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PART III

TRANSCRIFTIONAL CHANGES IN THE REGENERATING RAT LIVER
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INTRODUCTION

,Siudies deseribed in the previous part, as well as those
reported in the literature, have shown that transcription apparatus
' can be activated in mammalian system in response to several stress
conditions (1-6). Subtle stimulatory effects in transcription can
also be achieved by administration of suitable doses of specific
bormones (3,4,6,7). Several studies aimed at dissecting the
underlying biochemical mechanisms have revealed that the events
leading to transcriptional changes could be different under different
gtimuli., These results have no doubt provided many insights into

regulatory aspects of euksryotic transcription.

Considerabﬁ% upheaval in RMA synthetic patbtern is however not
a, phenomenon that can be elicited only by resorting to changes in
external envirommemntal cohdi£ions. It has been documented that
during cell-cycle, a mumber of tganscriptional events take place in
the Gy phase presumably to prepare the cell for DNA synthesis and
subsequent cell division (8-12). To study such alterations in higher
orgamisms, the regenerating liver provides an excellent system since
the biochemical events occurring after partial hepatectomy could be
expected to be associated with normal cell proliferation and rapid
growth, Quiesceut cells of the mammalian liver can be triggered to
proliferate by removal of two-thirds of‘the'organ. ~ In the hepato-
cytes of the rabts, .a wave of DMA synthesis occurs in the mucleus

about 18 hr after partial hepatectomy arnd mitosis follows 6 to & hr
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later (13), Among the earliest detectable changes which precede
DMA synthesis, are the incresse in the rate of RMA synthesis (12).

The studies to be reported in this part have attempted to

Crnwkaion w aniie

elucidate events associated wz‘b%RNA synthes:.e}{ follomng partial
hepatectomy. The results indicate that a mumber of biochemical
changes take place during liver regereration, which include altered \
turnover of nonhistone chromosomal proteins, activation of RNA
polymerases (Type I and II), increase in chromatin templete efficiency

and incresse in number of RMA chain initiation sites ¢n chromatin,

MATERIALS AND METHODS

Animal experiments

Male Wister strein rats each weighing between 120-130 g and fed
oun a laboratory steck diet were used. For liver regersration experi-
ments, the animals were 67% hepatectomized under ether amesthesia by
excision of the left lateral and median lobes (14). Sham-operated rats
served as comtrols. In gll the experiments, rats were fasted for

18-20 hr prior to killing.

&gsurement of the rate of DNA gmges;s in the 11 er

Siggormratlon of 3 H—i;}_mn_idlm mto DNA{

Rats were given intraperitomeal injection of BH-thymidine
(g0 /aCi/100 g body wt) ard sacrificed 2 hr later. Radicactivity
incorporated into DMA was determined by isolating DNA by the me thod
of Munro and Fleck (15).and measuring counts due to DM in aliquots
of KOH-reutralised TCA-extracts.,



The procedure was as described in Part Il-Section I,

vsis of S°P-labelled 1liver RMA

As described in Part II-Section I,

Aszays of RNMA polymerisation by liver miclei, liver RMA polymerase,
template sctivities of liver chromatin and DNA

As described in Part II-Section I.

Chromatographic fractionation of liver RMA polymerase on DREAE-cellulose

The liver BMA polymerase was isolated amd purified up to
fréction IV of Roeder and Rutter and fractionation was carried on a
DEAE-cellulose column according to the method of Torres (16)., Briefly
“the procedure was as follows. The column (1 x 12 cm) was equilibrated
with TGMED buffer pH 8.0 cohbaining 0.025 M KCL. Ten mg of the RNA
polymerase preparation in TGMED buffer pH 8.0 («— 3 ml) was applied onto
the column. Ten ml of the same buffer was first passed through the
column, Thereafbor, the enzyme preparation was eluted with a linear
gradient of 0,025 M/-O 5 ¥ KCL in TGMED buffer pH 8.0 with a total
volume of 50 ml., One ml fractions were collected and assgyed for
RNA polymerase activity with calf-thyms DMA and '4C-ATP as described
in Part I1-Section I,

Analysis of labelling pattorns of chromosomal nonhistone proteins

The procedures used were essentially those detailed in Part II-

Section II, Sham-operated and partially hepatectomized rats (at specified
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times post-operation) were injecte;i with 83 jaCi of ¢ DL-1eucine and
600/0.&1 ‘'of 2H-DL-leucine respectively and sacrificed 1 hr later. The
excised livers from the two groups were homogenised together and
nonhistone chromosomal proteins were isclated. These were electro-
phoretically fractionated on the polyacfylamida-SDSS gels, slices of 2 mm
thickress were transversely cut along the gel length‘arﬁ counted for
140. and PH-ragioactivities. The retios of the two ectivitiss reflscted
rates of labelling of the individual proteims in the liver of partially
hepetectomized rats in relation to the corresponding rates of labelling
in the liver of sham-operated (control) rats. \

‘A reverse experiment in which sham-operated rats received 38-DL-
leucine and partially hepatectomized animals 140—DL-1eucine , was also

carried out using the same procedure as deseribed above.

i

Determination of molecular weights of elesctrophoretically
separated proteins was as described in Part II-Section II.
Meaguremsnt of radicactivity

As deseribed in Part II-Sechtion I,

Lhemical analysia

DNA, RNA and protein were estimated as deseribed in Part II-

Seetion I,

Matsrials

BH-'fhymidire (sp.act. 6.2 Ci/mmole), 3 2P—orthophasphate (carrier

free), V4o _DL-leucine (sp. act. 0.25 mCi/mmole), 3H.DL-Yeucine (sp. act.
Sh-0-TP (Speaik - 182 ¢ fmmele) )
5 Ci/mole)/%(lsotope Division of this Research Centre), GIP, CIP, UTP
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(Sigms Chemical Co., U.S.A.), WG-ATP (sp. act. 27,2 mCi/mmole,
Schwartz Biochemicals, U.S.A.) wore used.

RESULTS

Restorative pr artial hengtectomy

As evident from Teble 1, the restoration of liver weight that
follows the removal of median and left lateral lobes of the liver
tissue is quite rapid., This phenomenon can be appropriately termed as
a truly hyperplastic process, the proliferation of mew cells occurring
at a rate exceeding even that of liver tumors (17). During the two
week period, the liver weight is increased alwost to the pre-

operation value.

The inerease in liver weight is preceded by scceleration in the
rate of DNA synthesis as seen from the data shown in Table 2., The
stimulation is discefitible at about 12 hr following partial hepstectomy
and reaches a maximum at 28 hr post-cperation, The results clearly

depict that the activity in cells are preparatory to mitosis.

BNA synthesis durine liver regereration

Significant modulations at the level of transcription are
expected in quiescent cells given a stimulus for proliferation,
Initially, studies were undertaken to examine the nature of these
changes during liver regersration.

As is apparent from the results presented in Table 3, the

rate of RMA synthesis in rat liver is enhanced progressively from as
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Table 1

Restoration of rat liver weight after partisl hepatectomy

Time after

o DL Pi%i" control n
(i) iver weight
10 12.5
20 43.8
40 ' 80,0
60 2 13040
300 184.3

Median and left lateral lobes were excised from rats

(120 g body wt) by operation., The wet weight of the

liver was 7.8 £ 0,3 g out of which the portion excised

was 5.2 £ 0.4 g (everage of 4 rats). The remaiming portion
of the liver was taken as '0' hr control (1C0%). The

values shown are averages of two rate.
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Table 2

3K thymidine labelling of rat liver DIA :

effect of partiel hepatectomy

) Specific activity

(cpm/mg DMA)

Sham—opegabed 8070 %+ 119

Partially hepatectomised
(hr after operstion)

g - / 7125 £ 192

12 ’ 11500 % 270

18 15400 & 215

21 ’ 26580 + 320

24 44560 295

28 50750 & 355

36 48915 £ 275

Rats were injected with >H-thymidine (80/(101/100 g body
wt), 2 hr prior to sacrifice. Bach value represents
average of thres independent experiments + SEM,
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RMA gynthetic rates in rat liver : effect of partial hepatectomy

Shan-operated

Partially hepatectomised
(hr after operation)

2
6
12
18
24

48

1260 + 56

1302 £ 97
1450 £ 105
1635 + 102
1885 + 72
1726 £ 113

1320 & 130

Relative spz!c‘.i).ﬁc activity
k-]

“cpn/ing RNA

#*

cpm/pmole of orthophosphate in liver homogenats

Bagh rat received 22 P-orthophosphate (2 mCi/100 g body

wt) 1 br prior to sacrifice. Other details are as in the text.

‘Eech value represents average of three independent experiments i+

SEM,
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early as 2 hr a,fter partial hepa’cectomy. At 18 hr post-operation,

the increase beémg about 50% over control.

Sedimentation profiles of pulse-labelled RMA:

During normal and rapid cell proliferation, the syntheses of
all types of RNAs are expected to be stepped up. This has been borme
out by the results of experiment in which RNA isolated from regeverating
by te nm%v&%mi&n
rat liver was resolvef%on suecrose density gradient (see Fig.1). This
observation is similar tc the results reported by Maramatsu ard Buseh

(18) for RMA gynthesised during liver regenmeration.,

RMA polymerisation by liver miclei:

Subsequent experiments were directed to' elucidate the mechanism
responsible fo:g;tarly triggering of RNA syn’gzh@j::;,c machinery. The
cepacities of liver miclei to catslyse Mgff-_-depen;lqnt, RNA polymerisation
and Mno**/(NH, )80, -dependent, RMA polymerjsation wers assessed first.
The nature of these reactioms in tarnis of RNA polymerases involved
and RNA products formed are already explained in Part II. As is
apparent from Table 4, muclei from the regemerating liver exhibit
greater ability to catalyse either of the}_RIjI-A_ polymerisation reactions,
as comparsd to those from the liver of sham-operated rat. .The maximum
effect is discernible at 18 hr post-operation being sbout 160% over
sham-operated comtrol for Mg++7acti§ated_;egctj.gn and about 35% over
sham-operated control for Mn' '/( MA)zm;-activated reaction.

Activities of liver RNA polymerases:

In further experiments, the activity of RNA polymerase isolated
free of DNMA from regenerating rat liver vwas determined and compered with
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1. Sedimentation profiles of ’“p-orthophosphate pulee-labelled

REA in the vegererating rat liver,

Sham-orerated and partislly hepatectomized (16 hr after
operaticn) received 32P-orthophosphate (carrier free, 2 mCi/
100 g bodv wt) 30 min before sacrifice. An aliquot of RMA
solution in acetate buffer pi 5.1 {equivalent to 1 mg, Bogp
units 25) wae layered on a 28 m) lirear sucrose densi tv gradient
(10-40%), ceutrifuged at 63,000 x g for 15 br end 1 m fractions
wera collected for E260 and radiocactivity determinations,

optical density; - - - - radioactivity, Shem-operated;

-«=smsmom  Tadicactivity, partially hepatectomized.



Table 4

RNA polymerisation capacities of nuclei

isolated from regemerating rat liver

“Bmount” of RNA synthesized

e : ++ ‘
Mg Mn "/ ( I\TH4 )230 4
activated activated
(*) (=) ‘
Sham-operated 230 1125
Time after
partial
hepatectony
(hr)
6 208 1209
12 422 1327

18 598 1525

— - - - .- - U U e

* pmoles of AMP incorporated into RN&/15 min/mg DINA,
##* pmoles of AMP incorporated into RNA/AS min/mg DMA,

Both, Mg't-activated and MnH/( Milp )2804~actiVate_d assay systems
contained in g final volume of 0.5 ml: 0.02 /\mgle_ of _140-ATP and
mclei equivalent to 0.3 mg DNA, Other details are as in the

text. Bach value is average of two independent experiments.
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that isclated from sham—opgrated rat liver., 4s seen from Table 5,
the activity of RNA polymerase, expressed both as units per mg DMA

of maclear suspension from which it was isolated and as units per mg
protein of the enzyme preparations,wex—'gincreasea after partial
hepatectomy. Since the activity expressed both as total activity

and as specific activity is enhanced, it may be presumed that the
observed increase is not an‘ artifact arising from differential
solubilization of RNA polymerases from the two groups or from
differential inactivation of the enzymes during purification (see also
Part II-Section I - Results),

Thegs investigations were then extended to ascertain the extent
to which the two principal RMA polymerases - Type I and Type II-are
activated during liver regeneration. Fractionstion of the total RNA
polymerase preparation was achieved on a DEAE-cellulose column with a
linear gradient of 0.025 M?OJ M KCl. The elution profiles of RMA
polymeragse preparations from sham-operated and partially hepatectomized
rats {18 hr post-operation} are illustrated in Fig.2. The enzyme
preperation is resolved into two fractions: RNA polymerase I which
is eluted in the range of 0,15 M to 0.17 M KC1, and RNA polymerase II
which appears in the elution range of 0,34 M to 0.36 M KC1, A4s
discussed earlier, polymerase I is presumably a mucleolar enzyme respon-
sible for ribosomal RMA synthesis, and polymerase II is located in the
extramicleclar region catalysing synthesis of DNA-like RMA products,
The activity of RNA polymerase I is stimulated to a much greater extent
es compared to that of RNA polymerase II during liver regeneration, as

can be seen from Fig.2.
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' Table 5

" ¥e
Changes in RNA polymerase activity during liver [generation

Total activity Specific activity
(units/mg miclear DMA) - - - ~(units/mg protein)

t

Sham-operated 1€72 1465
Time after
partial
hepatectomy
(hbr)
8 . 1927 1680
18, ‘ - 3475 3137

RMA polymerase was isclated from muclear suspersion of pooled livers
(four rate per group) up to fraction IV of the method as deseribed in

the Materiszls and Methods,

The assay mixture corteinsd (in 0,5 ml): 20/ug rat 1iver DMA, liver
RNA polymerase preparaticn equivslent to 100 g protein, 0.2 /umole of
ﬂ*C—ATP. Other congtituvents are as described under Materdials and
Methods, One unit of activity is defined as the amount which catelyses
the incorporation ¢f 1 pmole of AMP into RMA per 10 min. Bach value

is average of three independeut experiments.
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Experiments on liver muclear RMA polymerisation based on
specific inhibition by « -smanitin of RN polymersse II (i.e. the
engyme catalysing M /( NH4 )2304-reaction; also see Part II-
Section I. - Results) have also confirmed the conclusion that the
activity of RMA polymerase I is stimulated to a greater extent
than that of RMA polymerase II in the regenerating rat liver
(Table 6),

Transcriptive functioms of liver chromatin:

Studies were directed to see whether chromatin transcriptive
functions are also subject to alterations in response to the mitotic
stimulus. It is apparent from Table 7, that the template activity
of chromatin, as agsayed using exogenous liver polymerase, is
progressively increased up to 18 hr post-operation whence it is
about 42% above that seen in sham-operated control rats. At these

time intervals, the template activity of DNA however remains unchangsd.

In Table 8 are shown the data on mmber of RNA chein initiation
sites (RNA polymerase binding sites) on the liver chromatin after
partial hepatectomy. The determination was done as described in
Part II-Ssction I using exogenous rat liver RNA polymerase and 3u-urP
under the conditions which first allow only RN chsin initiation anmd
then allow only RMA chain elongation, At 8 hr after partial hepatectomy,
a small inerease is discernible in the @mber of RN chain initiation
sites on chromatin but at 18 hr post-operation a considerasble increase

in RMA chairn: initiation sites is evigent.
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Table 6

Aetivity (in presence and absence of o -amanitin) of liver

RNA polymerase at various times post-partizl hepatectomy

pmoles of AMP incorporated into RMA/10 min

without of ~amanitin with (~amanitin

Sham-operated 1390 % 39.5 834 + 21.9

Partielly
hepatectomized

hr after
operation)

4 1638 & 50.6 981 £ 46.6

12 2085 + 4L0.O 1235 % 38.1

18 2909 + 60.1 1836 + 49.2

The assay mixture contaimed (0.5 ml) 0.2 amole c;f ’4c-m», .20 /g Tat
liver DMA, with or without 2 g of K-amanitin and 100 yug of RMA
polymerase enzyme protein, —Other details are as described in the
text., Each value represents average of three indeperdent experiments
+ SEM,



Table 7

Template activity of rat liver DMA and chromatin :

effect of partial hepatectomy

Templabe activity
(%)
DNA Chromatin

Sham-operated 131.5 28.0

Time after
partial
hepatectony
(hr)

g 13042 32.1

12 ' 132.0 35.3

18 129.7 39.8

20 132.8 36.4

# pnoles of 14C-AMP incorporated imto RMA/10 min.

The assay system for templste activity contained
0.2/umole of W4C-ATP, 20 mg of DM either in the
form of chromatin or purified as such and 100 /9g

RMA polymerase enzyme protein in 0,5 ml final
volume. Other details are as in the text. Rach
value is /ari’ average of thres independent experiments,

145
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Table &

Nmber of RMA chain initiation sites available on rat liver chromatin:

effect of partial hepatectomy

R St

NMmber of ENA chain initistion
Source of liver chromatin sites per '12‘1% micleotide pairs

v

Sham-operated rats 1.5

Partially hepatectomized rats
(hr after operation)

8 13.8

18 15.0

The number of RNA chain initiation sites were determined as described
in Part II-3ection I, under the low-salt reaction conditiors that
allow only RMA chain iyﬁ.tiatipn followed by high-sslt reaction condi-
tions which allow ouly RNA chain elongation, in the presemce of 3n.uTP
to label growing RNA chains. The caleulations were dome as described
in Part ITI-Section I, Each value is average of two independent

experiments,
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Turnover of nonhlstone chi;ézﬁbsomal proteins

Résults presented abovei indicate thet the response of transcription
functions of liver chromatin t';o the mitotic stimulus could be ascribed
to non-DNMA components of thel chromatin. In Part II, it was shown that
stimlation in templa‘tg, activity of liver chromatin brought about by
whole-bedy radiation exposure is related teo specific alteratiomns in
the turnovérs of chromosomal nonhistone proteins, Similar examination
was made in respect of nonhistore chromosomal protein turnovers in
regenerating rat liver, At variousg times efter partial hepatectomy,
rats were given injections of 3 HB-leucire and sacrificed 1 hr later.
The liver from‘pa;tialyhepatectomized rats vere pooled with those from
control (sham-operated) animals which had received injections of Ve
leueine 1 hr prior to sacrifice.  Chromosomal nonhistone proteins,
isolated from the mixed homogenates, were then subjected to electrophoresis
on 10% pﬁlydcrylamide-;SDS gels. The relative labelling patterns (3 H/”*c

ratio of separated proteinsversus gel slice no.) of nonhigtone chromosomal

proteins of the livers, at 8 and 18 hr after operation are illustrated
in Fig.,3. It is”(;_:lear from the plots that among the proteins separated
on polyacrylamide-SDS gel, only one protein(or a group of two .or

three protei_ns) migrated to the gel region corresponding to slice Mo.12
exhibit increased relative rate of labelling, The molecular weight of
this compoment(s) can be calculated by the method deseribed in Part II-
Section II and is approximately 55,000 daltons, This is suggestive of
a selective increase in the sy;&’thesis (or turnover) of the protein(s)

in regenerating liver,
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Fig.3. Relative rates of labelling of electrophoretically
separated nonhistore chromosomal proteins in
regenerating rat liver. Partially hepatectomised
rats received (3H)-leucire and sham-operated rats
{(14C)-leucine., Radioactivity of protein comporets
{absolute counts) are as follows:

(a) REight hr after partial hepetectomy, Total
counts placed on the gel : 4200 cpm of 3u
and 3120 cpm of 140; ‘slice n0.12 : 290 cpm
of 3 and 180 cpn of Y4C,

(b) Righteen hr after partial hepatectomy. Total
counts placed on the gel: 5260 cpm of 38 and
4725 cpn of WG slice mo.12 : 390 cpm of JH
and 195 ecpm of g,

(¢) Reverse labelling experiment. Pertially
hepatectomised -rats (18 hr pos‘o—Operatiop)
received (14C)-leucine and sham-operated rats (?H)-1eucire.

Total counte placed on the gel : 5910 cpm- of 11"0»and
7505 cpm of 3H; slice n0.12 : 112 cpm of 14¢ and 335 cpo
of 3H.
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A roverse expsriment in which sham-operated rats received
3Heucine and partially hepatectomized animels (18 hr post-
operation) 1"*'C-1eucim_was, also carried, As seen in Fig.3c, only
the protein(s) moved to slice No.12 display a dip in the relative
rate of labelling (31!{/11"'0) again indicating a selective stimulation
in its synthesis (c;r turno\zgr) during liver regemeration. This

o
experiment rules out oxag artefact arising from counting anomalies.

DISCUSSION

The results presented here confirm earlier reports that the rate
Vof RNA syntllesis.in the regenersting liver is considerably higher than
that in the sham-operated liver (9,19,20), The enhancement in RN4
synthesis occurs much earlier than the onset ‘Qf_ cell division indicating
that the activation at the transcriptional level is brought about in
the remaining hepatocytes and not in the newly formed cells. The liver
regeneration thus constitutes a “useful system to elucidate the factors
responsible for heightened rate of BNA symthesis. The data on RNA
polymerisation by liver muclei support the general belief that the
capacity of animal cells to synthesise RMA in vivo is - o chrect
reflection of the capacity of their miclei to synthesise RNA in __ﬁig
(21,22 23)

mechanism underlying aecelerated rate of RN synthesis. In some reports,
the activation of RMA synthesis in eukaryotic cells has been ascribed
mainly to an effect on chromatin template (3), whereas in others, levels

of RMA polymerase have besn shown to determine rates of RNA synthesis (24).
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in some conditions, chromatin template activatioh could lead to an
increase in the rate of RNA synthesis, The activation of transcrip-
tion machinery during liver regeneration is paralleled by enhancement

of both RMA polymerase activities and template sctivity of chromatin.

To assess the relative importance of the activation of various
components of transeription machinery in the regulation of RMA
synthetic rate, it would be appropriate here to discuss the molecular
mechanisms of eukaryotic transcription as envisaged on the basis of
current knowledge, Transcription may be considered ag a three-step
process comprising: (1) initiation in which RNA polymerase interacts
with a promoter region in the DA template and a purine triphosphate
to form the initiation complex (25); (2) propogation in which the
enzyme moves along the DNA template with the formation of a growing
complementary RMA chain (25,26); and (3) termination in which the
complex of enzyme-DNA-RNA chain is dissociated when it reaches a

terminating signal on the DMA template (25,26).

This scheme based on studiss with prokaryotic system would
suggest that rate of RMA synthesis could be govermed by all the three
gteps mentioned abowe. Let us consider the manrer in which DMA template
could govern RNA synthetic rate. From a variety of consideratious,
it can be surmised that the rates oi: movement of the enzyme molecule
along different DNA templatés may be nearly same in identical conditions
of reactio;;jj"fhe rates of termination, i.e. the dissociation of RNA
polymerase~DNA-ENA chain complex, may vary by virtue of different

ngture of termingting signals but it would seem that this may not be

a step that could greatly determine RNA synthetic rate. Conceivably,
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thersfore, the most crucial step in the determination of RNA synthetie
rate may be the initiation step, The rate of initiation may govern

to a large extent the number of RMA polymerase molecules that may
transcribe a cistron at a ﬁime. Some specific factors (mostly protein
in nature) presumably could govern initiation at certain specific
cistrons., At the enzyme level, the regulation should be determined

by the mumber of active RNA polymerase molecules available,

The eukaryotic traunscription rate could also be regulated
similarly. However, since non-DNA componsnts have a role in restricting
the template ;ggézzgééy of DNA, thsse may have an important role in
RMA synthetic rate regulation. In thg present study, a substantial
increase in the mumber of evailsble initiation sites on chromatin is
observed in the regenerating rat liver. This can very well account for
the increased rate of RIL synthesis. It may be mentioned here however
that the assay for availeble initiation sites on chromatin (as also the
chromatin template activity assay) is based on rather artificial conditions
since the assay is dore in the presence of saturating amcunts of RNA

polymerase - a condition which may not exist in yivo.  Nevertheless,

S

the results should give a fairly good idea of the dégree of increase
that might have been brought about in the number of initiatioﬁ sites on
chromatin during liver regeneration. 'One more factor that should alse
be taken into comsideration is: whether the increase in the mumber of
available initiation sites would necessarily mean de-repression of that
many cistrons on the genome., The magnitude of increase, which is 30%
over coutrol, could be considered as related entirely to the synthesis
of new species of RMis, Such exteusive gene activation may perheps

be necessitated for the synthesig of pfoteins needed for chromosomsl

-

replication and subsequent cell division., On the other hand, it is
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quite possible that there may not be such increase in the induction of
new species of RNA. The gernes which have been de-repressed could simply
be repressed copies of geres, orly one or a few may be active in normal

liver (Also see Discussion in Part II - Section I),

The results presented here also reveal a considerable enhancement
in the activities of both BNA polymerases I and II in the regenerating
rat liver, That this observation is not an artefact can be surmised from
the findings that the muclei from regenerating rat liver exhibit greater
stimulation in their capacity to eatalyse Mg++—activated RNA polymerisation
reaction than Mn**/( NHA)stA—aotivated RNA polymerisation reaction., These
reactions are believed to yield ribosomal RNA-like and DNA-like RMA products
respectively. The question that should now be considered 1s whether under
normal conditions, RMA polymerase molecules are present in amounts which
could regulate rate of transcription, Chambon (27) has shown that the
mmber of RNA polymerase II molecules in liver cells are of the order of
3.9 x 101" per haploid genome. This mmber appears more than adequate for
normel active transeription of an estimated 40000-50000 RMA initiation
sites per haploid genome. However, this mmber may still be insufficient
to saturate the genome if the geres become highly active, i.e.,, to pack
themselves to the extent of about 100 mucleotide base pairs psr polymerase
molecule. 4s far as RMA polymerase I is concerned, Roeder gt al.(28) give
the estimate of about 2 x 104 molecules per mouse liver cell, These authors
have calculated that for saturaltir;g geres of ribosomal RMA,0.5 to 1.8 x 105
RNA polymerase I molecules are requ;imd. If it is presumed that the wumber
of RMA polymerase I molecules are nearly equal to these of RNA polymerase II
molecules (viz. of the ofder of 3.9 x 10% per haploid gencme ), the normal
level of RMA polymerase I may also fall short of Roeder et _é,?_..'s estimate
for the saturating level, These estimates would indicate thé.t at least part

of the increase in the rate of RNA synthesis during liver regeneration
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may have been the consequence of increased activities of both RNA
polymerases I and II. It may be noted that increase in RNA
polymerase 1 activity is greater than in RMA polymerase II activity.
The profile of pulse-lsbelled RNAs indicates a high proportion of
ribosomal RMA precursor in regemerating liver as in sham-operated
liver, fo cope with increased rate of ribosomal EMA precursor,
it is expected that the activity of RMA polymerase I would be
stimilated to a greater extent then RM polymerase II. This is
further confirmed by the experimeunts iuwolving RNA polymerisation
R e ‘
by liver auﬁ%ew in the presence of o -amenitin, an agent which
specifically inhibits RNA polymerase II, It may be noted, however,
that the activities of RNA polymerisation by liver muclei could be the
combived effect of both increase in RMA polymerase activities and
inecrease in template activitgas of chromatin., The increased activities
of the enzymes can te either due to activation of already existing
engyme molecules or, more likely, the conseguence of increased

production of more number of molecules,
,

Similar to the studies presented in Part Il-Section II, it
appears that the activation of trauscription machinery in the liver
regenerating system is also associated with the changes in non-DNA
compouents of the chromstin. As in radiation-provoked gerne activation,
nonhistone chromoscomal probtein turnover has been found to be selectively
altered during liver regeneration. The alterations are progressively
magrified with time during the first 18 hr liver regeneration and
closely correspond te the extent of activabion at the template level,

Selective changes in nonhistone chromosomal protein labelling have
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likewise been reported in the other mammalian systems where quiescent
cells yere made to proliferate in response to appropriate stimuli,
These include the stimulation of rat uterus by estrogen (29), mouse
salivary gland by isopreterenol (30), ret memmary glands by explanta-
tion (31), human diploid fibroblast by serum (32) ard guinea pig
1ymphocyte by phytohemagglutinin (33). The proteins-syntheses of
which are selectiigzstimulated— are however different unger different
cell proliferation triggering conditions, The molecular weight of
the nonhistone protein(s) whose synthesis is enhanced during liver
regeneration has been estimated as 55000 daltons, The protein may
not be any of the RNA polymerases since the moleculsr weights of the
sub-units range from 16000 daltons to 190000 daltons (34), Fowever,
the possibility that the nonhistone protein could be a single RMA
polymerase sub-unit having molecular weight close to 55000 daltons
exists; such a sub-unit may have an important regulatory role. The
protein in question may also be conceived as a factor involved in

’

control of transeription.

It may be pointed out that the nonhistone protein is different
from the two nonhistone proteins whose syntheses are stimulated in
response to whole-body radiation exposure (see also the Discussion

in Pert II-Section II),

It appears from the reports in literature that modifications
in the synthesis (11), acetylation (10) and phosphorylation (11) of
histones are also brought about in the liver following partiel
hepatectomy. This ig indicative of the ccecurrence of exbtensive
modifications in structure and distribubtion of non-DNA components of

chromatin during liver regeneration.
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As has aaxéady been pointed out in the begimning of this
'Discussion', the activation of transcription following whole-body
radiation stress and that following partial hepatectomy are two
distinet phenomena and this has been amply bornz out from the
differences in the activation of the components of transeription
machinery in respeect of the two conditions, Although partial
hepatectomy has many more advantages over the other conditions of
gene acbivation where the cells are not made to proliferate, there
are also certain limitations. This is especially so in the case

, U0 moaomal
of the modifications and turnover of non-DMA }\components, since at
least some changes occurring in non-BN¥A comporents could be related
- to either DNA synthesis or cell-division rather than to the changes

at the transcriptional level, Further studies could be able to

resolve these complexities,

SUMMARY

Studies were conducted to elucidate events responsible for
stimuletion in RNA synthetic machinery in the rat liver following
partial hepatéctomy. The rate of RNA synthesis was St;’pped up as
early as 2 hr after pertisl hepatectomy and was maximum st 18 hr
post-operation being about 5% over the comtrol. Sedimentation
' profiles of 2*P-pulse-labelled RMA indicated that the syntheses of
all classes of RMAs might have been ernhanced durinmg liver regeneration.

Maclei from theregenerating liver exhibited greater ability +o
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catalyse Mg++—dependent and ¥n"/( m4)2820 4-‘dependen‘\; RNA polymeri~
sation reactions, The activation of transcription machivery during
liver regeheration seemed to UBe associated with enhancement in
both chromatin template activity and RMA polymerase activities -
unlike radiastion-~induced activation of franscription which sppeared
to be the reflection of an increase in template activity of chrematin
alore {Part II), Like the template activity, the mumber of RNA
chain initiation sites of the chromatin also exhibited progressive
elevation in regenerating liver, Similar changes could not however
be seen in the trangeription functions of liver DNA. Fractionation of
RNA polymerase preparation from the regenerating liver by DEAE-cellulose
column chromatography revealed that RMA polymerase I activity was
stimulated during liver regeneration to a greater extent than RNA

. polymergse IT activity., Concomibant with the changes at transeriptional
level, selective acceleration in the' synthesis of a nonhistone chromo-
somal protein with a molecular weight oi‘ 55000 daltons was also
noticeable. This proteinvis different from the two norhistone chromo-
somal proteins whose syntheses were found to be selectively stimulabed
in the liver following whole-body x-irradiation (in parsllel with the
activation of liver transcription machirery). These results serve to
show that the mechanisms underlying activation of transcription during
liver regereration may be somewhat different from those underlying

activation of transcription brought about by other stimuli.
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