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Summary

1. Within experimental chromatin, the total
protein: DNA ratio did not vary in the same
organs of contro] and irradiated rats. However,
the amount of RNA and total protein associated
with the DNA varied considerably among the
different types of chromatin.

In particular, the content of chromatin was the
highest in the irradiated tissue, and the lowest
in the chromatin control tissue. RNA and total
protein ratio of chromatins from brain, liver,

testis and spleen declined with experimental
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organs.

2. There was the same quantitative relationship
between the amount of RNA and the amount
histone-protein associated with DNA in each
chromatin,

3. RNA: DNA ratio of chromatin showed a

1.5~2 times increase in the irradiated organs

_ except brain. However, RNA: DNA ratio was

decreaszd in chromatin by irradiation.

4, Histone-protein: Residual protein ratio was
greatly varied among the organs. However, the
effect was not found by irradiation.

5. Priming activity of chromatins showed a
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higher value in testis and the activity was
greater in organs with higher metabolic activity.

6. Inhibition of Actinomycin D observable in
chromatin for testis, liver, spleen and brain
declined without relationship between irradiated
and non-irradiated conditions. Ammonium sulfate
in DNA of chromatin from histone showed
increased priming activity with dissociation by
Electrostatics. It may give different effect of
ammonium sulfate on stimulation by property
of chromatins.

7. It is suggested that the results support a
proposal that the higher sensitivity of radioactive
in testis, spleen by irradiated showed a increase
and decrease lower-sensitivity of radioactive
from brain, liver than did priming activity under

the radioactive conditions.
L Introduction

It has been known that DNA which is a major
component regulating genetic function in higher
animals gives genetic massage to RNA and it
acts as a template in the protein biosynthesis.
However, a detailed function of the genetic com-
ponents was not known.

The present data now available, which perta-
ined to the problem of regulating function of
genetic loci RNA are not sufficient to suggest
the mechanism of selective protein biosynthesis
postulated in higher animal cells. In particular,
the results observed in the studies on rat
chromatins suggest that preparation of chro
matins and szquence of DNA may have some
influence on radiological aspects, on selective
sensitivity, radiological inhibition, priming activity
at specific genetic loci Chistone-protein) and
chemical components.

According to the above mentioned, the effect
of whole-body X-ray irradiation with lethal dose
(1000 ). of X-ray on the regulation of genetic
function of rats was studies. The function was
analysed by estimating proteins and DNA-depe-
ndent RNA biosynthesis, in vitro, from C#-ATP

to assess a priming activity for RNA and RNA
polymerase obtained from Escherichia coli.

The purpese of this paper is to demonsirate
that 2 number of chromatin cbtained from spleen,
liver, testis and brain of rats, can be a template
for DNA-dependent RNA synthesis catalyzzd by
RNA polymerass.

II. Materials and Methods

CU"-Adenosine triphosphate (ATP) was obta-
ined from Japan Radioactive Association.

Male wistar rats weighing 200~270 gm were
used. The rats were conditioned for two weeks
prior to use, and were divided into two groups
20 rats being disiributed in each group.

Ten rats from each group were separated and
used as control, and the remainders were subje-
cted to whole-body X-ray irradiation. The animals
of first group received 1000r at the rats dose
of 10.5r per minute by a 200 K Vp deep-therapy
machine with 0,5 mm Cu and 0.5 Al filters.

The each group consisted of ten rats were
sacrificed at 24 hours from the irradiation. How-
ever, the experimental at 96 hours after the ir-
radiation was eliminated from the experimental
design because of their extremely poor physio-
logical conditions. .

Immediately after the sacrifice of the animals,
four organs swerc removed. The orgéms obta-
ined from 20 rats were washed by means of Kreb
Ringer’s solution and stored at —70°C after
cooling by liquid nitrogen.

Chromatins were prepared from spleen, liver,
testis and brain by Dahmus and Bonner method
and examined within one week, of storage §°C.

1. Isolation of Chromatin

Chromatin was isolated from spleen, liver,
testis and brain of the experimental rats. Rat
organs were frozen in liquid nitrogen immediately
after slaughter. The frozen tissue was broken
into small pieces and stored at —70°C hefore
use.

About five g of frozen rat organs were homog-
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enized by means of the Waring Blender with 100
ml of saline-EDTA (0.075 M-NaCl and 0. (024
M sodium-EDTA, pH 8) for 1.5 minutes at 85V.

The homogenate was next filtered through
four layers of cheese cloth and then through
two layers of Miracloth (Chicopea Mig. Co.,
Millton. N.J.) followed by centrifuged at 1, 500X g
for 15 minutes. The sediment was sucessively
washed with 40 ml. of saline-EDTA and 40 ml
of tris buffer (0.05 M, pH 8), at 1,500Xg for
15 minutes.

The final sediment was homogenized by hand
(Teflon homogenizer) in 20 ml. of tris buffer and
then sedimented at 10,000Xg for 15 minutes.
This procedure was repeated twice. The final
sediment was suspended in 15 ml. of tris buffer.
in 11.6 ml
was mixed with 58 ml. of 1, 7 M-sucrose solution.
And centrifuged at 25, 000 r.p.m. for three hours
/n the Spinco SW 25 head centrifuge.

Approximately 70% of the DNA in the sus-

The final homogenate volume

pension was recovered in a state of gelatinous
pellet. The pellet was resuspended in (.01 M
tris buffer (pH 8), and dialyzed against the same
buffer for overnight. The dialyzed suspension
was next sheared in a Virtis homogenizer at 40
V for three minutes, stirred for 30 minutes and
then centrifuged at 10, 000Xg for 30 minutes.

Approximately 80% of the DNA in the shea-
red suspension was recovered in the supernatant
fraction. The chromatin could be stored in an
ice box for at least one wesk without any
appreciable change in its properties.

9. Preparation of RNA polymerass

RNA polymerase was prepared from early
phase cells of Eschrichia coli, strain B, and
puriﬁed according to the method of Chamberlin
and Berg(1962) up to their fraction 3 (F 3).
In some experiments the enzyme was further
purified by DEAE-cellulose chromatography up
to the fraction 4(F4).

3. Incubation and assay for RNA synthesis

The {ollowing ingredients were incubated;
these are 4 mM MgSO,, 1 mM MnSO, 8-Mercap-
toethanol, 0.4 mM each GTP, UTP, and CTP,
in 40 mM tris buffer (pHR), 0.1 ¢C per tube:
one of the tubes was received C'*-ATP, and the
other received 30~70ug RNA polymerase and
the other of 5~30 #g DNA equivalent to chro-
matin. This gives a final volume of 0.5 ml The
tubes were incubated at 37°C for 20 minutes under
shaking at 150 cycles/minute, after the incuba
tion. The reaction was stopped by the addition of
10% trichloroacetic acid, and the acid-insoluble
material was collected by filtration through a
membrane filter. The pellet was washed for three
times with 5ml of cold 5% trichloroacetic acid,
and then with 95% ethanol, folicwed by glutinous
ether. The residue was dires, suspended in formic
acid on alumium planchets, and subjected the
determination of radioactivity by a gas-flow coun-
ting system.

4, Chemical analysis

Deoxyribonucleic acid and Ribonucleic acid
were fractionated by the Schmidt-Tannhauser
procedure (1959). DNA was determined by the-
Diphenylamine method (Burton, 1956). using
calf thymus DNA (Sigma) as a standard, and
RNA by the Orcinol reaction (Dische and Sch-
warz, 1937) using yeast RNA (Sigma) as a stan-
dard.

Histone contained in chromatin suspension
was added to 5 M NaCl and this was made to
the fina! concentration of 2 M NaCl, and stirred
for one hour in ice water. This was added to
1~4 N HCI to made 0.25 M concentration. This
was incubated at 0°C, with occasional shaking
the centrifuged at 14,000X g for 20 minutes,
and the supernatant (histone fraction) was added
50% trichloroacetic acid, and centrifuged at 3, 000
wg for 5 minutes. The precipitate was washed
with ethanol, and dried.

To the dried material added was 1 N NaOH

in order to neutralize and the amount of protein
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contents was determines by the method of Lowry
et al. (1951) wusing brovine serum albumin

{Sigma) as a standard.
III. Experimental Results

1. The ratio of components in chromatin with
respect to DNA, RNA, total protein, and histone-
protein.

In order to obtain specific activity of substances,
an extensive purification was carried out and
recovery of each component was not corrected at
and of purification procedure.

The results indicated that it can be observed
that different tissues vary greatly with respect

Table 1. Ratios of RNA, DNA, and protein in
chromatin obtained from organs of rat

B F20 A% F2h—

to their total protein; DNA ratio and RNA:
DNA ratio. There was essentially no detec-
table RNA and the amount of total protein was
considerably less than in any other chromatin
examined.

In this chromatin, it found a value of spleen
1. 44, liver 2, 46, testis 2.33, brain 2.85 for the
total protein: DNA ratio. Which is no significant
was observed in the same organs between con-
trol and irradiated (Fig.1).

2 The RNA synthesis in vitro directed by
chromatin obtained from organs of Rats,

In this experiment, in order to obtained effect

Table 2. RNA synthesis in vitro, directed by
chromatin obtained from organs of rat

|

l‘ Incorporation of C¥-ATP

| cpm/tube
Treatment l Control E Irradiated*
DNA /'tube, i |
as 9pg | 18ug i 30pg | Sug | 18ug 30ug
_c}:romatin b } |
Spleen | 1,2795I 1,961'1 2,473 1, 659‘ 2, 1595i 2,861
Liver | 4,772 5,365 5,938 4,736 4,624 5,221
Testis | 6,500 8036 7,678 6,989, 8,148 7,834
Brain | 1,516, 1,630 1,922 1,141 1,418 1,508

~7+1.000, T. Whole body irradiation 30zg RNA
polymerase/tube

T Ratio of
Organ| Treatment protein*/ . RNA/ | Histone/
DNA | DNA | DNA
Control .67 | 0.0217 1.41
Spleen| wfrradiated| 1.74 | 0,0442 1.47
.| Control 2.44 | 0.0694 1.63
Liver | yiradiated | 2,47 | 0.0910 1.79
.| Control 2.29 | 0.0849 1.41
Testis | [rradiated | 2.36 0. 101 1.33
.| Control 3.21 0.168 0.613
Brain | 1 odiated | 2.48 0.129 0. 665
*Total protein (Histone+Residual protein)
*%]_000r, Whole body irradiation
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Fig. 1. Ratio of components (RNA, DNA, and Protein) of chromatin isolated from rat organs
S.: Spleen L.: Liver T.: Testis B.: Brain

——— Control.

Irradiated
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Fig. 2. RNA syanthesis in vitro directed by chromatin from organs of rat.
S.: Spleen L.: Liver T.. Testis B.: Brain

—— Control.

of irradiated was observed between each organs,
and RNA synthesis in vitro directed by chroma-
tin from organs of irradiated.

The results indicated that it observed RNA:
DNA ratio of brain decreased by irradiation.
It was found a value of spleen 4, 70, liver 2. 14,
testis 1,27, brain 0.69 for the histone-protein:
residual protein ratio, whereas a substantial
difference in the ratio was observed between each

organs. It was not effected by irradiation.

...... Irradiated.

The RNA synthesis in vitro, directed by chro-
matin from organs of irradiated rat was always
higher than those of control and the DNA as
chromatin isolated from testis fraction showed
the highest.

3. The effect of Actinomycin D on the RNA
synthesis in vitro directed by chromatin from
organs of control and irradiated rats.

The effect of Actnomycin D on the RNA

synthesis in vitro was carried out. Actinomycin
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Fig. 3. Effect of actino mycin D on the RNA synthesis in vitro directed by chromatin from organs of rats.

S.: Spleen

L.: Liver T.: Testis B.: Brain
-~ Control.

Irradiated.
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Table 3. Effect of Actinomycin D on the RNA
in {[vitro directed .by chromatin from
organs of control and irradiated rats

Organ| Treatment Incorvporati(-m’ ki
no additioni Q;tc’ﬁ,o* %ik?i{itl)xl}!h-
Spleen [iinean 3165 | 28 | e
Liver | oadated | Lo03 | Lo | 78
Tewis| foodoes | BUS 0 LR &3
Broin | foaded | L8 | 0% | 20
*10ug/tube ‘

*%],000 r, Whole body irradiation
30u4g RNA Polymerase and 18.g DNA as chromatin/tube

D has been shown to inhibit DNA-dependent
RNA synthesis both in intact cells and in vitro.

The results indicate that effect of Actinomycin
D on the RNA synthesis in vitro directed by
chromatin from organs of the control and the
irradiated rats was elevated of inhibitiory action
on the testis showed a higher value among the
test organs.

It is seens that Actinomycin D is capable
of displacing ail but firmly bound protein from
the DNA.

4, The stimulating effect of ammonium sulfate

in vitro on RNA synthesis directed by chromatin
from organs of control and irradiated rats.

In this experiment, in [order to stimulating
effect of ammonium sulfate in vitro on RNA
synthesis was carried out priming activity by
chromatin from organs of control and irradiated
rats.

Table 4. Stimulating effect of (NH,S0, in

vitro on RNA synthesis directed by
chromatin from organs of control and

irradiated
- | Incorporz;txgn (Eﬁ?fii%@f&*é_
. [s3 ctivation®**
Orgen) Treatment | K SO/(NH,) ;50 (NH,:0,
OmM | 32mM 80mM
Suieeq Control * |2,420(100)4, 281(176)] 4, 905(202)
Pleen| T adiated’* 3, 401(100)'4 738(139)| 5,648(166)
Liver | Control 16, 041(1003’9 731(161) 11, 270(187)
WeT | Trradiated |5, 595(100)8, 527(152)] 11, 460205)
Testis | Control  17,163(100)'9, 959(139)| 12, 450(174)
eSUS | Trradiated |6, 475(100)18, 249(127)| 11, 370(175)
Brain | Control , 1,801(115)] 2,023(129)
Tam | Trradiated 1,023(100)'1, 354(132)! 1, 595(156)

* {inal concentration
** 1,00 r, Whole body irradiation
#=x% Value of incorporation without addition of (NH,),SO,
was taken as 100%
The results indicate that it can found stimula-
ting effect of ammonium sulfate in vitro on
RNA synthesis

organs of control and irradiated rats was increase

directed by chromatin from

x1 02 T T T x! 02 T T x| 02 T ¥ T
+ BGH T g te0r S ieor 3
2 [# R w W HL
W i ' o ~ / ek
o i — - ’
—— 3 < : K
< ‘f T T ,’/' .
;—:E L0 i L 2 p==d s0r ,; 7
- x'.;': ‘}'; P = ':‘/
2 / : € £ "
£ 4 o~ o 7 '
© 20 - g @ a0t
S L T B S L T 8 S L T B

Fig. 4. Stimulating effect of (INH,),SO, in vitro on RNA synthesis directed by chromatin from

organs of rats.

S.: Spleen L.: Liver T.: Testis B.: Brain

—— Control.

Irradiated.
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of priming activity from spleen, liver, and testis
those of control rats, but it was slight in the
brain.

Ammonium sulfate may cause the dissociation
of histone electrostatical to DNA as in chromatin
thus increasing the priming activity and the
stimulating activity of ammonium sulfate diffe-

rent in by the propsrty ofchromatin.
IV. Discussion

Wholz-body irradiation of rais results in at the
carly stage, a simple rzaciion to ths physical
stimulus of irradiation. However, the late reaction
of irradiated organs contributed to the develop-
ment of radiation sickness and the lathality.

DNA with 1,090r

condition identical with those uszd in the present

Irradiation of under a
expariments has been shown to producs single
and doublz strand breaks in the DNA, which are
perhaps single-strand

accompainad by small g
regions (Harrington, 1963,

canati, 1933).

Harrington and Ri-

The changs in priming activity caused by X-
ray irradiation, therefore, may attributed to the
production of cross-links.

The following reaction was employed to the
priming activity of chromatin in KW A synthesis in
vitro, by incorporation of 8- C'*-ATP into RNA.
Graph 1,

All reaction formulas ars schematically given
in graph ],

RNA polymeras= was przparated by Chambzrlis
and Barge method from the E. coli strain.

The chromatin of each organs under priming
activity of thz complzate reactory system to soms
extent. How affected the priming activity in pre-
sant exparim=nt, it suggsst that the endogznous
RNA polymsras2 activity in ths

Graph 1. 2l ATP

samplz of chro-

DNA or chromatin
GTP :

Mn*"
polymeraze

n3 CTP Mg~
RNA
UTP

133

matin was cannot be found an the incorporation
of C*-ATP was not used with RNA polymerase
in the rzactory system.

The amount of RNA from bound to the chro-

matin was irradiated animal.

increased in the
It seens that this is not in accordance with view of
radiological inhibition. But it is conceivable that
the RNA synthesis in spleen, testis should be
increased temporating for some sort of necessity
such the recovery of damage. And that is was
expected in the future studies.

The effect of the irradiation on priming acti-
vity was unique, in that priming activity was
decreased when high concentrations of DNA
were used in the assay mixture and it was
incrzaszd when the low concentrations were used.

It was shown by ammonium sulfate that His-
tone: DNA ratio of brain chromatin indicated a
half value of thosz of other organs. A little am-
histone obtained dissociation due to

ount of

the weak stimulating effect of ammonium
sulfate, seens to indicated that brain chromatin
from itself showed low priming activity comp-
ared with others which are krnown by residual
protein involved.

it is true that the inhibition of DNA synthesis
under the exposure to lonizing radiation therefore,
showed that the separated one of intact tissue
may have a important role in the general meta-
bolism than DNA synthesis from tissue. In par-
ticular, the metabolism of cell now available,
which pertain to the problem of the mechanisms
of regulation of genetic transcription in endocr-
ine oystem czll, is sufficient to suggest that
“Effect-DNA-RNA-protein synthesis” and mecha-
nism, may be alterative to the mechanism of sel-

ective repression postulated for genetic function.

P

ATP!
GTP | .
{ = (nl+n2-+n3-+ndpp.
CTP |
UT?P
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