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PREFACE

The genetic material of living organisms is present in the cell
not as chemically pure INA, but as DNA-protein complex. A major
fraction of the protein complexed to the DNA of higher organisms
belongs to a class of small, basic proteins — the histones, This
complex of DNA with histone, nuclechistone, can be isolated from calf
thymus as a chemically defined entity of DNA, histone and non-histone
proteins, which possesses a sedimentation coefficient of approximately
30-60S, The DNA in nucleohistone is of sedimentation coefficient

about 15S which is large enough for approximately 10 genes, The temp-

than that of free INA., Full activity is restored by removal of
associated histones by salt extraction. These facts suggest that the
histones function as regulators of gene activity, . Thus the structure
and function of nucleohistones may be basic for an understanding of
differentiation and therefore a subject of central interest
in molecular biology. To understand how .-nﬁcleohistone‘
functions, studies of its structufe, the distribution of the various
kinds of proteins among different INA molecules, and of the mcde and
effects of interaction between the components are helpful., The follow-
ing chapters, grouped into two parts, are aimed at achieving some
understanding of the above matters.

Part I, which consists of three chapters, is a study of the effects
on both components of interaction between DNA and histones in native
nuclechistone. The first chapter is devoted to the study of selective

dissociation of histones from nuclechistone by treatment with various
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concentrations of NaCl, As a result of such treatment, native nucleo-
histone is separated into two components, the dissociated histones and
the partially dehistonized nucleohistones with various histone to INA
ratios, The second chapter consists of an optical rotatory dispersion
study of the histone fractions, The structural changes of the histones
when they complex with DNA is considered, The third chapter is a
study by optical rotatory dispersion of native nucleohistone and of
partially dehistonized nucleohistones, and concerns the conformational

changes in INA as a result of histone binding or dissociation,

Part II, which is also divided into three chapters, is a study
of the biological expression of the chromosomal material, chromatin or
nucleohistone; i.e, a study of the relationship between dormancy of
buds, a common biological phenomenon in the plant world, and template
activity for in vitro INA dependent RNA synthesis of chromosomal
material isolated from dormant tissues. The tenability of the hypo-
thesis of gene repression as the cause of dormancy is tested, The
division of part 11 into three chapters is according to the different
plant materials used, The first chapter concerns dormant potato tubers;
the second chapter, onion bulbs; and the third chapter, dormant Corms
of gladiolus,
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ABSTRACT
PART 1
INTERACTION OF DNA AND HISTONE IN NUCLECHISTONE
Chapter 1  SELECTIVE DISSOCIATION OF HISTONE FROM NUCLEOHISTONE
With increasing concentration of NaCl solution, an increasing

amount of histone is dissociated from dissalved nucleohistone, The
dissociated histone fractions are identified by gel electrophoresis, The
lysine rich histone fraction I is dissociated from nucleohistone in
the range 0,3-0,5 F NaCl; slightly lysine rich histone II in the
range 0,8-1.6 F NaCl; arginine rich histone III+IV in the range
0.9-1,6 F NaCl, The results suggest that both electrostatic and
non-electrostatic interactions contribute to the strength of binding

between INA and histones,

Chapter 2 OPTICAL ROTATORY DISPERSION STUDIES ON HISTONES

The optical rotatory dispersion spectra of histones free and in
reconstituted nuclechistone ( in which histone is complexed to DNA)
arc recorded, By the criterion of optical rotatory dispersion at
wavelengths below 220 mu, histone I is the least helical of the histones,
histone IT the most helical, The helicity of INA-bound histones in
reconstituted nuclechistone is greater than that of free histones, but

the order, histone II most helical and histone I least, is still preserved,

Chapter 3  OPTICAL ROTATORY DISPERSION STUDIES ON THE INA OF NATIVE
NUCLEOHISTONE AND OF PARTIALLY DEHISTONIZED NUCLEOHISTONES
The conformation of INA in native nuclechistone is altered by the

DNA-histone interaction, The dissociation of histone I does not produce
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significant conformational change in INA of nucleohistone but removal
of histone II and of histone III+IV bring about changes which cause
the conformation of DNA in nucleohistone to resume virtually that
characteristic of free DNA, The pussibility of INA supercoiling in

nuclechistone is discussed,

PART II

DORMANCY ASSOCIATED WITH REPRESSION OF GENETIC ACTIVITY
Chapter 1 THE DORMANCY OF POTATO BUDS

Chromatin of the buds of dormant potato tubers is almost totally
incapable of the support of DNA-dependent RNA synthesis in the presence
of added exogenous ENA polymerase, The chromatin of non-dormant buds
of potato tubers (in which dormancy has been broken by treatment with
ethylene chlorohydrin) is highly effective in the support of INA-
dependent RNA synthesis by added exogenous RNA polymerase, It is there-
fore concluded that the genetic material of the buds of dormant potato

tubers is largely in a repressed state, and that the breaking of dormancy

is accompanied by derepression of the genetic material,

Chapter 2 THE NORMANCY OF ONION BULBS

The chromosomal material of non-growing and non-dividing onion
buds possesses template activity in support of in vitro INA-dependent
PNA synthesis, If we define dormancy not only by the absence of visible
growth and mitotic division, but also by the lack of ability to direct
in vitro DNA-dependent RNA synthcsis, potato buds are then dormant but
onion buds are not. And the block to onion bud growth must lie some

where else than in the repression of genetic material,
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Chapter 3 ISOLATION OF GLADIOLUS (HROMATIN
Gladiolus corms contain very little isolatable chromatin

material and the isolated chromatin is highly contaminated by the

presence of starchy material,
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Chapter 1
SELECTIVE DISSOCIATION OF HISTONES FROM NUCLECHISTONE
I, INTRODUCTION:

Nucleohistone, the main chromosomal component of a wide variety
of plant and animal cells (1), is a complex of protein with INA, While
studies of the intact nucleohistone have yielded valuable results,
analytical investigations in which the nuclechistone is taken apart
will not only supply new material (chemical derivative of NH) for
analysis but also shed light on the mode of interaction of its com-
ponents,

Because of the ionic nature of the protein-DNA interaction in
NH(2), salt solutions provide such an analytical tool for NH dissocia-
tion, By variation of the ionic strength of the salt solution, the
extent of NH dissociation can be varied, NaCl (3), NaC104(4), and
guanidinium hydrochloride (5) have been used for dissociating protein
from NH, NaCl was chosen for this study hecause C10; and the guanidinium
ions have effects on the macromolecule other than the desired ionic one
(6).

‘NaCl has been used by other workers for dissociation of NH(3)
(7). The present study, however, is more complete because of the
availability &f polyacrylamide gel electrophoresis which makes possible
the identification of histones dissociated from and these still associated
with NH,

The following work on NaCl dissociation of Calf thymus nucleo-

histone was done in collaboration with Dr. Baldomero Olivera,



1T, MATERIALS AND METHODS
PREPARATION OF CALFE THYMUS NH

The preparation method is essentially that of Chalkley and
Maurer (8) which lies in an initial isolation of nuclei, For each set
of experiments ahout 30 g of fraozen calf thymus tissue was minced and
homogenized in a Waring blender, first at 50 volts for 2 minutes in
100 ml of grinding medium (0,25 M sucrose, 0,005 M MgCl,, 0,005 M tris
PH 7.3) with 1 ml of octanol to minimize foams; followed by 1 minute
at 60 volts, with 100 ml more of grinding medium; then for 1 minute
at 70 volts, adding another 100 ml of grinding medium and finally at
80 volts for 30 seconds, The homogenate was filtered through 2 layers
and then through 4 layers of gauze; followed by 1 layer, then 2 layers
of miracloth, The filtrate was centrifuged at 3500 rpm for 10 minutes in
a Servall centrifuge, The pellet was next dispersed in grinding medium
with 5 strokes at 50 volts in a Potter-Elvehjen homogenizer attached to
a motor and powerstat, This was repeated once. The resultant nuclei
were relatively free of cytoplasmic contamination as could be seen under
the microscope. (To make them visible the nuclei were dyed with aceto-
carmine). The nuclei were then washed twice with 0,15 M NaCl + 0,003 M

MgCl, and twice with saline-EDTA (0.075 M NaCl, 0,024 M NazEDTA_pHS).

2
The washed pellet was dispersed in 0,01 M tris pH 8 with 20 strokes at
110 volts to lyse the nuclei. After having been stirred in the cold
yoom for 30 minutes and sheared in a metal (stainless steel) Virtis

container for 6 minutes at 30 volts, the very thick chromatin solution

was layered in 5 ml nortions on top of 25 ml of 1,7 M sucrose in cellu-

lose nitrate tubes., The upper half of the contents of each tube was



stirred to form a rough gradient, The tubes were then centrifuged
at 22,000 rpm in a SW 25 rotor for 2 hours. The gelatinous pellets
(purified chromatin) were homogenized into 0,01 M tris pH 7.3 with 10
strokes in the homogenizer at 110 volts, The concentration of the
purified chromatin solution was adjusted to about A260 mu = 20,

The chromatin solution was then dialyzed against 20 volumes of 0,01
M tris pH 7,3 for 12 hours, To make NH from the purified chromatin
solution, the chromatin was sheared in the metal Virtis container at
85 V for 90 seconds, then centrifuged at 10,000 rpm for 30 minutes
in a Servall centrifuge, The supernatant is the soluble nucleohistone,
The yield of this material from purified chromatin sclution is from
40-80%, Less aggregated purified chromatin solutions usually give

higher yields of NH,

SALT EXTRACTION OF HISTONES

5 ml of NH solutions (ca. 150-250 ug INA/ml) were dialyzed in
separate stoppered test tubes against the required concentration of
NaCl, which was renewed every 3 hours for 3 times, The dialyzates were
then layered on top of 1 ml of 1,7 M sucrose and centrifuged at 39,000
rpm for 24 hours in a SW 39 rotor, The top 4 ml of the supernatants
(dissociated protein) was pipetted off. The intermediate layer was
discarded and the pellets (partially dissociated NH's) which were
usually the last 0,3 ml were dissolved in 0,01 M tris pH 7.3, Both the
supernatant and the pellet were dialyzed against 3 changes of 0,01 M
tris pH 7,3 for 12 hours to remove NaCl and sucrose.

NH in 0,3 F and 0,4 F NaCl produced white precipitates which

were centrifuged off in a clinical centrifuge for 5 minutes., The NH
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left in solution was then centrifuged in the SW 39 rotor for 24 hours
at 39,000 rpm, The resulting supernatant, dissociated protein, was
separated from the pellet as above and the pellet combined with that
from the earlier centrifugation, It will be shown below that the 2

pellets are of identical composition,

SEPARATTO) {1 ; STONE_PROTEINS FROM NH

Histone and nonhistone proteins were separated for analysis
according to their solubilities in acid and alkali. To extract
histones (10), one volume of 1 M HZSO4 was added to 4 volumes of NH
solution and after 30 minutes the residue was centrifuged off at
12,000 rpm for 30 minutes in a Servall centrifuge, Histones in the
supernatant were precipitated by adding 4 volumes of cold 100% alcohol,
Precipitation was complete after 24 hours at -13°C, The precipitate
was washed with ethanol and collected by centrifugation at 12,000 rpm
for 30 minutes,

Nonhistone protein is defined as acid insoluble protein which
is subsequently soluble in 1,0 N NaOH, The acid insoluble residue was
dissolved in 1 N NaCH overnight at room temperature. The supernatant
of this 1 N NaOH extract after centrifugation for 30 minutes at 12,000

1pm was used for nonhistone protein determination by the Lowry procedure,

N OF I
_ Optical absorption of DNA at 260 mu on a Hitachi Perkin-Elmer
U,V, spectrophotomer was employed, The absorption spectrum (360 mu-
210 mu) of INA exibits a peak at 260 mu, while that of associated protein

is featureless (ascending rapidly below 240 mu) in the same region,
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Absorb nce of NH at 260 mu is a measure of INA quantity since absorbence
of protein in NH is only 2-3% that of DNA at this wavelength, One
mg of commercial Sigma NaDNA (calf thymus) in 0,01 M tris pH 7.3 in
one ml gives A260mu=21 by phosphorus analysis (11}.

A26omy Of NH

3
17.6 x 10

ug DNA=

DETERMINATION OF PROTEIN IN NH

Absorbence of protein at 230 mu was used for estimating the
protein content of partially dissociated NH's, The NH solutions were
diluted to about A, o =5 and centrifuged at 35,000 rpm for 15 minutes
in a SW 39 rotor to remove any scattering particles, After appropriate
dilution, the absorbences at 230mu, 260mu, 320mu were recorded (1 cm
1ight path), The absorbence at 320 mu which is a measure of the
sample scatter was usually one hundredth of that at 260 mu, The
relation of absorbence to weight of histone was determined in the
following way:

Samples of acid and of 4 F NaCl extracted histone were subjected
to detemmination of total Nitrogen content by a standard Nessler procedure
(I thank Dr. Justine Garvey for her counsel). Since the amino acid com-
position of thymus histone is known (2) the weight of histone in the
sample can be computed from its Nitrogen content, 100 ug/ml of acid or
4 F NaCl extracted histone solution has an absorbence of 0,425+0,002

at 230 mu,
NH DNA in MH
A - A
ug protein= 43 2300

A230mu of 1 ug protein




A NH
NH 260mu
= M3om J -
0.425x 10~¢
A, DNA :
( " 260mu = 2,4 for Sigma calf thymus NalNA)
A DNA,
230mu

The procedure of Lowry et, al, (13) was also used for histone
and nonhistone protein determination, 4 F NaCl extracted protein in 1 N
NaOH was employed to obtain the standard curve. Presence of INA in the

reaction mixture does not interfere with the color development,

POLYACRYLAMIDE GEL ELECTROPHORESIS

In preparation for gel electrophoresis, undissociated histones
were acid extracted, alcohol precipitated and redissolved in 10 M urea,
Dissociated histones were isolated by first dialyzing the histone solu-
tion exhaustively against 1 F acetic acid to remove the NaCl, then lyoph-
ilizing and finally redissolving in 10 M urea. The urea solutions were
clectrophoresed in polyacrylamide gel (10) and the resulting histone
bands dyed and fixed with amidoschwarz,

' The bands were identified by comparison with the gel electro-
phoresis patterns of acid extracted, Amberlite colum separated histone
fractions (10), (Fig II)

Gels were scanned using a Canalco Model E., Microdensitometer,

The different histone bands have similar binding constants for amid-
oschwarz (14), so comparison of areas under the peaks gives a qualitative

estimation of relative histone amount in the band, (Fig III and IV)



T1I, RESULTS AND DISCUSSION:
COMPOSITION OF NH:

Calf thymus NH, isolated as above, contains virtually no RNA,
less than 1% as much as TNA (15), and consists princinally of INA,
histone and nonhistone proteins., The possibility that there is a third
protein component which is neither acid nor alkali extractable is ruled
out by the fact that ug histone/ug INA plus ug nonhistone/ug INA (first
number of 7th column in Table II) is very close to ug protein/ug TNA (first
number of 5th columm in Table I) estimated by A230 m which is a measure
of total protein content,

Protein to INA ratio of NH varies from 1,52 to 1,71 (Table I) with
the present two preparations., This is due to variation in the content
of nonhistone protein, Histone to DNA ratio of 1,2 is quite constant;
the ratio however drops as the NH ages,

Histones can be divided into 3 main classes I, II and III+IV,
according to their order of elution from the standard Amberlite column
(10), The first main component eluted is the lysine rich histone I of
lys./arg. ratic) 9. Following this is the relatively argine rich histone
II, lys./arg, ratio= 2., The last fraction is the argine rich histones
IT1+1V, lys,/arg, ratio( 1, (Because of the lack of resolution of
histone IIT and IV fractions on the Amberlite colum and their similar
amino acid composition, they are classified as one component-histone IIT+IV,)

It is not yet known whether nonhistone protein is heterogeneous;
The fact that it is dissociated from DNA over a wide range of salt con-

centration would seem to indicate great heterogeneity,
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TABLE I

Protein content of NH hy A2=omy and Ajeom,

Partially Deprotein- % of prot,
ized NH's from various ug prot,/ug remained on
F, of NaCl 260/230 DNA DNA
(1) (2) ey (2) ¢y (2)
0 (whole NH) 1,43 1,35 1,52 1,71 100% 100%
0.6 1.61 1,61 1.09 1.08 72% 64%
0,8 1,66 1,66 0,92 0,93 60% 54%
0,9 1,68 1,73 0,88 0,79 59% 46%
1.0 1,8 0,69 45%
1,2 1,81 1,87 0.68 0.58 45% 34%
1.6 1.92 2,07 0,53 0.32 35% 19%
2 1.99 2,09 0.43 0,31 28% 18%
4 2,1 2,15 0.3 0,24 19% 14%
Footnote:

i) (1) and (2) are different preparations of NH,

ii) The difference of ug/ug DNA between (1) and (2) for partially
deproteinized NH's is due to preparation technique, After centri-
fugation to separate the partially deproteinized MH from dissociated
histones, the pellets from 0,9 F to 4 F NaCl are not well defined as
NH, 0,6 F or 0,8 F NaCl nellets, so it is very easy to contaminate these
pellets with supernatant histones, Preparation (1) gave higher recovery
but poorerquality of NH's in the pellets, Preparation (2) gave lower
yield but cleaner samples, Later discussions will be referred to

preparation (2) only,



*fBoTouyds), 3O SINITISU BTUIOFITER) *wey) JO °*ALQ SISOyl ‘(°yd 911-d ‘erealfy oxswopiey (IT
‘opeuw 9q ued sSpoyjsul

om3 oyl jo uostTxedwod e os ‘I orqel ur (z) se uorjeredoxd sues Syl woLy aXe S,HN TBIHEd (T

10

: 920U300

301 81°0 1% LT*0 %0 %0 10°0 v

511 9810 s5¢ $T*0 56 550 90°0 Z
%3¢ 120 %8¢ 1Z2*0 $0T % T120°0 9'1
597 871*0 sb b2*0 581 59T 881°C 1
S5 9L*0 SLY 92*0 Lo STv §*0 60
565 £6°0 s7p £2*0 509 519 pL*0 8*0
329 60°T SLp 92*0 50L 569 £8°0 9*0
50T 9L°T 500T $5%0 5001 't HN

VNO UO (VNO 1/8TY-N I paurewst vNd  (T1) spueq  Aamo Aq VNO SN
poutewsr  + YN[ X/STY a)  °STY-N JO§  -I/STY-N X 193 4q ~1/STY 1  TeT3Ied

joxd g VNJ 1/301d X1 PoUIRWUSI SUOISTIY JO §

SRANTED0Ed AIMOT A9 S HN J0 NIHLOUd GNOLSIHNON CNV ANOISIH d0 SINAINCD

I1 H7dviL



11
EXTENT OF DISSOCIATION OF HISTONE AND NONHISTONE WITH VARYING
SALT CONCENTRATION
Extent of protein dissociation can be evaluated by A230mu (last
colum in Table I) and the procedure of Lowry et, al, (last colum in
Table I1). The two methods of estimating protein content agree well

between 0,6 F and 1,0 F NaCl, Above 1,0 F, A method gives some-

230mu
what higher values (4-10%). This is probably due to the imperfect yield
of histone and nonhistone extraction for the Lowry determination, Since
over 60% of associated protein has already been removed at 1 F NaCl, the
quantity of protein which remains for study is 50 to 100 ug and a small
loss of material thus becomes more significant in this salt range, The
A230mu determination of total protein is preferable because it does not
involve any additional experimental manipulation, But this method does
not differentiate histone protein from nonhistone protein,

The extent of histone dissociation can be estimated by the rela-
tive densities of histone bands in polyacrylamide gels as well as by the
Lowry procedure (3rd and 4th colums of Table II}, The methods agree
satisfactorily except for 1.6 F and 2 F NaCl extractions, In these
cases the band patterns in the gels of dissociated histones look very
much like those of whole histone and the method is not sensitive
enough to pick up any differences,

From 0 to 0.6 F NaCl, about two thirds of the dissociated protein
(40%) is histone, and the rest nonhistone protein, From 0,6 F to 1,6 F
NaCl, more than 90% of the dissociated protein (40% of the total protein)
belongs to the histone class, There is very little nonhistone dissocia-

tion in this range of salt concentrations, At salt concentrations
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higher than 1.6 F, nractically no protein (3%) is dissociated because
98% of the histone has been dissociated and most of the remaining
nonhistone stays with DNA even after 4 F NaCl treatment (2nd, 5th, and
8th columns in Table II),

Histone dissociation is gradual with increasing salt concentration.
(Fig I) Between O and 0.6 F NaCl, 30% of total histone is dissociated,
Gel electrophoresis shows that only histoneI(and all of it) is removed
in this range of salt concentrations, The slope of the dissociation
curve (Fig, I) is the sharpest between 0,8 to 0,9 F NaCl, By 2 F NaCl
over 99% of histone is dissociated,

More than 50% of the nonhistone protein is dissociated by 0.6 F
NaCl. The proportion of nonhistone protein is almost the same for 0.6
and 4 F NaCl extracted NH's, At salt concentrations higher than 1,2 F,
in which most of the histdnes are dissociated, nonhistone becomes the

major type of INA-associated protein (Fig, I),

IDNETIFICATION OF DISSOCIATED HISTCNES BY GEL ELECTROPHORESIS

Detailed study of the gels (16) and their densitometer trac-
ings (Figs III and IV)shows that Histone I is dissociated mainly
between 0,4-0,5 F NaCl, and is completely removed by 0,6 F NaCl (Fig
I11d). Histone II dissociation begins at 0,8 F NaCl (Fig IIIi, e; Fig
IVb), Up to 1,6 F NaCl there are still traces of undissociated Histone
IT (Fig IVf), Histone III+IV starts to dissociate at 0,9 F (Fig 1Vb,c).
At 1.6 F NaCl in which over 95% of histones have already dissociated
(Table I1), Histone III+IV becomes the major type of associated histone
(Fig IVf). There are no gel electrophoretically-detectable histones

in the 4 F NaCl extracted NH in agreement with the Lowry determination
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results, (Table II),

It is possible to argue (5) that histone III+IV might be
dissociated at lower salt concentrations than is histone I, but that
because of its tendency to aggregate (17), is sedimented together with
partially dissociated NH and thus appears to be still associated with the
 pellet, To settle this question, free boundary electrophoresis (18) as
well as sedimentation was used to separate any dissociated histones from
partially dissociated NH, This method utilizes the differences in charge
density of different molecular species, Since it is positively charged
in the medium used (0.5 F NaCl, 0,05 M tris pH 7,5) dissociated histone
remains at the origin in the electrophoresis apparatus, while partially
dissociated NH migrates (with a certain mobility) toward the cathode,
Thus if histone III+1V was dissociated at lower salt concentrations than
histone I, histone III+IV as well as histone T should be missing from the
partially dissociated NH after its purification by electrophoresis in 0,5
F NaCl. The gel electrophoresis histone patterns of the free boundary
electrophoretically purified NH and of that prepared only by centrifuga-
tion were identical--histone II and III+IV were present but histone 1 was
missing. The above experiment demonstrates conclusively that histone ITI+IV
is not dissociated at lower salt concentrations than histone I, The
reported order of histone dissociation is thus established beyond doubt,

That histone I possesses higher charge density than histone II
and IIT+IV is evident from: i) the amino acid composition of the histones
(the number of basic amino acid residues minus the number of acidic
amino acid residues is an indication of charge density of the his-

tone) (19), ii) the lower electrophoretic mobility of reconstituted



21
NHI (prepared by artificial reconstitution of histone I with INA, in
which part of TNA charges are neutralized by those of the histone
I molecules) as compared to the mobility of NHII or NHIII+IV of the
same histone coverage (same weight ratio of histone to INA) (20),
Hence, so far as electrostatic interaction is concerned, histone I should
be more firmly bound to DNA than the other histones and electrostatic
interaction alone does not explain why histone I-is dissociated at
an ionic strength lower than that required to dissociate histone II and
histone I17+IV, It is probable that forces other than electrostatic one
exist between the relatively arginine rich histone II, the arginine
rich histone II1+IV and TNA, which strengthens their binding to TNA; or
that the lysine and proline rich histone I has such a conformation that
a close binding of histone T to INA is unfavorable, The fact that
sodium desoxycholate at concentrations lower than 0,1F preferably
dissociates histone II and III+Iv from NH (21) suggests that nonelectro-
static force plays a role in the binding of histone II and histone JII+
IV to INA, Optical rotatory dispersion study on histones in the following
chapter, however, lends evidence to the second possibility. It thus
seems that the combination of the unfavorable conformation and the
lack of interaction other than electrostatic force between histone I and
INA causes histone I to be the first histone dissociated,

SOLUBILITY OF NH IN NACL SOLUTIONS

| NH is soluble in 0,01 M tris PH 7.3, When the ionic strength of
the solvent is increased the solubility of NiI decreases, At 0,3 F and
0,4 F NaCl, over 80% of NH is precipitated out of the solution, The
precipitated NH (collected by centrifugation for 5 minutes in the clinical

centrifuge approx, 1000 xg) and the soluble NH (collected subsequently
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from the supernatant of 1000 xg centrifugation bhy centrifugation at 39,000
PM (8ppToX, 130,000 xg) for 24 hours; the resulting supernatant being the
dissociated protein solution,) exhibit similar protein contents, both
about 10% less than the original NH, That some kind of histone is disso-
ciated at this salt concentration is evident from the presence in the
dissociated protein of a gel electrophoreses band of mobility similar to
that of histone I, (Fig, IIT1f) Above 0.4 T NaCl the NH becomes soluble again,
This enhanced solubility with increasing ionic strength parallels the
dissociation of histone I, In 0,6 F NaCl, histone I is completely disso-
ciated, and NH is completely soluble, That this increased solubility is
indeed due to removal of histone I rather than to some other effect of
0.6 F NaCl on NH was confirmed by the solubility in 0,3 F NaCl of 0,6 F
NaCl extracted NH (19}, There is also the possibility that the removal
of nonhistone protein may cause the increased solubility, However, the
above possibility is not discussed in this section because we do not
know enough about the properties of nonhistone protein to evaluate this
suggestion critically, |

- There are two possible ways to explain the insolubility of NH
at 0,3 F NaCl and its complete solubility at 0.6 F NaCl, if we assume that

the removal of histone I is the important effect,

Histone I is known to have a peculiar ability, not possessed by
other histones to bind DNA reversibly, Thus, DNA and NHI (an artificial

IDNA histone I complex) when eiectrophoresed together, give, instead of

Separate TNA and NHI bands, only a single band with a mobility inter-
mediate between those of DNA and NHI (22), In 0,3 F NaCl, while some

histone I is dissociated (Fig, IIIf), exposing regions of free INA, some
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histone T is still associated, At this stage of histone I dissociation,
in which histone I is busy shifting from molecule to molecule, linking
stretches of exposed INA, there is a possibility that extensive cross
linking by histone I may énsue, resulting in the precipitation of NH,
At 0,6 F NaCl, when the cross linking histone 1 is removed completely,
NH becomes soluble again,

Alternatively, the insolubility of NH at 0,3 F NaCl may be due
to an enhanced attraction and decreased repulsion between the individual
NH molecules, when the ionic strength of the solvent is increased from
0.01 to 0.3 (salting out). The solubility of NH in 0.6 F NaCl may result
from the increased electric repulsion hetween the partially dissociated
NH molecules due to their increased charge density as a result of complete
dissociation of the postively charged histone I.

Both of the above alternatives have some experimental support
but neither has sufficient to exclude the possibility of the other, In
order to establish the true mechanism more experiments are apparantly

needed,
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Chapter 2
OPTICAL ROTATORY DISPERSION STUDY OF HISTONES
I, INTRODUCTION:

Histones can be separated by column chromatography and gel
electrophoresis into a number of components (6 or 7), These are small
molecules of molecular weight below 50,000 and are relatively homo-
geneous as indicated by end group analysis (1) (2)., The free and
fractionated histones can be artifictally put back onto INA without
influencing much the INA structure, Thus, with a proper method of
investigation, we can study the structures not only of free histones but
also of INA-bound histones,

Optical rotatory dispersion (ORD) is a powerful tool for
examining the conformation of proteins or polypeptides in solution,
Recent improvements in the spectropolarimeter have enabled the Cotton
effects of proteins to be accurately recorded, These contain informa-
tion of a more subtle wariety than ORD spectra in the visible region.
Proteins or polypeptides possessing different conformations exibit
different Cotton effects (3) (4) (5), It is therefore possible to study
the structure of a protein with unknown conformation by comparing its
ORD spectrum in the Cotton effect region with ORD spectra of protein or
polypeptides whose conformations are known from other methods of
investigation,

The present chapter is devoted to an application of the technique
of ORD to the study of histones, The structure of histones and alter-

ations in their conformation when complexed with INA will be discussed,
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It is to be emphasized that in this chapter we compare the ORD
of free histones at two different salt concentrations and of histones
in reconstituted NH (not in native NH), The ORD of the histone component .
is calculated from the observed ORD of the reconstituted NH by subtract-
ing the ORD of the same amount of native DNA, Thus, the interpretation
involves the assumption that the conformation of the INA and its ORD
is unchanged by association with histone in reconstituted NH, Some
justification for this assumption will be presented later,

It should also be mentioned at this point that, in the next
chapter, we shall present evidence to support the view that the conforma-
tion and ORD of the INA in native NH is different from that of free DNA

or of the INA in reconstituted NH,



27

I1I. MATERTALS AND METHODS:
ISOLATION OF HISTONES

i) Acid extraction:(1) Purified chromatin (see previous
chapter for its preparation) was stirred on ice and one-fourth volume
of cold 1 N H,S0, slowly added, After 30 minutes of stirring, the sus-
pension was centrifuged at 17,000 xg for 20 minutes, The histone sulfate
was precipitated from the supernatant by adding 4 volumes of cold absolute
ethanol, washed and collected by centrifugation, The precipitate was
dissolved in the desired solvent and used for ORD measurement,

ORD spectra were also measured on the acid extracted, subsequently
Amberlite column fractionated histones, To fractionate the histones into
their components (1), histone sulfate was dissolved in 8% guanidinium
chloride, applied to an Amberlite Gc-50 colum and eluted with a linear
gradient of buffered 8% to 13% guanidinium chloride, followed by 40%
guanidinium chloride. The first main component éluted is the histone I,
followed by histone II, and finally histone III+IV, The different frac-
tions of histones were dialyzed against cold 0.1 M acetic acid to remove
guanidinium chléride and.lyophiiized4 Histone solutions for ORD
measurement were freshly prepared before usage.

The author thanks Mr, Douglas Fambrough for the acid extracted,
Amberlite colum franctionated histones used for this study,

ii) Salt extraction: The procedures of selective dissociation
of histones described in the previous chapter can be applied to the salt
extraction of histone on a preparative scale, Nucleohistone was
dissolved in the required sakt concentration and the dissociated protein

freed from residual NH by centrifugation at 39,000 rpm in an SW 39 rotor,
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The dissociated protein was dialyzed with three changes of 10x volumes

of 0,01 F tris pH 7.3,

PREPARATTON OF RECONSTITUTED NH:

The procedure is essentially the reverse of the dissociation of
NH with NaCl, Soluble DNAfhistone complex (reconstituted NH) can he
prepared by mixing DNA and histone in a solution of high salt con-
centration and then gradually dialyzing to lower the salt concentra-
tion, Commercial Sigma calf thymus NaDNA and acid extracted, colum
fractionated calf thymus histones were used, For complex formation,
equal volumes of solutions of INA (200 ug/ml) and of the desired
histone (100 ug/ml) were mixed in 2 F NaCl, The mixture was next
dialyzed successively, for 4 hours each, against 25 volumes of 0.4 F,
0,3 F, and 0,15 F NaCl; and finally for 10 hours against 3 changes of
0,01 F tris PH 7,3, Any precipitate was centrifuged off at 10,000 rpm
for 30 minutes to yield reconstituted NH in the supernatant. The
final histone to INA ratio of the reconstituted NH is usually 10-20%
higher than the input histone to INA ratio, It is very difficult to
reconstitute the INA-histone ITI+IV complex with a high histone to DNA
ratio.because of the tendency of histone TII+IV to aggregate in moderate
concentrations, DBut it is possible to prepare histone III>+IV—DNA com-
plex under the present experimental condition of low histone to INA

ratio and low histone III+IV concentration,

ABSORPTION CONSTANTS OF FREE INA AND DNA COMPLEXED TO HISTONES:

Absorption constant is here defined as the ratio of Aygpm, to

As00mu? where A260mu is the absorption at 260 mu of DNA and Agyy, is @
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measure by diphenylamine reaction of the INA quantity, It is well known
that the optical absorption of INA at 260 mu is conformation dependent,
Thus, any difference in magnitude of absorption constant at 260 mu of
INA complexed to histone and that of free INA indicates conformational
change in the DNA induced by the presence of histones, (The contribu-
tion of histone to A

~260mu
Determination of INA quantity was by the modified diphenylamine

is less than 1%)

reaction of Burton (6). The material under examination (INA and recon-
stituted NH) was first hydrolyzed in 0,5 M HC10, at 70°C for 15 minutes,
Triplicate samples of 0,2 ml of the hydrolysate were mixed with 0,4 ml of
Burton's modified diphenylamine reagent. The mixture was incubated at 37°C
for 18 hours, The optical absorbance at 600 mu of the mixture was
measured on a Hitachi Perkin-Elmer U,V. spectrophotometer, Control
experiments have shown that the presence of histones in the reaction
mixture does not interfere with the final color development, The U,V,
absorption at 260 mu of DNA and the reconstituted complex was recorded
using the same spectrophotometer,

SPECTROPOLARTMETRY :

ORD measurements were made with a Jasco ORD recorder calibrated
against camphor sulfonic acid, A high concentration of histones is
required to obtain rotation in the visible region, However histone solu-
tions at such concentration tend to aggregate and yield turbid solutions,
Below 210 mu, the noise level of the instrument is high, Therefore,
rotations were recorded with dilute histone solutions (50-75 ug/ml),
and only in the region 300 mu to 210 mu which is the cotton effect
region of proteins, All measurements were made at 30°C-31°C, in an

atmosphere of nitrogen, with a scale setting of - +50 m°, in a metal
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cell (1 cm light path) with removable quartz windows. The cell assembly
was not dismantled during the change of solution or solvent, Before load-
ing the sample solution, the cell compartment was rinsed with the sample
solution, Unless otherwise stated, the solvent used is 0,01 F tris pH
7.3+ The base line was obtained with the solvent proceeding each ORD
measurement,

The data are rep