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Abstract

The maximum 20-1old level of faity acid synthase(FAS) mRNA was achieved by 6hr aller intraperiioneal
injection of insulin. The kinetics and maximum elfect of insulin were most evident on the 7.2kb mRNA. In
six hours after insulin administration there was about 100-fold increase in steady-state mRENA level. We ob-
served a sharp decrease in 7.2kb mRBNA by 8hr after insulin administration while there was no change in FAS
mRNA content beiween the 6hr and Shr-sampling periods. In contrast, a maximuom induction of 4-fold was
shown in the level of 5.1kb mRNA afler insulin injection in streptozotocin-—diabetic mice.

Key words: fatty acid synthase{FAS), positive and negalive control

INTRODUCTION

Diabelic ammals show abnormaiities in carhohydrate
and limd metabolism in liver. There is an increase in glu-
CONneogenesls, a decrease in glycolysis and glycogen pro—
duction and fatty acld synlhesis is impaired. Adminis-
tration of insulin restores the rates of these processes
o normal levels. Discovery of insulin and ifs struciure
was a major event in the histary of biology. However,
the mechanism of insulin action remains enigmatic.

A major breakthrough in elucidating insulin action
came from the discovery that tyrosine kinase activity
18 associated with the f-subumt of the receptor and that
the activation of the kinase is stimlated by insulin
binding to the o-subugnit{l,2). The msulin receptor was
recently clened and showed homology with many on-
cogenes(3). This led to a new hynothesis about the mecha-
nism of insulin action. However, it is nol clear how in-
sulin hinding to its receptor brings about many biological
responges. Some of the effects of insulin on metabolism
are due to a phosphorvlation—dephesphorylation mecha—
nism invelving pre—existing regulatory enzymes. The
insulin eflects on enzyme hiosynthesis have not been
studied mn depth due to the lack of probes to investigate
molecular mechanisms of induction or demnduction of
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spectfic enzvmes by the hormone.

Recently Andreono et al.(4) and Cimbala et al.(d) in-
dependently reported that mnsulin rapidly decreases the
mRNA level for phosphoenclpyruvate carboxykinase(PE-
PCK), a rate limiling pluconeogenic enzyme, after mENA
for PEPCK is elevated by treating either rat liver or hepa-
toma cells with cAMP analogs. Furthermore, the nega-
itve control of mBNA for PEPCK by insulin is later sho—
wn fo be transcriptional{6) However, positive controi of
insulin on gene transeriptwon has not been stiched ex-
tremely well, It has heen reported that insulin plays a role
n increasing steady-state mRNA level in several pro-
teins, such as pyruvate kinase(7), casein(8}, albumin(9),
amylase(10) and the unidentified P33 proteins(11}, bul it
has not vet been shown that insulin alone increases the
transcription rate of the genes coding for these proleins.

Fatty acid synthase(FAS) is one of the few enzymes
whose synthess is repulated by insulirdi2). Falty acid
synthase plays a cenlral role in de novo lipogenesis in
animals by catalyzing all the reactions involved in the
conversiocn of acetyl CoA and malonyl CoA to palmitate.
Enzyme activity of FAS is not subject to regulation by
allosteric effectors or by covalent modification. Flowever,
the content of FAS in liver changes drastically when ani~
mals are subjected to different mutritional and hormonal
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slates. When rats are fasted for 1 ~2 days the rate of TAS
synthesis declines 4-fold while refeeding previously fasted
animals a high carbohydrate diet increases the rate of
FAS synthesis hy 20-25-[old(12). Both lipogenic and li-
pelytic honmenes may participate in regulating FAS con-
tent, Administration of glucagon or dibutyryl cAMP dur—
ing refeeding of fasted animals completely hlocks eleva-
tion of the rate of FAS synthesis. Fasted, diabetic rats
have a low FAS level and cannot inerease hepatic FAS
activity in response to refeeding, Treatment of these ani—
mals with msulin, however, elicits a rapid, 20-fold rise
in the relative rate of FAS synthesis and restores FAS
aclivity to a normal level with the same kinetics of re~
covery as gbtained for fasled/refed contral animals(12).
The ahove cited changes in FAS activity and the rate
ol synthesis were later shown to be due to changes in
translatable mRNA levels(13). Goodridge and coworkers,
working with chick embryo hepatocyies, did not detecl
an appreciable stimulatory effect of insulin on mRNA
level despite a large increase in FAS synthesis and con-
cluded that the regulation was translational(14). However,
we have cloned cDNA sequences to murine FAS mRNA.
Using the cioned cDNA sequences as probes, we detected
a 10-fold merease in mRNA level for FAS within Lhr and
a maximum of 30-fold increase in 6hr when diabetic mice
withoul change in miirdent intake were injected with
insulin.

MATERIALS AND METHODS

Construction of ¢DNA library and screening

Polv(A") RNA was prepared from livers of previously
fasted mice which were refed a high carbohydrate, fat-
free diet and from 3T3-L1 adipocytes. The mRNA(Sug
each) was employed as a template for the first strand syn—
thesis catalyzed by avian myeloblastosis virus reverse
transcriptase after oligo{dT) priming. Second strand was
synthestzed by the Klenow fragment of DNA polymera-
se 1 and RNase H(1b). The double strand cDNAs were
inserted into the EcoRl site of Agtl0. The resullant 1i-
braries were screened by plaque hybridization with the
two FeoR1-Fsil fragments of 5.3-kb ¢cDNA sequence,
first labeled with *P by random priming.

Morthern hlot analysis

Poly(A™) RNA was prepared by subjecting total RNA
prepared from mouse tissues or 3T3-L1 cells by a phencl

extraction method{16) to oliga{dT) clwomatlography. Nor-
thern blot hybridization was performed(17), using pFAS-1
and p7.2 as probes, after labeling by Nick-translation or
by random priming. An ac(in cDNA sequence (pAM-91)
was used to confirm equivalenl mRNA contents of each
sample.

Nuclear run-on transcription assays

Livers from three mice were homogenized in 5 vol-
umes of buffer containing 0.32M sucrose, 3mM MgCla,
5mM Hepes(pH 6.9), and 0.5mM p-mercaptoethanal. Nu-
clel collected by centrifugation were washed once by
centrifugation through a 2. 1M sucrose cushion at 20,000
rpm(52,900 % g) for 60min in a Beckman SW 28 rotor. The
nuclel were stored in liguid nitrogen in 50mM Trs(pH
79, 5mM MgCle, 0.5mM PB-mercaptoethanol, and 40%
glycerol. Run-on transcription was carried out at 25°C for
A5rmin in a reaction mixture containing 10" nuclei and 100R
Ci of [e-"PTUTP(3000Ci/mmol) in a final volume of 0.5
mi. Labeled RNA was isolated and hybndized to Sig of
plasmids [ixed on nitrocellulose(18).

RESULTS AND DISCUSSION

Northern blot analysis of mRNAs

The purified mENA was used as template to construct
partial cDNA libraries. The first strand was synihesized
by reverse transeription. Then the second strand was syn—

3T3-L1

Tig. 1. Northern blot analysis of mouse liver, 3T3-L1
adipocytes and rat liver mRNAs. A 3.1kb insert
of FAS cDNA clone was used as a probe. For size
estimation HindIll digests of A DNA were used
as standards.
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thesized with DINA polymerase 1 and RNase H according
to Gubler and Hoffman(15). The first library was con—
structed using dAG/dC tailing and the Pstl site of pBR322,
The second library was constructed using the EcoRl
site of Agtll. We employed a differential hybridization
technique because we chserved that the levels of trans~
latable mRNAs coding for FAS in liver were increased
20-fold when starved mice were fed a high carhchydrate,
fat—free diet. We have selected approximately 50 clones
which are expressed differentially. We have identified
a total of 22 clones which code for FAS mBENA by hybrid-
selected translation. There was z single FAS mRNA of
8.2kh in size that codes for mouse FAS by Northern blot
analysis under stringent conditions. This is In contrast
to rat tissue which shows two mRNAs with sizes of 8.8
and 81kb(Fig. 1)

Regulation of mRNAs by insulin

To find out if insulin regulates the expression of genes
coding for FAS and ather specific mRNAs th vivo, we
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Fig. 2. Effect of insulin on mRNA level for FAS in strep—
tozotocin~diabetic mice.
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Fig. 3. Effect of insulin on levels of 5.1kb(A} and 7.2kb
{B) mRNAs in sireplozotocin—diabetic mice.

utilized the streptozolocin-diabetic mice model. Time
courses of specific mRNA induction were followed after
insulin administration. The level of fatty acid synthase
mRNA increased 5-fold lhr after intraperitoneal injec-
tion of insulin. The maximum level was achieved by 6
hr reaching a 30-fold induction(Fig. 2). The kinetics and
maxinm effect of insulinn on other specific mRNAs were
different, the 7.2kb mRNA being the most responsive to
insulin. In six hours after insulin administration there were
about two orders of magnitude{]100-fold) increase in
steady -state mBNA level, We abserved a sharp decrease
in 7.2kb mRNA in 8hr after insulin administration while
there was no change in FAS mRNA content between the
6hr and 8hr sampling periods(Fig. 2 and Figs. 3A, 3B).
In conirast, a maxymum induction of 4-fold was shown
in the level of b.1kb mRNA after insulin injection in strep—
tozotocin-diabetic mice(Figs. 3A and 3B). This indicates
that regulation of gene expression during refeeding 1s
the result of complex metabolic medifications. It is pes-
sible that in vive insulin plays a dominant role in the
regulation of FAS, 7.2 and b.1kbh mRNAs, while glucagon
may play such a role in other cases. These results agree
with that of Paulauskis and Sul(19), The individual con-
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tributions of hormonal and nutritional factors will be dis—

sected by using cultured cells. Moreover, further experi—

ments are necessary to determine whether the control
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at transcriptional, RINA processing, RNA stability or
combination.
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