ISSN 0233-7657. Buonoamepu! H kietka. 2000. T, 16. Ne §

RNAse L and genome expression during early
period of the rat liver regeneration

M. Yu. Obolenskaya, L. Ya. Sazonova, T. B. Gerasimova, S. L. Rybalko‘, C. Bisbal®

Institute of Molecular Biology and Genetics Academy of Sciences of Ukraine

Zabelotnoge str. 150, 03143 Kiyv, Ukraine

|
Institute of Epidemiology and Infectious Diseases, Ministry of Health of Ukraine

Spusk Protasiv Yar, 4, Kiyv, 03038, Ukraine

2
Institute of Genetic and Moilecular Biology, National Centre of Scientific Researches

UMR, F34033 Montpellier, France

Partial hepatectomy (PHE) stimulates an intact part of the liver to exchange the existing «quiescences
program for the proliferative one. Several changes between 0.5 and 3 h after PHE are considered as
manifestations of the abolishment of «quiescences program: a temporal decrease of either RNA synthesis
or accumulation of the newly formed RNA; a restricted variability of RNA transcripts; a partial retention
of newly synthesized RNA within the nuclei thereby providing less RNA for the cytoplasm, previously
obtained data about transient dissociation of ribosomes from endoplasmic reticulum. An involvement of the
2.5 -oligo( A )synthetase—-RNAse L system in the process is suggested by up- and down-regulation of
2',.5"-oligof A )synthetase activity in the cytoplasm and in the nucleus, respectively, and by up-regulation of
RNAse L content in regenerating liver. The production of IFN a/B, an inducer of the 2'.5'-oli-
go( A )synthetase—RNAse L system, is also increased during transition period. A specific role of sinusoidal
cells, the main producers of 1FN aff in the liver, in the abolishment of the old program is strongly

suggested.

Introduction. Extensive damage of liver parenchyma
stimulates an intact part of the liver to exchange the
existing «quiescence» program to the proliferative one
with eventual restoration of liver mass and function.
What kind of mechanisms is responsible for the
abolishment of the old program is an intriguing
question concerning not only regenerating liver but
the transition periods of eukaryotic cell activity in
general.

There are several evidences of partial restriction
of genome expression during the transition period of
liver regeneration e. g. temporal loss of ribosomes
from endoplasmic reticulum [I ], reciprocal alterations
of 2,5 -oligo(A)synthetase (2',5'-0AS) activity in
nuclei and cytoplasm [2] etc. The 2',5'-0AS is a
limiting enzyme of 2',5'-OAS—RNAse L system [3]
that is present in cells of higher vertebrates. The
system is responsible for RNA degradation during
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viral infection and is induced by interferons ¢/ (IFN
a/B) [3]. Its role in the absence of infection remains
still obscure. This paper addresses general charac-
teristics of genome expression in regenerating liver at
the RNA level and the production of IFN /g and
RNAse L, the inducer and the target of 2',5'-0AS
activity, respectively,

Materials and Methods. Pretreatment of the ani-
mals. Male Wistar rats (200--250 g) were used
throughout. Partial (2/3) hepatectomy (PHE) and
sham operation (ShQ) were performed by standard
procedures [4]. Livers were extirpated at the times
indicated and processed as described below.

Investigation of intracellular distribution of newly
synthesized RNA. *H-orotic acid (13.5 Ci/mmole) was
injected intraperitoneally (3 uCi/g of body weight) at
the times indicated. For each time point liver samples
from five animals were fixed, processed for electron
autography [5] and analyzed at the microscope JEM-
100 B. Silver grains were counted over extranucleolar
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part of the nucleus, nucleolus, mitochondria and
endoplasmic reticulum of fifty hepatocytes from each
sample.

Detection of kinetic complexity of nuclear RNA.
Kinetic complexity of nuclear RNA was evaluated in
hybridization reaction of the trace amount of unique
DNA sequences with the excess of RNA according to
6, 71

Evaluation of RNAse L and IFN «/f production.
RNAse L was quantified by specific radiocovalent
2',5'-A affinity labelling. The reaction was performed
with the liver extract with the subsequent PAGE/SDS
[81. Activity of interferon «/f was detected in S10
fraction of liver homogenate (1/10 w/v) by its ability
to inhibit cytopathogenic action of vesicular stomatitis
virus in the cultivated test cells [9].

Results. Intracellular distribution of newly synthe-
sized RNA. The synthesis and accumulation of newly
formed RNA were evalvated from the number of
silver grains over corresponding cellular compartments
after pulse (15 min) and more prolonged (*H-orotic
acid injected immediately after PHE) labeling, res-
pectively. The RNA synthesis and transit into cyto-
plasm occur in two stages. Immediately after PHE the
indices increase (Fig. 1, A). The subsequent changes
are specific for each compartment. The gradual inc-
rease of silver grains over extranucleolar part of the
nucleus coincides with the normalization of their
amount over the nucleolus and mitochondria and
transient decrease over ER (Fig. 1, A). Prolonged
labeling reveals partial retention of newly synthesized
RNA within the nuclei thereby temporally providing
less RNA for the cytoplasm (Fig. 1, B).

Kinetic complexity of nuclear RNA. The nuclear
RNA from the liver in 3 h after PHE hybridizes with
lower percent of unique DNA sequences than nuclear
RNA from intact animals (7.9 % versus 11.4 %) (Fig.
2). As kinetic complexity of unique sequences of rat
DNA is equal to 1.9-10° base pairs [8] the kinetic
complexity of nuclear RNA from intact and partially
hepatectomized rats comprises 4.3-10° and 3.0-10°
nucleotides correspondingly.

RNAse L and 1FN a/f production. PHE induces
an increase of 2’,5'-oligo(A) affinity labelling (Fig. 3)
and therefore content of enzyme RNAse L. Antiviral
activity of liver cytosol from partially hepatectomized
rats also increases with the maximal value in 0.5 h
after operation, An active S10 fraction dilution from
intact rats and rats in 0.5 h after PHE is equal to
1/80 and 1/320 correspondingly.

Discussion. Several findings of this work are
interpreted to result from partial restriction of genome
expression and loss of the previous phenotype: a
temporal decrease of either RNA synthesis or accu-
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Fig. 1. The average number of silver grains over compartments of
singular hepatocyte: J — extranucleolar part of nucleus; 2 — nuc-
leolus; 3 — mitochondria; 4 — endoplasmic reticulum; 1; and f are
indicated and zero time, respectively; A and 8 — 3H-orofic acid was
injected 0.25 h before staughter and immediately after PHE,
respectively

mulation of the newly formed RNA; a restricted
variability of RNA transcripts; a partial retention of
newly synthesized RNA within the nuclei thereby
providing less RNA for the cytoplasm. Previously
obtained data about transient dissociation of ribo-
somes from endoplasmic reticulum [1] add the pictu-
re.
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Fig. 2. Hybridization of unique DNA sequences with excess of liver
nuclear RNA. ERyt — equivalent values of RNA (moles nucleofi-
des-{ ') -¢ (sec) reduced 1o hybridization in 0.12 M Na-phosphate
bufier: f —PHE, 3 h; 2— ShO, 3 h
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The potential role of 2',5'-OAS—RNAse L sys-
tem in this process is supported by the first indica-
tions that production of RNAse L and IFN «/f is
up-regulated. We hypothesize the following sequence
of events after PHE providing the abolishment of
«quiescence» program at the RNA level. The bio-
logical effect of the 2',5'-OAS—RNAse L system is
stimulated by interferon «/f that induces trans-
cription of genes encoding 2',5'-OAS and RNAse L
[3]. The activated cytoplasmic synthetase [2] con-
verts more ATP to PP, and to oligoadenylates. The
latter bind to RNAse L and activate its catalytic
functions, The preferential ability of RNAse L to
destroy the polysomes by the degradation of mes-
senger RNA (10} is compatible with the reorga-
nization of ribosomes above-mentioned [1] and with
the general idea about the mechanisms of «quies-
cence» program exchange for proliferative one. In the
nuclei, on the contrary, the decreased catalytic activi-
ty of 2',5'-A-0QAS may protect the «new» messages
from degradation.

The participation of sinusoidal cells in the pro-
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Fig. 3. Radiocovalent affinity labeling of RNAse L by
2',5'-oligo(A). The liver specimen from intact and re-
generating liver were taken from the same rats during
PHE and after it at indicated time. In the following
couples the first and the second numbers indicate the
samples from «intactr and regenerating liver, respectively.
The time after PHE is given in parentheses: 5, 6 — 0.5
h; 4, 7—1h;3,8—3h; 2,9—06h; {, 10—12h.
A — electrophoregramme autograph of cellular extracts
after reaction with labeled oligoadenylates; B — auto-
graph of cellular extracts Western-blot after its incubation
with labeled oligoadenylates; C — RNAse L content in the
liver after PHE in relation to its content in corresponding

15 intact organ from results of densitometry of autographs A

() and B (2)
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cess, the main producers of IFN «/8 in the liver [11],
is in line with their regulatory role during hepatocytes
transition from quiescence to proliferation [12].
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PHKaza L Ta excnpecis reHOMy Ha paHHBOMY eTani
peresepauinHoro npouecy & nedikiui urypis

Pestome

Bracnridox uacmiosol zenamexmomit (YrE)} 6 xaimunax nevinxu
gidfyaacmoca 3Mina npozpamu Ixueol xummedisavrocmi, a came’
nepexid 6id npoaiepamusHo HeaKMusno20 00 npoxidepamueno
axmuenozo cmany. Hexinoka 3min, wpo sidbysmomesca mix 0,5 i
3 eod nicaa YFE, pozznndaiomeca Ak NPORE QXIMUGHOZO YCYHEHHA
icnyiouol do onepauli npozpamiy MumMacose IHUKEHHRA CUHME3Y
ma raxahusenns Hosoymeopenol PHK; ofimexena eapiabenvhicnb
PHK-mpanckputtmis; 3ampumka wacmiuni Hosovmeopenoi PHK a
#0pi i sidnosidno meniue Hadxodxenns il 6 yuMONAAIMy, panie
ompumani namu eidomocmi npo mumuacody oucouiayio pubocom 3
endonrazMamuuHozo pemukyaymy. 3pobreHo RPURYIERHS CIIOCOS-
HO ywacmi @ quUX npouccax cucmemu 2'5'-onizof Ajcunmemaza—
PHKaza L M[idcmasoiw Gan ybozo nocayxuru dani wodo nideu-
wenns | 3nuxenns axmusnocmi 2'5'-onizof A)cunmemasu 8id-
no6idno 8 yumonaasmi i 20pi, @ MaKox wodo 3POCIMAHNA KOHUEH-
mpayil PHKasu L y pezenepywouiii newinyl. ITpodyxysawna IFN
alB, axwi indyxkye cucmemy 2'5'-onizof A)cunmemasa—PHKaza L,
maxox nideuwycmecs npomazom nepexionozo nepiody. Haeedeni
dani yzzodxyoneca 3 zinomessio wodo cneyupiviol poal cunycot-
daabnux Kaimun newinkn 8 nepexodi aid cmany cnoxow 0o nodiay,
OCKINbKIL CAME CUMYCOTORRbHI KAIMUHY € OCHOGHILMIL npodyuesma-
Mu IFN a/.

M. 10. Obonrenckan, JI. 4. Casonoea, T. B. Nepacumosa,
C. 1. Pubanxo, K Bucban

PHKaaa L v 3KCTIPECCHMSA I'EHOMA HA PAHHEM OTane
PEreHEPALIHOHHOTO NPOLECCA B IEYEHH KPBIC

PesomMe

B peaynomame sacmununoil cenamaxmomuu (Ir3) 8 xnemxax
REHERN NPOUCXOUM UIMEHEHUE X KUIHEOCRMEABHOCHU, @ LMEH-
HO: nepexod om NPpoaudepamusno HeaKMuUGHOZO K RPoRpepanus-
HO axmueHOMy cocmognw0. Heckonvko uamenenutl, npoucxodauux
mexdy 0,5 u 3 w nocae Y3, paccmampusaomen Kaxk npos6Aenie
QAKMUBHOZ0 YCMPAHERUR CYulecmeyowed 0o onepaliit npozparmor
SPEMEHHOE CHUNXCHUE CURME3Q U HAKOMACHUA HOB0ODPA30SAMHOU
PHK,; ocpanuuennan sapuabeaswocme PHK-mpaucxpunmos; 3a-
depacka wacmu Hosoobpazosannoli PHK ¢ adpe u coomsemcemeaehio
MENDULEE €€ NOCMYNTIEHUE 8 UUIMONAAZMY, PAHEE NOAYUEHHOIE HOMLL
OaHHbie O DEMEHHOI QUCCOuuMUUE PODOCOM U3 IHOORTAIMANUYE-
€K020 pemuxyayma. Bodsunymo npednoapxenue ob ywacmuu 6
amux npoyeccax cucmemsr 2'5'-oauzof A)cunmemasa--~PHKasa L.

Ocnosanuem 048 3IMO2E NOCAYXUAL OdMHbIE O NOGLIUEHUL U
CHuXeHuu axmuénocmu  2'5'-onuzof A Jounmemassl coomeéemem-
GEHHO 8 WUMONAAIME u adpe, a maxxe o SOIPACMAHUIL KOHUEHM-
payun PHKa3vi L 6 pecenepupyiouei newenu. Q6paszoearue IFN
alB, undyyupyiowezo cucmemy 2'5 -omuzof A jeunmemasa—PHKa-
3@ L, maxxe nosouuaemcs HQ NpOMIXeHul Nepexoenoz0 nepuoda.
[Tpusedennnie Jannbie COZAACYIOMCR ¢ 2unome3ni o cneyudunecxoii
PORUL CUHYCOUDAMBHRX KACMOK NeveHu 6 ee hepexode oM cocmos-
HUA ROKOR K QEALHIUID, NOCKORLKY WMEHHO CUHYCOUDLALHNE KACHKL
RANAIOMCA OCHOBHUWME npodyuenmamu 1FN alf.
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