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ABSTRACT

The plasmid pBlBR!5, a recombinant, circular DNA duplex containing 

the adult chicken B-globin locus is the plasmid vector under study. A 

transformed colony of E. coli, containing this plasmid was cloned and 

cultured. The general procedure began with the cell culturing phase in 

order to achieve a maximum cell and plasmid count, to attain a high copy 

number. The next step was to lyse the cells and separate all of the DNA 

from the cellular debris. Then the plasmid DNA was separated from the 

other forms of DNA. The plasmids were observed using an agarose gel 

where the DNA could be confirmed as that of plasmids. Finally, the 

plasmids were restricted, run on a gel and then electroeluted. Elect

roelution was aided by the use of ethidium bromide intercalation and

observation with UV light. A special multi-restriction process was 

performed to arrive at absolute confirmation of the plasmid.

Through a series of biochemical techniques this plasmid was ampli

fied, purified and restricted with type II restriction endonucleases.
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INTRODUCTION

The plasmid pBlBRl5 was engineered by Doctors Dolan, Dodgson, 
and Engel (Northwestern University, Chicago, Illinois). It is a hy

brid plasmid which carries a eukaryotic gene for B-globin production

in adult chickens. However, its main genetic component, of prokaryotic 

origin, is derived from the plasmid vector pBR322.

Specific studies underway in the Biological Chemistry laboratories 

at Davis, California involve the use of this gene to reconstitute his

tones to form nucleosomes. Then tests can be performed to observe the

effects of acetylation and methylation of histone octomeres and DNA.

Conformational changes in the DNA double helix can be studied.

Another study of interest would be to observe the capabilities of 

prokaryotic DNA to form nucleosomes. The curious aspect of an experi

ment such as this is that prokaryotic DNA by nature is in a "naked" 

state, not associated with histone proteins. To my knowledge, little

study has been carried out in this area.

Widespread usage of a known DNA sequence such as the B-globin gene 

is now occurring in DNA-DNA and DNA-RNA hybridization studies. Research

ers can incorporate these DNA probes with radioactive markers to run 

interspecific gene homology studies. Results of such studies have shown

great promise in deciphering the mysteries of evolution.

The purpose of my research was to use the most up-to-date methods

of gene amplification to isolate a pure sample of the B-globin gene.
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This gene, which is of a known base pair sequence, can then be used to 

further research into many DNA related studies.



LITERATURE REVIEW

Characterization of pBlBR15

Plasmids are circular genetic elements that reproduce autonomous

ly and have an extrachromosomal existence (1). The particular plasmid 

under study, pBlBR15, is a supercoiled, circular DNA duplex which con

tains the entire adult chicken B-globin gene locus (2). The nucleotide 

sequence of this locus has been determined, and the gene is 1525 nucleo 

tides in length (3)(4) . The B-globin locus, through modern recombinant 

DNA techniques, is inserted into the plasmid pBR322 and is designated 

pBlBRl5. The pBlBR15 plasmid is a subclone of pBR322 with a B-globin 

gene insertion, and can be thought of as a "pBR type" plasmid (5). 

pBlBRl5 has approximately 4000 bp and an approximate molecular weight 
of 8 X 10^ (6). Insertion of the B-globin locus into pBR322 causes 

inactivation of the tetracycline resistance gene but leaves the ampi- 

cillin resistance intact (7). Therefore, the presence of ampicillin 

in the growth media allows the transformed E. coli to be readily sel

ected (7) .

Cloning of pBlBR15 in E. coli

Both E. coli and pBlBR15 are ideal for use in gene cloning. The 

former because it is a fast growing bacterium, non-pathogenic, capable

of growth in inexpensive media, transformable by this plasmid, and

stable in culture (8). The latter because pBlBR15 is a relatively 

small plasmid. Small plasmids are easier to handle (the DNA breaks

3
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less readily in the test tube) and they are capable of replication to 

much higher copy numbers than those of large plasmids (9).

E. coli precipitation, homogenization and component separation

Following the completion of the culture, the cells are centrifuged 

This process of cell precipitation is a low speed form of preparative 

centrifugation (11).

The next phase of the preparation involved a lysis of the E. coli 

cell wall and spheroplasts. In order to do this, the cell pellet was 

first suspended in a sucrose-Tris-EDTA solution. Sucrose was used to

provide sufficient osmotic potential to prevent the cells from swell

ing and bursting. A Tris buffering system was used to maintain a neu=? 

tral pH. While EDTA served to chelate magnesium and calcium ions.

Removal of these free cations allowed the cell membranes to be free of

other membranes and surfaces. Now the cells are ready for disruption.

Two of the primary membrane disruption agents used in this exper

iment are lysozyme and a non-ionic detergent, Triton X100. Lysozyme

destroys the integrity of the peptidoglycan in the cell wall. While 

the Triton X100 causes disruption of the lipid bilayer of the plasma

membrane.

In order to isolate the desired constituents, in this case, a 

plasmid, separation techniques such as centrifugation, chromatography 

and electrophoresis are used.

The centrifugation procedure performed just after the Triton lysis

step serves to separate about 95% of the plasmid from the bulk of the 
chromosomal DNA and cellular debris (12).
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Phenol Extraction

The phenol extraction procedure was used in order to separate the 

DNA from the protein. The DNA was found in the aqueous phase while the 

proteins were located in the phenol phase.

After mixing and centrifugation, the upper aqueous phase is removed 

and stored while care is taken not to disturb the protein pellicle which 

appears as a narrow band of white emulsion near the phase interface (13, 

14).

A-50 Sizing Column

NaCl and ethanol are added to the aqueous solution in order to pre

cipitate the DNA. Then the DNA solution is centrifuged, the supernatant 

discarded, and a DNA pellet is formed. In order to prepare for the A-50

column chromatography, the pellet is resuspended in the A-50 buffer 

while the column is being washed and the flow rate calibrated. The flow 

rate is adjusted by raising and lowering the buffer reservoir. The gel 

filtration granules used in this step are called Bio-Gel A-50M beads.

It has an agarose backbone and a relatively large pore size (15, 16). 

This column separates particles on the basis of size. The elution pro

file of plasmid DNA and low molecular weight contaminants is illustrated 

in Fig. 1. The plasmid DNA is eluted prior to the contaminants because 

pBlBR15 is larger and passes through the void volume, never entering the 

pores of the beads. While the contaminants, mainly the phenol and nuc

leotides, are slowed due to their passage through the bead pores.

A change from the Rodriguez protocol

Every step in the experiment up until this point has been taken from
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A260

Fraction Number

Fig. 1. A-50 column separation of pBlBR15 from low molecular weight
contaminants.
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the plasmid preparation manual written by R. Rodriguez (10). A more 

efficient process for purification of CCC (covalently closed circular) 

DNA has been made available. A step gradient elution of CCC plasmid 

DNA using an acridine yellow affinity column has proven more conven

ient than the CsCl/Pdl gradient method because this affinity column 

lacks the lengthy centrifugation and the contamination of Pdl or EtBr 

(17,18). The acridine yellow affinity column procedure results in 

plasmid purity comparable to that obtained from the Ethidium bromide- 

CsCl gradients (18).

Acridine yellow affinity chromatography

Acridine yellow (6-chloro-9-aminoethylamino-2-methoxy-acridine) 

is a dye which is covalently attached to the polyacrylamide backbone 

of the column. This material is used for structure specific separation

of supercoiled DNA from other native, open circular or linear forms of 

DNA (19). Supercoiled DNA is eluted later from the column that other 

forms (19, Fig. 2). This is because it forms intercalating complexes 

which are energetically favored over those of open-circular or linear 

DNA (19). A major drawback plaguing the acridine dye method is that 

it has a limited capacity to bind DNA (18). This condition results in

running several separate column runs.

Through a stepwise increase in the sodium perchlorate concen

tration, first the linear and open circular DNA is eluted, next a sharp

peak in absorbance indicates that the supercoiled plasmid DNA is eluted.

Beyond this peak there are trace amounts of tightly bound supercoiled 

DNA being eluted (21).



Fractions NaClO^ Concentration

00

A
260

01-20 0.18 M 

21-40 0.30 M 

41-60 0.60 M 

61-80 1.80 M

Fraction Number

Fig. 2. Acridine yellow affinity chromatograph of supercoiled plasmid DNA (fractions 42-50)
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Gel electrophoresis for the characterization of pBlBR15

The migration of different DNA species is related inversely to 

their molecular weights. In other words, the larger the molecular 

weight, the slower the rate of migration (22). An example would be 

a gel showing that plasmid DNA migrates farther than chromosomal DNA 

(23). Also, supercoiled plasmid DNA travels further than relaxed 

plasmid DNA (5, Fig. 3).

Type II restriction endonucleases

Type II restriction endonucleases, a group of enzymes found in 

bacteria, recognize a specific DNA sequence and produce a double-

stranded break precisely within the sequence. These recognition 

sites are palindromic sequences (24, 25).

EcoRI, BamHI, and Hindlll were the three restriction endonucleases 

used to cleave specifically at one site each for pBlBR15. Each of the

three enzymes have different requirements for optimum usage. For 

example, Hindlll functions best at pH 8.5 whereas BamHI prefers a pH of

7.3 (26). The core buffer system provides a valuable convenience for 

restriction endonuclease use. This system takes advantage of the sim

ilarities of the restriction enzymes, while it reflects as closely as

possible the optimum conditions for each of the three enzymes (27).

These restriction enzymatic reactions can be stopped by the add

ition of EDTA. EDTA chelates the magnesium ions in the core buffer.

These ions are essential for proper enzymatic activity (28).

Using eight lanes in electrophoresis with a different combination 
of restriction endonucleases in each lane the identity of the pBlBRl5 

can be confirmed (Fig. 4).
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Fig. 3. Purified supercoiled plasmid from acridine yellow affinity 
column.
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1 2 345678

Fig. 4. Agarose gel separation of plasmid segments. In lane 1) rest
riction was performed with EcoRI, BamHI, and Hindlll, 2) BamHI 
and Hindlll were used, 3) EcoRI and BamHI were used, 4) use of 
Hindlll and EcoRI, 5) used only EcoRI, 6) only Hindlll, 7) only 
BamHI, 8) no restriction endonucleases were added, just the in
tact plasmid. But it didn't come in too clear.
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Electroelution

The process of electroelution involves the formation of a contin

uous well where the individual wells were located in the gel. In this 

way, a large sample of the restricted plasmid can be run. In this case, 

pBlBRl5 was restricted with all three endonucleases and run on an aga

rose gel. After staining with ethidium bromide the bands were excised 

from the gel using a clean razor blade. Each of these three bands was 

identified according to the plasmid mapping techniques. And then each 

was placed in a separate dialysis tubing which was then filled half way 

full with buffer. The tubing was clamped shut and placed back into the

electrophoresis unit where the DNA was pulled out of the gel by the elec 

trie field. The DNA, which is in the buffer of each of the tubing ves

sels can be stored separately. The volumes were labeled and stored for

further experimentation.

Useful characteristics of DNA

The primary method in the determination of DNA amount in a sample 

is by measuring its absorbance at 260 nm. The following is the conver

sion used to determine the quantity of supercoiled plasmid DNA:

1 OD unit = 50 (ug) micrograms of DNA per ml of solution @ 260 nm (10).

Another significant characteristic of DNA often exploited in nucleic 

acid biochemistry is that the base pairing allows for a coplanar groove 

between one base pair and the next. Intercalating agents such as 

ethidium bromide can be used to find the DNA in a gel. This agent 

serves as a dye when exposed to UV light.



METHODS AND MATERIALS

Luria broth culture

Transformed E. coli carrying the plasmid pBlBR15 was made avail

able by Dr. Peter Yau, Department of Biological Chemistry, University 

of California at Davis. My work began by inoculating a 40-ml volume 

of sterile Luria broth (lOg yeast extract, lOg NaCl, 20g tryptone, 

fill to one liter with distilled water). Incubation and aeration at 

37 C (celsius) followed for 16 hr. Two ml of this suspension were then

transferred to a 400-ml volume of Luria broth which was enriched with

0.01% ampicillin. The same incubation procedure followed.

Cell culture and plasmid amplification in M9 media

To each of five 3000-ml aeration flasks I poured in one liter of 

M9 minimal media (4g glucose, 20-ml Casamino acids, 10-ml 0.1M MgSO^, 

10-ml 0.01M CaCl2, 4-ml 1% leucine, 2-ml 4% proline, 0.2-ml 0.1% Vit

amin B-l, 850-ml distilled water, 100-ml 10X salt mix (salt mix is 

added after autoclaving other ingredients for 20 min)(10X salt mix 
contains 132 g (Na^O^H^)**, 70 g (Na2HP04)**} 30 g KH^, 5 g NaCl,

10 g NH4C1, 1000-ml distilled water, (** Use either one or the other))). 

Two ml from the 400-ml Luria broth culture were transferred to each of

the five sterile M9 containing flasks. These five flasks were incu

bated and aerated at 37 C. The growth curve was monitored for 4 hr 

and 10 min by measuring the absorbance at 450 nm at half hour intervals. 

At A^o = 1.050 I added to each flask 2 g chloramphenicol which was 

dissolved in 5-ml 95% ethanol (Fig. 5). The cells were left in the

aeration apparatus for 16 hr. This was the period of plasmid ampli

fication.

13
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Fig. 5. Growth curve of E. coli in M9 minimal media. When the A,- 1 - ■ ..reached 1.050 I added 2 g chloramphenicol to each one liter 
flask. Cell doubling time for E. coli in exponential growth 
is about 30 min. Cell division was terminated immediately

• at the end of the exponential growth phase. Plasmid ampli
fication commenced.
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Harvesting the E. coli

At the end of this amplification period, the five liters of cul

ture were poured into one-liter centrifuge tubes. These tubes were 

then placed in a GSA rotor which was fastened to the Sorvall RC3 cent

rifuge. The cells were spun down at 5000 rpm for 20 min @ 4 C. The

supernatant was then disposed of and the pellets in the bottles were 

left on ice. Each of the five pellets were resuspended in 5-ml of sus

pension buffer (20% sucrose, 50mM Tris, ImM EDTA pH 8.0). These five 

suspensions were then pooled into a 250-ml centrifuge bottle for later

use.

Spheroplast conversion

Added to the cells in order were the following solutions: 10-ml 

0.25M EDTA, 5-ml lysozyme (5 mg/ml in 0.025M Tris, pH 8.0), and 0.5-ml 

RNase (10 mg/ml in 0.1M sodium acetate, 3.3 X 10~^m EDTA, pH 5.0 pre

heated to 80 C for 10 min to remove DNase). This suspension was allowed 

to stand on ice for 15 min with occasional gentle shaking. The cells 

were then converted to spheroplasts (the state of gram negative bacteria 

after cell walls are weakened with lysozyme).

Cell lysis

In order for cell lysis to occur, I added 25-ml 3X Triton lytic 

mix (3-ml 10% Triton X-100, 75-ml 0.25M EDTA, 15-ml 1M Tris pH 8.0,

7-ml water). The cells were then mixed and set on ice for 15 min.

Separation of plasmids from debris

The solution was divided into two 50-ml polypropylene centrifuge
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tubes so that the weight of both tubes were identical. These two tubes 

were then placed into an SS34 rotor and centrifuged at 17,00 rpm for

40 min @ 4 C. The supernatant, which contained the plasmid, was de

canted into a plastic graduated cylinder where it was measured at 74-

ml.

Phenol extraction

This supernatant volume was divided equally into two 250-ml cent

rifuge bottles. Added to each bottle were 25-ml distilled water, 31.4- 

ml cold saturated phenol (1:1 mixture of phenol and 50mM Tris-HCl, 

lOOmM NaCl, pH 7.5, equilibrate overnight with stirring @ 4 C.), and 

68.6-ml chloroform. These two bottles were gently mixed and centrifuged 

in an HS-4 rotor at 6,500 rpm for 15 min @ 4 C. This procedure caused 

a protein pellicle to form at the interface. The upper aqueous phase

was removed with care not to disturb this protein pellicle. The aqueous

amounted to 68-ml. Added to this were 170-ml 95% ethanol and 2.7-ml

5M NaCl. This solution was allowed to stand for 1 hr @ -20 C. The

ethanol caused the DNA to precipitate.

The sample was then centrifuged in an HS-4 rotor at 6,500 rpm for 

60 min @ 4 C. Next, the supernatant was discarded and the excess liquid 

in the bottle was dried with a Kimwipe. To insure that all of the eth

anol was removed, a vacuum tube was placed in the bottle to hasten eva

poration.

Bio-Gel A-50M chromatography

The plasmid pellet was resuspended in 5-ml of A-50 buffer (50mM 

Tris, 500Mm NaCl, pH 8.0). Added next was 1-ml 80% glycerol to make

the sample denser than the buffer alone. This aids greatly in sample
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loading precision. The dimensions of the column are 2 X 35 cm.

The column was washed several times in the buffer and the flow

rate calibrated. Upon addition of the sample, 4-ml fractions were

collected with an automatic fraction collector. This device was set

to replace the full test tube with an empty after 80 drops had passed

the electronic eye.

Optical density readings were then taken at a wavelength of 260 nm 

for each fraction. Fractions 12-22 were pooled because they were sus

pects for a high plasmid concentration (Fig. 1 - see page 6). Added to 

the 44-ml pool was 110-ml 95% ethanol. This mixture was then stored at

-20 C for several hr. Determination of DNA mass are as follows:

50.656 total OD in pool X 50 ug/OD = 2.533 mg DNA.

Acridine yellow affinity binding column

The 154-ml sample was divided into three equal volumes. The 

acridine yellow column cannot accommodate more than a third of this 

DNA quantity per run. These three aliquots were then centrifuged in

an HS-4 rotor @ 6,500 rpm, for 60 min @ 4 C. In the meantime, the 

acridine yellow column was being washed with 0.18M sodium perchlorate

(the recipe for one liter of 1.8M sodium perchlorate requires: 220.39 

g NaClO^, 10-ml 1M NaPO^, 2-ml 500mM EDTA, and fill to one liter with 

distilled water. Note: the less concentrated perchlorate buffers

(0.18M, 0.30M, 0.60M) were produced by diluting the 1.8M perchlorate 

solution strictly on the basis of perchlorate molarity. In other words,

a 0.30M perchlorate solution was made by using one part 1.8M perchlorate

solution and five parts distilled water.) in preparation for the first 

run. The flow rate was set at 180-ml/hr.
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Once centrifugation was complete, the supernatant was discarded

leaving the DNA pellet. Added to the pellet were 5-ml 0.18M perchlor

ate buffer and 1-ml 50% glycerol. The column was run until 20 5-ml 

fractions were collected. The column was then stopped to allow for a 

change in eluting buffer from 0.18M to 0.30M perchlorate. Another 20

fractions were collected. The same process was performed for 0.60M 

and 1.80M perchlorate until there were 80 5-ml fractions. ^260 rea^~

ings were taken to spot the test tubes to be pooled (Fig. 2). The 

light sensitive acridine yellow column was shielded by rapping it in 

tin foil. From this point on, gloves were worn to shield the plasmid 

from the naturally occurring endonucleases.

Mini-sub gel electrophoresis

The purpose of the mini-sub gel electrophoresis was to run a check 

to see which of the four perchlorate concentration DNA pools contains

the plasmid. This step also served to economize on the very expensive 

agarose (4 g SeaKem type ME agarose, 400-ml 1XTBE). The gel dimensions 

are approximately 2X4 inches and about 3 mm in thickness.

A 1% agarose mini-sub gel run in 1XTBE buffer (89mM Tris base,

89mM boric acid, 2.5mM Na2EDTA pH 8.3) showed the supercoiled plasmid 

in a 0.60M perchlorate lane.

The 1% agarose was first melted in a microwave oven. When fully 

liquified it was poured onto a clean glass plate. A plastic comb was 

placed in a position to allow wells to form across one edge of the gel. 

Into four of the wells were placed 5-ul of bromphenol blue/glycerol

and a 5-ul volume containing 1-ug of DNA from the four DNA pools of
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the acridine yellow column. Notes were carefully taken to be sure 

which lane carried which sample.

The three 0.60M perchlorate pools were pooled together. To this 

70-ml pool were added 140-ml 95% ethanol. This sample was then cent

rifuged in an HS-4 rotor at 6,500 rpm for 60 min @ 4 C. The pellet 

was then dissolved in 4-ml water. An A£6q of the 4-ml sample indicated 

that there were 800 ug DNA in solution.

Restriction endonuclease activity

The restriction endonuclease EcoRI (45,000 units/ml), BamHI 

(5,000 units/ml) and Hindlll (50,000 units/ml) were provided for the 

site specific cleavages. A buffer system devised to compromise the

needs for each enzyme’s activity was the Core buffer system (50mM Tris- 

HCl pH 7.5, lOmM MgC^, 7mM 2-B-mercaptoethanolamine, 50mM NaCl, 100 

ug/ml BSA. The BSA was sterilized with a millipore filter).

To each of two Eppendorf centrifuge tubes were added 0.75 ml of the 

aqueous DNA solution and 0.1875 ml 5X core buffer. To each Eppendorf

tube were added 0.5-ul EcoRI and 3.0-ul BamHI. These two tubes were

then capped and sealed with parafilm and left for contents to undergo

digestion in a 37 C water bath for 17 hr.

Next, I started a 1% agarose 1XTBE gel. Into one lane were loaded 

6.5-ul of the digested plasmid of tube #1 and in another lane with 

tube #2. In a third lane I loaded 1-ug of the intact plasmid as a 

reference. Into all three lanes I added 2.8-ul 50% glycerol, 0.84-ul

10% SDS, 4-ul bromphenol blue. The gel ran at 20 mA and 100 V for 6 

hr. The gel was then stained in an ethidium bromide bath (1 mg/liter)

for 15 min. Observation with UV light showed incomplete digestion in
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Eppendorf tube #2. Added to this tube were 0.5-ul EcoRI and 3.0-

ul BamHI. The previous digestion procedure was repeated. However, 

this time the voltage was reduced to 70 V (Fig. 6).

Addition of Hindlll was carried out as the third and final re

striction. But before this enzyme was added, 9.5-ul 1M MgC^ were added 

to tube #1 to replenish the magnesium ions chelated by the EDTA (which 

was added to stop the previous digestion).

To the two Eppendorfs were added 0.6-ul Hindlll to allow digestion 

to occur for 15 hr in the 37 C water bath. Running a gel in the pre

vious manner I found tube #1 to be incompletely digested. So I 

added 0.6-ul Hindlll and 10-ul 1M MgC^- Another gel showed complete 

triple digestion in both Eppendorfs (Fig. 7). The restriction map of 

pBlBRl5 demonstrates the relative lengths of the three segments (Fig. 8)

Electroelution

The electroelution apparatus was assembled (see literature review 

page 12). The electric current was run at 50 mA and 100 V for 1 hr.

I retrieved 4.75-ml of the largest DNA segment, 4.3-ml of the middle 

sized segment and 3.8-ml of the small segment. The optical densities at 

260 nm were 0.040, 0.053, and 0.220, respectively.
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1 2 3

Fig. 6. This gel illustrates plasmid restriction with EcoRI and BamHI 
Lane 1 denotes the sample taken from eppendorf tube #2 while 
the sample in lane 2 comes from tube #1. Lane 3 has 1 ug of 
intact plasmid (the farthest band is the supercoiled plasmid 
and the other is the plasmid in the relaxed state).
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12 3

Fig. 7. pBlBR15 is restricted with all three endonucleases in lanes 
2 & 3. The intact plasmid is in lane 1. This gel was used 
as a guide for the electroelution procedure. Confirmation 
was obtained from this gel showing that both eppendorf tubes 
contained complete digestion.
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EcoRIBamHI
i________

Hind i 11
V////////A BamHI

Eco R1 __________ Hind 111
t------ l<W/////////////z////zzl

Fig. 8- Restriction map of pBlBRl5. The hatched boxes indicate the 
B-globin gene. The map shows that each restriction endonuc
lease cleaves only at one site. Each enzyme recognizes a 
particular DNA sequence. EcoRI cleaves at this site GlAATTC 
(the arrow designates the location of cleavage), Hindlll at 
A^AGCTT, and BamHI at G^GATCC.



DATA ANALYSIS AND DISCUSSION

After electroelution was complete, the three samples were meas

ured for DNA quantity. The smallest segment, between the EcoRI and 

Hindlll restriction sites carried the major portion of the B-globin 

gene. This sample contained 41.8 ug DNA. The middle sized segment 

which fell between the Hindlll and BamHI restriction sites carried

the remainder of the B-globin gene. This sample contained 11.4 ug 

DNA. While the largest segment (the one that migrated the least) 

contained only plasmid DNA and was bordered by the EcoRI and BamHI 

restriction sites. Only 9.5 ug of DNA were retrieved in this sample. 

According to Dr. Peter Yau, this yield was good.

These purified DNA segments are going to be used in active nuc- 

leosome experimentation in Dr. E.M. Bradbury’s laboratory in the Dept 

of Biological Chemistry at the University of California at Davis. 

Interactions of DNA with histone and non-histone proteins can lead to 

major findings concerning DNA replication, stability and repair. For

research studying these interactions, it is of vital importance that 

care be taken to isolate pure samples of DNA segments.
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