E-2	1.101867948E-2	9.0134153139999999E-3	7.0904302410000003E-3	6.416982505E-3	5.657539237E-3	4.3951328840000003E-3	3.0953341630000001E-3	2.14659702E-3	Temperature (°C)
Slope (dA/dT)
56.16999817	58.130001069999999	60.22000122	62.22000122	64.22000122	66.169998169999943	68.169998169999943	70.22000122	72.319999690000003	74.129997249999946	76.22000122	78.169998169999943	80.269996640000002	82.160003660000001	84.269996640000002	86.169998169999943	88.169998169999943	90.269996640000002	92.169998169999943	94.22000122	96.22000122	0.62621121639999999	0.63206737280000003	0.65476715559999998	0.67356973890000005	0.69524097439999999	0.72253447770000001	0.74776643509999996	0.77189582590000005	0.79609918589999995	0.80335849520000002	0.81341195109999997	0.82250773909999997	0.82577866320000004	0.82642120119999996	0.82496410610000004	0.82653564209999997	0.82661521429999996	0.82610768079999997	0.82504504919999999	0.82656455039999999	0.82678997519999997	Temperature (°C)
Abs280
58.16999817	59.16999817	60.16999817	61.16999817	62.16999817	63.16999817	64.169998169999943	65.169998169999943	66.169998169999943	67.169998169999943	68.169998169999943	69.169998169999943	70.169998169999943	71.169998169999943	72.169998169999943	73.169998169999943	74.169998169999943	75.169998169999943	76.169998169999943	77.169998169999943	78.169998169999943	79.169998169999943	80.169998169999943	81.169998169999943	82.169998169999943	83.169998169999943	84.169998169999943	85.169998169999943	86.169998169999943	87.169998169999943	88.169998169999943	89.169998169999943	90.169998169999943	91.169998169999943	92.169998169999943	93.169998169999943	94.169998169999943	4.6042054890000003E-3	6.0602873559999996E-3	7.6419264080000004E-3	9.4678401950000005E-3	1.009044051E-2	1.0663066989999999E-2	1.2329961170000001E-2	1.428296138E-2	1.331948768E-2	1.2571384200000001E-2	1.2193202970000001E-2	1.171936095E-2	1.165507268E-2	1.204442512E-2	8.4219081330000004E-3	3.9940127170000001E-3	4.3351748029999996E-3	4.8857876100000001E-3	4.7416142190000003E-3	4.9155154270000001E-3	3.1104634980000001E-3	1.3900002229999999E-3	1.020645141E-3	3.8938224319999998E-4	-1.91460058E-4	-8.8939070699999999E-4	-2.0245710399999999E-5	9.3066197589999997E-4	4.4609108590000003E-4	-2.3692846299999999E-6	-1.009354964E-4	-2.413392067E-4	-3.8195154050000001E-4	-6.755788927E-4	8.8344015239999997E-5	8.9934468269999999E-4	4.4526657439999999E-4	Temperature (°C)
Slope (dA/dT)
56.270000459999999	58.270000459999999	60.22000122	62.16999817	64.169998169999943	66.169998169999943	68.169998169999943	70.269996640000002	72.22000122	74.120002749999941	76.22000122	78.120002749999941	80.22000122	82.269996640000002	84.269996640000002	86.22000122	88.22000122	90.169998169999943	92.22000122	94.22000122	96.22000122	0.43299037219999997	0.4334695637	0.43476483230000001	0.43636667730000001	0.43821662659999999	0.4394358397	0.44102451209999999	0.44196447729999999	0.44274857639999998	0.44348210100000002	0.44499763850000001	0.44624418020000001	0.44888672229999999	0.45287966730000001	0.46128651500000001	0.47421783210000001	0.4800976515	0.48146781329999999	0.4815353751	0.48086395859999997	0.48083597420000002	Temperature (°C)
Abs280
58.270000459999999	59.270000459999999	60.270000459999999	61.270000459999999	62.270000459999999	63.270000459999999	64.270004270000001	65.270004270000001	66.270004270000001	67.270004270000001	68.270004270000001	69.270004270000001	70.270004270000001	71.270004270000001	72.270004270000001	73.270004270000001	74.270004270000001	75.270004270000001	76.270004270000001	77.270004270000001	78.270004270000001	79.270004270000001	80.270004270000001	81.270004270000001	82.270004270000001	83.270004270000001	84.270004270000001	85.270004270000001	86.270004270000001	87.270004270000001	88.270004270000001	89.270004270000001	90.270004270000001	91.270004270000001	92.270004270000001	93.270004270000001	4.5124933240000002E-4	6.911083474E-4	7.4658036459999998E-4	8.313257131E-4	8.8188290829999995E-4	9.4062573039999998E-4	7.473576698E-4	5.8133894339999998E-4	7.1563071110000004E-4	8.1684923499999995E-4	6.0074275829999997E-4	4.2538836709999999E-4	4.2491152999999998E-4	3.9918467519999999E-4	3.8942936230000001E-4	3.861809091E-4	5.8351201010000005E-4	7.4902415510000005E-4	6.7943823519999997E-4	6.5339350839999999E-4	1.0070427090000001E-3	1.2636630559999999E-3	1.6231808109999999E-3	1.814399962E-3	3.075614106E-3	4.1890759020000003E-3	5.4328190160000001E-3	7.0337122309999996E-3	4.687313922E-3	2.7688415720000001E-3	1.761597698E-3	5.4228049699999998E-4	3.3025938320000001E-4	2.697109949E-6	-1.634657237E-4	-3.823165607E-4	Temperature (°C)  
Slope (dA/dT)
3.5	4	4.5	5.5	6.4	7.2	8.2000000000000011	8.9	9.5	10.4	10.9	12.3	4	3.8450980400142569	3.6989700043360201	3.477121254719663	3.301029995663979	3.1760912590556809	3	2.8450980400142569	2.6989700043360201	2.477121254719663	2.301029995663979	2	Migration Distance (cm)
logMW (bp)
54.97000122	57.020000459999999	59.069999690000003	61.119998930000001	63.069999690000003	65.069999690000003	67.069999690000003	69.069999690000003	71.120002749999941	73.069999690000003	75.069999690000003	77.069999690000003	79	81.069999690000003	83.120002749999941	85.069999690000003	87.019996640000002	89.069999690000003	91.019996640000002	93.069999690000003	94.989997860000003	0.51369804139999997	0.51336878539999997	0.52206349370000005	0.51386582849999995	0.51407182220000003	0.52307271960000001	0.51267409320000001	0.51772743460000004	0.52033209800000002	0.52308613059999998	0.54063713550000003	0.56075382230000004	0.58667874340000004	0.60987520220000002	0.62656080719999996	0.64350587130000003	0.64946174619999997	0.65477710960000002	0.65662086009999998	0.65715825559999996	0.65701276060000002	Temperature (°C)
  
Abs280
56.97000122	57.97000122	58.97000122	59.97000122	60.97000122	61.97000122	62.97000122	63.97000122	64.97000122	65.97000122	66.97000122	67.97000122	68.97000122	69.97000122	70.97000122	71.97000122	72.97000122	73.97000122	74.97000122	75.97000122	76.97000122	77.97000122	78.97000122	79.97000122	80.97000122	81.97000122	82.97000122	83.97000122	84.97000122	85.97000122	86.97000122	87.97000122	88.97000122	89.97000122	90.97000122	91.97000122	92.97000122	1.911992789E-3	5.0977519710000002E-3	6.2023103239999995E-4	-4.4956058259999999E-3	-2.3744355419999998E-3	-2.4105112239999999E-4	2.098019002E-3	5.3378096779999997E-3	2.5299191469999998E-4	-6.0212761160000003E-3	-1.867810846E-3	2.8140295759999999E-3	2.0362585779999999E-3	1.229102374E-3	1.318583847E-3	8.595337276E-4	4.6661645169999997E-3	8.8633447889999994E-3	9.403442033E-3	9.8373545329999996E-3	1.155934762E-2	1.3696928509999999E-2	1.238638628E-2	1.1289467100000001E-2	9.8459916190000007E-3	8.0236494539999998E-3	8.3408253269999996E-3	9.1101378199999992E-3	6.2076300380000003E-3	2.9499430680000002E-3	2.7900885320000001E-3	2.691413043E-3	1.8633654109999999E-3	9.5843273450000005E-4	6.1001878929999997E-4	2.504587173E-4	1.100649461E-4	Temperature(°C)
  
Slope (dA/dT)
55.619998930000001	57.770000459999999	59.72000122	61.72000122	63.770000459999999	65.769996640000002	67.669998169999943	69.769996640000002	71.819999690000003	73.72000122	75.769996640000002	77.72000122	79.819999690000003	81.769996640000002	83.769996640000002	85.769996640000002	87.669998169999943	89.72000122	91.72000122	93.680000309999926	95.819999690000003	0.55481970309999995	0.55661857130000003	0.55483901499999999	0.55564785000000005	0.55610179900000001	0.55567920209999999	0.55698931220000003	0.55643045899999999	0.55679821969999999	0.55791819099999995	0.56019037959999995	0.56900841000000002	0.58925235269999998	0.61653953790000005	0.64743089679999999	0.67419606450000003	0.69457423689999997	0.70925205950000003	0.72027504440000001	0.72618436809999998	0.72873568529999999	Temperature (°C)
  
Abs280
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