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ABSTRACT

The stability afforded to the mononuc1eosoma1 core

complex on samples of chicken erythrocyte chromatin was

studied. Samples of chromatin digested to mononuc1eosoma1

(145 + base pairs) and core particle lengths (145 base pairs)

were used in a nonreconstituted and a reconstituted form

using High Mobility Group protein 17 in a series of thermal

denaturation melting studies. The results give evidence

that the linker DMA regions extending into and out of the

entry and exit sites of the mononuc1eosome may indeed en

hance the stability of the complex against the melting.

This can not be stated as an isolated fact because of the

presence of histone protein Hi in the large sample fractions

which may independently have its own effect on the stabil

ity of the comp 1 ex
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INTRODUCTION

The discovery of the nucleosome as a structural com

ponent of chromatin took place in 1973 by D. Hewish and L.

Burgoyne. Since its discovery, many experiments have been

carried out to determine the particles role in chromatin in

in the living cell. The nucleosome allows for tight folding

of DNA which will selectively loosen up allowing access to

enzymes such as DNase 1 which expresses endonuclease activ

ity <1>. High Mobility Group nonhistone proteins 14 and 17

are structural proteins that enhance the conformation of the

nucleosome core complex bringing about an increased sensi

tivity to such enymes (3). It is hypothesized that this

a 1ter-conformation may be used by the ceil to regulate

transcription and replication. The stability acquired by

the complex by these proteins has been shown in thermal

denaturation experiments (Bradbury et al 1982 , and Olins et

al 1983). Swerdlow and Varshavsky (1983) have shown that

the excess regions of DNA extending into and out of the

entry and exit sites enhances the affinity of the complex to

bind the HMG proteins by up to 500 times (4).

This paper is concerned with the effects that the

linker DNA regions of the nucleosome might have on the ther

mal stability of the complex in samples reconstituted and

nonreconstituted with HMG 17 in core particles and mononuc-

Ieosomes with excess DNA regions of up to 35 base pairs ex

tending out of the nucleosome.



MATERIALS AND METHODS

Isolation of High Mobility Group Proteins

High Mobility Group proteins were axteacted from lamb

thymus tissue. Advance arrangements were made with Mr.

John Arsola of the Armour Meat Company (Dixon, Ca.) to

obtain fresh tissue. The thymus glands were placed in plas

tic bags containing lx PBS (Phosphate buffered saline) with

.5mM PMSf (PhenyImethy1su1fony1fI ouride) . The PMSF elimin

ates proteolytic degradation by causing enzyme inhibition

of proteases, specifically, serine proteases. The bags were

then submerged in ice and transported back to the lab. The

tissue was sectioned in a coldroom (S degrees Celcius) into

small inch-size pieces using surgical scissors. The fat and

connective tissues were then removed and the sample was

divided into four 250 g. portions in 500 ml. plastic beak

ers. Keeping the sample on ice at all times is important.

HMG proteins were extracted from the thymus tissues

with a 5% Perchloric acid (PCA) solution. Each 250 g. sam

ple was blended with 60 ml. of 5% PCA in a Waring stainless

steel one-gallon blender at high speed for one minute. An

other 250 g. sample was added to the homogenate, and further

blended for one minute at medium speed and then for two min

utes at high speed. The final homogenate was poured into

plastic one liter Sorvall RC-3 centrifuge bottles. The

above procedure was repeated for the remainder of the tissue

and as above, all work was performed in the coldroom.

The homogenate obtained was spun in a Sorvall RC-3 cen
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trifuge using the HL4 rotor at 2,000 x g (3,000 rpm). The

supernatant was decanted into a 41. Erlenmver flask and

stored on ice. The pellet was re-extracted with 1 1. of 5%

PCA by setting the blender on high for three minutes. The

homogenate was again centrifuged and the supernatant from

this extraction was pooled with the first. The remaining

pellet, from the second extraction, was re-extrated with a

final 600 ml. of the 5% PCA and blended at high speed for an

additional three minutes. After centrifugation, the super

natant was added to the previously pooled fractions, and the

remaining pellet was discarded.

To remove the cell debris from contaminating the PCA

extract, a milk filter was used. The vacuum was activated

and the PCA extract was poured into the funnel. At this

point the supernatant became extremely cloudy and it was

necessary to change the filter frequently.

The PCA extract was acidified using cold concentrated

hydrochloric acid. By using the graduation on the side of

the flask, the volume of the extract was roughly determined.

Using 12 N HC1, the concentration of the HC1 in the PCA ex

tract was brought to 0.3 M. The solution was mixed by a mag

netic stirring bar for five minutes in the coldroom.

Acetone was used to remove the histone protein Hl from

the HMG proteins. After measuring out exactly 1330 ml. of

the acidified extract, 4660 ml. of acetone was added in a

6 1. flask. The ratio of the acidified extract to acetone

should be 1:3.5. The flask was covered wtih Saran Wrap and
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set in the coldroom for a minimum of eight hours in order

for precipitates to form.

Histone Hl was collected from the 3.5 volume acetone

precipitate by centrifuging in a Sorvall RC-3 centrifuge and

1 1. plastic bottles at 2,000 x a (3,000 rpm) for thirty

minutes at 4 degrees. The supernatant fraction, which con

tains most of the HMG proteins, was then decanted and saved

for subsequent fractionations. The pellet containing Hl was

washed with acetone, centrifuged as above, and then freeze-

dried in a vacuum dessicator.

The HMG proteins were precipitated by further addition

of 0.55 volume of acetone to the 3.5 volume acetone super

natant. The acetone volume is now at a ratio of 6:1

(acetone to 5% PCA extract). This brought about the subse

quent precipitation of the HMG proteins. Using clean 1 1.

plastic Sorvall RC-3 centrifuge bottles, the precipitates

were spun down from the acetone fraction at 2,000 x g (3,000

rpm) for thirty minutes. The supernatant containing the

acetone was then washed down the drain in the vacuum hood

making sure that the water was running, and no open flame

was in the room. The precipitates (pellets) were then

washed with acetone, pooled, recentrifuged, and the acetone

supernatant was decanted and discarded in the same manner

as that listed above. The pellet containing the crude HMG

proteins was dried in the vacuum dessicator.

The crude HMG protein fraction was further separated by

the use of acidified ethanol fractionation. The crude frac
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tion was dissolved in 15 mi. of 0.1 N HC1 and poured into a

clean 250 ml. Sorvall RC-5 centrifuge bottle. The sample

was swirled gently (to prevent foaming) until the entire

pellet was dissolved. Five volumes (75 ml.) of acidified

ethanol (Absolute Ethanol-.concentrated HC 1 = 99:1) was added

and the solution was mixed carefully, and finally placed on

ice for 90 minutes. The sample was spun in the Sorvall RC-5

centrifuge using the swing-out rotor at 2,200 x g (3,000

rpm) for fifteen minutes. The pellet, containing HMG 14 and

other impurities from the lamb thymus, was now washed with

acetone and dried under vacuum. The saved supernatant was

decanted into another clean 250 ml. centrifuge bottle, and

an additional 7.5 volumes of acidified ethanol (112.5 m.l)

was added. The sample was set on ice for one hour. The

precipitates from the ethanol fractionation (Fraction 1

contains HMG's 1,2,14, and 17) were then washed with

acetone and dessicated. The supernatant from the 12.5 vol

ume acidified ethanol fractionation was then decanted into a

graduated cylinder where its volume was accurately determin

ed. A further 6 volumes of acetone was added to precipitate

any remaining proteins in this fraction (Fraction 2). Frac

tion 2 is known to contain mainly HMG's 1, 2, 19a, 19b, and

20 (ubiquitin).

There are some special precautions to be considered

during the handling of the HMG proteins. Primarily, avoid

foaming of the proteins in solution and never touch the sam

ple with bare hands which may cause protein denaturation.
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Proteolysis was basically ainmitad by the use of PMSF. A

good check of all glassware for cleanliness is also impor

tant. Whenever possible, siliconized glass vessels were

used because pure HMG protein has an affinity for glass

surfaces. When weighing out the HMG proteins, the contain

ers were discharged with the Staticmaster, an alpha particle

emmitter, before transfer of sample. For proper storage of

the proteins, clean, sealed containers were used.

Purification of HMG Proteins

Preparation of CM C-25 Sephadex Cloumn:

Borate buffer: Solution A: 0.2 M Boric Acid
12.4 g Z 1 ,000 ml . dd H2O

Solution B: 0.05 M Borax (Formula)
19.05 g Z 1 ,000 ml. dd H20
(0.2 M in terms of sodium borate)

One liter 80mM Borate buffer at pH 8.80: 250 ml. Soln. A
15 0 ml , Soln. B
600 ml . dd H20

CM Sephadex C-25 Resin C-25 obtained from Pharmacia Co 
CM is a cation exchanger. 
Capacity - 4.5 +Z- 0.5 meqZg 
Particle size - 40-120 microns.

Col umn Buffers'.

7.5mM Borate pH 8.80 
0.1 M NaC1

7.5mM Borate pH 8.80

1,000 ml .
80mM borate pH 8.80 93.75 ml.
Solid NaC1 5.8 g.
Titrate with 10% NaOH to exactly 
oH 8.80

80mM borate pH 8,80 93.75 mi.
Solid NaC1 70.2 g.
Titrate to exactly pH 8.80 using 
10% NaOH

Column Setup:

An LKB column (2.5 cm x 25 cm) was equilibrated with
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0.1 M salt buffer , and t hen set to pack under gravitational

pressure. Now the column wa s wa shed with 11. buffer. t hen

foil owed with 1 1 . 1.2 M salt buff e r . The column was r e-

equilibrated back with 1 1 . of 1 . 2 M salt buffer. The r es in

bed will shr ink apr ox iraa t e 1 v 2 0% i n vo1ume so it i s

important to allow for expansion when switching from high

salt buffer to low salt buffer. A column flow rate not

exceeding 50 ml./hour was established.

The HMG proteins were prepared for column use by dis

charging a clean 15 ml. Falcon tube. A discharged metal

spatula was used to weigh out between 150-200 mg. of Frac

tion 1 HMG proteins. The sample was dissolved in 10 mi.

0.1 M NaC1 buffer and . 5mM PMSF . The tube was careful ly

inver ted mixing the contents and prevent ing f oaming. The

c on t en t s of the s amp 1e tube we r e loaded on the column and

the sample tube was rinsed with an additional 10 ml. 0.1 M

salt buffer and this was also loaded onto the column. The

salt gradient (buffer) was now started, and 5 ml. fractions

were collected at room temperature. The tubes were removed

every 8-10 hours, labled with their corresponding fraction

number, put in test tube racks, covered with Saran Wrap, and

stored in the cold room at 5 degrees C. When using a linear

2 1. salt buffer gradient, HMG 1 elutes around tube # 25,

HMG 2 at # 55, HMG 14 at # 90 and HMG 1? at tube # 125,

Histone Hl elutes between tubes 230-260.

The optical density of the sample was determined using

a Gilford Spectrophotometer warmed up in the U.V. mode for
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five minutes. The wavelength was set at the 220 nm and the

large pinhole setting was used. The overall absorbance of

the column was determined by reading the absorbance of each

fraction. The peaks and valleys of the graph were used for

identfication and characterization of the HMG proteins.

Aliquots <10-40 ul.) in the regions of the peaks and valleys

were analyzed by SDS Polyacrylamide Gel Electrophoresis to

determine the identity and purity of the protein samples

that appeared. Subsequently, valuable fractions were com

bined with the aide of the gel legend.

For collection of the acetone precipitates, the Sorvall

RC-5 centrifuge with the swing out rotor was used. It was

important that the centrifuge bottles have been cleaned

rinsing with deionizedZdistiI 1ed water

Any remainng water traces were removed with

acetone rinses. The centrifuge bottles were filled to with

in 1.5 cm of the top. After sealing the bottles, pairs of

opposing bottles were balanced with a scale and then placed

in the rotor which was then sealed as well. The temperature

was set at 0-4 degrees, the time set at 20 minutes, acceler

ation was set at a maximum, and the speed was set at exactly

5,000 rpm. At this point the centrifuge chamber lid was

closed and centrifugation was started.

The bottles were removed from the centrfuge and the

acetone was decanted in the vacuum hood. The pellet was not

visible so the above procedure was performed with extreme

care. This procedure was repeated until the entire sample

thoroughly by

<ddH2O).
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was used up. Once finished, the remaining traces of acetone

were removed by inverting the bottle over a paper towel.

The pellet was dissolved with a minimum of distilled water

(5-10 ml.) by pipetting with a siliconized Pasteur pipette.

Once again, foamimg of the proteins was avoided. The edges

of the centrifuge bottle were finsed with the sample and the

solution was t r ans f er r ed t o

An ad d i t i ona1 5-10 ml. of dd

a rinse, and the r inse was

samp 1e in the cent rifuae tube

The sample is to be saved for later use so it was

necessary to dry it under vacuum. A dry ice bath was pre

pared by adding dry ice to isopropyl alcohol. The process

was started by crust freezing the sample (immersing the tube

in the bath and rotating it). When the entire sample was

frozen the tube, the contents were transferred to a freeze-

drying tube and then imraeadiatelv mounted on the lyophil

izer. The sample is completely frozen when it appears warm

to the touch. This is indicative of lack of heat exchange.

The tube was removed and the sample transferred to a sealed

container and kept dessicated. At this point it was valua

ble to run a small amount of the sample on an SDS gel and

keep the photograph for a permanent record of the purity of

the sample as compared to a known standard.

Preparation of Chicken Erythrocyte Nuclei

The chicken blood was obtained from New American Foul



try Co. in Sacramento, Calfornia.

Saline EDTA Buffer: 75mM NaCl
25mM EDTA 
0.2mM PMSF

The solution was brought to 1 1.
with dd H2O.

Total prep: 10 1.

The blood was collected in 6 1. Erienmever flasks con

taining equal volumes of saline EDTA solution and blood.

The samples were kept on ice at all times during transport

of the blood volume to the laboratory. The total volume was

6 1 .

The blood was brought to the coldroom and stored there

for the following steps. A filter network was set up using

cheese cloth (2 layers) and the solution was poured through.

After filtration, the blood was then transferred to 1 1. RC-

3 centrifuge bottles and spun for 15 minutes at 4,000 x g

(4,000 rpm) and 4 degrees. The supernatant was decanted

after the centrifugation. The pellet containing the eryth

rocytes was washed twice by more centrifugation with saline

EDTA buffer.

Nuclei Washing Buffer: lOmM MgClt 
0.25 M Sucrose 
0.2raM PMSF

To tai prep: 4 1

The nuclei were now resuspended in 2,000 ml. of nuclei

washing buffer with an addition of 0.2% Saponin. Saponin is
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a detergent that solubilizes membranes, lysing the cells, 

and the end product is nuclei in solution. The solution was

stirred for one hour at 4 degrees. The nuclei are centri

fuged further in the HS4 rotor at 4,000 x g (4,000 rpm). 

Again the nuclei were washed twice with nuclei washing buf

fer, and finally pooled.

Micrococcal Nuclease Digestion of Chick Erythrocyte Nuclei

Nuclei Isolation Buffer

Nuclei Lysis Buffer:

lOmM Tris-HCI ph 6.80 
ImM CaClx 
1 . 5mM MgC I4 
0.2mM PMSF 
0.25 m Sucrose

lOmM Tr is-HCl pH 6.85 
5mM EDTA 
0.2mM PMSF
10Mm Sodium Butyrate 
Solution chilled on ice

Using approximately 5-10 grams of cells, the nuclei

were resuspended in 15 ml. of isolation buffer. The amount

of DNA in the sample was determined by taking a 5 ul. ali

quot and mixing it with 1 ml. of salt saturated urea. Using

salt saturated urea as the blank, the absorbance at 260 nm

was determined on the Gilford Spectrophotometer. The amount

of DNA in mg. was calculated for the entire preparation.

The sample was prewarmed to 3? degrees by immersing the

sample tube in a water bath, and agitating it. The entire

pre-incubation time lasted 10 minutes. Micrococcal Nuclease

was in a stock solution of 70 units/ul. H2O. Once the con

centration of DNA was known in mg/ml., Micrococcal Nuclease

was added to a final concentration of 25 units/mg. DNA. The
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mixture was swirled in the incubation bath for a digestion

time of 15 minutes After digestion, the reaction was ter

minated by adding 1/10 volume of 20mM EGTA. This chelates

the calcium necessary for the nuclease to catalyze the reac

tion. The enzyme has an affinity for A-T rich regions, and

exposed DNA regions on chromatin.

The sample was chilled on ice The digested nuclei

were then isolated by centrifuging in the Beckman T J 6 at

7,500 rpm, and 5 degrees for 10 minutes. The supernatant

was decanted and the sample was resuspended in 10 ml of the

lysis buffer. After transferring to the Sorvall RC-5 cen

trifuge tubes, the sample was spun at 9,500 rpm for five

minutes. Supernatant was discarded and the pellet was re

suspended in 15 ml. of lysis buffer, and placed on ice for

10 minutes. The sample was centrifuged in the Beckman TJ6

as above and the supernatant was saved. The A-260 (absorb

ance at 260 nm) of the supernatant was read against a blank

of dd H2O and the concentration was calculated in mg/ml. A

polyacrylamide particle gel was prepared for electrophoresis

of the sample to determine the particle size of the digested

chromatin lengths.

Preparation of Polyacrylamide Particle Microslab Gel:

8.3 ml. 30% Acrylamide 
5 ml. 10 X Tris-borate (TBE) 
36ml. dd H20
1 ml. 1.6% Ammon i um Persul
fate (APS)
100 ul. TEMED (N,N,N'N’-Tetra- 
methylethylenediamine)
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By e mar ker : 2 u 1 . 0.2% Br om-
pheno1 blue

Buffer: IX TBE

Gel stained in 1 1. 0.2% E t Ir
idium bromide for 45 minutes 
after the actual electrophor
esis.

Gel prerun for 30 minutes at 
200V <50 mA).

Aliquots of

10% glycerol and

hours. F iaur e 1 .

to be of monomer

1,2,3

r an on

shows

, d ime r

, 4 u1 . we r e

t he oei at

the sizing of

, and t r ime r

combined with 10 ul. of

100V (50 mA) for two

the digested particles

lengths respectively.

Isolaton of Core Particles and Mononuc1eosomes

Isolation of core articles and mononuc1eosomes was ac

complished by running the sample on a sizing column. For

this step an Agarose resin (A-5M) Column was used.

Lysis Buffer Prep: 40 ml .
40 ml .
10 ml.

8 ml .
Total

1 OmM Ma Butyrate 
Tris pH 6.85
50OmM Na EDTA
10OmM PMSF 

prep: 8 1.

A 1.5 meter LKB glass column with a bed volume of two

liters was used. The A- 5M beads were equ ilibrated using

4 1 . of the lysis bu f f er and filtering t he resin with a

Buchner funnel and a 2 1 . s i dearm f 1 ask . The filtration was

c a r r i e d out under pressure using the lysis buffer as a r i n s e

until t he en t ire 4 I . of lysis buffer and beads had been

passed t hr ough t he filter The column wa s transpor ted t 0

<3
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Figure 1 .
Particle sizing of Chick Erythrocyte 
Nuclei after digestion with Micrococ
cal Nu c 1 e a s e .

Figure 2 .
Particle sizing after column isolation
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the coldroom were it was set to pack under gravitational

pressure overnight. One 1. of the lysis buffer was ran

through the column at a flow rate of 30 ml./hour. At the

top of the resin bed, a disk of 1 mm filter paper (radius

of 5 cm) was set in place to allow for accurate loading of

the sample. The flow was carried out until the meniscus had

reached the top of the filter paper. At this time the flow

was stopped and the 15 ml. of digested nuclei were added to

the column using a Pastuer pipette. The flow was again set

at 30 ml./hour until the sample had completed stacking on

the top of the column. At this point, the column was topped

off with lysis buffer and the flow continued. The eluted

fractions were collected by the use of an ISCO Retriever-3

Fraction Collector. The fractions were of 3 ml/tube. The

column was ran for 72 hours and the lysis buffer was replac

ed with a fresh (preparation every 24 hours. The collected

fractions were assayed by the use of the Gilford Model 250

Spectrophotometer in the UV mode and a wavelength of 260 nm.

Analysis of the peaks was made using 2 ug, samples on a

polyacrylamide particle gel (see gel prep in Nuclei Diges

tion). The results (Figure 2.) show the particles to be

largely dimer size with a good alotment of monomer and core

particle size. The samples analyzed correspond to fractions

65,69,72,75,79,81,82,84, and 85.
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Analysis of Sample DNA Length

Polyacrylamide DNA Microslab Gel Electrophoresis:

8 . 3 ml . 30% Acrylam i d e
5 ml . 10 X TBE

36 mi . dd H20
1 ml . 1 . 6% APS

0 . 5 ML . 10% Sodium Dodecy1su1fate
100 ul . TEMED

Buffer: 1 X TBE
Dye marker: 2 ul. 0.2% Bromphenol Blue 

Stain: 1 1. 0.2% Ethi di urn Bromide
(4 5 minut es)

Wash: 11. 40% ethanol (45 minutes)

Gel run for 2 hours at 100V <50 mA)

It was important to characterize the DNA fragment

lengths that we r e collected f r on the preparat i on. The

ideal lengths for the exper intent are core particles,

and mononuc1eosomes wh i c h are 145 b P • and 14 5+ b.p . < 1 . )

146 and greater would correspond to monomer with linker DNA

lengths at the the entry and exit sites of the core parti

cle. Upon review of the gel, fractions 77,79,81,82, and 84

appear to fail in the desired size range Larger samples

come off the column first, therefore the sample size is

decreasing with increasing sample number. These fractions

will be used for the actual length study.

A 2 ug . aliquot of each sample was combined with 1/20

volume of SDS and 10 ul. of 50 % glycerol. SDS is a deter

gent that facilitates the removal of the core histone pro

teins from the nucleosome complex itself, leaving only the

DNA length fragments for analysis. The samples were com

pared with a 2 ug. sample of a standard (PM-2) which con
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tains digested DNA fragments of known lengths. The results

are shown in Figure 3.

Calculation of The Actual DNA Fragment Lengths

The calculations for the DNA fragment lengths were car

ried out under HAE/FM-2 assignment according to Tatchell &

Von holde PNAS 75,3583 (1978). The photographic negative

from Figure 3. was scanned using a Cary 210 Spectropho

tometer. Lanes 1 (PM-2 DNA), 3 and 4 were scanned individ

ually and the absorbance against particle migration plot was

performed and is recorded as Figure 4. The length of migra

tion in centimeters was measured for the samples and these

were compared to the migration of the marker. Taking the

logarithm of the mobility in centimeters plotted against the

molecular weight of the corresponding fragment size (base

pairs) and extrapolating back allows for the interpretation

of the corresponding sample sizes. The graphical represen

tation is shown as Figure 5.

Caiculat i ons

Mar ker (bp ) Mob i1i t y (cm) log M

51 8 12.3 1.090

3 37 16.3 1.212

29 9 17.3 1.238

273 18.4 1.265

162 24.3 1.386

1 48 24.3 1.386

n



Analysis of 
st and a r d .

Figure 
s amp 1e DNA

3 .
1 eng t h with PN2
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Figure 4.
Analysis of DNA sample length by use of 
gel migration.
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UajM
Figure 5

Calculation of DNA fragment lengths ac
cording to Tatchell & Von Holde (1978).
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Fraction 84 (Lane 3)

145 24.5

Fraction 77 (Lane 7)

180 22.7

1.38?

1.356

The results from the calculations show that the samples

analyzed (Fractions 77 and 84) contain fragments correspond

ing to core particle and mononuc1eosome with a linker DNA

region of + /- 17 base pairs leading into and out of the

en try/exit sites.

Analysis of the Core Histone Proteins of the Nucleosome

The overall structure of the core particle and the mono-

nucleosome must be completely analyzed before proceeding

further with experimentation. This requires checking both

the DNA lengths and looking at the core complex for any

degradation of the histone proteins. This procedure calls

for electrophoresis of the core protein complex against a

standard sample of proteins. The gel legend will allow

analysis of any degradation present.

Staehelin 17.5% SDS Polyacrylamide Protein Gel:

30% Acrylamide 17.5 ml
1% Methylene Bisacry1 amide 2 . 2 m I
1 . 5 M Tr is-HCl pH 8.8 7 . 5 ml
10% SDS 300 u 1
dd H2O 2 . 3 m 1
TEMED 2 0 u 1
10% APS 200 u 1

XI



Stacking Gel <17.5%)

Solution A :

30% Acrylamide 16.6 ml.
1% Bisacry1 amide 13.3 ml.
dd H2O 20.0 ml.

So 1u t i on B:

1 M Tris-HCl pH 6. 8 12 . 5 ml .
10% SDS 1.0 ml.
dd H2O 36.5ml.

Staehelin Buffer:

Glycine 28.8 g.
Trizma Base 6.0 g.
SDS 1.0 g.

Solution diluted to one liter.

The protein gel poured was of 1.5 mm thickness. Ap

proximately 4 cm was left at the top and covered with 1 cm

of dd H2O. After the gel had polymerized (30 minutes), the

water layer was removed with an aspirator.

Five milliliters of both Solution A and B were combined

and 100 ul. of APS and 10 u 1 . of TEMED were added to

initiate po1ymer i z a t i on of the stacking gel. At this t ime

the 4 cm space on the protein gel was topped off with the

st ack ing gel and a 1 0 lane comb insert was pos i t i oned on

top. The po1yme r i z a t on of the stack ing gel was c omp1e t e

in 15 mi nu t es.

Four samp 1es of 5 ug . each we re run against a 5 ug .

sample of HeLa histone protein standard.

Sample Buffer:

Di thiotrei tol 
SDS
1M Tr i s-HC1 pH 6.8

0.77 g. 
1.0 g .
4.0 ml.



Glycerol
0.2% Bromphenol Blue 
dd H2O

5.0 ml. 
0.3 ml

to 50 ml.

200 ul. of sample buffer was combined with 20 ul. 
of Beta-Mercaptoethano 1 .

The samples were combined with 1/3 volume Trichloro

acetic acid (TCA) and set on ice for 30 minutes in order to

precipitate the proteins (isolation of the proteins without

the DNA fragments). The samples were then centrifuged in an

Eppendorf Model 514 centrifuge. Each supernatant was re

moved by an air aspirator and 1.5 ml. of acetone was added

to each tube. After a further centrifugation of 5 minutes,

the supernatants were again removed. A 25 ul. aliquot of

Sample Buffer (with B-Mercaptoethano1) was added to each

tube and then the samples were heated over boiling water

for 10 minutes. After cooling, the samples were added to

the stacking gel lanes. Lane 1 contains the 5 ug. sample

of HeLa standard and lanes 2,3,4, and 5 contain fractions

77,79,82, and 84. The gel was ran at 100 volts (15 mA)

for the initial sample stacking and then the voltage was

increased to 150 volts (25 mA) for four hours. After elec

trophoresis, the gel was stained in Coomasie Blue (0.035%)

overnight (14 hours) and then destained in 10% Acetic acid,

25% Methanol bath for one hour and finally 8 hours in a 1%

Ethanol, 10% Acetic acid bath. After the destaining was

complete, the gel was photographed and is represented as

Figure 6.

The gel legend shows histones H3,H2B,H2A, and R4 to be

present in consistent amounts in all samples. Histone Hl



Figure 6.
Analysis of the Core Histone Proteins of 
the Nuc1eosome.

Figure 7 .
Titration Reconstitution of Core Particles 
with HMG 17.

24



appears in a small concentration in fractons 77 and 79, but

was not apparent in fractions 82 and 84 . This seems reason-

able due to the fact that fractions 77 and 79 contain DNA

f r agmen t s that are larger. With increasi ng Ii nk e r DNA

lengths, Hl is not f ound i n the core c omplex, instead, i t

binds to the 1 inker r eg i ons found on larger DNA s amp i es (1 . )

Overall, the core proteins appear to be in their nati v e

states, no degradation is apparent.

Reconstitution of Core Particles and Monomers with HMG 17

The mononuc1eosomes that have been isolated in this

prep are stripped of HMG proteins so it is necessary to re

constitute them to form the desired complex. In each nuc

leosome structure, there are two desired binding sites for

the HMG proteins; 20-25 bp extending inward from the entry

and exit sites (2.). A titration scale of 0,1,2, and 3 ug.

of HMGs per DNA weight was established. One microgram

samples of fractions 79, 81, and 82 were combined with 0,1,

2 and 3 ug. of HMG each. The reconstitution is shown using

particle gel electrophoresis (gel prep stated in Nuclei Di

gestion). The ionic strength of the reconstitution was

brought to that of the gel by adding 1/9 volume of 10 X TBE.

This eliminates any efect the gel might have on the recon

stitution. The reconstitution was carried out by adding the

proper aliquots of HMG 17 to the sample tubes and then plac

ing them in an ice bath for ten minutes. Finally, 10 ul. of

glycerol was added to each tube to give the sample greater



density when loading it on the gel lanes. The buffer used

was 1 1. of 1 X TBE. At an ionic strength above 0.2 X TBE

the reconstitution shifts from non cooperative to coopera

tive (3.). Cooperative binding is related to the affinity

of the HMG proteins for the nucleosome complex. At 1 X TBE,

once one HMG protein has been added to the nucleosome, it is

easier to add another. At a titration ratio of 1:1 (HMG to

nucleosome), we expect the conditions of either 0 or 2 HMG*s

bound per nucleosome (the most preferred state at this ionic

strength). At a ratio of 2 or 3 HMG1s per nucleosome, we

expect to see only two or more HMGs binding. The gel legend

in Figure 7. is consistent with proper titration "ladders"

formed during identical cooperative reconstitution studies.

The gel was photographed using an ultraviolet light source

(exposure time of 30 seconds) and a Polaroid MP-3 Land

Camera with Polapan 42 film. A red Millipore GS 0.22 urn.

lens filter was fitted on the camera before exposure.

Preparation for Thermal Denaturation

Fractions 77 and 84 were used for further experimenta

tion. Individually, each fraction was applied to a Sephadex

G-25 column (0.7 X 15 cm) equilibrated with 1OmM Tris-HCI pH

6.85 and 0.25mM EDTA pH 8.00. This procedure functions to

remove salt, and return the conformation of the monomers to

their native state (achieved in low ionic strength buffer).

Samples were collected and then pooled. Upon reading the

absorbance of each sample, the peak fractions were pooled

X6



and used for the thermal denaturation study.

Due to the nature of study, aliquots of both fractions

were reconstituted with HMG 17 in a 2:1 ratio (two HMG 17

molecules to every one nucleosome). Portions of each sample

in the nonreconstituted form were also used. The method of

reconstitution was identical to that discussed earlier.

After reconstitution, each sample was then reapplied to the

Sephadex G-25 column washed with 0.25mM EDTA buffer. Peak

fractons were once again pooled and the proper weight of

each sample needed was determined based on the absorbance.

At this point each sample was placed in a quartz cuvette and

degassed.

Determination of the Melting Profile

The absorbance of each solution was determined in a

10 mm pathiength quartz cuvette with a Teflon stopper using

a Cary 210 Spectrophotometer in the double beam mode. The

reference beam chamber was left empty. The temperature of

the cuvette during the melting process was controlled by

circulating a mixture of ethylene glycol and water through

the thermo-stable sample holder using a Neslab water bath.

A Neslab temperature programmer in the linear mode was used

to control the bath. In each case, a starting temperature

of 40 degrees Celcius and a heating rate of 0.28 deg.Z min.

were used reaching a final temperature of 95 C. Temperature

measurement required the use of the thermistor of the Cary

temperature-read-out accessory. This unit reads

»7
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to a resolution of 0.01 degrees with a specified accuracy of

0.25 degrees. The thermistor was mounted in the stopper of

the sample cell being fully immersed in the sample but above

the light beam path.

Data was collected by means of a Hewlett-Packard 9 845A

computer interfaced to the Cary 210 Spectrophotometer with

a Hewlitt-Packard 16—bit parallel digital interface and a

Cary digital interface port. Both the absorbance (five

decimal digits) and the temperature (four decimal digits)

data were transferred across the interface approximately

every 0.3 seconds on command from the computer. Absorb

ance readings were accumulated in an array of 1,000 ele

ments corresponding to each 0.1 degree C increment from 0.1

to 100 degrees so that an absorbance value determined at any

temperature "t" accumulated in the element number given by

the integer value of (t+0.05) X 10. At the end of the ex

periment each element in the array was divided by the number

of readings accumulated in that element to give a mean ab

sorbance at temperature “t". This array was stored as raw

data on diskette.

For convenience in interpretation, the data were pro

cessed by determining hyperchromicity "H" using the formula:

A ( 2 6 0 , t ) - A ( 2 6 0 , 4 0 )
H( t ) =

A ( 2 6 0 , 4 0 ) - A ( 3 2 0 , 4 0 >

where A(260,t) is the absorbance at a wavelength of 260 nm

and a temperature “t"; A<260,40) is a wavelength of 260 nm
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and a temperature of 40 degrees, etc. No correction for

thermal expansion was made. The data were filtered using a

low-pass recursive filter (8th order, 0.1-dB Chebychev fil

ter with zero phase shift) with a cutoff frequency of 0 . 2 5 Z

degree C. Cutoff frequencies of 0.5/degree of 0.17/degree

give essentially the same results. The filtered data were

sampled at 0.5 degree intervals and differentiated numeric

ally using a cubic spline approximation. The results were

plotted as dH/dt against temperature on the computer's

graphics printer, and are shown in the following figures.
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• Figure 8.
Large Sample (Recon) melting profile
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• Figure 9.
Large Sample (NcRecon) melting profile
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Figure 11.
Small Sample (NoRecon) melting profile
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RESULTS

Analysis of Melting Profiles

Figures 8,9,10, and 11 are the melting profiles of the

mononuc1eosomes in a reconstituted and a non-reconstituted

form (Fig. 8 and 9). in Figures 10 and 11 are the melting

profiles of the core particles in the reconstituted and non-

re c ons t i t u t ed form. It is typical of nucleosomes to show a

premelt region at about 61-64 deg. C, and a major coopera

tive transition (Tm) at 75-77 C (2.). Fraction 77, referred

to as "Large Sample" because of its linker DNA present shows

the expected melting profiles (2.) in both forms. Large

Sample (No Recon) shows a premelt region between 62 and 67

degrees C and a Tm occuring around 75 C (Figure 8>. Figure

9 is the Large Sample (Recon) with the premelt region almost

completely abolished and having a T<«, around 77 C. In the

Small Sample (No Recon), the premelt region is centered

around 61-65 C and the T*»» occuring around 74 C (Figure 10).

The Small Sample (Recon) illustrates an abolished premelt

and a Tm value of approximately 77 C (Figure 11).

Comparison of the Melting Profiles

Figure 12. is a comparison of the Large Samples. The

plot suggests that the premelt region and the Trt local for

the sample reconstituted with HMG 17 has shifted to a great

er set of temperature values. Figure 13. shows the same

results with repect to temperature shifts with the Smail



Figure 12.
________ .Large Sample (Recon)

. L arge S am pie (N oRec on)

Large Sample (Rec on)/(NcRec on): Canparis on of 
melting profiles.
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Figure 13.
. Small Sample(Recon)

Small Sample (Recon)/(Ronecon) : Comparison of 
melting profiles.

............. ....  Small Sample(NoRecon)
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• Figure 14.
. -!■ arge £ ample (N cRec on)

................... Small Sample (NcE.ec on)

Large and Small Samples without (Eecon): 
Comparison of melting profiles.
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Figure 15.

...... —■■■■ ■■ Small Sample (Recon)

.................. Large Sample (Recon)

Large and Small Samples with (Recon): 
Comparison of melting profiles.
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Sample fractions, In Figure 14 is the comparison between the

Large and Small samples without HMG 17 present. There is

evidence that the premelt region and the major transition

temperature have shifted in the case of the Large Sample

fraction. Figure 15. is the comparison between both the

fractions in a reconstituted form. There is no evidence

that the pr erne It region or the major transition t empe r a t ur es

of the Large Sample have changed.

DISCUSSION

Thermal denaturation profiles of chromatin are a meas

ure of the thermal stability given to DNA by the components

of the nucleosome complex. The actual melting of the nuc

leosome particle has a biphasic transition: a premelt region

at about 61-64 C and a major cooperative transition in the

range of 75-77 C. According to Van Holde's group <3), the

premelt comes from about 40-base-pairs of DNA at the DNA

ends of the core particle, while the major transition can be

attributed to the melting of the central 100 base pairs of

DNA that is stabilized by the interactons of core histone

proteins. The nucleosome complex allows for tight folding

of DNA which will selectively loosen up allowing access to

enzymes such as DNase 1 which expresses endonuclease activ

ity. HMG's are nonglobuiar structural proteins having 100

base pairs in the case of HMG 17 and 89 residues in HMG 14

(2). These nonhistone proteins are associated with active

or potentially active regions of chromatin (3). Active
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genes are preferentially digested by DNase 1 and the nuoleo-

some'i sensitivity to this enzyme is linked to the stability

afforded to the complex by nonhistone HMG proteins. There

fore, these different conformations of the nucleosome core,

due to the presence of HMGs, may be used by the cell to

regulate transcription and replication (3).

In examining the melting profiles shown in Figures 12,

13,14, and 15 it is evident that the samples not reconsti

tuted with HMG 17 show a definite premelt region between 61

and 67 C. The samples reconstituted with 2 HMG 17 proteins

per nucleosome show abolition of the premelt region entirely

and a shift of the T^» to a greater value. This is true in

both the large and small fractions.

In considering the question of whether the excess DNA

region (linker DNA) has any effect on the thermal stability

of the nucleosome complex, Figures 14 and 15 were used ex

clusively. According to Swerdlow and Varshavsky (4), 3-5

base pairs of DNA extending from the entry and exit sites of

the core particle will increase the affinity for binding

HMGs by up to 500 times. It is in light of this fact that I

have chosen to examine if this DNA region has any effect on

the melting of the nucleosome complex. The comparison of

the melting profiles of the two reconstituted and nonrecon-

stituted samples may give evidence that the length of DNA

may have a direct effect of the thermal stability of the

core c omplex.

Figure 14. shows the plot of the Large and Small samp



les in a nonreconstituted form. Both fractions show the

characteristic premelt and major cooperative transition,

but they are appearing at what may be significantly differ

ent temperatures: 74 C for the Small Sample (No Recon) and

76.5 C for Large Sample (No Recon). For this reason it is

considerably possible that the temperature shifts may indeed

be due to presence of excess DNA on the larger sample In

Figure 15 the profiles of the small and large samples in a

reconstituted form are shown. The premelt region appears to

have been eliminated due to the presence of HMG 17 (2:1) and

the major cooperative transitions are intact with relatively

the same Tm values. In this instance there has been no

shift of the melting profile of the large sample in the

reconstituted form. Because of this, one may reason that in

the presence of HMG 17, the linker region adds no additional

stability to the complex. In essence, the presence of HMG

17 may be masking the effect of the linker DNA region of the

thermal stability. This is only one possibility and it

remains to be proven. It is also entirely possible that the

presence of the histone protein Hl may contribute to the

thermal stability. Hi is present in fraction 77 (Large

Sample) but not in fraction 84 (Small Sample). This fact

was once again proven by running an additional Staehelin

17.5% SDS Polyacrylamide protein gel on fractions 77,79,82,

and 84 with a HeLa histone protein standard and is presented

as Figure 16.

From this information, it may be concluded that linker

II



Figure 16.
Analysis of the Histone Proteins of the 
Samples used (Checking for the presence 
of Histone Hl).
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DNA regions may have some effect on the thermal stability of

the mononuc1eosome complex and potentially histone Hi may

also. Each proposition in the above statement should be

further examined by repeating this experiment using chroma

tin fragments known to be divorced of histone Hl. In either

case however, there does appear to be enhanced thermal

stability of the core complex.
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