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: ' ABSTRACT
R ' " JOHN M. SAMBORSKY .
P ' A STUDY OF HISTONE KINASE ACTIVITY AND HISTONE

»

PHOSPHORYLATION IN PINUS PINEA COTYLEDONS

FOLLOWING X-IRRADIATION
A cyclic-AMP-independant histon'e kinase was partiailf

purified from developing cotyledons of Pinus pinea. .Puri-

fication on DEAE-Sephadex A-50 yielded one major and one  *

‘ -
minor enzymatically activg fractiong (35’—f01d purification).

The enzyme Wwas magnesium-;depiandant and optiﬁxal enzyn';e‘
activity occwred at JH 7.8 in 5 M Tris-HCL butfer. Both
i:odoacetate, and p-'chloromercurii)enzoate inhibited-\‘ehzym_e
9cti\{ity' and tims suggested the presence of essential 7 .
-sulphy.dr\yl group(s). 2-Mercaptoethanol reversed p—chlo‘::'o-,
merc&ibenzoate inhibitjiom. Km for P. pinea histone was

1

' (AN
41.0 pg/ml protein an{ V

nax Was 0.243 pMol 32 transferred/.

\ , minute. The order of substrate specificity was: P. pinea
. . I

"‘histone > calf thymus histone > protamine > casein.

¢

\

‘ ‘Histone isolated 'fr‘om day-14 nuclei §ho§ved nine
‘major peaks after gel electrophoresis and were tentatively
identifi-ed' as: very '1ysine-ri\cll F1 (X, 1, 2, 3 and 4), ’
r , ar'g'inine-rich F3 (5), arginine-rich F2a2 and F2b (6 and 7

respectively) and moderately arginine-rich F2al (8). .
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. in 68% loss of enzyme activity whereas in vlltro irradiation

_activity. This data suggebts.the possibility of direct .

o~
J

X-Irr_adiation induced no eiggtrophoretic; .change
in any particulair histone class except for the very lysine-
rich fraction .X. _I_n_-\_r_’i_v;’)_, low-level ;(-irradiation did not
alter the UVkabsorption profi‘ies of chromatin isolateci
from day-14 cotyledons, but the thermal dénatu;:'ation
profiles si-rowed complete transition from the unirradiated

"two-step' profile to a-"one-step' profile. Cotyledons

irradiated with 1.0 krad exhibited selective inhibition

o

‘ of 32p (inorganic) uptake in the arginiffe-—_rich, fractions.

Irradiation of day-13 cotyledons with 3.0 krads resulted

of isolated enzyme resulted in as much as 217% loss of 5

t o

radiation-induced damage to the ‘enzyme. Irradiation of .

day-13 cotyledoné ‘with 3.0 krads yielded a histone isolated
from nuclei with 427 loss of substrate specificity as

compared with the controls. ;L_r_l_\g_t;_r_g irradiation of isolated
s;1bstrate, however , showed no such alteration in the abiliqtl:y° .
of P. Lirﬁua_ histone to serve as substrate as compared with
controi values. Irradiation of day-13 seedlings wi;:h 0.5

and 1.0 krad resulted in mitotic arrest within six hOurs,
however, both gréups returned to near-norma;l control values

within 22 hours. " | | .
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i - INTRODUCTION

-

There is an extensive literature on the subject of

, , . .
histones as gene repressors. For more than twenty-five years,

research has been based on the original proposals by Stedman
and Stedman which suggested that histones exhibit tissue-
specificity gpd in some way modulate or regulate tissue-

specific transc:iption137-

As a result of these sﬁudies:
much s known about the chemistry, structure and metabolism
related to histone and nucleohistone. Histones comprise é’
rather u;ique class of small, basic proteinsjs. It is
generally accepted that histone uay be found assoclated
’;;th the DNA of all eukaryotes with the possible exception

of the EUngL84, To date, only a few histone types have been

isolated and identified on the basis of their unique columm,

or electrophoretic mobilities. They are claésed into four
major categories according to their lysine/arginine
"composition ratios.” Table 1 illustrates this classification
‘for the fﬁur histone classes in calf thyﬁué.v :

\ & -

Direct experimental evidence for possible in vivo

]
function 6f a histone-DNA assoéiation was examined by

comparing template activities of whole purified chromatin

and aeprbteinized'or purified DNA98’16. The'pesult of these

findings, which indicated 1ower&§ RNA synthetic rates in whole

. ]

b
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Table 1 Physico-chemical characteristics
' 4 of calf thymus histore. ‘
» }s j '.:,?
: ) \\ N
Class lys/arg ratio ,mol. wt.  no. subfractions .
1 (F1) 22 - 21,000 3-8
(F2a2) . 15,000 ‘
I (F2b) . . %.5 '+ ' 13,770 2-3
III (F3) 0.8 - 14,900 1
.
Iv (F4) 0.7 11,300 1 !
§ : : (after Elgin et al, 1971)39" ’
chromatin, prompted g}ther of two explanatidns. Either an

overall lowered rate of RNA transcription was occhrring or

only a .specified poration of the DNA in chromatin was available

for transcription: Direct evidence is available w"“h‘ich indeed

suggests this latter pOSSiB:/'Llitylﬂ »99, ‘;xﬁ‘erimei:té were also

devised to confirm that the mechanisms respo,nsible‘ for

template restriction which operated, in vitro wer

A

e the same

as those operating in vivolll. By using a cell-free RNA

’ ' » . . -
synthesizing system, deproteinized chromatin showed greater

iates of hybridization with RNA transcribed in vivo than

did RNA transcribed from whole chromatin. The data further ..

¢

signified that in vitro synthesized RNAwas si;milai' to the

natural RNA produced in vivo. The significance of these

2]

s b vt T WGt g oo bers

o m——
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reSults helps to suggest further the functAal involvement

3
of histone in vivo and to establish that its in vitro !
funttion is not merely artifactual. T

by

K ¢

» The functional involveﬁenteof histonés does not enﬁ
with the inhibition of template activity. -At about the Same
time the templafe inhibition studies were in;;iated,
evidence was given for a possible role for histones in

L regulating DNA synthesis'®. Table 2 presents data which
shows the effecfs'of histones, either whole or fractionated,
on a DNA-synthesizing prepération. The results assigned
some specif}c;ty of action to some histone fractions #
(i.e.,iysine-rich F1 and arginine-rich E3 fractions). A
mechanism for the inhibition of DNA synthesis involves  the

aggregation and precipitation of DNA as DNP (deoxynucleo-

protein) by the assotiatjon of histone to DNA.

™ |
Table 2 The effects of histones on an in vitro
. DNA-synthesizing system.
histone Calf th&mus histoné‘fraééions added ‘
(ug) none Fl F2a F2b  F3
0 0.900% - - - -
1 y- 0.685 0.785  0.830 -0.819 -
.10 - 0.391 0.074 0.592 0.006
T - 0.010 0.043  0.007 0.032
* mMol. micleotide (after Billim and Hnilica, 1964.)1

incorporated/10 minutes

A Y
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Much attention has been given in recent year\svt‘o the
study of histom;. ‘modification by means of ajetylation,' |
methylation and phOSphorylgtion. These modifica‘tions may
be involved in conferring tissue-specificity or gene-
‘specificity to histone iﬁhibition. It does not seem at |
this time that this is the sole factor contributing to
histone specificity. It is felt that post-synthetic histone
modificatiod may play a considerable role in the regulation
of DNA and RNA synthetic activity during: defined periods of

. replication and geng activationlzz. ~

{
There is strong evidence that the 'enzymati_.c phos-

phorylation of histone exerts at least one level-of
-+ transcriptional contro18l. This is supported by existing
information which states that a cyclic-AMP-dependant histone
kin"ase does exist and is widely distributed. The fact that
protein kinase is modulated by c-AMP implies possible
hormonal involvement. Work by TA-\ Langan clearly suggests
that the enzymatic phosphorylation of histone reduces the
;templal\\restriction exer ted b}; histone and allows for the
induction of RNA transcriptiongl. The activity of protein
kin/ase is determined by c-AMP levels. Direct evidence
which favors a c.AMP-dependant histone kinase is shown in

-

Table 3.
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Table 3  Stimulation of histone phosphorylation by c-AMP.
_
32p transferred (nMol) stimilation

substrate ~ 4 c.AMP control (% comtrol)
histone F1 , 124 23 . 530
histone F2b 364 92 . 400
prgkamine | 62 ’ 57 'y’ 111
" none 5 8 -~-

. \
(afEér Langan, 1962. 81

k)

v

- Because the involvement of c-AMP in promoting the
‘/Qction of histone kinaée was so direct, the poséibility of‘
';/ hormonal induction was examined. The study indicated that

possible Qctivation‘of an adenyl Cyc1§sg.may‘occur via .

hormonal induction. An active gdenyl cyclase méy in turn

activate a specific histone kinase. This would then act in .

therpresence of ATP to phosphorylate DNA-~bound histone.

The negatively charged phosphate groups will bind with the

positively chafgé; regioﬁs of histone. This histone;DNA.

complex would subsequently dissociate or be altered in some

t

, way so as to allow transcription or replication.
1

In recent years, another .aspect of -histone metabolism

has been studied focusihg on the action of radiation on

7

— e o

T e e b e ——




{tudied topic.concerning these effects have been the

PR T S S vy o &
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. . A

ch;pmatin and in particular histone irradiation and .

~ growth inhibition. For many decades, it has been known

that ionizing radiations (i.e., soft or hard X-irradiationms,
Y-irradiations, g-irradiations) may induce profound bio-
logical effects on living tissues. 'The most intensely

)

effects that ionizing radiations have on nucleicacids in

which structural change and impairment of nuclear function
occur, This impairment may manifest itself as mutationms,

chromosomal aberrations apd/or cell death.

Intgnse studies on the nature of radiation injury
have long since dlsclosed that DNA is the primary target
molecule of the cell. 1In general, Xflrradiation results
in strand breaﬁfges of the DNA super-helix or depoly-
merization and disruption of hydrogen bondingSB. Such
démage is cauged_primarily by two distinct methods, that is,
either by a "direct hit" by the X-ray ﬁhotoq or g-particle
or by radical formation in the cell water (i.e., peroxide
formation). In an in vivo situation, the latter is probably .
fhe predominate mode of dam;ge. Damage to proteins by
either the direct or®indirect mechanism may alter a

, .

rotein's physico-chemical properties and thus alter its
P phy P

functional capacity as an enzyme. At high radiation doses, .

A
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denaturation readily occurs and is primarily due to the
disruption of secondary bp{c{\s‘f (i.e’., hydrogen or disulphide

bonds)3. :

~ R © v ) A

'Becausve of these secondary effects, the i)hysiological

A

effects of radiation damage are usually not immediately
displayed in the organism as a whole. Structural alterations
‘'of DNA and template will eventually lead to altered or

‘ , . , /
diminished pools of mRNA which result in decreased enzyme -

and protein produc{tion. Howe\'rer, for a\ more or less defiﬁed
lag period, a certain amount of oRNA translation will occur
'utilizinglthg en’dogenous supply of pre-irradiated mRNA.

Cell division and DMA synthesis also come to a halt, but

again, physiological and morphological mani,festations are

.not immediateiy apparent.

IS

_In spite of this, several important biochemical P

iochemical damage. These

chromicity due to thermal de aturatianO.

!



" correlation between histone alteration and DNA dig?ly— 7

- 8
viscosity measurements of the irradiated nucleohistone and

DNA indicate that nucleohiﬁtone is more radiosénsitivel4. ¢

. / . , . ’ »

However , nucleoproteins do provide protection to DNA base .
N \ .

alteration0, 1In one stuéy, in vivo, X-irradiation of .

»’

rat thymus nuclei resulted in, 207 loss of both DNA and

4 X 1 ‘e [ [ 3
histone. Gel electrophoresis of the isolated histones

revealed marked changes invthéir'electrophoretic patternss.

¢ -

0 ’ ] .
Qne may conclude from these studies that there is an obvious

merization as a result of the radiation-injury processes.

. It is well known that the DNA replicative processes

Is . i 5
in eukaryotic organisms is a segment in a series of
. t - .

chranoloéical events occurring in the cell cyc1e5’141;96’140‘104.

In ggneral, for mammalian cells, DNA synthesis (s) foll&ws :

the pe;iod,of time necessary for the preparation for DNA -
synEPesis (G1) and precedes a premitotic growth stage

(G2) which is a period of preparation for mitotic division
(M). There is a profound ‘inhibitory egfect by ionizing
radiations on the progress of cells through division and on
Fh%; rates.of divigién and nucleic acid and p’rotein syn-
thesis and promotes chromosomal aberrations108,100,28,11,32

This delay in DNA synthesis is variable and depends on ;

3 »
X-ray dose and is tissue-specific and as well, irradiation-

-



induced mipotic block may be revefsib1e93. It is known .

that radiosensitivity of the cell may differ at various

phases of the cell cycle, although this may differ

markedly from tigsue to.tissue and species to specieén

Dat;-by Mak and Ti1196 clearly showed that there is
" increased radiosensitivity in the S-pﬁase and nearly all i
cellshtestéd and irradiéted in the S-pﬁase showed Titotic
block. However, cells irradiated in the Gl;phase willy
' initiate DNA synthesis with only a' delay of.the onset of
DNA synthesis. Delay of DNA syntﬁésis is charactgri;ed by

a reversible block which occurs in Gy as irradiated cells '

\  moVe from DNA synthesis (S) and G193. This G2 mitotic

block is of variable duration and depends' on the time of -

' -
\ irradiation in the cell cycle. For example, cells irradiated

\@n G1 show lesser delay than cells irradiated in G248’140’-

S ‘ o
B

*

In Pinus pinea, each of the twelve cotyledons in the

‘ dry \seed consists entirely of.G1 cells with a 2C DNA cortent23,
Each cell possesses.a 1afge nucleus of 10-25 pm and even
moderate i-ray &qseq af less than 15 kR will induce

ﬂ raéi?tgﬁf-damage symptoms. Roy-gg 21}21 showed that 15 kR

exposure\caused up to 25% DNA synthesis reductior, mitotic

\
delay, cﬁ*omosomal aberration and decreased cotyledon length.

4

(
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There were decreased levels of 3H-uridineint6 RNA and l4c-1eucine

into protein after 14 days of germination. lAC-thymidiqe

Vb

incorporation into DNA and 3H-lysine incorporation into
protein was significéntly reduced on days 9-11 even.though
this was the period oleaximal DNA synthesis. Such over-
all evi&ence‘atteﬁpts to provide a greater understanding of
the mechanism(s) involved in the inhibition of DNA synthe-

sis.. One such mechanism may involve the unimpaired syn-

. thesis.and metabolism of the lysine—ricﬁ histones and is

’

4
viewed as a prerequisite step for DNA synthesis and cell

repgiéation. The inhibition of histonehsynthesls“may be

" closely related to radiation-induced mitotic blockaf 123’150.

‘Until early 1975, there existed little published infor-
mation concerning the characterization of histone and nucléo-

chistone obtained from gymnosperm sourcés. A single report
on Cycad, a primitive gymnosperm, was availablezz. It was
empﬁasized that there was striking similarity between the
amino acid compésition and electrophoretic mobilities of
Cycad FF hiétone and bpvine.FB histone. An earlier report
described a photometric study of histone, DNA, RNA and

cytoplasmic proteins in developing apices of white: spruce

(Picea glauca) which method utilized alkaline fast green.

as a staining reagent specific for histone. That report

— m e
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Fingifated that during the yeafly;three-phas; grohth cycle T
of tﬁigxspecies, the rates of synthesis and levels of DNA
andlhistone were synchrgn;us during early development but
that later *in the growing season the DNA ratio exceeded
histone. The gppeérancehof new needle primorl&a occurred
at the same time thaﬁ.the;e was noted a loss of histone and

a rise in RNA production and incr%ased levels of cytoplasmic

protein526. Berkofsky, 197513 reported that Pinus pinea
# ’ P

nucleohistone possessed similar chemical and physical
characteristics to nucleohistone obta}néd from other plantr
sources at a comparable stage of growth. He identified by
means of polyacrylamide gel eléct;ophoresis eight histone )
subfractions and identified each fraction on the basis éf
their electrophoretic mobilities. He also showed that
\X-irradiatiqn of isolated pucleohistone or histone did not
alter electrophoretic mobility nor did physico-chemical
characteristics change in nucleohistone isolated from whole
frradiated muclei fiven 1.0 and 5.0 kR X-ray doses. The
1.0 kR exposure to day-14 seedlings induced immediate mitotic
arrest by disrupting‘histone dgposiﬁion into nucleohistone
and éubsequently_delayed tissue differentiation. In
addition, histone modification by acetylation, methylation,

and phosphorylation was slight in the isolated whole nuclei.

~
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X-irradiation at 1.0 and 5.0 kR doses did not affect

- histone modification in the isolated nuclei. 5.0 kR

i'rradiation‘ did,howevei:, decrease histone F1 (1) 1, .

F1 (1) 2, F1 (I) 3, F2a2 (1Ibl) 6, and F2b (IIb2) 7

phosphorylation.

‘ In view of this ;')}:evic;us work on a piné species
and ‘evidﬁﬁce gix'ren for t‘:hel ’s‘trong interest in ~hist9ng
met,a'ﬁolism and the enzymatic modification of histone
and its role' in“cellular metabolism,,' this thesis will

st;udy the extent of histone phosphorylation in developing .

cotyledons of Pinus pinea following exposure to X-irradiation-

induced modification of the physical characteristics of
nucleoprotein isolated from irradiated cotyledons and
controls: An attempt will be made to phosphorylate l:l_isto‘ne

in vivo. In ‘addition, the étudy will be extended to include

" the isolation and partial purification of a protein kinase

N

which will enzymatically phosphorylate Pinus pinea

" histone in vitro. A comparison of histone kinase activity

-

between irradiated and non-irradiated tissues will evaluate
the capacity of irradiated and non-irradiated enzyme to
phosphorylate both irradiated and non-irradiated histone’

substrates. The involvement of cyclic-AMP and hormonal

' modification (kinetin) will also be investigated.
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The control and regulation of protein biosynthesis
and DNA replication have been studied for many years and
coincided almost at the same time wit\h,\the discové’ry of’
DNA as being the hereditary material. The'mos't significant
advance made copcerning the control and regulation of
prot‘ein' synthesis in the prokaryotic c;rganisms has been
the proposal of an enzyme induction system in E. coli by
."Iacob and Monod68. Hc;wever, the DNA of higher organisms
and \its struct.;ure' and function is consid;arably more complex
and is subject to mmuch more'intricate and Fefined controls.
Theée controls operate at three léveis of cellular
hierarchy in the eukaryotic organism; 1) transeriptional
(DNA), 2) translational (R.NA) and 3) aepigenetic control
(developmental control due to protein modification by means
of intrinsic factors;. i.e., the inherént three-dimensional
conformationalscharacteristics 'corﬁmon to proteins which ‘
permit the existence of an enzyme in d‘ifférent functi;mal
states)97. Thése ’contrb_ls are imposed upon the cell and
account for the regulated s;ynthesis of structural and

functional proteins in terms of qualitative, quantitative

and temporal distribution.
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One type of control mechanism wﬁiéh operdtes at the

level of transcribtion of mRNA has been implicated by Eh;
close association of nuclear prpteins with DNA. Watson
and Crick had also discovered in their analysis of f& q
molecular structure of the nucleic acids that a metal used
'in thé isolation proce&hres had complexed tightly to the
DNA and neutralized the phosphate groups of the double
helix. These phosphate groups are responsible for giving
the pnative DNA its sfrongly acidic propertie8147. DNA
isolated as chromatin is rardly .complexed with metal bu; is
found in close association with séveral classes of nuclear
proteins yhich together constitute nucleoprdtein. Chromatin,
in addition to DNA, coqsists of a small a%ount of RNA, as ) f.
well as basic proteins (including histores) and a leséer
amount of many acidic polypeptide species (non-histones).
Preliminary studies on histone-DNA complexes dates back
as far as the mid-nineteenth century. .Frederich Meisher -
di5covered a certain species of basic‘proteiﬁ which strongly,
complexed with isolated DNA obtained from salmon sperm
nuclei. Later analysis on this species of basic protein had
shown that. it was chemically diffoent from histone found

1 Following thé course of development

in somatic cells
' : )
of sperm, it was found that chemical changes take place.in

the basic histones. 1In fully developed sperm, it was seen .

/

e
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that the histones were replaced by an even more basic
species ter;ed prétamine and that these events were
paralleled by'a‘significant decrease in the non-Histone com-
ponents. Such stu&iés were among the first to implicate
the developmental significance of the nmucleohistone ‘(
complex. The possibI;—;ole of Histoné-in gene regulation
and evidenéé‘given for it has been previously discussed
in the introduction. In summary,however, it was found in

those early repbrts‘that DNA template restriction would

increase with the amount of histonme complexed. These

¢ experiments were later severely criticized,however,

because of the limited solubility of nucleohistone in the

113 The early excitement caused by

©

buffer systeﬁ chosen

Huané and Bomner's work soon subsided when it was realized

that histones, albeit did suppress transcriﬁtion in vitro,

«yoﬁld not be thought of as a specific gene inhibitor because
of théir stringent chemical and structural uniformity from
cell to cell, tissue to tissue and even species to species.
Much attention wag then focused on the possibility\that.
the non—histfne chromésoﬁal ?roteins (NHCP) are indeéd the

A
protein species involved in specific gene recognition

‘required for the synthesis of particular proteiﬁs. The

first such experimentskiﬁplicatiﬁg this role for the NHC
54,112,53

proteins,ﬁere those of Paul and Gilmore . Using

A} 4
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-histone as a regulator of the onset of- DNA syntheSis

DNA-RNA hybridization techniques, they f1rm1y established

by analysis of the transcription products, that NHC

*

specific proteins. Other factors which tend to further
V( ) -

implicate the role of the NHC proteins are reports which’
indicate that ﬁﬂ§ proteins tend to accumulate in active

tissue whereas histone levels femain relatively constant

36,46 ,47,92 .

in all tissues In addition, analyses of tHe
. . \

NHC proteins show them to be highly heterogenous- and
capable of displaying tissue and spgcies specificity149=
146,125,139 | |

~As shown in those early experiments which implicated
ot ’
15

}attempts have been made to assign a similar role to the

3

NHC proteins. K If this assumption is correé&ct, then one

proteins do indeed interact with DNA to produce only \

16

would expect to witness a variation .in the rate and level

of NHC protein synthesis and its tprnoner. One would also

expebt variation in specific fractions of the}NﬁC proteins

4 \

in response to different stages . of the cell cycle. Such
hanges could be analyzed by gel electrophore31s.

Experiments bave already indicated such expected changes

in the gel proflles of specific NHC proteins immediately

1446

during G1 of -the cell cycle Analysis of 3H- ‘and

&,- l % ¥
14Gc- 1abelled amino ‘atid incorporation irnto protein has

H
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shown the selective and active synthesis of particular

17

classes of NHC proteins which coincides with particular
phases of the cell cyc1e135. Turnover rates were reported
to be higﬁest during replication and were lowest during-

S phase134’21. It has also been implicated that the

-modification of NHC proteins by phosphorylation is selective

and these are phosbhorylated at specific pe;iods of the cell
116

»

cycle . - There is also much evidence given for the

intermediate action of steroid hormones ‘acting at the

transcriptional level by interacting with specific cyto- .

59

plasmic hormone receptor sites”’. These hormones ‘include

estrogen, progesterone, aldosterone, hydrotortisone and

andfogeﬁsl36. Both histone and NHC protein have been shown

to be involved with binding of steroid hormone!Z’ 44,126,142,

A model has since been proposed to explafh how a simple

~inductive signal like hormone recoghition could effect the

onset of a large number of non-contiguous genes (i.e., the

entire process of replicat?bg) and do so in an integrated

manner23. In theory it resembles very much the lac operon

enzyme induction system as proposed by Jacob and Monod in

which a specificvinduciné agent binds to a partiéular
"sensor' gene which in turn stimulates an '"integrator'" gene.
Thé product of this gene is an "activator RNA" which
activates certain receptor genes which allows the

‘b

PR < |
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transcription of a specified set of structural genes. It ‘

is realized that if several receptor or integrator genes are
activated by the intervention of a ‘single controlling - R
g-lément, {i.e., hormones), th\en a series of intégz:att.ad

and varied functions can dccur.

)

The phoéphor/ylation of the NHC protéins has been
extensively studied. The'high/ést concentration of
intracellular-bound phosphate /is locatéd in the nu;:iéus.
of this-fg:action, u% to. 90% is bound to NHC protein.

Most of it is pre'se}xt as o-phosphoserine and ma‘y be as
high as 50% of all the amino acid residuesSO. NHC prot\eins
becqme rapidly phosphorylated, using ATP as the enel;gy
source in conjunction with a protein kinase and occurs
indebendantly of p;otein synthesis. They are subject to
rapid turnover.- The proteins a;:e phosphorylated and
de-phosphorylatéd by separate enzymesl362 That NHC prc;tein
phosphorylation does indeed induce gene activation is

» . N N w )
s_uggestecf by correlation between NHCP phosphorylatiqn and °

the onset of gene activity in a number of tissues124.

[ 4

Polyacrylamide gel analysis of 3%P- labelled NHC proteins
have shown them to be tissue and species-specific’and
stage-specific. NHC protein phdsphorylation was shown to

effect cell-free RNA synthes®s. The regulation of NHC protein

LT R e e g . e v s
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sy

pﬁosphor)’rlation is thought to occur via "second-mediation"

'by ¢yclic-AMP and its action on varijed c-<AMP-dependant

75

protein kinase fractions The mechanism of gene activation

or more properly, gene de-repression, was originally

proposed by Kleinsmith and Allfrey, 1966 '°. It was

4 .
postulated that, positively-charged histones become
displaced from the histone-DNA complex when in the

presence of the negatively charged phosphate groups of

phosphorylated NHC proteins. J Once histone was removed, /J

Po!
RNA synthesis could occur. This hypothesis was subsequently

refined by the evolution of a newer mode170. This model

» -

envisages the induction of phosphorylation of -NHC' proteins
by histone .,interaction. This modification resul.t‘s in
increased negativity on th;a NHC i)rot'ein'whi'ch in turn
induces ionic bonding between the NHC protein and the
positively charged histones. 1t is thcn}ght that this
force of attraction is severe enough to. displace histone
and thus alloW tranégription to occur. Thus, this model
sees the NHC proteins pflaying a more active role in éene

¢
regulation than do, the histones, which nevertheless are

an integral part of this complex syétem. The problems which

remain the same are those which still ask why and how

acidic proteins-could bind specifically to only certain
v ?
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MATERIALS AND METHODS

»
A

A. Histone Isolation and Characterization
(1) Plant materials and growth conditions

~Growth .conditions wer'e standardized for each experi-

ment. Typically, enough Pinus pinea seeds were collected
to’ i;fill a 600 ml beaker (i.e. about 480 seeds) for
puclechistone extraction procedures and about 200 ml
vélmne of seg:ds (i.e. aboﬁt 175 seeds) were used fqr tbe
crude enzyme prepar:;ttion. The seeds .weré vigorously '
washed in ;:unning tap water to remove f:_he fine dust-like
sediment which c.accux"s on the surface of the seed. 'Small,

discoloured or misshapen ‘seeds were discarded. The seeds

=~ [

were then surface-sterilized in a plastic pan'containing
1% javel water for 1 hour after vhich they were thoroughly
rinsed in running tap water. They were allowed to stand

in ordipary water overnight at 21°C,

Al

It must be noted that in determining the age of the

seecilingé, day 0 begins with ‘the sterilization step. The

B —.

20

cotyledons, are removed from the flats either on day .13 or

E

14, depending on the experiment. Nucleohistone extraction
procedures were always performed on d'ay 14, the period of

maximal cell division. | '
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After surface sterilization, the seeds were gr—.:rminated

in moist Sand in 50 cm x 30 em x 7 cm trays. The tray. |
bottoms were p\;nct\xr;:ed to aliow for proper drainage and a
.length of paper towelling was placed over the bottom to
prevent the loss of sand. The sand was first prepared by
sifting .to remove small stones and foreign ob_]ects, then
‘sterilized by autoclaving at 121°C for 15 minutes and was
air-dried. The flats were filled to a.t depth of about f
5.0 cm. The seeds wefe 1;1anted in regularly spaced rows
about 1.5 cm deep. ‘It must be noted that seeds of

Pinus pinea show pblarity and must be planted with the

broad-based area, characterized by two dark spots on the
.seed coat, facing upvgards. The f'lats are mai}glained in a
. con;:rolléd—environment chamber with 400 ft-c illumination,
16 hour photoperiod and 45% relative ‘humidity at 21°C.

_Temperature is critical and-was monitored daily. The flats

.

were watered with tap water every other day.

(ii) Isolation of plant nuclei

. . After exactly 14 days germination; each seedling was

-

carefully removed from its bed of nearly dry sand. Care
was /taken .to i)reserve the root structure. The seed coat and

endosperm were carefully removed and both were discarded.
) .
The exposed seedling u‘&ally revealed twelvé well-developed

¢ .
& ~
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cotyledons.» Seedlings were selected ip which overall
length from apical tip to root tip ranged between 20 i:o
30 mm in léngth, eliminati;lg ‘discrepanc::?as in deGéiopme-ntal
stage. In practice, abc;ut 30% of the seedlings were
dj.scardéd at this point., the majority of which were iess
than 20l' mm Or have* altogéther failed to éerminate. The
seedlings were washed with disti"lied watev to remove any
traces of sand, dried' Betwgen layers c;f absérbant towé]'.s
and were loosely placed in a thin guage ﬁlastic bag which
was subsequently sealed. .Typiéally,’between 75-100 g .
fresh weight of cotyledons were used for .each nuclear

preparation. All procedures were carried out between

0° - 50C by means of refrigerated centrifuges, walk-in

4

~cold rooms and portable ice-buckets. All glassware and

reagents were pre-chilled to 5°C.  The following procedures
[ h 3 '

for the isolation of nhuclei are outlined in Appendix I.

Immediately jafter placing the cotyledoné into the .plasti.c

bags, they x'ﬂerex frozen bgt{veen -blocks of dz;ty.ice. Between

}O - 2!0 frozen cotyledons wefe ground at a time in a frozen

mortar and pestle which contained a small piecg of dry ice.
,

As soon as the powder was prepared, it was placecll-into the

2

‘grirlxding medium. The procedure was repeated until all the

cotyledons were disrupted. This procedure helped initiate

penetration of the grinding medium.
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The tissue was allowed to stand in a Waring blender “
with 5 volumes c;f grinding medium. The grindi.ng mediu'm
coﬁsisted of. 0.4 M sucrose, 0.01 M MgCly, 0.01 M Tris,
0.025 M NaHSO3 in double distilled watér adjusted to
I;H 8.0 with NaOH. This medium was kept as a Sx stock
concentration with the eicc‘eption that NaHSO3, being
unstable, 'is add’ed just prior._- to use. Sodium bisulphig:eﬁ

is used to prevent proteolysislog. The,relatively high

i e
sucrose concentration ensures the integrity of the nuclei
by maintaining a hypertonic environment and thus
eliminates rupture due to osmotic shock. Magnesium ions

stabilize the nuclear envelope.

After this 60-minut;. incubation period, the cells
are disrupted by 90 seconds homogenizatior: at full épeed.4-
The homogenate was then filtered through four layers of
"j-cloth”.  The residue was then combed from the "J-cloth",
resuspended in grinding medium and -reé-homogeniéed and
re-fil'teredi in "J-cloth" to ensure a large;: nuclear yield.
Thé entire filtrate is then -filter‘ed through a series of , @
Nitex (Tober, Ernst and Traber, Inc., Elmsford, N.Y.) |
nylon mesh filters of decreasing pore size (375p, 100m,

25u, 10n). The smallex pore sizes necessit;ted the use ‘

of a tap aspirator and Buchner fummel. This simple proced\ui:e
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was highly successful in removing whole cells and cell

o /fihgxnents larger than 10p. The filtrate was then

centrifuged at 500 x g at‘5°C for 10 minutes. This

procedure effectively removed any whole cell or large
particle which escaped the Zﬂp screening. The pelle‘ts

were)”then recombined and resuspended in a wash medium

. ¢onsisting of 0.25 M sucrose, 0.10 M MgCl,, 0.01 M Tris,

0.025 M NaMS03, 1% (v/v) Triton X-100 in double glass
distilled water at pH 8.0"(Na0aH). As in the case of the
grincyi.ng medium, this wash mediT;J.m V7was kept as a five-fold
concentrated s;olut;.op, adjusting the pi-l a.nd(adding the
bisulphite just before use. | Ihis wash, by the detergemt

action of Triton X-100, removed the chloroplasts from the

- pellet. :I‘he resuspended pellet was then re—Eentrifuged

L 4

at 500 x g at 5°C for 10 minutes. This procedure was

performed twice and effectively removed all chloroplast
. , .

" contanmination.

v

After this second centrifugation, nuclei, ‘starch

grains and some cell wall frégments remained in the pellet.

The starch grains by themselves are no serious source of

contamination but the cell wall fragmer;ts are certain to
contain attached ribosomes which could be a source of basic

protein contamination. This purification step Trequired
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ultracentrifugation through a sucrose density gradient.
The péllet was prepared for ultracentrifugation by fi.rét
homogenizing ghe 'combined pellets in 2.3 M sucrose in a
Potter-Elveh jim giass ;nd teflon hc;mogenizer whiéh was
kept on ice. A low motor speed was used at five second
intervals, in an effort to dissipate heat build~up. The
homogenate which résulted was now ':Les;s lthan 2.3 M sucro‘se
due t;o dilult.ion. This suspensimg was then layeredp
carefully by P.‘:asteur pipet over the sucrose densi’.ty
éradient med{um in the ultracentrifuge tubes. The sucrose
density gradient medium was prepared fresh with 2.3 M
ribonuclease~-free sucrose (Sigma Chemcial Co.), 0.01 M ~
MgCl,, 0.01 M Tris, 0.025 M NaliSOy, 1% (v/v) Triton X-100°

and double distilled water. The medium was adjusted to

H 8.0 wifth NaOH.

p o
1

, The interface between the two 'gradients was slightly

disturbed to remove the ;ﬁterfering surface tension.
\

Centrifugation procgeded in an MéE Superspeed-75 ultra- |
centriﬁfuge‘ equipped with a 3 x 23 ml swing-out bucket
rotor at 5°C for 2% hours at 60,000 x g./ After centri-
fugation, the pellets consisted of dark, sticky nuclel

7
over a tight layer of starch grains. TCell menﬁraﬁes and*

ribosomes were,discarded in the supernatant. /The overlying
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nuclei could now be physically separated from the. layering
starch grains. The ‘combined nuclear pellets were tt}en
saved for the prepar.ation of chromatin, nucleohistone ‘and

histones. ' .

@

' (41i) Chromatin, nuclechistone and histone
preparation
. Chromatin preparation methods are outlined in
Appendix II. Once the nuclear pellet was physically
separated from the starch grai;s, the nuclei were ruptured
by homogenization and osmotic shock. Three.or four
strokes in a Dounce homogenizer were used v'n'.th about ‘5
Erolumes of cold .hypotonic medium consisting o;":' 0.025 M
Nal504 with 0.020 M EDTA adjusted to pH 8.0. The nuclei
were then centrifuged’at 20,000 x g at 5°C for 10 minutes.
The supernatant was removed and thre pellet was fesuspende:,d
in the same medium and recentrifuged. The pellets at this
point became solidified and sticky. The pellets were then
gently resuspended in cold, double glass distilled watef',
and centrifuged at 20,000 x g at 5°C fior 10 minutes. This
procedure was performed twice. With each centrifugation,

the pellet swelled due to hydration and became easily

" separable from any remaining starch pellet contamination.

NP o s, e s AT 3y TR EE LIRS o AL .- o M - e et
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. The gel was allowed to swell further in double
‘distilled water overnight at 5°C. The chromat;ln was then
sheared for 90 seconds in a semi-micro hc’a'a.d~ of a Waring
blénder at maximum speed at 5°C. This action solubili:zes

the nucleochistone. The sheared ‘chromatin was furthexr

' / 4
centrifuged at 20,000 x g at 5°C for 10 minutes. The

pellet now contained regidual star'ch grains, some.nuclear -

membrane material and some 3NA and was discarded. .

~

(iv) Histone extraction
'gle extraction ‘of histone from soluble nucleohistone
is outlined in Appendix III. Acidic proteins were first

extracted by stirring the prepared chromatin in 0.4 N

- ﬁ2804 for 3 hours at 5°C. At this high acid concentratibn,

the non-histone chromosomal proteins become dissociated
from the DNA and were precipitated mout of solution. They
were removed by centrifugation at 20,000 x g for 10 minutes
at 5°C. The rqs’ulting histone sulphates left in solution
were dialyzed against cold 957 ethanol overnight. The

' “
precipitated histone sulphates were collected the next day

by centrifugation at 20,000 x g for 10 minutes. The

pellet was washed twice with acetone and stored at about

/ ) . ‘ .
~20°C. This extraction procedure gave between 5 - 8 mg

histone from 75 ~- 100" g cotyleddns.

o
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(v) Physical analysis of chromatin
aj. UV-spectral analysis, paeak ratios and
purity criteria

The UV-spectrum was determined from 350 nm to 230 nm
using the Unicam SP 8000 recording spectropl:otometer.'
Typical spectra are illustrated in Figures 4, 5 and 6. The
spectra were used to analyze the response of chromatin to
X-irradiation and as a criteria for purit}; by énalyzi.ng
the UV pedk ratios 260/240, 260/280 and 320/260. Critefia

\\
for purity were established by Bonner et 11-_19,20‘.

s
b. Thermal denaturation
— 19 '
Bomner et al. “described & method for the measurement
of thermal denaruration in chromatin. Thermal dénaturation
can be used as an assay procedure for the analysis of the

60. . Direct or

extenf of radiation injury on chromatin
Indirect interaction of ioniziﬁg radiations results in the
rupture of hydrogen bonds and depolymerization. These

structural changes can be evaluated by noting decreased

viscosity or hyperchromicity.

. The sample of chromatin was first prepared by dilutioh
to a known absorbance stdndard (typically 0.50 O.D. at 260 nm).

Analyses were made using a Bausch apd Lomb Spectronic 700.

R i
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) oo o = e . o e T
L s — —=

an -




~ : * a .29
spectrophot'ometet or Unicam SP 8000 recording spectro-
;’:hotometexz at a fixed wavelength .of 260 nm. The s‘ample'
was then sealed in a glans container and was gradually -

. heated in an open water bath'. After r‘eaching tho desired
’t;mperature (* 1°¢) and allowing the sample to remain at.
that 'tempef'ature for 5 minutes, abs“orbancé was read at
260 nm- i.mmediately af;ter this period without allowing

'the sample to cool: Readlngs were taken at 5°C in&;ervals.
Values for T were calodlated;by taking the midpoint

[N

between the 0.D. value at 20°C and the highest 0.D. value
at the highest . temperature. This method vas modified for
two-step T, curves where noted. No attempts were made to
sut;tract absorbance incteases due to turbidity changes
"at higher temperatures. ”

(v.i) Protein determination

Histone sulphates were dissolved in 15% sucrose
(w/v) in 0.9 N acetic acid. Protein determinations were
routinely made by the method of Lowry. ‘Standard curves
were made with commercially prepared bovine serum albumin
(Fraction V, Sigma Chemical Co.). In some cases, histone
concentrations were determined by the turbidity methoci. Two

ml ‘samples of diluted histone solutions were precipitated

by an equal volume of cold 2.2 M TCA. The solutions were kept
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on ice for 3Q minutes and the optical den‘sit;z was mee_tém:ed

- at 400 nm with Eﬂe ﬁausch and Lomb SP 700 spectrophotometer.

\ /‘ Optical ‘density increases linearly with inc:t"easing turbidity
frzom 0.00 to 0.15 O:D.lg. Commercially prepared calf ‘
L ‘- tl;ymus h’is.tone wa\s sormetimesﬁused to prepare ‘tfje standards. >‘1.

(Whole histone, Nutritional Biochemical Corp.) and was

L L

dilutec} and assayed in the same.manner as plant histone.

(vii) Polyacrylamide gel electrophoresis of his\gne .
a. Preparation of .stock solutions

{

e ) . The fractionation of Pinus pinea histone into’its

. . )
subcomponents was done b}/r polyacrylamide gel electrophoresis

129 No impor tant chan%es were’

as described by Spiker

introduced fron; the procedures c;utlined, however, there were

. ) .+ some slight modifications. The preparation of the poly-
- ' acrylamide -stock soiutions and reagents can be madé several
weeks in advance if kept at 5°C in air-tight, darkened glass

. bottles. The acrylamide (Eastman Organic Chemicals,
electrophoresis grade) was p'rlep'ared by making a 70% (w/v?
solution by dissolving 70 g ac;yiamide in 100 wl double-
glasé distilled water. The solution was stirred and brou;ght
to 45°C. The acryiamide was yuriﬁied by the addition of

activated animal bone charcoal.- The resulting slurry was

allowed to settle for several minuteés and was filtered under »
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suction using two" layers of. Whatman #1 qualitative filter
paper anci a’Buchner fupnel. The solution. ;vas ma'de 607%
acrylamide (w}v) ‘and 0. 4% kﬁ/v) N,N"-methylene BIS-acryl-
amide (Eastman Oi'ganic Chemicals). N,N ,N' ,N'-tetramethyl-
ethylenediamine: (TEMED) ‘wa‘s also purchased from Eastman

Olrganic Ghemicals and was used to speed'up the polymerization

" step. A 4% (w/v) TEMED stock solution was prepared in

A

43.2% acetic acid and stored in g dark bottle at 5°C.

A 4.0 M stock urea solution was also prepared ’using double

glass distilled water. Ammonium persulphate was used as
a catalyst and was added to the required amount of urea

solution just prior to use (see "Preparation of gels' for

N
. \/
N

b. Preparation of the electrophoresis tubes

required amount).

Twelve polyaérylamide elegtrophoresis tubes of 6 mm
internal diameter and 10 cm length were used for each
analysis. 'After washing the tubes, they weré rinsed several
times with tap water. They were then hacid washed, allowed
to soak in several changes of distilled water and were

followed by an acetone rinse, prior to air-drying at 85°C.

‘¢

After allowing the tubes to cool, they were coated with
a 1% solution (v/v) of dichlorodimethylsilane in benzene.

This coating allows for greater ease of remdval of "the gels
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from their tubes. One end of each tube was doubly wrapped

with "Parafilm M". The tubes were then supported in a

commercially designed stand.

c. Preparation of gels
Sixtee.n ml of a 15% acrylamide 0.1% BIS-achrlamide

gel solut:.on was prepared by adding 4.0 ml a,crylamide g

-stock 2,0 ml TEMED stock, 10.0 ml urea stock and 0.02 g

ammonium persulphate into a 50+ml Erlgnmyer flask with
sidearm. The solution was tfzoroughly degassed using
suction. One ml of the resulting solution was then added

to each tube taking care not to cause any bubble formation.

About 0.5 wl of cold 0.9 N acetic acid was then carefully

layered abgve the yliquid acr&lémicie to establish a flat
surface on the gel. This step ensﬁres that protein
banding throughodt the gel remained straight. The gel
usually polymerized within 30-45 minutes when placed near

a fluorescent 1light source. The gels thus prepared were

~easily handled but were somewhat brittle. The degree of

molecular sieving afforded by the 15% gel was ideal for

" plant histone analysis.

The entire electrophoretic chamber was kept cool by 'a

running, cold water jacket. Ammonium persulphate and TEMED

_were subsequently removed by electrophoresis in 0.9 N

- /
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f.gcetic acid by applying 130 volts neg;tive polafity aéfoss
| the tubes fqr lgiﬁours. The voltage was sﬁppiie& by a
Buchler Instré;éhts model 3-1014A power supply. Careewas
‘taken to ensuré proper .polarity, that-isnthe cafhode was
in}the‘loﬁer chamber and tﬁe andode was in the upper
chamber of the electrophoresis unit. Completion of t@is
pre—elecérophoresis sﬁep was umrkeé by the migration of a
marker dye,-benzenq—ézo- a -napthylene (Mathesén, Coleman and
Bell) in 15% sucrose solution. The dye miérafesmghe distance
of the tube in 90 minutes. The event is also marked by

é current drop from 8 m& to 3-4 ma per tube., Iﬁe voltage

was subsequently adjusted to bring the current back to

8 ma per,tube: The gels were allowed to cool for 30

. 4 - .
minutes after pre-electrophoresis by maintaining the cold -

water flow inside the cooling jacket.

d. Application of histone to the gels.

ﬁistone sulphates were dissolved in 0.9 N acetic acid
containing 15% sucrose (w/v). Usually, 30 ug of histone
solution (1 mg/ml) were applied to each tﬁfe and .was
again electrophorésed at 130 volts, ensuring proper polarity
aﬁd constant current for 90 minutes. The completion of this
time period céincidedlwith the complete migration of the

marker dye, which was used in only 2 of the available 12

\
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tubes. At the end of electrophoresis, tﬁe gels were
carefully removed from the glass";ubes by gently %eam@ﬁg
the inner wall with a blun;ed 20 guage hypodermic needle . .
with slight water pressure applied. The gels were then .
placed in 0.1% (w/v) amido black solution containing
7% (w/v) acetic acid and 20% eghanol and were left overnight.
. ,Tbe addition of.20% ethanol p;events'hydration ofﬁthe gel
by the aqueous component of the dye. Such swelling can
be considerable and ,would ?revent the re-eﬁtry of the gel
into the destaining tubes. 'Ethanol alone does not
immobilizg tﬁe p¥6tein, father it is pfecipitated bylphe

v " amido black. Thé next day, unbound dye was removed

using 0.9 N acetic acid as electrophoresis buffer and by ~

applying 130 volts, constant current across the tubes.

\

e. Gel analysis
) The destained gels were maintained in their destaining '
tubes and were anaylzed using anESCO gel scanner model’
659 with an ISCO type 5 optical unit with a 579 nm filter.
The opticil unit was commected to an ISCO model PA-4
absorbance monitor set to record a full scale deflection
of 0.00 - 1.00 0.D. A Bausch and Lomb VdM'S chart recoréér
was used to record the absorbance traces. Areas under the °

curve were assumed to be directly prbportional with histone

.
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‘concentration up to 10 pg protein per band43. Areas
undgr the1cqrvé‘were computed with a Keuffel and Esser

compensating polar planimeter model 58815.

4
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(viii) i—irradiation and dosimetry
SeQera} experiments rggﬁired/githgr whole plant
" irradiation or irradiation of'isglated plant histone or
partially purifié,d histone kinase. For both histone and
histone kinase isolation procedures, irradi?tian was
always performed on day-13, allowing‘for a %ull 24 hours
beforé e;traction procedures began. Seedlings Qere : !
removed carefully from the germination flats, washed to
remove traées of sand and were dried between layers of
absorbant towgls. Desigpated gatches of seedlings were

placed in a thin plastic bag'and were labelled and sealed.

. 7
N

The seedlings were then placed directly undem;them
beam péth of a Mﬁlieé g& 300 X-ray unit at a distance 6,

10 cm f;om.the tube. No attempt was made to reduce the
““Backscatter and 1.0 mm aluminium filfration was used to
remove the harmful soft X-rays. Treated seedlings recéived
either 0.5, 1.0 or 3.0 kilorads of 260 kvp X-rays at

7.0 ma at 35 alminute. 'After receiving the desired amount

of X-irradiation, incubation procedures were initiated for

in yvivo phosphorylation of plant histone using inorganic

-

-
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radiophogphate. ‘éon;rol groups or samples to be used for
kinase ia&lation procedures were maintained at‘21?C
between moist paper towélling inside loose, plastic bags .

' »

and were subjected to conditilons,pr'eviously described under

N .
"Plant materials and growth conditions". Irradiation of

partially purified kinase or isolated histone involved

-
similar procedurés. Both crude enzyme extract and histone

‘wefe irradiated in small tightly capped glass vials. The

sampléé were maintainedvop crushed ice throughout the
irradiation procedures. X-ray exposure dose was determined
using a Victoreen condenser R-meter with a 250 R probe or
by ferrous ammonium sulphate dosimetry. A‘suitable method
described by Lawd? modifies the standard Fricke (FeSO,)
dosimeter to accurately monitor doses below‘l.Okfad. Tﬁe
dosimeter was composed ;f 0.8 N H,S0,, 1073 1 Fe(NH4)2-8H20,
10-3 M NaCl made in double glass distilled water. The

solution was made fresh each time used and was protected

from the light.

(ix) Radioactive mgterials, monitoring and labelling
procedures for the ié_g;gg.incorporation of
inorganic 32P into histone subfractions.

Labelling proceduées used in the in vitro

enzymatic phosphorylation of histones by organic phosph§te

2
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N

will be described in the appropriate section. 1.0 mCi

32P04 were purchased from New England Nﬁclear.

amounts of NaHjp
It was obtained as aé aqueous solution at a congentration
of 2.0 mCi/ml. Thé specific activity on' assay date was
100 mCi/mM. The isotope was firét prepared by dilution to
5.0 ml with double diséilled water and‘the vial gently '
shaken. A 125 gCi aliquot of radiophosphate wés added to
250 ml distilléd water which was contained in a 500-ml
glass beaker. The incubation medium was maintained on a
water bath at 21°C and was gently aerated and illuminated.
Immediately after irrédiating the seedlings intended for the,
in vivo histohq.phosphérylation studies, they were 'submersed

—

: 3
into the incubation medium for exactly sixteen hours. This

period of time was previously determined to be necessary

32P accumulation into all histone fractions

for sufficient
under controlled gonditions. The next'day (day 14), the-
seedlings were removed from the incubation medium and washed
several tiﬁes with distilled water to remove surfacé
contamination. The roots were then carefully excised and
discarded. The remainihg tiséue was blotted dry with paper

R ’ 4
totvelling. The material was the, ready for nuclear extraction

procedures as previously described.

-

X. Solubilization of acrylamide gel slices.
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With the aid of a light source and dissecting
g microscope, brotein bands were hand ‘sliced and collected
amtde;ge1sT~—Thuélémsiices~were*abtained—&nd—~———~——————*—;

' combined fot eaéh fracfion. The purpose of thi; procedugé
was to ensure count rates significantly abové.backgroun
even for~lhe smaller_proﬁéin bands. The gel §licesjwere
dissolved in 0.4 ml 30% Hy05 and 0.2 ml 60% perchloric
acid ang,ggge incubated for 1 hour at 60°C. After the

vials had cooled, 10 ml Aquasol (New England Nuclear) was ~

added to each and activity was mbnitored in an Ansitron

liquid scintillation monitor.

9

B. Histone Kinase Isolation and Purification ‘ ) -
( i. Isolation and purificatioh procedures '

' There is relatively little information concerning the w
igplatioﬁ and purification of plant histone kinases. | |

Rather; much information on various tissues and phyla of

the animal kingdom have been reported. Such reporés give

evidence for both cyclic AMP-dependant and independant

protein kinases which enzymatically phosphorylate casein,

protamine and/or histone. This enzyme was initially isolated

in muscle 145; rat liverl®!, pig brainl03, hypothalamusgs,

&
87 and hepatoma cel1s30.

/
Eﬁhbit reticulocytessG, pancreas

Kuo and Greengarg79 reported in a significant study that
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there is:-widespread occurrence of cyclic-AMP-dependaﬁt

”~

protein kinases in many tissues of many memﬂers Bf‘the

aﬁimal phyla aﬁd includes several invertebrate representatives.

It is interesting to note that in this early report, . —

~

ﬁuo and Greengard reported the absence of c:AMP-dependant
profgin kinase in pldnt tissues but commented further by
saying that -this evidence was not at all conclusive and
indeed the assay methods exclusively employed to study
animal protein kinasg were not’suitable to the plant study.

72 successfully isolated a cyclic-nucleotide- o

Keates

-independant protein kinase from pea shoots which enzymatically

phosphorylated casein or phosvitin but not histone. Cyclic '
nucleotides did not Affect the reaction rate. More recent

reports show the presence of protein kinase in Chinese

119

cabbage and . tobacco and a cyclic-AMP-binding protein in

Jerusalem artichoke51.

A method utilized for the isolation of kinase from carrot

103

root culture was modified for Pinus pinea cotyledons

and is outlined in Appendix IV. Methods for the partial
purification of the crude enzyme are outlined in Appendix V.
All operations were carried out at 0 - 5°C. Twenty-five
érqms (fresh @eight) of day_i4 cotyledons were harvested and

cdmbined with 10 volumes of cold 0.05 M Tris-HC1l buffer with

rl



.tisgye was ground in a cold, semi-micro head of a Waring
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+ 0,05 M NaCl and 6 mM 2;mercaptoethanol adjusted to pH=7;8.

Z-Mercaptoéfhanol was added to stabilize the enzymé. The

Blender for 90 seconds at maximum speed. The brei was then
filtered through 4 layers of '"J-cloth", then through a

series of Nitex nylon mesh filters as previously described

(375, 100, 25, 10 p). This step removed large, unbroken C
cell fragments and yielded a filtrate which consisted
essentially of nuclei, chloroplasts, starch gfains, éell

wall fragments zess‘than 10 p in diameter énd the cyt;plaSmic
fraction. The filtrate was centrifuged at 500 x g for

10 minutes at 5°C and the supernatanE was carefully with-

drawn by Pasteur pipet. A thin, floating lipid layer was

‘first removed with the aid of a plastic spatula. The

supexnatant was then combined with 15 g Polyclar AT
(Serva Biochemicals, Heidelburg) in an effort to remove

phenolic and lignin contaminants and was immediately

. centrifuged at 500 x g for 10 minutes at 5°C to remove the

Polyclar AT. The supernatant was transferred to the
ultracentrifuge and was spun at 105,000 x g for 60 minutes
at 5°C. Protein was analyzed here and at all purification

/

steps using the Lowry method.

After withdrawing the samples from the ultracentrifuge
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‘tubes, the protein solution was treated with Dowex-IX2

for 20 minutes (C1~ form, 1:10 w/v) which had been
previously equilibrated with 0.05 M Tris-HCL, 0.05 M

NaCl d&nd 6 mM 2-mercaptoethanol overnight. The protein

was th'en removed from the resin by suction filtration on

a Buchner funnel using #4 Whatman filter paper. The protein

waé then extracted from solution bir (NH4)2 S0, precipitation

and the 357 - 65% fraction was collected by centrifugation

at 500 x g at 5°C for 10 minutes. This precipitate was

resuspended in 4.0 ml of 0.05 M Tris-HCl buffer adjusted to

'Pn 8.5 and contained 0.05 M NaCl and 6 mM 2-mercaptoethanol.

T‘his solution was dialyzed in the same buffer overnight.
The precipitate which had formed by the next day was
séperated by centrifugation at 500 x g for 10 minutes at

59C ayd was discarded.

Approximately 150 mg protein in a 5.0 ml volume of

solution was applied to a Sephadex G-25 column to desalt

the protein. The 2.5 cm x 35 cm column was equilibrated

A

overnight with 0.05 M Tris-HC1 in 0.05 M NaCi and 6 mM

2-mercaptoethanol adjusted to H 8.5 The flow rate was

p

adjuste'd to 2.3 ml/minute and 5.0 ml fractiggs’Were obtained

dropwise in a fractionator. Absorbance was monitored at

280 nm using an ISCO model UA-4 absorbance monitor., A 300 ml

e b =
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eluant was used and the fraction which showed the greatest

E)

kinase activity was collected and pooled for further

purification and was usually \that fraction collected

between 230 ml to 250 ml (frak:tioq numbers 46-50).

This fraction was then applied (usually-4.0 - 4.5
mg/ml protein) to a DEAETSepiuadex A-50 col@ (L.Ox
15.0 cm) which had been previously equilibrated with
0.05 M Tris-HCL buffer, 'H 8.5 and contained 0.05 M NaCl

with 6 mM 2-mercaptoethan61. The column was washed with

3‘75 ml of the same buffer at a flow rate of 0.6 ml/minute.

After stabilization, a linear concentration gradient maker
was preparéd to apply 100 ml of a salt gradient from

0.05:M to 0.60 M NaCl using the same buffer at t:he same
f]:o;r"r‘ate as previously des)cribed. The fractions were .
collected dr0pwi§e in 3.0-ml samples and were immediately
assayed. That fractlon\collelacteci between 0.18 M to 0.22 M
NaCl contained the hlghesk kinase activity. Absorbance was
monitored at 280 nm. Becat\lsfa the specific activity of th_e
enzyme was sufficiently hi;gh/ to carry out further experiments,
the enzyme was not further p‘urified. Only on éne occasion

were those fractions which showed the highest kinase -

activity purlfied further on| Sephadex G-200 (fine) using a

0.9 cm'x 20 cm column. The 00-ml eluant prevmusly described -

X




acetate and 5 pM Tris-HCl buffer adjuste&uto
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for Sephadex G-25 was used at a flow rate of 0.6 mllminutg.
Six peaks (not shown) were obtained with the oigﬂest eozymo
activity oochrring in the first peak'(highést aoti;ity
collected at 24 ml - 36 ml eluant). Fgroher purification
of the enzyme was not attempted, owing to the small amount

of protein ava?lable after Sephadex G-ﬁOb gel filtration. _ﬂT

ii. Assay procedure for histone ﬁinase

The assay procedure used throughout this work waslx
standardized and was based on the method of Yamamura
EE.QL}SI. Enzyme.activity was assayed by using a Millipore

glass filter (type AP-200) to collect acid-precipitated
‘ B

otein which had been labelled with adenosine 5'-tri-

phosphate, tetra (triethylammoniom) salp,‘7-32P puréhaoed
from New England Nuclear. The specific acﬁiggzy'onrassay
date was 27.0 £i/mM at a concéntration of 0.0370 pM/mCi.

The standard reaction mikture COntalned 50 pg/ml calf thymub

histone 5 gkl kinase, 2.5 pM v -32p ATE at -a specific

. activity of 0.2 pli, 3 pM 2-mercaptoethanol, 5 pM Mg

‘pH 7.5..

totgl reaction volume was 0.25 ml and was incubated at

The

30°C for ‘5 minutes, on an open water bath. The reaction

was immediately halted at the end of the incubation geriod

. by the addition-of ice cold 5% TCA with 0.25% sodium tungstate

e S
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" TCA’~ 0.25% sodiym tungstate, acetone, ethanol and finally

[PV S - PO ~ s My oo

g . &4
/(PH 2.0) and by removal of the reaction vessels to 0°c..
The precipitated protein was collected on Millipore glass

filters under suction and were washed extensively with 5%

7/

LN \
“éther. All wash. solutions were maintained,at 0 - 5°C. \

Radioactivity was assayed using.an Ansitron liquid e
. .

-scintillation spectrophotometer and a scintillation cocktail
. . \ .

containing 0.4% ?PO, 0,0IZ/EOPOP in 1.0 lbtoluene. Twenty-
three-ml‘glass»scipgillation vials were used and were .
ﬁightly capped. Fifteen-ml volumes. of cocktail were‘used’ai:
fér each filter. Window settings were adjusted to 50-990  .

volts Qnd no less than 4 minute couﬁps were taken for each

sample.

iii. pH dependance and buffer types ’ .
There is evidence.from the literature that protein

kinase can operate in vitro under a fairly broad physio-

" 5 “ \

logical range of pH- Such examples are carrot root

.4
culture, 37°C, HH 8.6 in 5 pM Tris-HCl bufferi®3, rat liver,
$7°C, pH 7.5 in 5 uM potassium phosphate buffer151 and pea
shoots, 30°C, pH 6.5 in 0.05 M sodium § -glycerophospha 1 J
buffer’2. 1In ghis study, attention was paid to proper | qﬁgﬁ

buffer types in order to determine the _H optimum. The"

P
buffers used were 5 uM Tris-HC1l from pH 6.5 - 8.5, 10 uM

8
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q

potassium phosphate, pH 7.0 - 9.0 and 10 pM glycine,

pH 8.5 - 9.5. Standard assay conditions were used, which

included 5 pg epzyfne preparation in the assay mixture and

5 minutes incubation at 30°C.

< -,

. -
iv. Mg?2+ dependance - ¥

-Standard assay conditions were used. Magnesium
. '

' acemgte concentrations werd prepared from O - 10 mM.

Optimum bH was determined for p-hosphaté buffer as described
¥ , ' '

above.

v. c-AMP and kinetin dependance
Standard assay conditions were used. Adenosine 3' s

Si-cyclic—phosphate was purchased from Calbiochem and was

.ﬂ.,
’

used in the assay ak a concentration range of 0.0 - 10.0
\

" uM. Kinetin (6-furflylaminopurine) was purchased from the

Nutritional Biochemical Corporation and was also assayed
} .

- under standard assay conditions and was tested at a

concentration range of 0.0 - 10.0.uM. }

vi. Thermal lability and stability

Thermals lability of the enzyme was assayed as déscribed
1103,

by Nakaya et al. Using standard gssay conditions, each
/ - .

reaction mixture was inc,bated for/ 5 minutes at the appropriate

temperature which ranged between 20, - 95°C. The ‘stability

\ 9 ’
J "\ v .
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of the énzyme was determined by immediate assay after
recove;y from DEAE-Sephadex A-50 and by assay of the same
sample for periods up to 6 weeks when\ stored at -20°C

temperatures.

vii. Enzyme kinetics
Standard assay conditions were employed for the
analysis of enzyme kinetics. The Michaelis-Menton

S ) . L
constants (Km) were calculated for ATP, Pinus pinea \

histone &nd ca{f thymﬁs histone by the method of Lineweaver

and Burk. !

viii. Inhibition studies N

Standard assay conditions were used to conduct tepté
for the presence of sulphyﬁdryl groups and for the "revex’s-
ibility of inhibition by the action of 2-mercaptoethanol.
p-Chloromercuribenzoate (p-cirl'c;romercuribenzene. sulphonié
f;.cid) and iodoacetic acid '(free acid, anhydrous) were
purchased from the Sigma Cl}'e_micai Corporation. 2-;Mercapto:
ethanol was used to test for the reversibility of inhibition. )
EDTA (ethylenediaminel tetraacetate, Natsalt) was used to

. . <
' demonstrate Mg2t dependance by chelating the divalent cation.

/

ix. Substrate specificity

Standard assay conditions were used to test for -

T

/
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substrate specificity. The specific activities were
assa&ed using both 10 and 20 pg additions of substrate. .

Both calf thymus histone and Pinus pinea histohe were used.

3

' - X * ¢
~ In addition, casein, and protamine sulphate obtained from

salmon sperm were analyzed and were purchased from the

Sigma Chemical Carporatiom.

x. X-ifradiation procedures

Either whole tissue irradiatic’m as previously described
or ‘histone and/or histone kinase’ were irradiated at 0.5,
1.0 ar;d 3.0krad doses using the Mﬁller MG 300 X-ray _unit':.
Dose rat;e and distances used v‘vere Ei.dentigal as for
irradiated cotyledons used for nuclei extractions.

{7 -—
Irradiation of both isolated hi,s_t\:one and .histone kinase

was carried out in aqueous solution maintained at 0 - 59¢.

xi. Post-irradiation mito;.'.ic recovery and
Feulgen staining

Growing cotyledons were irradiated at various éoses
using procedures previously described. Irraﬂia.tion was
performed on day-13 and recovery was monitored for the
"next 48 hours. The cotyledons from different seedlings
were randomly chosen at the prescribed time period from
each of the three irradiated groups\ (0.5,. 1.0, 3.0 kraii)

and control (0.0 krad). Thé cotyledons were fixed in dcetic

’
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acid:ethanol (1:3) overnight at 5°C. The next day, the
cotyledons were ringed in 707% ethanol and were later stored

in 70% ethanol at 5°C. Feulgen staining of the nuclei

: proceecied by hydrolyzing the cotyledons in 1.0 N HC1 at

60°C for eicat;tlly 7 minutes. The stained tissue was \

subsequently cooled on ice.. The cotyledons were rinsed

' in distilled water and were Stained with fresh Feulgen

f

reagent overnight. The following day, the cotyledons were
rinsed in distilled w;ter and the growiné apical tips were
excised anrc‘l"placed on a microscope slide, containing a
d;op of 457 acetic acid.. The fibers were thoroggh\ly
macereﬂ:ed with the aid of two dissecting neeciles. ~A cover
slip was placed on top and considerable pressure was .
ai)plied to make a squash preparation and temporary slide 1

. _ { .
of the tissue. At least 2,500 cells from t:hrgeféifferent

apical tips from each seedling were scored for each
irradiated group. Thus sorne‘ 10,000 cells were scored for

4 individual plants for each given dose and for each given

" time period. Mitotic indicés were scored as 7 mitosis

and standard ‘errors were calculated. y
- . -
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RESULTS AND DISCUSSION

AN

A. Physical Ana]_.xsis of Chromatin h

| , , . 1. U.V. absorption - peak ratios and purity criteria_.

Sheared chromatin was diluted 1:10 in cold, double-

]

distilled water and adjusted to neutral pH. U.V. analysis

gave typical abseérption peaks at 260 nm and 220 nm

[

(Figures l,2,3). Purity criteria for isolated Pinus

pinea chromatin is shown.in Table 4. The data shows that

{ based on 'Bonner's~criteria,19 20 the chromatin isolated-
s . X
after exposure to 0.0, 0.5 and 1.0 kilorad irradiation
: - ) - and .incu]aat:ion‘ with 125 i inorganic radiophosphaté is

reasonably free of chromosomal aggregates or non-chromo-

scsmal proteins!

Table 4_.' Criteria for purity of isolated chromatin.

x—ray'.exposulre *  Absorbance Absorbance . 320/260
(krads) (260 nm) (320 nm) S
) 0.0 0.69 0.04 . - 0.06
0.5 = - . 0.66 0.05 10.06
a : »
1.0 o 0.61 0.05 0.08
W,

The U.V.. peak ra‘tios' were also determined and values

s

* are displayed in Table 5. The 260/240 ratios fell between

1.08 and. 1.21 and 280/260 ratios were observed from 1.55 to

\

»
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Figure 2: UV-abéorption spectrum of P._ pinea

chromatin isoléted rom 0.5 krad

irradiated cotyledpns.
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Figure 3: UV-spectra of P. pinea chromatin
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isolated from 1.0 krad irradiated .
cotyledons. ’
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' 2.22. The dat:.a suggests no discernable difference of the
260/240 ratios between control and irradiated groups;
-however, there seems to be evident a sharp decline in the
280/260 ratio from control to 1.0 krad exphéure, perhaps

14

implying loss of nuclear protein.

Table 5. Peak ratio analysis in response to X-irradiation’

X-ray éxposure g 0.D. ratios
o (rads ) 260/240 280/260
. 0.0 1.21 *0.09 2.22 * 0.15
| 0.5 1.20-% 0.10 1.61 * 0.09
1.0 1.20 *0.06 1,551 0.13

The primary task for. the in Li_.g_é analysis of P.
pinea histone structure, metabolism and function is the
necessity for the purification of chromatin or knucleo-

» histone. Chromosomes as found in the intact nucleus ."
.are collectively termed.chromatin and are the site of
I DNA biosynthesis and DNA-dependant RNA biosynthesis,
In only the 1,ast': fifteen years, research has led to the
development/of modern chromatin isolation techniques which

\_,./llows for a more detalled and comprehensive analysis of

its structure and function.

P
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Chromatin, once isblé_t_:ed, is found to be ‘composed

e

" of protein? complexed with DNA and more or less defined.

amounté of RNA. 1In the in !;L_VQ situatioﬂ, oﬁly selected /wf
portions of the DNA or genome are found to be associated
with a basic protein or histome. Such genomes are o -
ge,netical_iy "masked' whereas other portions are available

“ - 47,98,995111,128,133

or accessibie for RNA transcription

Histones are defined as a complex arrangement of small

‘yet unique basic proteins which are at times associated

with DNA in the cell nucleus. The complei between these

°

b«asic proteins and DNA is defined as nucleohistone or
' 128

Ecd

deoxyribonucleoprotein or DNP However , it is ébsolut'el'y
essential for .the study of histone chemistry that purified
chromatin be used to isolate and further purify histone.

Without such technical interaction, other nuclear components v

Cwill contaminate the preparation. Both preparative acid L

2

extraction'of whole tissue or the crude isolation of nuclei

2

will include other basic, ribosomal proteins, residual
nuclear proteins and non-histone chromosomal prote:f.ns , : ., ! -

(acidic proteins). These»non-yistone. components are often

o H
present in far greater amounts than the histones themselveszo.

]
4 .

The residual nuclear, proteins have been reported to

represent by themselves over 50% of the nuclear protein

!

LAY N
0 . ' !
© a
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153,154 e :

content
. %
of this fraction comes from the cytoplasmic membranes and

it has \been suggéstgd that these proteins are denatured

"~ acidic r;uclear proteinssa. In summary then, there has

béen assembled five classes of nuclear proteins: 1)

nuclear globulins which are soluble in 0.14 M NaCl,

. 2) Tris-extractible nuclear ribosomal proteins, " 3) acid

soluble basic nuclear proteins which includes histones and
protamfn‘es, 4) acid nuclear proteins (non-histone

rs
chromosomal proteins) and 5) residual nuclear proteinsGl". Pl
P

There are in general, certain basic considerations -
which must .be given prior to the preparation of nucleo-

histone. The first major consideration must be given to

the action of proteolytic or degradative enzymes. Careful ¢

Al

attention must be given to Both time and temperature of

. the isolation procedﬁres , especially at the early preparai:ive

stageslzs. Hnilica (1967) cpmménts on the advisability

. )
of isolating nuclei as the preliminary step, disregaf’ling

, Y
early wash and differential centrifugation stages64\.

Ht;wever,some authors advise that vt:he dégree of difficulty
in’ isélating a:relatively pure nuclear fraction depeﬁds on
the tissue used and tl:sxg starting material char#cteristics
may preclude high yield:\’a&ct speed as secondary consideratjons

~
!

It has been suggested that g portion * ’
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114’1..32.' These time-consuming and enzyme-degradative

processes may be eliminated for those certajin tissue types.

Early Jublished reports used calf thymus as stari:ing
F
material which was considered an excellent source of

nucleohistone because of the relatively low proportion o;‘_
cytoplasm.' This in itself made prior nuclear extraction
unnecessary.  One sqch mettiod, the Chargaff procedure,

involved\t‘:issue disruption by homogenization in suitable

buffers (i.e., 0.10 M NaCl, 0.05 M sodium citrate,

pH 7.0, 0 - 4°9C), low-speed selective sedimentation of

: ' /
nuclei and washing to remove exogenous electrolyte with

buffered distilled water?/»>29,101,49,133 . pe Zubay -Doty

procedm:'e37 »153

represented several important refinements
to the prelimin.ar‘y Chargaj;'.'f procedures and included defined
speed control of the Wiring blendor and\t;he 'addition of
capryl alcohol blended with saline-versene solvent adjusted
fto pH 8.0 with NaOH. This greatly improved suppress&.on

of surface denaturation. The inclusion of EDTA in the
solvent ensured deoxyribo;muclease 1 inhibition by the
chelating action of divalent cations. The maintenance of

a relatively higher _H inhibits-deoxyribonuclease I1 and

p
inhibits histone denaturation by\the/action of cathepsins.

‘
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The basic methods utilized “forfthe isolation of

J

pure nuclei from plant soutces could not be used without

- modification due to the fact that plant cells are surrounded

G

the diréct- extraction of nucieohistone from plant homogenates

by a cell wall. Two ear1y1extraction procedures described )
without prior nuclei isolation 5

66’1?’170. Early attempts by

13

Berkofsky ~“in an effort to isolate nucleohistone from ' |

£

A

Pinus pinea b;r the Johns and Butler®?d procedﬁre failed.

_This method attempted a direct chemical extraction from

whole cells which was similar to the Zubay-Doty procedure

but resulted in low chromatin yield and high basic prbtein

42

contamination. The methods of Fambrough and Bonner = and

Tautvyd33138 required the isolatfmn of pure nuclei but

both resulted in unacceptable levels of contamination.

Finally, the modification of the method used by Spik.er129

led to acceptable levels of nuclear purity and thus a

]

2 J .
suitable material fof histone extraction was obtained.

L4
& -

/
Bonner et a1.19"20

—

&

states that properly prepared
ch‘romz}tin is a clear gelatinous pellet which e;chibits very
littlé or non-existent ébsorption at 320 nm anld must be
lesé than 0.10 of the absorbance at 260 nm. In addition,
pure chromatin is character‘ized by a protein/DNA ‘(280/260)

ratio of 1.3:1.0 - 2.0:1.0 and RNA/DNA ratio of less than

¢ ' i
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0.2. Pure chromatin migrates as a single band in zone

electrophoresis 'and high melting profiles attest to DNA

stabilization by protein.

Properly prepared calf thymus nucleohistone is

characterized by stability for several days at 5°C. The '

1%
259 mp’

content of 47 T 2% and a nitrogen/phosphorous ratio of

extinction bcoefficient, E 1s 106 ¥ 5 with a DNA
3.7 t 0.3128, 14 addition, properly prepared calf thymus
3 <4
"DNA and DNP have the following physico-chemical character- [~
¥
istics as outlined in Table 6.
Evidence for enzymatic degradation is marked by
decreased rigidity of the molecule which would result in
a decrease in viscosity. An increase in viscosity, on the

other hand, marks DNP aggregation which is initiated by

high salt content or the presence of multivalent cationslZ8,

It should be noted that in this study, absorpti;m

spectra analyses were made 24 hours after jin vivo, whole-

13 qﬁot:es data for the

tissue irradiation, whereas Berkofsky
irradiation of isolated nuclei. On this basis, the data
suggests an observed irradiation effect on the level of

protein synthesis (i.e., loss of. nucleoprotein or decreased

amounts produced) as well as a certain amount of decrease in

e w v - - =y “* - ' e T —— - - e o i e oot v b T A
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the DNA levels. Such loss of chromosomal protein may ‘

be the result of radiation injury to both portions of

.the nucleoprotein complex. It is well documented that

X-irradiation causes weakening of thé DNA/histone

associations’g’ga.

-

Table 6 Physico-chemical propertiks of nucleohistone/DNA

Reference Molecular [n]).d1/g Sogs W
Weight
(intrinsic (sedimentation
viscosity) coefficient)
DNP _
Zubay and Dotyl33 19 x 100 35 50
Bayley, Preston ’ 6 ) ’
Peacocke 20.5 x 10 30 C -
Lloyd and Peacocke?4 -- -- '50 for 70%

of the material

DNA .
Zubay and Dgtylss é X 10§ 70 22
(gftgf B.P. Sonnfggeré and
. Zubay, 1966)
14. Thermal denaturation ~

The T values and values of hyperchromicity for P.

pinéa control and irradiated chrématin are displayed in

. )
Table 7. The T profiles are presented in Figures 4, 5, 6.

-

Pl i -
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Thé results indicate that Tm decreases as an X-ray exposure
increases. Also, there is a ver& definite tramsition from
a éwo—step T, profile for the unirradiated chromatiﬁlto
a éne step T profile for chromatin irradiated at 1.0 krad
which closely resembles the T,, profile for deproteinized
chromatin or nucleohistone raéher'than whole chromatin.
The data strongly suggests that irradiated chromatin is
structurally damaged or modified to resemble nucleohistone
pérhaps as a result of loss or alteration of the chromosomal
nuclear proteins. ( T, is defined as‘fhermal ﬁenaturation).
Table 7 Thermal denaturation and hyperchromicity of

control and irradiated chromatin. (Values are

measured at 260 nm, without buffer system,
using ambient temperature determinations)

X-ray exposure T 1 Tm2 ,( Hyperchromicity
( krad) oC - 9¢ (%)
0.0 61.3 Y 0.9 = 82.5 t1.1 28
0.5 ‘ 57.5 ¥ 0.7 87.5 * 0.8 24
1.0 - --- 75.0 * 1.2 62

Thermal denaturation of double-stranded DNA results
in the dissolution of hydrogen-bonding between complementary
base pairs and subsequently allows the double helix to

LS i

unwind and separate with resulting physical‘and chemical



PR e otoe PR
» & i N T iy ko b apnim o

Figure 4: Thermal denaturation profile of 1.0 krad
d irradiated chromatin isolated from P.
pinea nuclei. (Values were.recorded at
260 nm, using an unbuffered aqueous:

/ system and ambient temperature

determinations.

Figure 5: Thermal denaturation profile of 0.5 krad

irrgdiated chromatin isolated from P.

pinea nuclei.

Figure 6: Thermal denaturation profile of 0.0 krad

unirradiated chromatin isolated from P.

pinea nuélei.
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changes. This change has been referred to as the "helix

31 Polynucléotide absorption at 260

f+-coil" transition
nm is due to its base components; however, absorption is
reducéd or suppressed when polynucleotide bases are rigidly
held in stacked formation as is the case with double
stranded DNA. Equimolar amounts of free bases or even
nucleotides show far greaterabsorbancies‘for this reason.
This absorbance suppression is lifted as the DNA undergoes
helix—~+coil transition and an increase in 260 absorption

or hyperchromicity is observed. The helix—-coil transition
will occur at specified T 's regulated by several factors.
The complexity of the DNA molecule will affect helix —-coil
trahsition, (i.e., "homogenous' DNA as found in prokaryotic
organisms (viruses, bacteria) will melt over a narrow
temperature range as compared witbo"heteroggnous” DNA of

the eukaryotes). Owing to the fact that (G+C) base pairs

~are intrinsically more stable than (A+T) base pairs, then

it is easy to.understand that (G+C) rich DNA regions (i.e.,
bacteriophgge lambda) will meltiat higher temperatures than
(A+T) rich regions. Alsog the type, ionic strength and

H of the solvent will affect base-ﬁairing interaction and

p
)
will subsequently alter or modify the transition31

There are two generally accepted methods described for
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the measursment of:Tm‘s. ’The first‘method38 measures the
absorption quickly after the DNA solution has reached the
desired temperature and is then read at that temperature.
The second méthod50 measu?es the absorbance of DNA which

has been éuicklyicooled afteriheating to produce a condition

of irreversibie denéturatioﬂ. The first method is preferred
* because it relates to base stability of the DNA in the

originalmgtatelg. The T, measurements for this study were

made by the preferred ambient temperature method ané

whole chromatin, not nucleohiséone was chosen for this

study and this represents an important difference. Native,

untreated chromatin displays a typical, two-phase Tm curve

(Figures 7 and 8). Bonner and Huang18

noted that pea DNA,
when complexed with histone, exhibited a T, 14°C higher

than deprotéinized DNA. When nucleohistone is associated
with RNA and acidic protein, as in whole chromatin, there

must exist a different structural form to allow for a

‘ 7 '

two-stép fﬁ profile. Bomnner and Huang (1964), also stated .
e

that thé 2nd T step (Tmz) corresponds to the T of native

nucleohistone whereas the lst step (Tm1)~corresponds to the

Tm.of native DNA.

The basic model for two-step (or multi-step) thermal

denaturation profiles rests on the premise that DNA base pairs
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DNA and NUCLEOHISTONE MELTING PROFILE of PEA

0.6 | I | EMBRYO CHROMATIN
> ‘ 0.7 T T I
= DNA >
0 =70° -
Z 0.5} ™79 — »
W ) 4
o W
N a]
< NUCLEOHISTONE 3
g 0.4 Tm=84° — )
- =
o b
© X o T = 69.5°

0.3 L L ' 04 | 1 1

60 70 80 90 100 60 70 80 90 100
TEMPERATURE, °C TEMPERATURE, °C
Fig. 2a.—Deproteinized DNA and native nuclechistone. Fig. 2b.—Chromatin.
Figure 7 Figure 8
Pea embyro DNA melting profiles (J. ngner and R-c.C.Huang,
1964)

in the chromatin or nucleohistone complex can be identified
as tvo groups; one a protein-free and the other, a protein-
bound DNA genome. It isthis difference which confers

different degrees of protection which allows for multi-step

denaturation profiiessg.

Several experiments report on
artificial polylysine or polyarginine - DNA complexes which
 show biphasic melting curves as a result of the polypeptide
association143’85’106’107’71. Early reports giving the
denaturation profiles for pea bud chromatin and selectively;- '
rémoged histone could not be reconciled with the above model
for biphasic denaturation88’89. Biphasic denaturation ¢

for these cases was interpreted to be closely linked with the

. e . s



b

physical properties of the individual histone molecules

and that two melting bands, one at 66°C and the other at

81°C were due to DNA interaction with a less-basic portion .

~and the more-basic portion of the histone molecule

respectively. However, selective removal of lysine-rich -
histone caused reduced amplitudes of\both melting bands

and suggested that DNA stabilization is unlikely due to any
one class of histone. TInstead, the Li - Bonner model -
attributed different melting bands to différent degrees % /
of stabilizatiop by different histone 'ends'".y The ends

are defined by their 1ysine/argin.ine ratios. The more

basic end confers greater electros'tatic protection and

tilus a more stabilized DNA is established which exhibits

a higher melting temperature. It would be difficult to
assign which model would account for biphasic Tm's in -

P. pinea chromatin but it is possible that perhaps both
mechanisms could operate. It ’:is equally possible that any
form of degradation of either stabilizing S};stems (i.e., ‘
loss of chromosomal protein or loss of basic histone) would
account for altered T profiles. For example, chromatin |
auﬁ:olysis and trypsin digestion of chromosomal proteins which
resulted in exposed and altered DNA stabilization resulted

in changes in the T profilez. Similarly, one can interpret
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these results as being analogous to the radiation-induced
effect. Several experiments have indicated altered DNA
and/or histone content following whole cell or nuclei
irradiation8’9’83’7. Bauer g;_gl? has demonstrated lowered
T,'s for both DNP and reconstituted DNP (deoxyribonucleo-
protein) as a result of the radiation effect and further

]

suggested that this resulted from damage or alteration of

the histofies.

B. Histone Analysis and Characterization and the Effect

of X-Irradiation on Relative Mobilities of the Histome

Subfractions

Electrophoregrams of calf thymus histone 32P phos-
phorylated P. pinea histones are illustrated in Figures
9, 10, 11, 12. Because of the‘stated constant electxro-,
phoretic mobility of the arginine-rich F2al (IV) histone

73,110,130,131 of histone samples obtained from

subfractions
various plant and animal sources, band 8 (see Figure 10)

was used to align the P. pinea electrophoregrams with calf
thymus histone F2al (IV) in an aftempt to further characterize
the other fractions. 1In all cases, 30 pg of histone were

/
applied. In all cases, at least eight or sometimes nine N\
/

fractions could be separated from P. pinea histone. That

* fraction having the highest)mobility was band 8 and was

S i bt o TR & 7 o1 b e e - ¥r s e am e e e e —— T e
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labelled as the ;rginine—rich F2al histone. The major
peak nearer the cafhodic,end was labelled as bands 6-7.
Histones of this control group were electrophoresed sevérai
timed&frand consistently gave reproducible results. In . ‘
Figure 11, partial resolution of peak 6-7 is achieved.

‘ s .
Berkofq&yﬁ21975) claims that this apparent failure in

| ’ separating these peaks is due to the amouﬁtnof hiégonef

applied and the degree of chemical modification guffereq

but nevertheless this peak does represent Histones F2a2

(6) and F2b (7)1>. ‘ T

-

o

Because of the relativély low electrophorétic , . f
mobilities of the first four ﬁumbered fractions for P. B
pinea histone, thig group was arbitrarily labelled ag the |
lysine-rich Fl1 fraction and showed comparable mobility‘with

calf thymus Fl1 histone. In one group, i. e. ,unirradiated

P. pinea histone, tpe persistent occurrence of a fraction

0

with less electrophoretic mobility than fraction 1 is seen

(Figure 10). This fraction complétély disappears in the

irradiated groups. This fraction is presumably lysine-rich

w

and was tentatively labelled as fraction X. Certain o ‘

unirradiated histone fractions aligned perfectly with the
calf thymus histone fractions. These are histones 3 (F1), b

i 6-7 (F2a2, F2b) and 8 (F2al). Histone 5 is of variable -

- ks
[ . TR I L U D o ek B A e T tedmdm TG, aAn e e - -
v
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-nature and seems to correspond with calf thyms histone
F3 (III) Variability :I.n the areas under the curve, that: -
g 18 the amount of protein constituti.ng each fraction, is .
i rgreatest for fractions 5, 6-7 and 8; Wwar, fractions -

1-4 were more con‘stAnt. Except for bapd"X, there seems

to be little evidence of an X-ray-induced effect on any

: ' I [
: ‘ one particular' fragtion of P. pinea histone after 24 hours
- oy ¢ {

!

post-irradiation (Table 9). This is perhaps due to the
1 ) L o : . s ‘ .
_ fact that proteins in solution are relatively radio- / *(’

insensitiver at low exposures and only de novb synthesized
. /’() v _
histones may be altered at the time of irradiation being

| v . subject to temf)lfte mutation and/or ‘altm:'a%on. T}ms from |
\
this data and the data obtained from UV sgect:ral analysis

(Table 5) it seems that &e lowered 280/2650 ratios
obtained for irradiated chromatin is not due to loss of any ‘

SN v ’
g oné particular histone fraction but rather to loss of

. hisﬁonh_and perhaps otha: chromosomal p;otein in general. /“

) . 1
A discussion oég the analysis and characterization of * S
. v » ! ! ‘

xthe histones must include at least an awareness of the.? ‘ |

preponderance of symbolé and differing nomenclatures which , -

have beén ‘assi;g;ied to describe the same histone fraction. ’

T_ ’Murray (1968) similarly commented on this st% of afft;iraloz

A Y . Be point?d out :w: oca,gmuy Stedmsn and Stedman’! labelled

g
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Elictmphoregram of commercially R
.prepared talf thymus histone (fraction

1V). Dfhction of migration as .

-11lustrated is from left to right - ;

(L.e., fro:: anode to chthode). 30 pg

‘applied to each tube. —
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. Figure 10: Electrophoregram of histone obtained

from unirradiated (control) Pinus
.pinea cotyledons following 16 hours
U incubation in aqueous inorganic
radiopﬁosphate (125 pci). Dix:gc}:j:on
of migration as 11lustrated ig from
left fo right (i.e., fr¢m anode to
cathode). 30 ug histone appi:led fp

“ each tube.
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Electrophoregram of histone obtained -

- from 0.5kradirradiated Pinus pinea

cotyledons following 15 hours -
in;ubai:}on in aquecus inorganic radio-

phosphate (125 pCi). irection of. .

- migration as illustrated is from left
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the histones én the basis of their electrqphoretic
mobilities and assigned the symbols a« , 8 ,and 7* to
them. Since that time there has been no less than four
new nomenclature systems which-are summarized in Table 8
and have been conspicuously tabulated in the preface of a

recent text on chromatin structurego.

Table 8 . Nomenclature for. histone subfractions

»

Lysine-rich histones z'f Hl I Fl
" HS v F2c o .
Slightly-lysine rich H2a 1I1bl F2a2
histones ‘
H2b IIb2 F2b
' Arginine-rich histones H3 111 F3
. a ' H4 IV  F2al

(after H.J. 5.6 and R.A. Eckhardt,
eds., 1977)

Until such time that major technicai difficulties
could be ‘resolved in the preparation of chromatin and
isolated pure, unaltered histone, there were c;:mfli'cting
reports on the Similaritymor dissimilarity of histones from
different tissues, organs or species. Until nuéleoprotein
preparations could be made without basic protein contamination
or degradation by proteolysis reports Mld indicate histone

62,63

homogeneity from spec.\ies to species or that histones
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display individual species and tissue Specificity73’115’74.
It is now generally accepted that there are five nﬁjot
classes of histones which can be identified on the basis
of their electrophoretic mobilities. Most are heterogenous
species with only the lysine-rich \-]ifra'ction showing some

73,74

tissue-specific microheterogeneity In addition, a

study on the comparison of vertebrate histone based on
their electrophoretic mobilities by Panyim ;;3_:_\ al, 1970110,
conclusively showed that over a wide range of\vhéf?ebratj.e
types, two histone fractioas, F3 and F2al, have been cilos;ely
congerved throughout evolut:l.on~ and indeed there is evidence
for only minor changes in their mobiliti;es among the various
phyla. Only histone Fl shows any imdication of tissue-
specificity. AThe primary amino acid structures for the

four groups, F2al, F2b, F3 and F2a2 have been analysed74’67’~
33,152 gpq partial sequencing for histone F1 has been
attemptedlls. A comparison between calf thymus and pea

bud histones F2al reyealed an extremely conservative

alteration of merely two amino acid changes and has shown

that there has been no divergence between' this fraction for
34 '

‘nearly 1.5 billion years™ . - - "

/

e - e
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. C. Inorganic 32? Incorporation and X-Irradiation

Data for the recovery of inorganic 32P from gel
8lices of the histone fractions as well as corresponding
areas under the curves obtained from the electrophoregrams |
arehlisted in Tables9A-C The data show that for all

32

subfractions, ““P incorporation is markedly reduced as the

radiation exposure increases. It is interesting to note
that three fractions obtained from unirradiated histone,

fractions 1, 4 and 5 show relatively high specific activities. -

- This is not unusual and is in accordance with the findings

of Langan81 who demonstrated and purifiéd a phosphokinase
and phosphatase specific for rat histome fractiom Fl.
Phosphorous was found to be preferentially associated with
the lysine-rich histones and is bound to the serine

residues as o - phospho {-serine.

A

The effect of X-irradiation on the relative rate of
incorporation of 32? into histone is represented in Figure
13. ' The results indicate that the lysine-rich subfractions
of P. pinea histone tend to show less radiation effect
than do t;he more arginine-rich histones. The increase in
the percent 1nhibitj;on of 32 incorpor,at;ion for both s

irradiated groups is linear with &eéreasing lysine-contentf. .

>

For example, 1,000 rads ionizing radiation induced only 58%

¢ -

e —————m R —— .
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32P - y
inhibition of i uptake in fraction number 1 as
compared with control data. The same radiation dose

induced up to 98.5% inhibition of phosphate uptake in

‘the arginine-rich fractiom 8.

It is known that in whole-body irradiated rats there

is a general and immediate decrease in the histone/DNA ratios '
/' »
of isolated nuclei“’. Bauer et za._]._.9 , showed that for

"irradiated rat thyn{us nuclei there were no perceptible

differences in either the electrophoretic mobilities of
the major bands of the fractionated histones following

irradiation or the relative amounts of histone. There was,
i p «
however, significant decrease (up to 20%) in the amounts

I’

of DNA and histone 24 hours after in vivo lethal irradiation
and as well, the loss of DNA is both gradual and non-
selective. However , differential turnover rates of

sythesis of the histone fractions are not uncommon following
X-irradiation énd the arginine-rich histones of thymus are/
particularly deprvessed77 ’78. Thus, if these reports are

corréct, the data now seems to imply that there is no X-ray-

32

induced "“P inhibition of incorporation per se, but rather

5

there are maintained levels of phosphorylated F1 histones

w ' . . i
due to the rapid and selective turnover of the F1 histoners.

\

One could .imagine that if the turmover rates for Fl lie
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| —_— . —— R o
" Fraction Tentative _ Net Count Rate/ Amount Area under Specific : Rt -2 .
Number Classification' 4 gel slices protein the curve activity 1ncorporation . v
— . . (cpm) (ug) (cu?)  (cpm/ug  -% inhibition - b
. . ¢ ] protein) b
‘ , | :
"X & Fl - 1676 1.64 ~ 1.0 255.5 0.0 1.
1 F1 © 992 0.49 0.3 506. 1 0.0 |
2 F1 1218 5.25 3.2 58.0 . -~ 0.0 . o
- , 3 F1 1128 5.57 3.4 50.6 " 0.0 . ““
o 4 FL. - 978  1.15 0.7 212.6 . . 0.0 &
5 F3 454 w.mw 0.2 343.9 0.0 o
- 67 F2a2, F2b 2478 11.15 6.8 55,6 . 0.0 . B
8 F2al 1516 C 4.43 2.7 85.6 0.0 . - A
TOTALS 10440  30.00 18.3 . --- --- C M
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The in vivo

F 4

cvnﬁnm of u&mw (as zwmmuwwobv ubno P. ..mwnmm E.mngm.

-~

A / v Table 9B,0.5krad irradiated mmm&.wnmm. ;
e . * ) . S 3
‘ Fraction Tentative - Net Count Rate/ Amount Area under Specific ’ 3%p )
. . Number Classificgfion 2 gel slices protein the curve activity incorporation
< . » . -
. X J (cpm) (ug) ¥ AnBNV (cpm/ug % inhibition .
- . . ¢ ~ prptein) '
o X, FL --- - --- --- ---
g [ . « . . .
. [ F1 . 369 0.24 ™ 0.2 384.4 ‘s 24.0
N i R Ny R
-y 2 . Fl ) . 290 T°1.90 1.6 . 38.2 34.1
. T 3% F1- 479 4.05 3.4 29.6 416
Ny
7 4 F1 . 269 S L35 - 1.3 C 434 796
v L R . . . . '
5 F3 JV, 302 . - 3.57 _ 3.0 21.2 . 93.8
SIS . | B L
0T L e F2az, F2b - 373 > 11.90 ", 10.0 \ 7.8 86.0
L / . A _ H
RN -itg F2al 167 6479 57 6 92.8
o Ve X R . M \\
. R . TOTALS 2249 30.00 | 25.2 --- == .
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" Table 9C  The in ¥ivo uptake of S2P, (as NaH, 2PO,) into P. pinea histone: |
‘ , ) Table 9C, l.0krad irradiated seedlings. IS
v .0 . . ) . A ” .

. T - o 3 <
mnmmnu.on Tentative Net Count Rate/ Amount Area under mvmoﬂmww - wmw e )
‘Number - Classificatjon . 4 gel slices protein - the curve Activity. incorporation - /\.

. - « (cpm) . (ug) Anamv Am.va.\ﬁm % inhibition '
— : - : . protein) - .
‘X - Fl /,--- [ - .-
N - . B / . ! . .
1 ¢ Fl ° 536 0.63 0.5 —~  212.7¢ 58.0 -
PR o - . 0 . —- "
) ..N. ' - AmH ) HNN utHb . Nom B Hwoq _ vap ’ m
T\ »s B ‘ ;
3 F1. - + 76 4.02 3.2 4.8 90.5 .
| 4 . - Fl 91 0.38 0.3 59.9 71.8
M mw \. mw i ' H-Nm H.-o ' s " .Hm.m , .WMON )
H ¢ \ ' w : = -
. 6-7 F2a2, F2b 163 _, 12.18 , 9.7 3.4 \ mu%\
: 8 F2al . 45 - 8.41 6.7 1.3 . 98.5 , N
- 1 4 ' .
) TOTALS © 1166 - 30.00 - 23.9 © --- --- g
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Figure 13: % Inhibition of ;noréanic 32% inéorporatioﬁ'

N e .o (

' _‘ ' A into P. pinea histone following X- P

Y i \ } R . ‘ t .
. . . . R ) . . .
L' ' - ' “ .
g . . ..~ , For- all cases, the control unirradiated ¢

A ' D ™ histone remained at an arbitrary 0% value’

o T for X-irradiation induced infiibition of
' 32?1 incorporation. Values shown preViously
for the specific activities were used to

- N * I8

1 k. o . cdlculate % inhibition for the ir.rac!ia'tted
- groups. - Cros@fuatche‘d bars represent 0.5
krad irradiated tissue and the cl%r bars
represent 1.0 krad irradiat:ed tissue. For’
all cases, irradiation caused significantq.-
j’ /\ - o — - in}g{ition of the in vivo phosphorylation

rd

. ’\
/ . . : : of P. pinea’ higt‘.one. In only one case,

. ' " °  fraction 4, did the 0.5 irradiated group,

LI | + 'Y

show greater X-ray induced effect .than 1.0

L]

. !
N . /" krad irradiatien.

.
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T . , IS
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. . study showed up’ to 50% decrease in the leyel of F1

| ‘temporal reLationsh;p of histone Fl1 turnover and phos-

~ ship between F1 histone phosphorylation and the onset of g

1
within the 16 hour incubation period which‘hnmediately <
"' followed X- irradiation then, F1 histones lost during

and immediately after irradiation could be replaced

" and re-phosphorylated sometime during this period

Gurley and Walters (1971) reported the rapid response

of histone turnover and concommitant phosphorylation in response-

to X-irradiation in CHd*cellsS7. It was previously ) ;

known- that histone Fl turnover in CHO cells stopped for

a short time in response to X- irradx?tionss 56. The ‘r‘ N\

e

phosphorylatioﬁ one hour after irradiation (800 rads)s

however , by three hours post-irradiation, the Fl phos- - - ————

phorylated‘histone level returned to 867 of its normal

' v .- :..A
value. . , .

-

Further work must be done on the in vivo phosphory=~
lation of.ﬁ\ pinea histone. A similar study, like that

of Gurley and Walters, (1971) which investigated the .

: phorylation in response to X- irradiation must be initiated .

to better understand the data presented of Tables 9A - 9C.

The study must also include the analysis of. the relatidn-

recovery following Gy or G, mitotie block.

"#CHO - Chinese hampster ovary cells . .

4t
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D. The physical propért;es of Pinus pinea histgne kinase

-

i. ?uri'.fiéatioln‘ of the protein kinase. -

. The chromato‘gr‘aphic ‘elution, peaks and .32

P activity
peaks' f;)r bc—n:b Sephadex 'G“—ZS ar;d DEAE-Sephadex A-50 #re
shown in Figures' 14 and 15 res\fzectivel‘y, Figure 14
represents the gel filt%ation profile of Sephadex G-25"

on the crude enzyme preparation J Figure 14 reveals thé
presencge of two major pfaaks. The first peak represe;nts '
a ;fractibn of,fd,gh molec‘:ular weight proté‘ins and is broad
and undefi:ned' There iscevidence of some radioactivd.ty

-

in this broad fraction and was collected in fraction

" of the radioactive peak of the. second lower molecular

weight fracct\i}.‘on. Because the activity ‘ccmtained within
this second peak was minimal, it was neither purified
further nor assayed. Only that protein fracti.on eluted
between 230 ml and 250 ml was pooled and further purified’
on an ion-exchangfa _;esin. It is not ‘understood why any
enzymatically act'ive.'fraction could be found at all in this
bigher molecular weight pi'oteiﬁ pool. The large pore size
of Sephaderx“ G-25 could not -effectivel‘y separate two
di.fferel")t' enzyme forms with identical ‘func‘t . Multiple

-

kinase forms have been reported and are fairly common
LY
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gure 14: Chromatography of the crude énzyme

.
‘e

preparation on a Sephadex G-25. (five)

column.” The protéin was elu'ted with
/. e, ‘ -
' 300 ml of 0.05 M Tris-HC1 buffer

pH 8.5 ‘t:qhtaining 0.05 M NaCf anf*6 ™

Z-im'eréaptoeth, ol. The 5.0-m]l fractions
. . ¥ .
were collected and assayed as described

v
.

° 1in the methods. The solid line

.
- . , !

répresent,s changes in optical dénsity

. at 280 nm (arbitrary @nits‘)., T'he, .

~enzyme was most concentrated

between 230 agg 250 ml ‘eluant. _ These-
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6B gel filtration

. D-52" 7; hydroxyapatite

94
151

(rat liver ; pea shoots72; silkw’orm61) and one kinase

" .has been described as being a holoeniyme which can be

65

dissocia'ted In all cases, however, " the appear ance of ‘

-/a mult:iplé -form kinase was Seen only after more refined

puri.fication steps were utilized (i e., CL- Sepharose

65, 6

4 Sephadex G-150 ; DEAE-cellulose

2. ' 151.) The only explanation which can |
be given wi'ti'nout further analysis tf\.r:tgi‘sf fraction 1is

that it probably contains soluble cytoplasmic proteins
c.apabl‘e vof being enzymatically phosphorylated by the
protem kinase or other kinases or. non- enzymatically

phosphorylat:ed in the presence of AT32P alone. These

proteins may be low molecular welght globulins or even

perhap the cytoplasmic pool of nascent P. p_ine histone.

The majoi' peak obtaj.ned from Sephaclex G-25 chroma-

. : )
tography was further purified on DEAE Sephadex A-50 ion

exchange resin and the results are displayeh in Pigure 15.

The results show a large, single major peak which has‘been

eluted at a salt concentration gradient from 0.18 M to

-0.22 M NaCl. This fraction yielded the highest enzymatic

activity. A second broader peak of radioactivity is also

4

seen for the fraction eluted at 0.32 M to 0.36 M NacCl.

The radioactivity of this peak represents about 38.87
| g
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Figure 15: Elution of P. pinea histone kinase = . .
. , . A
from DEAE-Sephadex A-50 column using . (/

‘a 1iln¢;.ar ‘l:lgCI gradieﬁt between '0.051 o
. and 0.60 M'NaCl, ia 0.05 M Tris-HCl
b.ti.ffer, pH 8. IS'.and containing 6 mM
2-merf:ap’t<;ethanol. Thef solid line

represents protein concentration .and

is the change in optical density at ’ ;

e 280 nm (arbitrary units).
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97
of the combined radiocactivity of the first pesk and is
contained in twi.ce 't‘:he volume of eluant. Further assays
which involved the kinmetics, substrate specificity, ¥g?*

ion pon‘centration,‘ c-AMP and _H dep@éndancies of the

P
enzyme were made only for the enzyme collected in Peak 1.

Table 10 shows‘ the degree of purification a’ttribute:i
to~ each of the various purification steps. It was
realized that the enzyme cantained within the 35% to 65%
NH,SO, fraction may be of sufficient specific activity to

carry out certain preparative expexr iments.

ii. pH .dependance.
Data for the effect of pH on .enzyme activity is
shown in Figure 16. The data shows a pH optimum in

Tris-HCl buffer of 7.8 with rapid decline for pH values

* below or above this figure. Phosphate buffer indicates

a pH optimum of 7.9. Glycine as indicated is an unsuitable

buffer for this application. Table 11 below gives surx;eys :

of the pH optima obtained for histone kinases obtained

.from different sources. The data for the combined sources

indicate that the average pH optimum for a variety of

histone kinases obtained from plant sources is about pH 7.9

. and agrees with the value obtained for P. pinea kinase. /

P e mis samp e . . .- R VP
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Table 10 Purification data for the isolation of Pinus

pinea histone kinase.

r

Fraction| Total Protein Specific Purification yleld
: monw<wnm concentration activity factor .
(net CPM) (mg/ml) szdw wmm /min) (x crude) uva )
. — A = »
Crude extract , 1142 . 28.7 0.0007 1.00 100.0
*uotmwwwmw L --- --- --- —--

. 105, 000 x g pellet 8406 21.8 6.0040 2.12 76.0
35% - 65% NH,SO, . 16467 . 125 0.0780 | 7.41 43.6
Dialysis " 17660 9.2" 0.0840 11.68 32.1

. Sephadex G-25 .. 28951 . 7.2, 0.1380 17.37 25.1
. 3 ,%DEAE Sephadex A-50 39407 ﬂ\\u.p 0.1880 34.50 8.4
o uumnm not obtained for Dowex-IK2. -
3 ) i
. : .
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Table 11 - Histone kinase pH optima obtaimed from

various sources.
-

4

"Au/thor Source

Buffer H range

P

Naka¥83g_|;_ “a_]_., carrot cell

1975 culture
" IQ=.-.ates,197372 pea shoots
1
» ’ :
. Lin et al,
1976 soybear;
Yamamura et al.,
1970131 ) rat liver -
Mcl(elvey’, 197595 hypothalamus

0.05 M Tris-HCLl 7.5 - 9.0

0005 M B“glycerO" u6.5
phosphate

0.05M Tris- 8.5
(hydroxymethyl)

methyl 2-amino
methane sulphonic
acid - >

¥

20 mM Tris-HC1 8.0 - 9.0

5 yM phosphate 7.5

5 pM phosphate 7.0

1ii. Mgz+ dependance. .

The effect of a divalent cation, Mg

*

2+ on the activity

of P. pinea histone kinase is represented in Fig%u:e 17.

The datﬁows almost linear increase in the specific

activiéy o

the enzyme up to 3.0 mM concentration. The

optimum concentration of magnesium for this assay lies

. between 5 ™ and 7.5 mM. Concentrations higher than 7.5 mM

“.

become inhibitory. At i;he zero concentration,‘there still

i s b e 4 b 13 S -
v

RS . P
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e
. on the enzymatic activity

Figure 17: The,'effect; of varibus‘M32+ conéentfgtioqs
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remains as'r'm.zch as 27% of the maximﬁﬁivity, regar_dless

e

- 104

-

of its absenc':e in the reaction mix Very siniiar

evidence is given for the effect of Mg2+ ion concen.tration'

on kinase act'ivity ip cultured carrot cells (Nakaya et al,

A

1975). Maximal kinase activities were reached at 0.5 mM.

, . N
but fell rapidly at concentrations above 1.0 mM. 'About
26% activity of the maximal value was “obtained at the
zero magnesium concentré.tion. Optimal magnesium

concentrations for plamnt kinases have been re%orted to be

103 91 '~

0.5 mM for carrot root culture and 5.0 mM for soybean

a 1

*

3 ) BRI i )
Certain other divalent metal cations enhance the

3

enzymatic phosphorylation of kinase. These are an* , and

91 ! _— :
Co?t* "7, Millimoldr amounts of either Ca2+ Zn2+ or ng+

added to the incubation medium‘can result in up to 50% -

inhibition of the primary activity.

iv. Effect of kinetin and &:ap,

Figure 18 shows the results obtained for the effect
of the inclusion of c*AMP or kinetin intg the reactior
medium aiid tne effects produced ‘on the reaction rate. The"
re§u1ts indicated the absence of any dependance shown by
P. 'p_ig_e_g_ histone kinase fnr these two sub‘stzances. The

< ,
results indicate thi)s gffect for. only the.in vitro situation.

T
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105 -

¢ i

| No assump'tions from the results can be made concerning

thefr individual roles in vivo in P,/ pinea. It should
. — /, .

“ . be noted that there are few reported cases of c-AMP-

~

‘dep‘endant protein kinases in the plant phylae

51,120 -

although the c-AMP-dependant forms are.by far the more

14 . . ‘e‘
common. Other cyclic nucleotides and their analogues

1

were not tested.

-

-

This situation differs from that of Kinase isolated

from animal tissues in which‘a'unifying theory for the ‘

mechanisnp of action of c*AMP has been postulated79.‘ .

Ralph et al,, 1972 postulated that the cytokininsg play

the same role in plant tissues as does,cyclic-AMP in their

‘119

animal counterpart . For this reason, the influence of

/

kinetin ( 6-furfurylaminopurine) on the reaction rate was

studied. This data is also shown in Figure 18. The s

results give po clear evidence of kinase stimulation as
a result of kinetin addition. There is instead, a sligﬁt

degree of inhibition from 0.3-to 3.0 pM kinetin,/ " Evidence

119

for kinetin inhibition is.not uncommon , althoughwthe

&

',re\}erse situation is more frequently observed. The

mechanism'of‘kinetin inhibition is not well understood.

f— .
o

‘v. Inhibitor .studies. ‘ »
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Figure 18: The action of 6-furfuryldminopurine
b , (kinetin) and cyclic .adenosiné 3', 5%- " C
. monophosphate: on histone phosphiryla;tion s
R = Standard assay conditions as described in the
. text were'used. . ’
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To test ggf the presence of sulphydryl groups in the

‘enzyme and to d;Z;;hine how essential these groups are

for the aétiviiy of -the enzyme, p-phioromercuribenzoate

and iodoacetate were added to the reaction mixtures in

individual tests. The ad@itibn of 2-mercaptoethanol Qas

also assayed and its necéssity i; th;'react;on mixture

and its ability to overcome -SH group 1nhibition§was

:determined The effect of p- chloromercuribenzene sulphonic

acid on kinase activ1t? in the absence of a mercaptan.is

displayed in'}igure 19. The data priésented sho&s a high

degreé of correlation between the amount of inhibitor and

the degree of kinase inhibition associatea. The addition

of up to 1.0 mM p-chloromercuribenzoate resulFs in almost

complete inhibition. The mode of action of enzyme.inhibition

by ﬁ-chloromeréur?benzoate is thoughF Fo be due to these

fagts; 1) p—chloromercu;ibenzoéte is a powerful and selective

inhibitof of'-SH groups. and attacks both exposed and ‘

concealed group§24, and 2) iéaié well known that -SH groups

confer important tertiary structural characteristics to the

45 Any

enzyme which is nec?ssary for its complete function
reduction in the number of these sulphydryl bonds (i.e., -S

- S-) can result in exaggerated conformational and structural _

changes which can result in loss or altered activity.™
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‘The effect of p‘chloroﬁerqqpibenzene

sulphonic acid on the inhibition of.

kinase activity in the absence of 2-

.mer captoethanol. Standafa'assay_

conditions were. used.
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*

] It,iquuite common to include in all preparative | ' -
s;eps and in the assay mixture a suitable reducing agent
(i.e., 2-mercaptoeth§nolf.c§steine, ~-CN). They functién
by protecting.the exposed -SH group% which are prome ' -
to oxidation. Data given in Table 12, Section B and
Figure 20~§how fesults obtained'for.the addition of
increasing amounts of 2-mercaptoethanol at a fixed
concentration of p-chloromercuribenzoate (0.5 mM). The
data éhdw - almost complete reversal of inhibition by the

' 2
0.3 mM concentration of the mercaptan. Excess mercapto-

ethanol became inhibifory to the system. This type of

data further suggests thay/inhibition of enzymatic

agtivity by p-chloromdrcuribengzoate is due to inhibition

of the suphydryl groups. Data In Table 12, Section A,* .
sﬂbws up to 147 inhibition of activity when 2-mercapto-

gthanol is excluded from the reaction medium. There is an

opvious requirement for the inclusion of this reagent into
\ ..

the buffer systém/at all phases of isolation and handling.

. Data for Section C of Table 12 and Figure 21 show

the effect of. increasing concentrations of _monoi¢doacetic

N\

\

acid 6n enzyme activity. Iodoacetate is known to affect:

-SH groups in much the same way as Q-éhloromercuribenzoatell?, _,[?'
i

and was used to further demonstrate the presence of this

A s,

LS. T L




Table 12 The modification of histone kinase activity by
“sulphydryl reagent and a chelating reagent

under standard assay.conditions.

-

]

" . Formation 85 acid yA
System ‘ . insoluble _inhibition
) R Net CPM Specific
activity
(pMol/min)
A complete * . 40423. 0.192 o0
' -Histaone 907 0.004 97.8
i .
-2-mercaptoethanol . 34609 10.165 14.2
. B 0.5 mi p-chloromercuribenzoate 7128 0.034 82.3
0.0 yM 2-mercaptoethanol
* 0.5 uM p-chloromercuribenzoate 27401 0.130  31.2
3.0 pM 2-mercaptoethanol
‘ 0:5 mM p- chloromercuribeﬁzdate 37983 - 0.181 5.9
30.0 yM 2-mercaptoethanol
0.5 mM p-chloromercuribenzoate 40219 0.192 0.3
0.3 mM 2-mercapsoethanol ‘
. . N, . .
J 0.5 mM p-chloromercuribenzoate 17392 . 0.083 56.9
) 3.0 mM 2-mercabtoethanol
C 0.0, monoiodoacetic acid 40423 0.192 0.0
= 20.0* 1M monoiodoacetic acid 39551 0.188 2.0
0.2 oM monoiodoacetic acid 36261 0.172 10.4 -
4 2,0 uM monolodoacetic acid 8081 0.086  55.2
10.0 mM monoiodoacetic acid 1 90% 0.052 72.9
o 0 pM EDTA f 40422 - 0.192 0.0
* '20.0 pM "EDTA ' 33772 0.161 16.1
0.2 mM EDTA 19213 0.091 52.6
2.0mM EDTA =« « _ 13877 0.066 . 65.6
20.0 wM EDTA® 10524 0.050 . 74.0

* This value is probably mot valid since EDTA becomes
somewhat insoluble.at this conmcentration and pH.
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Pigurer21: ,Tit(e inhibition of histone kinase. .

activity by monoiodoacetic acid.
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-Figure 22: The inhibition of histone kinase

- activity by ethylenediaminetetriaacetate
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essential group. Ioteacetic acid does not have the same
-
.degree’/of specificity¥®as does p-chloromercuribenzoate in

‘ ;o v
. / _ ) —
inhibiting -SH.groups.  This may reflect on the lesser
dcegree; of inhibition by .iodoacetate when compared with

ﬁ_—ch‘loromercuribenzoai:e. For example, 10.0 mM p-chloro-

. ’ A
- ) mercurébenzoate induced about 997 inhibitidn whexyeas under
- the same conditions', lodoacetate at the same equimolar .
: \ concentration caused only about'737.‘ inhibition. B

L]

7 | e 119 -

Section D of Table 12.-and Figu‘r'e“ 22 shoﬁ?. data‘fpr
the inhibition of enzyme activity by a cheiating agent ,
ett;ylene diamine tetraace'tate.' The data shows almost
concentration-proportiona} declime in actix{ity up tb 0.2
- mM EDTA. Maximum inhibition (73%) occurred at the highest
conéeqtration of EDTA (20 mM). In view of the data
presented in Figure 17 for Mé2+ dex‘)endam‘:e‘, for this enzyme,
. . w
s it is clear that any typical chelating agent for magnesium-

.
such as EDTA will indeed effectively 'remove'" the necessary

e

component from the reaction mixtur'e. ‘The daﬁa in Table 12,

Section D, re-confirms the earlier statement which defiged

& ST Mgz"' ion dependance. . ’ . . ' '

»

-

9

vi. Thermal lability and half-life determination.

;

Figure 23 shows data obtained for the temperature

© optimum %p(thermal lability of histone kinase. The data
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shows a temperature“optimum whic;h falls within a narrow -
‘range (26°C - 29°C) and decli;;es rapidly as the temperature
increases above 30°C. There remains half.the optimum
activity at a temperature of between 4060 to 45°C.

Activity is completely lost at 70°C. The enzyme has a
®elatively iong half-life of about three months if stored
in Tris;HC1 buffer with 2-mercaptoethanol,at ;)26°C (data
not ill}lxstrate;:l). The half life is reduced to 48 hours

if maintained under similar conditions but at 0° - 5%.

E. Substrate and enzyme kinetics . .

i. Pinus pinea and calf thymus histone substrate o

kinetics. ! o )

Data obtained for the substrate kinetics for P. pinea
histcdne are shown in Figure 24, Sui:strate kinetics for
calf thymus ‘histone are outlined in Figure 25. 1In all
cases, standard assay conditions were used for these
c;eterminations. Data for both substrates reﬁresénts pooled'

: '

.averages for two different assays. The appax:ent values for

K, and V. were determined graphically by the Lineweaver-

Burk double reciprocal plot. Vmax for Pinus pinea histone
was 0.243 pMol/min. with a resultant K value of 41 pg/ml
protein. V for ‘calf thymus histone was somewhat lower,

0.220 pMol/min. and the K calculated was 59.5 ﬁg/ml' protein.



The double reciprocal Lineweaver-Burk plot

(1/vys 1/[S]) for Pinus pfnea histone

substrate kinetics. The (8] range was
arbitrarily chosen for optimal .

determination of K and V_ .
S Tm max

*r

L3
/ V_ = 0.243 pMol/nin.
max .
K_ = 41 pg/ml protein.

<
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" There is no difference in the magnitude of these values

and probably there is ‘no real difference in substrate
sgec’:ificity.. Because the substrate concentrations chosen
for these experiments were limited, it is impossible to
comment fur ther on any possible substirate inhibition as
a result of the higher substrate concentrations. For
comparative purposes, the higtone kinase partially

103

i)urified 10-fold from carrot root cell culture had a.

K, value for calf thyms histone of 50 ug/ml protein,
’ 4

ii., Pdinus pinea histone kinase kinetics.

Results for the effect of various enzyme concentrations

- . >
on the reaction rate using standard assay conditions are

-

. shown in Figure 26. The substrate used was freshly prepafed

calf thymus histone and was used in the reaction mixture /

at a concentration of 20 pg/ml protein rather than the

~usual 50 pg/ril protein as described under the standard

assay conditions, The results show maximum activity
reached at a concentration of 35 pg/ml, and ‘that the enzyme

is fully saturated at this and even higher concentr'ations

at the given substrate concentration. The reaction is linear

up to 12 pg/ml protein.

' iii, Determination of optimal reaction time.

USSR — . e e g v e s . e
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thymus histone substrate kinetics. The .
- i
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The kinetics of histone kinase obtained t

. from cotyledonq of Pinus pinea
. ’ -
. (20.0 pg/ml calf thymus histone).
. The effect of enzyme concentration on
reaction rate is represented. o
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.

Dat; for the effect of time on the reaction rate
for _1_’_; pinea histone lzi‘nalsre is illustrated in Figure 27. a
The data shows clearly that the rate of reaction is
crluite }inear with r,espec|t to time up . to ‘5 minutes. Close
to éO‘Z of the reaction 15 complete at this time. Maximal
reaction is feaciled' in 10 minutes. In;:ubation periods
10nger' than 10 minutes resiult in noticeable decline in' .
.the rea:::tiop rate. Close to 20% inhibition is incurred

at 30 minutes incubation time. This is perhaps due to

‘proteolysis, oxidation or simply thermal denaturationm.

¢

. 1v. Substrate specificity.

.Data is presented in Table 13 for the specificity
‘ \ . ./
‘of different substrates for the enzyme. ' Two substrate

concentration ranges were used (40 pg/ml and 80 pg/ml)

to ensure tha;.t at 1east‘ one ass:;,y was per‘fbrmed ‘aft a less
* than saturating level. For both concentration groups,
. g. pinea histone showed maximum /activity for 't.he’enzyine,

although the difference between this value and the value

obtained for calf thymus is probably only mathematically

[

significant. Protamine served well as substrate for

i(inase at the 80°ug/ml conéentr{ation, Its activity was greater:
than the value obtained for calf thymus histgne‘at this
concent;:ation. It did not. serve equally well at the lower
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The enzymatic phosphorylation of calf
s thymus histone' (50 ng) by histone
kinase obtained from Pinus pinea.

’ '

The effect of incubation duration ;

- .

on reaction.rate 1s represenged.

i Y
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Table 13 The specificity of histone kinase for

133

. differentsubstrates .’
Substrate Calf thymus Pinus pineh Casein Protamine
concentration histone histone
40 pg/ml :
(net CPM) 19531 ~ 24073 2520 12658
80 pg/dl Lo
(net CPM) - 40694 49875 - 5040 46704

"40 pg/ml specific - - '
activity (pMol/min) 0,093 _ 0.115 0.012 0.060

80 pg/ml specific :
activity (pMol/min) 0.194 0.238 0.024 . 0.222

 Pinus pinea histone > calf thymus histone )protamine )casein

concentration. 'Casein remained consistantly poor as

substfate at both concentrations. Ey averaging the specific
acsévities obtained for both concentration groups, the order
of sﬁecificity of substrate for the eénzyme becomes: P. pinea’

histone ) calf thymus histone ) protamine ) casein.

F. Radiation-induced inhibition of enzymatic activity.

Data in Table 14 and Figure 28 représent the results
obtained for the effect on the in vitro reaction rate of
hiétone kinase isolated from 16-hour post-irradiated P.

E;nea cotyledons. These experiments were designed to

further analyze the results shown in Tables 9A -' 9C which

e - - B T p——— [EOR

i
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Figure 28: The effect of X-irradiation on boi:h

I3

bl

the activity of in vivo irradiated

P. pinea histone kinase/ and the

’

abilitx\ of in vivo irradiated

P. pinea histone to serve as

substrate. ’
. .
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.r . O——-}-—-OI 0.0 l&ad .
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* Table 14 The effect of X-irradiation on both the

enzymatic activity of histone kinase and the
ability of Pinus pinea histone (and calf: ° o,
thymus histone, non-irradiated) to serve as

" substrate.

0.025

Substrate Substrate Enzyme Formation gs acid 7% Inhibition
' exposure exposure insoluble ““P of comtrol
(krads) ' (krads)r Net CPM Specific \
: activity
(pMol /min)
CcTH" 0.0 0.0 40261  0.192 0.0
CTH 0.0 0.5 - 32813 0.156 18.5
CTH 0.0 1.0 - 29350 0.140 27.1
CTH -0.0 3.0 30558 0.146 24.1
ok : ] ' .
PPH 0.0 0.0 50924 0.243 0.0
PPH 0.0 0.5 38655 0.152 37.3
PPH 0.0 1.0 17774 0.085 65.1
PPH 0.0 3.0 16348 0.078 67.9
PPH 0.5 0.0 32798 0.156 35.6
PPH 0.5 0.5 21186 0.101 58.4
PPH 0.5 1.0 15839 0.076 68.9
PPH 0.5 3.0 9167 0.044 82.0
PPH fo 0.0 29386 0.140 42.3
PPH 1.0 0.5 25465 0.122 50.0
PPH 1.0 1.0 9269 0.044 81.8
PPH 1.0 3.0 6824 0.033 86.6
PPH 3.0 0.0 17668 0.143 41.1
PPH - 3.0 0.5 13598 0.065 73.3
PPH 3.0 1.0 11408 0.054 77.6
PPH 3.0 3.0 5297 89.6

ctH - Cé}f thymus histone
Jok v

PPH

+ = Pinus pinea histone
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gave da;a‘for the in vivo, rather than the in vitro,
iﬂcérporation of inorganic radiophosphate into the
zfrious histone subfractions and the resulting inhibition
of phosphorylation induced by irradiation. It will be
recalled from the data in Tables 9A-9C that even. the ,
moderately low dose of 0.5 krads was sufficient to induce

from about 80 - 95% imhibition of in vivo 52

P uptake in the
arginine-rich fractions; however, lesser degrees of
inhibition were causeﬁ in the lysine-rich fractions. What
must be asked as a result of this data is to what extent does
irradiation exert its effect on substrate and en;yme alone?
Reduced levels of phospgérylated histones may be the result

of altered histone structure or direct damage to the enzyme-

~ which may be the result of either enzyme inactivation

(des?ite the sub-lethal level of irradiation applied) due
N : ;

to direct interaction of the ionizing radiation or indirectly

by peroxide or radiation-product formation. Also, reduced

levels of‘phosphorylated histones may be the result of a
decrease in, the total pool of mRNA or its availability as

a result of‘template or ribosomal damage. Evidence for this
latter possibility would be marked by a decrease in

activity when the substrate is enzymatically phosphorylated

in vivo but not in vitro.
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The effect on the reaction rate using _13 vivo

irradiated P. pinea histone"and unirradiated enzyme can
be studied by analyzing the values obtained for all 0.0
krad expc;sed enzyme ((Sections B,C,D,E in Table 14 and also
Figure 28). The data shows more than 407 inhibition of
phosphorylation using in vivo irradiated histone and
un‘irradiated kinase in the reaction mixture. However, data
for the effect on reaction ;rate using in vitro irradiated
histone (Table 15 and Figure 29) shows no significant
radiation-induced inhibition of 32p upta.ke at all even at
the 3.0 k;.'ad exposure. ‘The obvious difference between these
two sets o% data may be the result of at least two factors.

The histone irradiated in vivo is subject to more extemsive

damage due to the nature of its environment, (i.e., the

3

" iptact biochemical machinery of the cell). It is subject

to more complex and damaging peroxides and radiation
products than would be the case for histone in aqueous
solution alone. Also, it must be taken into account that the

in vivo irradiated histone has had at least 16 hours récovery

time (i.e., necessary period of time for significant levels

~

of inorganic radiophosphate incorporation under in vivo
conditions) following X-ray exposure whereas the histone”
isolated for the in vitro experiment was isolated from

unirradiated plants.
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Table 15 The in vitro irradiation jof isolated histone
kinase and Pinds pinea histone.
‘Substrate Enzyme Formation 85 acid 7 Inhibition
‘/ exposur ¢ exposure insoluble P of control
/ ~ (kralds) (krads) Net CPM Specifit
: ' activity
‘l (pMol /min)
0.0 0.0 11123, 0.209 0.00
0.0 0.5 10121 . 0.190 9.09
0.0 10 9473  0.178 14.83 .
0.0 .., 3.0 8834 0.166 20.57
\ ‘ «
. 0.0 0.0 10378 *© 0.195 0.00
0.5 0.0 10697 0.201 ' -—--
100 0.0 1021 0.192 1.54
3.0 0.0 1075 0.202 -——-

i ¥
~ ;
On the basis of the results obtained in Tables 9A-9C,

it was implied that Fl histone (at least) showed a rapid.
turnover in response to irradiation and that theoretically,

there should exist two classes of Fl histone, '"old" and .
"new", sometime within the 16 hour post-irradiation recovery

|
period. Also, in results to be discussed later (Figure 30),

data is presented which shows almost ﬁgmplete mitotic arrest
induced by the 0.5 and 1.0 krad expos?res as early as 6 hours
‘“4 . post-irradiation. These two factors Aay result in the -
production of a histone with fewer available phosphorylation

sites depending on whethér it was isolated prior to irradiation

("old" histone) or after irradiation ('new' histone). Figure 30
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shows that at 14 hours recovery time, 34.47 of the ,origiﬁal
mitotic activity is recovered at ?.5 krad and 46.0% is
recovered for 1.0 krad. (Thi‘.s als‘o implies that histone
isolatéd at 16 hours po!t;"irrac!iation may contain differe:rat
Ipropo:;tions of lysine-rfich ‘;nd“*arginine-ri.ch histone. The '
\significance of these results lies in the%licatim at
lealst that damage % the substrate as caused by the action.
of ionizing radiation is px;obably‘of an indirect nature

;s is evidencell by 'the lack of 'radiosensitivit’y shown

for the in g_J;.l:_r_g irraditited substrate. This damage may

be ‘the refult of mitotic block and preferantial and rgpid
turhover of the F1 histones (as ‘indicat‘:ed by ir;direct
evidencle) and the possibility of §nteraction of.the

substrate with a greater variety of ionization products - .

when located in situ.

Data in Tablye‘ ll; and Figure 28 also show '::he eff*:t
on the. r@action rate of in vivo irradiated kinase and ', »
unirradiated substrate on the reaction rate.l There is an - /'
increased radiosensitivity d&f the enzyme as compared with
the reaction rates using in vivo irradiated substrate and
unirradiated enzyme. Almost 687% of the gontrol vak¥ie is’ |

lost at 3 0 krad exposures (Section B). However, what is

especially interesting is the data presented in Table 15 and
3

/ ) ’ < g l; ) }



. kinase showed almost 90% inhibition of

143
Figure 29 whichs:show almost 217 inhibition of reaction'

rate as a result of the same 3.0 krad exposure dbse_using

in vitro irradiated enzyme under the exact same ‘conditionms.
This data implies the’ possibility of direct radiation damage

to the enzyme and may involve the inactivation or denaturation

\ # h
of an essential group or active site of the enzyme. A

suphydryl group or groups may be involved and its presence

5

was tested and accounted for in the inhibitor ‘studies.

S , /
Sections C,D and E of Table 14 (sege also Figure 28)
show the interaction between different levels of in vivo
irradiated enzyme and substrate. It is not surprising,
based on the data given above, that 3.0 krad, in ;_iig_
irradiated, P. pinea histone and 3.0 krad, in vivo irradiated

32P uptake as

compa.r:ad with the control value (Section B). It is also
interesting to .note that only 0.5 k¥ad is sufficient
radiation to induce significant inhibition of the reaction

rate for poth enzyme and substrate and further reflects the

relatively high radiosensitivity of this system. !

Table 14 and Figure 28 also shows data for the effect
on the reaction rate of in vivo irradiated P. pinea histone
: _— -

kindde using calf thymus histone as substrate. The data in

T

o

PESSTm—

R e L e
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Section A shows ﬁp to 27% inhibition of phosphorylation
at 1000 rads. Section B shows data for the same éituat@on,
but.using P. pinea histone‘as sﬁbstrate. As‘puch'as 68%
inhibition ‘is induced as a result of 3000 rads irradiation.

¢

This data has two implications: 1) in vivo irradiated
enzyme does indeed show radiation effect and é).thére séems
to be greater specificity for P. pinea histone over calf
fhymus histone because of the increased radiosensitivity

[t N ,
as noted. This may serve to imply damage to a selective

area of the enzyme which also confers greater specificity

- for the plant substrate. None of this data differentiates

between enzyme loss nor inactivation.
-
\ ’

The significance of these exﬁeriments is éhe implication
that at leést part of the radiation-induced d;mage to the
enzyme is ‘direct and results in its inmactivation; however,
there .is no conclusive evidence implying that it is Qerely
present in reduced amounts in the cell following irradiation.
Further experiments should include analysis of its K, values
during the recovery period and an attempt should be made to
quantify tﬁe amount of enzyme present per cell during and
aftgr'irradiation. Further, it is realized that ghe X-ray-

induced inhibition of in vivo phosphorylation of whole

histone in situ may be the result of indireét damage or
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‘alteration to the subsgrate or direct daﬁage to the enzyme
(possibly at the -HS - SH- grou§§? or pe;haps\due to a
mechanism which limits the amount aﬁd availabilfﬁy of °

v

! )kinase}

G. Miteotic arrest in response to X-irradiation

v

£ The effect of X-irradiation and 48 hours recovery on
the mitotic activity of actively growing day-13 EL pinea
cotyledons is seen in Figure 30. Th;ee low-level radiaﬁion
dosés were used in thds assay, 0.5, 1.0 and B.Q krad and an

unirradiated batch served as control. As seen in the

_ i SN
control data, cell division is maximal up to day-14 and
drops mérkedly in the next 24 hours (day-15). No data was -
§
® collected for periods prior to day-13 nor after day 15. This )

21

information is available Roy et als, 19721 In their study,J}

mitotic activity was initiated in the lower segments of the

‘ cotyledon by day 5 in the controls; and thé highest value was
seen by day-7 where mitoses were uniform throughout the
cptyledo?. There was also rapid decline in mitotic activity

Al

beginning at day-l14 througthay-l7. 4

i

Data in Figure 30 shows that irradiated cotyledons show
marked arrest at all radiation levels six hours after exposure.

During the next 16 hours (22 hours post-irradiation) there
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is immediate and rapid return to near-normal mitotic

. indices for the 0.5 and 1. Ok:adgroups. 3.0 krads exposure

showed 1o evidence of recovery within the 43- hour period.

Once these two exposure groups (0.5 and L.O kmd) had shown
maximal recovery, there was again the expected decline in

EN

mitotic activity after day 14.

There are several significant points as a result of
this study. ~It'further confirms the relatively high
ra}diosensitivity of the gymmosperms as shown by the onset
of mitotic block evén at ’O.S krad exposure. Also, an
interesting correlation is made between the time period
seen for the recovery from mitotic block (betwe¢h 6 and 22
hours)\'\g d the period oﬁ time postulated previously from
indirec%\‘ results which implled rapid turnover and re-
phOSphoqylatz.on of the Fl1 histone. Since it is already
known tt&at Fl histone is a much more effective template"
inhlbltc;‘z than are the arginine-rich hi’stonesl2 and it is
also knd‘(v\n that histone phosphorylatioﬂ (especially F1
phosPhory'latlon) plays an important role in DNA replication
» it 1is possible to envisage a system whereby any
dam.;:lge (4.e., fadiati'on) to either histone kinase or histonme

or both Will inhibit Fl phosphorylation. This in turn will

inbibit DNA replication and subsequent mitosis. Because
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of the ;miq.ue'ness’of the Fl histone it is selectively re-
synthesized and preferentially re-phosphorylated: n
becoming ph?sphm'ylated it reduces its associatfon with
thé DNA template. This action ultimately alters the DNA |
replication complex and so allows recovery from mitot;i.c
block to occur. The question which obviously arises ‘from
&such a proposed system is what mechanism is available for
the selecfive and rapid turnover of the Fl histone? The
loss and recovexry of F1 phosphorylated histone has been
:lqsely lfnked with the loss and recox'rery of 3}1 -thymidine'

incorporation into DNA in CHO cells®’ but the mechanism

and function of Fl turnover is unknown. Further work must
8

‘be done with Pinus pinea to ensure that Fl turnover does

. indeed occur within the 16 hour period after complete

mitotic block in order to support fully the above statements.
?

\
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SUMMARY AND CONCLUSTIONS

This is the first known purification of Pinus pinea
1

cyclic'AMP -independant histone kinase. The enzyme was

partially purified (35 fold) on DEAE-Sephadex A-50 ion.
exchange resin and yielded ome ma jor enzymatically active

peak and one lesser one. The kinase showed a _H optimum

p

of 7.8 in 5 uM Tris-HCl buffer and _H 8.0 in 10 uM

P
phosphate buffer. The enzyme was magnesium-dependant

and showed maximal act;iv;i.ty between 5.0 and 7.5 mM Mg2+.
The.-addition of up to 10.0 M kinetin and 10.0 uM c-AMP
showed no stimulatory effect. The presence of active sulphy-
dr;l groupstwere tested for by the addition.of p-chloro-
mércuribeﬁzene‘ sulphonic acid and iodoacetate. In the .
absence of 2-mercaptoethanol, 10.0 mM p-chloromercuribenzene
sulphonic acid induced almost total inhibition of ATBZP
uptake into calf thymus histone under the prescribed assay
conditions. The inhibitory effects of iodoacetate were -

less pronounced. The inhibition induced by 0.5 mM p-chloro-

mercuribenzene was found to be reversible by the addition of

0.3 mM 2-mercaptoethanol. The enzyme showed maximal activity at

30°C and was stable for up to three months at -20°C.

V .y for P. pinea histone was 0.243 pMol/min and the K

/

calculated was 41.0 ug/ml protein. V for calf thymus

max
J

-
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" histone was 0.220 pMol/min and the K value was 59.5 ug/ml

protein. The enzyme became fully saturated at 35 ug/ml
protein using standard assay conditions. Maximal reaction

was reached in 10 minutes and was linear but longer

incubation periods resulted in loss of athivity. The histonet
kinase purified showed an order of substrate specficity

as follows: P. pinea histone)calf thymus histone>protamine>
casein. Casein was not a suitable substrate for the reaction
and represented only 10% of the maximal activity obtained with

P. pinea histone.

pinea ﬁcotlyledons. Low-level radiation doses (0.5 and 1.0 krad)

Histone and nucleohistone were also isolated from P.

did not alter the UV absorption profile of the isolated
chromatin to any marked extent. However, thermal denaturation
profiles and changes in hyperchromicity were markedly affected
by these same sub-lethal exposures suggesting the possibility
of an altered histone/DNA complex. The T  for native,
unirradiated chromatin was biphasic and gave two values,
61.3°C and 82.5°C. The0.5 krad irradiation dose caused an
altered profile resultiﬁg in altered T, values, 57.5°%C an'd
87.5°C , Ibut nevertheless remained biphasic. The 1.0 krad
radiation exposure induced a complete shift from a biphasic

curve to a single-step melting profile with a calculated

WL = - AR e

| —erm——— S e
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T of 75.0°%C. This T profile strongly suggested again
altered histone/DNA association and resembled the melting

profiles usually attained for deproteinized DNA alomne.

Pinus pinea histone isolated from chromatin was

characterized by polyacrylamide gel electrophoresis and
revealed the presence of up to nine major electrobhoretic
peaks. Band 8 showed the highest mobility (Figure iO) and
was arbitrarily aligned with the arginine-rich F2al histone
fraction of calf thymus histone. Bar?ds 6-7 could be only
partially resolved and were identified as the F2a2 and F2b
fragtions respectively on the basis of their relative
mobilities with respect to calf thymus histone. Band 5 was
of a variable nature and vas identified as histone F3. The

‘rem.aining bands (X,1,2,3,4) were thought to be the lysine-

rich histones due to their low relative mobilities and showed

comparative mobility w:}th calf thymus histone F1. Tl?at
fraction showing the least electrophoretic mobifity (X)
disappeared completely in the 0.5 and 1.0krad irradiated
groups. [There was no evidence of an X-ray-induced éffect:' on

any other particular P. pinea histone fraction.

/ X-irradiated whole cotyledons incubated for 16 hours in
aqueous inorganic radiophosphate solution gave evidence of

32P uptake inhibition in only certain fractions (i.e., over
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907% inhibition of uptake in t‘:.he arginine-rich fractipn
at0.5krad irrad‘i?ation). TRe lysine-rich fractions seemingly
were not as affected (i.e., the F1 fractions were inhibited’
only 24% - 427% as compared with the control values); | It was |
suégested that instead of the seeming radioinsensitivit); as
indicated by the results, this fraction displayed marked and‘
rapid turnover of de novo synthesized F1 histone in response
to X-irradiation and thus accounted for the low inhibition

.values. ‘ 2

\
A « .

‘\ The effect of in vivo irradiated enzyﬁe on the reactio;x
r;te shows that at 3.0krad irradiation, there is a resulting
687 loss of activity when incubated with unirradi‘ated'u'substrate
as compared with the control value. The effect of 3.0 Kkrad

in vitro irradiated enzyme under the same conditions caused’

up to 217 inhibition of the control reaction rate. This

data ser(ves to%nnply direct damage to the enzyme, probably

as a resault: of damage to an essential group or active site

of the e‘nzyme (i.e., sulphydryl group). The effect of 3.0 krad
in g_ilc)_ irradiatea P. pinea histone showed up to 42% inhibitionm

of AT32P uptake as compared with the control value and

using unirradiated histone kinase in the reaction medium.
/o

" ""The 3,0 kradirradiated substrate, under exactly the same

conditions, showed no radiation—induced: inhibition of the
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reaction rate. ThlS indicated that the in vivo irradiated
substrate is subject to more extensive radiatlon damage when
situated in the cell and may be prome to peroxide and other
radiation product formationm of the cell water. 'The
discrepancies observed in the values for the reaction rates
between the in vivo and in vitro irradiated histone may also
be due to the possibllity based on previous reports that Fl
histone, in certain tissues at least, shows selectiCand
rapid turnover in response to X-irradietion. Therefore, at

*

the time of chromatin isolation (i.e., 16 hours 'post-

| Z B o
irradiation) thei‘el may exist two classes of F1 histone, one

.
\ » . -

fraction in some way imactivated by irradiation and the other,

a newer, de novo synthesized fraction capable of being phos-

" phorylated in vivo. It must be rigidly stressed that no

direct observation exists in this report that Pinus pinea'Fl

"histone did 1ndeed show rapid and -selective turnover. This

‘finding remains to be experimentally determined although

12

literature has been cited which shows that it does so in

4

other tissues .

The analysis of mitotic arrest and récovery in Pinus
pinea over a period of 48 hours post-irradiation begimming .
on day-13 showed marked arrest 6 hours post-irradiation at-

all exposures given (0.5 krad, 1.0 krad, 3.0 krad). However,

O
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’histone kinase or histr;ne or both which ultimately inhibits
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within 22 hours post-irradiation, there was immediate and

%
rapid return to near normal control values. There was no
recovery noted for the 3.0 kralexposure group. This
v :
information confirms the high radiosensitivity reported for

the gymnospe’rms‘.‘ The data also implies the existance of

-a mechanism for the recnov(ery of radiation-induced mitotic

block. Given that lysine-rich Fl histone is a more effective
template inhibitor than the arginine-rich histones, then a .
mechanism may exist- whereby any radiation-induced damage to

. s

Fl phosphorylation will in turn inhibit DﬁA replication and

subsequent mitoses. However, it is postulated that Flv,histone

~

.becomes selectively re-synthesized in response to irradiation

or mitotic block and becomes re-phosphorylated undex“ the

experimental conditions prescribed. Once phosphorylated, . it

}
reduces its association with DNA due@‘ intgraction with the
highly cHmrged phosphate groups of DNA and thus allows

derepression of the particular gene segments involvéd with

3 v

" the subsequent production of the necessary enzymes and

repliéation régions to allow division to occ‘ur.‘y Such an

analysis is admitt:edly highly speculative but not improbable

and remains to be experimentally detem\ined. What must now

be done under laboratory situations are 6he determinations

£ (\‘3

-
H
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necessary to. 4nsure that rapid F1 turnover and pbhos- _

phorylation does indeed-occur in P. pinea cotyledoms.

w_itimin the defined 14 hour recovery/incubation period.
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Appendix 1 Isolation of plant nuycleli # '
RN .
Frozen tissue
\ - mortar & pestle + dry ice e;
Grinding medium
¢ . v ’
b  Filter ("J-cloth",Nitex: 375u1,1001,251 ,103)
Residue v Filtrate
(whole cells + debris) . <
(discard) ‘ '
“ o Centrifuge (500xg,10min. ,5°C)
~ - »
Pellet & , Supernatant
(nuclei chloroplast starch) (discard) .
Wash 2x )
(washing mediym)
Centrifuge (500xg,l0min.,5°C) ¢
Pellet . ~3 Supemafant ' o
(nuclei ,starch) (discard)
Spuspend in 2.3M sucrose ' ‘ . \

1!, /
Centrifuge (60,000xg,2.5hrs.,5°C

Pe*let « - —> Supernatart -
(nuclei, some starch) (discard) . ,

(
\1 | . %
B

\ o
PO o0 !

(all steps at 5°C) . . + (after Berkofsky 197513)

/
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Appé‘ndix‘II " 1solation of chromatin ' N

Nuelei and starch
Suspend in 0.02M EDTA solution (2x)
‘ Hamogini&:e with Dounce homogenizer

‘ - Centrifuge (20,000xg, 10min., 5°C)

Pelle Supernatant
(chromatin) (discard)

Suspend in ddH,0 (2k)
Centrifuge (20,000xg,10min. ,5°C)

Pellet ‘ Supernatant
(chromatin) - ‘ (discard)

Swell in dded, 5°C, overmight

!

SN

(a1l steps at 5°) o (after Qerkofsky,1975
L ¥ :
. \
. e w* et et At b o e .‘;ﬁ:‘ ' u;f:ﬁi‘;\k\ Y v ae A T
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Appendix III

Histone isolation’

A

Chromatin

Shear (90 secs. ,max.speed)

Centrifuge (20,000xg,10min. ,5°C)

Pelle
(starch,nuclear membrane)

Superfiatant .
(soluble nucleoﬂistone)

%X portion
Add equal vol.0.8N HZSO4
Stir gently for 3 hours

Centrifuge (20,000xg,10min.)

PellSt
(acidic proteins)

Supernatant
(histone sulphates)

Precipitate by dialysis
(95% EtOH, overnight)

Centrifuge (ZO;OOOxg,lomin.)

Pelléfﬁ Supernatant
(histone) (discard)
Dry in acetone (2x) T
Cé%g;ifuge (20,000xg ,10min. ) \
¥
“Pellet Suﬁirnatant
(discard)

(Stoi? dry histone in freezer)’

(all steps at 5°C)

»

s e et ot e doe s~
v

o

(after. Berkofsky,197513)




Appendix 1V Preparation of crude enzyfie -

Day 14 cotyledons (25 g fresh weight)
10 vol. 0.05M Tris-HC1, 0.05M NaCl,6mM 2-mercaptoethanol)
Waring blender (90 sec., max. speed)

l .
4 layers "J-cloth", Nitex (375u,1001,25u,10u)

Centrifuge (500xg,10 min.,5°C)

Pell Supernafant
(discard)

Add 15g Polyclar AT

Centrifuge (500xg,10 min.)

Pellet Supernatant
(discard)
Centrifuge (105,000xg,60 min.)
| 2 *
l Pellet ' Supernatant / .
(discard) i
k Dowex-1X2

e : ‘ ~ Filtration.

35%-65% (NH4SO4) i

T . Centrifugation (500xg,10 min.)

! PellSt Supernatant
| (discard)
Resuspend in 4.0 ml 0.05M

Tris-HC1, 0.05M NaCl, 6 mM ) 1
2-mercaptoethanol . '

!

) (all steps at 59C) ' (after'Nakaya et al.,197 103)




Appendix V

Pellét
(discard)

B — e me ol s . s S Ee S s s o - - \

Partial purification of crude enzyme
s 7
d preparation .

4.0 ml crude enzyme preparation
Dialyse/infsame buffer overnight
Centrifuge (500xg, 10 min.,5°C)
Supernatant
' (35 mg/ml protein)

Sephadex G-25
(2.5 x 35 cm)

Collect fractions230-250 ml
(2.0,-2.5 mg/ml protein)

DEAE Sephadex A-50
(1.0 x 15 cm)

. NaCl gradient (0.05 - 0.60M°
NaCl with same buffer)

Collect fractioms
(0.18 to 0722 M NaC1)

Sephadex G-200
(0.9 x 20 cm)

103

(after Nakaya et al,1975 )
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