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Transcrlptmnal actmty of the phosphoenolpyruvate carboxykmase gene
| decreases in regeneratmg rat hver
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Rnl ¢ylezaliv NW!PhﬂN\DII"yNVHlﬂ mrbu\aykmmc (PEPCK)’ gene c'qsre!ilon And ¢nzyme .n':lwny in liver were studicd in rais fused I'av 12 hours

biefore and after partial hepatectomy. sham operation or ne operation. Transeriptiona! activity and mRNA levels cdocrensed in regcncrming liver

compured 1o shum-aperited and unuvperated controls. Tn contrast, PEPCK enzyme uetivily in regenerating liver was similar 16 that in the livers

of shum- qpcrmcd and unoperaied cantrols. Since ol the animals were fasied the decrease In transeeiption Is probably cuused by sanye fetor ather
than insulin, the known r-:pmmr of PEPC‘K uenc expression,

~ Phosphuaenalpy ruvale catrbaxﬁ-kin.m. Regenernting liver; Burtial hepatectamy: Trnnmnpunnul activitys mMRNA level; Ghiconcognn:li; :

. INTRODUCTION

The cytosclic form of phosphoenolpyruvate carbox-
ykinase (PEPCK) is a rale-limiting gluconeagenic en-
zyme whose gene is regulated at the (ranscriptional level
by insulin {1,2}], and, via ¢cAMP, by glucacorticoids and
glucagon [3,4]. Changes in PEPCK mRNA levels can
usually be correlated with changes in enzyme activity
{5,6]. PEPCK mRNA and enzyme aclivity increase with
fasting {6]. The PEPCK enzyme activity in 1 g of
regenerating liver is simijar to that found in 1 g of the
liver of fasted rats, but higher than that in | g of the

liver of fed rats {7,8]. However, the level of PEPCK -

mRNA in liver after partial hepatectomy is lower than
thelevel in the liver of fasted rats [9]. To clarify whether
changes in PEPCK mRNA are due 10 changes at the
transcriptional level, PEPCK transcriptional activity,
MRNA level and enzyme activity were measured in
regeneraung lwer.

2. EKPER[MENTAL

The PEPCK cDNA clone was a gift from Dr G. Yeoh (Perth,
Australia), The cDNA was subcloned to the vector pGEM-22f ()
from Promega and its 1dennty was confirmed by sequencing of 150 bp
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tion.

Measurement af lr:lnscripuonn} activities was carrlctl out using the

. nuelear run-on agsay with appropriate controls as deseribed earlies
- [10]. Nuclei were prepired from pooled livers, coltected up 10 96 h

after parilal hepateciomy. Between $-8 inbred male Buffalo rats
weighing between 270 and 320 g were used for eachtime point, Partial’
hepatectomics were performed as described by Higgins [11).

In a separate experiment PEPCK enuyme activity and MRNA levels .
ware determined in thelivers from rats 12 hafler partial hepuleclomy,
Alfanimals were fasted for 12 h prior to the operation and for the first
12 h after the operation, Approximately 0.2 g of liver tissue was -
frozen immediately in liquid nitrogen for RNA extraction, The re-
mainder (0.4 g}, was a:sayed immiediately for PEPCK activity.

Fresh liver was homaopenised and the cytosolic fraction was
prepared by centrifuging the homogenate at 100 000 % g for | k. The
supetnatdnt was assayed for PEPCK enzyme activity as described by
Ballard and Hanson [12]. Protem Lomem was determmed by the
Lowry method [[3].

- Total RNA was purified, separated by cieclronhoresm blatted to
nitrocellulase, and analysed by hybridisation to the labelled PEPCK
cDNA probe. Quantification of bound cDNA was as described [9].

3. RESULTS

PEPCK transcriptional activity in liver was determin-
ed up to 96 h after partial hepatectomy (Fig. 1). The
lowest PEPCK transcriptional activity was 30% of the
activity in starved controls 12 h after partial hepatec-
tomy. The transcriptional dctivity increased to 65% of
that in starved controls 18 hrafter partial hepatectomy,
and then decreased again to 38% of that in starved con-
trols 24 h after partial h‘epatectomy Thereafter,
transcriptional activity increased again to have a snmlar

" activity as the starved controls.

The PEPCK mRNA level (the proportxon of PEPCK

-mRNA in total RNA) in liver was determined by Nor-

thern analysis (Fig. 2), 12 h after partial hepatectomy

Published by Elsevier Science Publishers B, V.,



vétumq 279, number 2

(¥
L
. -~y
1
g ‘BN
k ey
- e
E" cadq
b--‘i og4
‘ £ oa- Y r v r
‘ 6 1] 16 fe 8¢ 180

Hours anar partial hapatectomy

I ig. 1. Clmnue: in lrum-.ripuunal acthvity in liver of the PEPCK gene
aftee parclal heputecsomy, Nuclel were isalared from livers of $-4 rats
at inclicated times alter partial hepategtemy, Transeriprianal activity
relative (o tht (o livers of staryed rats wis determined as deseribed in
section 2. Values given are ehe avenige of 2 experiments,

and was compared with fed and fasted unoperated and
sham-operated controls. Well-dafined, discrete bands
for PEPCK identified by hybridisation with the cDNA
probe, indicated the integrity of the prepared RNA, All
operatcd animals were starved singe it is difficult to en-
sure tlie same intake of food for different treatment
groups. In this way, the effect of fasting can be

distinguished from the effect of liver regencration, The

PEPCK mRNA level after partial hepatectomy was
reduced to 37% of the level in fasted, unoperated con-

1 2 3 4 5 6 7

- FEBS LETTERS

Fchruar){ 1981

i

[
1

[ &

" mANA levels |
{cpmi10 ug total muy
j i

D FASTIO

SHAM HEPMECTM

D FASTED

PEPCK enzyme aclivity -~
{units! g cytosolic protein)

" Fig. 3. {A) PEPCK mRNA in livers of fed, lnsied unaperated, fasted

sham-aperated or fasted paninlly hepatectomised rats, Lévels of
mRNA were deterniined by Nerthern blot analysis as deseribed in sec-
tion 2. Values are means = SE for the number of animals given in
parentheses. (B) PEPCK enzyma activity in liver of fed, fasied

_unoperated, fasted sham operated ar fasted partinlly hepaeeetamised
ras, PEPCK activily was deteninined as described imsection 2. Values

are means & SE for the number of animals glven in parentheses,
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Fig. 2. Northern blot analysis of PEPCK mRNA in fat liver. Total RNA prepared from rat liver was separated by elesirophoresis (10 ug/track),

transferred to nitrocellulose and hybridised with *2P-labelled PEPCK probe and guantified as described in section 2. The 28 8 and 18 § ribosomatl

RNA bands were used as molecular size markers. Lanes 1-2 contain RNA from fed rats, lanes 3-6 from fasted rats 12 h after sham operation,
lanes 7-10 from fasted rats 12 h after partial hepatecmmy, and lanes 11-14 from fasted. unnperaled rats.

185



Volume 279;. nsmber |

trols and 23% of the level in fasted, sham-operared con- -

trols (Fig. 3A). The reducton of PEPCK mRNA in

regenerating liver compared 1o fasied controls way

“similar to that reported previously [9].
To confirm that the model of PEPCK activityin Iwcr

regeneration used in these expariments was behaving as

others have reported [7,8]. PEPCK ¢nzyme activity was
measured in the same rats used for the mRNA deter-
mination {Fig. 3A). The PEPCK enzyme activity per g

of cytosolic protein was measured in liver 12 h after pare

tial hepatectomy and compardd with that in livers from
fasted unoperated and sham-operated  controls,
PEPCK enzyme activiey per g eytosolic protein was not
significantly different between fasted unoperated,
sham- opernted and parually hepatectomised rats (Flg
‘ 33) _

4. DISCUSSION

PEPCK gene expression is regulated at the transerip-

tional level after partial hepatectomy. PEPCK mRNA
is induced by fasting prior to the partial hepatectomy
(Fig. 3A).. After partial hepatectomy, PEPCK
transcriptional activity and mRNA are then de-induced.
This is similar to the de-induction caused by insulin
- after PEPCK mRNA has been induced by glucagon [4).
After partial hepatectomy serum glucagon levels in-
crease [14] and insulin has been. reported to decrease
slightly [14,15]). Since glucagon normally. induces
PEPCK mRNA [4], induction of gene expression would
be - expected to occur after partial 'hepatectomy.
However the oppasite was observed. Since insulin levels
_.are not increased after partial hepatectomy [14,15], in-
sulin probably did not cause the observed de-induction
in PEPCK transcription and mRNA. All animals were

fasted, and therefore the decrease in gene expression is

unlikely to be due to a difference in serum insulin levels
and glucose homeostasis caused by different feeding
- patterns between treaiment groups. In. view of the

similarity between insulin and certain insulin-like

growth factors whose mRNA levels increase after par-
tial hepatectomy (for reviews see {16,17]), an insulin-
independent de-induction of PEPCK gene expression is
not surprising. ‘

A similar decrease in transcnptlonal actwity 24 h
after partial hepatectomy (Fig. 1) has been observed
previously for other genes [9]. Mitotic activity would be
expected 24 h after partial hepatectomy (for review see
[18)). Since RNA synthesis ceases during mitosis (for
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review see [19]), a decrease in transcriptional activity s
not sueprising [9]. -
Whilst PEPCK transcriptionn! m.tivlty and mRNA -
tevel are reduced compared (o fasted controls, the en-

" zyme activity per geytosolie protein is maintained at the

higher level of activity similar 10 that found in Fasted
rats. A similar result for PEPCK activity per g tissue
has been reported (7,8).
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