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S1’MMARY: The relative cont.ent and expression of mRNA coding for 
apolipoproteins A-IV and C i n liver and intestinal cells have been 
studied in obese hyperlipemic (fa/fn) and lean (Pai ) %Ilrkf*r 1.31 I: The. 
RNA were translated in a rabbit ret i c II 1 0 c y  I F 1 5’ S a t P sysl en, 11s ing 
?S met.hioni nrl as label. Apo -A IV and ape-C were immunoprer: ipita ctd wi t11 
specific antibodies and characterized by electrophoresis atrd autorit- 
radiography. The cont.ent ant1 expression of mRNA spec i f’ic: for ape -A. IV and 
ape-C was much higher and the 1 iver of obese than of lean rats, The apo - 
A IV and ape-C synthetic capticity of’ intestinal co1 Ls from fa/fa and 1; i, 
cells from faifa and Fn rats was similar suggesting t.hat thp lipoprot-rin 
overproduction, al ready clescr.ibrcl i~t obese Zucker r;lt.s, is m:r inly from 
hepatic origin. B 1987 Academic Press, Inc. 

The genetically obese Zucker ~,at ( 1 ) pro\‘icies CULL i ntrr~rsi: i 11% modPi 

to invest. iga-ttc the mechanisms of hormonal arid nu1.r i t. i ona 1 van t.ro 1 (\f 

liver metabolism. Indeed, this fornl of obesity. which is linked to t.h~ 

recessive mutant. Rem: “fa” i 3 ctrarac~l cr i zed by hypei, ili:.rll illem i tl and 

hypoglucagonemia as we1 1 as by several 1 iver metabo lit iibnlJrma1 it ies. One 

of the most. promillont. (.haractPrist i OS i)f the :gt,nr: t i CR] ly obttst? :/.llcker rat. 

is the markedly elevated level of plasma triglyceride (2). Roth VLDL anrl 

chyl omicron I‘PmlnilJl I pil1.t i (:1es ( 3 4 1 ;icc:umulate jr, the circulat.ion of 

these animals. Prev iolrs studies have implicated an increased htipntic 

product.ion OF very low densit.y lipoproteins (VLDI.) in the development of 

this hypertriglyceridemic state (5.6). 

The contr ibu t ion of int.estinal secret. ion of lipoproteins has not. 

been as yet documented although the increased concentration of 

chylomicron remnants suggest au inbalance bc~tween ctrylomicron product ion 

Abqreviations : 
VLDL : very low density l.ipoprot.eins :. LDL : low density lipoproteins : 
HDL : high densit.y lipoproteins. 
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and catabolism. Recently, at1 increase in the mass of apolipoprotein B 

secreted by the perfused I ivers from obese rats with a three--fold 

increase in the ape-.R48/BlOO ratio has been reported (7). Many questions 

remain uniinswored concerning t.he influence of the hormonal and 

nutrit.ional disorders in the obese Zucket rats on the molecular 

regulat.iorr of apol ipoprotein synthesis in the liver and in thr: intes-t..ine. 

Studies of lipoprotein metabolism in vivo or in perfusGd liver make 

difficult the estimation of the net synthetjc rapacity of the organ since 

de novo synthesis, secretion and catabol ism take place simultaneously 

(8). In order to ohtain further information on the relat.ive synthrsis 

rate of apolipoproteins in the liver and the intestine from obese and 

lean Zucker rats, mRNA from the two organs were extract.ed and translated 

in vitro and the apolipoproteins A--IV and C were immunoprecipi tated and 

elect.rophoresed. Our r es II I !. s support f hc: view that overproduct ion of 

lipoproteins by the liver is the main factor in the development of 

Zucker’s rats hyperl ipemia and they also suggest cli rfcbrences iit t.htt 

transcriptional regulation of apolipoprotein synthesis jn the 1 ivpr and 

the in-testine 

MATERTAI>S AND METHODS 

Materials and animals : Guanidinr hydrochlori.de (Gdn-HCl) and cesiwn 

chloride were purchased from nc~thesdil Kf?sf?al~ctl Labora t or i es . 

dithiothreitol and ethylene diamine tetraacetic acid (EDTA) were 
purchased from Sigma Chemicals Co (St Louis Md), “5S-methionine (1330 
Ci/mmole) were purchased from t.he CEA (Sac1 ay-- Prancr ) Lean hr! tcrrozygous 
(Fa/-) and obese homozygous (fa/fa) female Zucker rats were obtained from 
CSEAI,-CNRS (Orleans -la-Source France) and used nt t hi i+gf’ of ‘i - 9 wczcbks. 

Preparation of RIiA from rat. hepatocytes and enterocytes : Rats were 
anesthetized with djethylether Hepat.oc:ytes wcrc isoiat.ed from rat liver 
after dissociation of the tissue with EDTA (9) : jejunal and ileal 
segmc!n.l.s of the small in t.rs t inrx werfx quj ckly rrmfrvttd and f lnshc~d with 
0.13 M NaCl solution containing 100 brg hepariniml at ,I°C, : mucosal cells 
were isolated using the technique of Weiser (10). Total RNA was extracted 
from hepatocytes ;IIIC~ rnterocytes using the guani dine-H(:l met,hod (II ) In 
order t 0 avoid ribonucleases activity, all glassware and aql.lrol~s 

solutions used in the prepitrat j.on were treated with 0.1 % (v/v), diet.hyl 
pyrocarbonate and autoclaved at 120* C for 20 min. 

Isolation of lipoproteins. and apolipoprot.eins : The rats were 
anesthetized with ether. Their blood was sampled from the abdominal aorta 
into plastic tubes containing 1 mgiml of di sodium EDTA and cent.rifuged 
at 2 000 g for 20 minutes. After addition of sodium azide, the 
l.ipoproteins were isola-ted by sequential ult.racentrifugat.ion in a Spjnco 
L50 ultracentrifuge (Beckman, USA) at the following densities : VLDL d < 
1.006, LDL d c 1 ,063, HDI. tl < 1.210. APO-A--IV and ape--6 were prepared 
after VLDL and HDL de1 ipj dat ion by column chromatography ( 12.13.3 4) 

preparation of antibodies : Ant:isera against rat. ape-A-IV and apo-C 
were obtained by irijecting rabbits in both hind foot pads with 1 mg of 
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purified apolipoprotein emulsified with 1 ml of Freund’s adjuvant. (15) 
Antisera specificity W8S tested hY i mmun0tl.i f f us j on ant1 
immunoelectrophoresis. 

Cell free. translation system and immnnoprrtc i pi t.at. ion : JGA was 
translat.ed in a protein-synthesizing system from rabbif reticulocytr 
lysate (16). I n a c t j v a t. f? cl ! i  t.fi)JhyJ III‘OCCIIS ~~IJ’~US ( I#(; Sorl), the J!nxyme 
Center, Boston, MA) were extensively washed and prep:!red according to the 
method of Kessler (l’i), and immunoprc!c.ipj tat.ion of the trans lat-ion rnpdj urn 
was done as described previously (18). 

Sodi urn dodcAcy1 sulf;it.e/poJ yacrylamidr gc:l electrophoresi s (SDS -PACE) 
Total translation products and immunopreripitated proteins were 
solubilized in SDS and ~‘1 ~:ct.rrrJ)horr!sod on 8 % or 15 “6 pulyilcryIi+midr 
slab-gels using the Laemmli buffer system (19) Autoradiography of dried 
slab gels was performed using Kodak X;-omxt f i Ims. Sl andard proteins of 
known molecular weight., as we1 1 as native apo-A-IV and apoX from rat 
plasma HDI, and VLJIL. wrrc run on t.he same gc!l and thcl rcI.ai ive posj 1. ~OIIS 
of radioactive bands were compared to those of reference proteins. 

RESULTS AND DISClJSSTON 

Many published reports on fa/fa and Fu/- Zucker rat:; shnw that t.he 

obese homozygous prosrnt.s wi th an hyperlipemia, a 1 iver stoatosis with 

triglyceride accumulation (2). The intestinal mucosa, however has a 

normal lipid coutent. (Table 1 ) in both phenotypc,s. 

RNA was isolated, as described. from hepatocytes and enterocytes of 

lean and obese %ucker rat., and further t.ransla ted in t.he presence of 

““S--mcthionine in a mRNA-dependent prot.e iIt synt tlc~!<i~< in!: system tterivr!d 

from rabhit reticulocyte lysates. Preliminary experiments were carried 

ant. in order to optimize t.he sysl.6:m. Xilx i ma 1 prwte i. u syn t hes i s was oh in i 

ned by addition into the assay of 10 ~1% hopat ic, JINA or 12.5 l.tg of intes- 

tinal RNA. Under optimal conditions, using t=quiva!rnt amounts of livri- 

RNA from lean and obest: rats. we could notice the same efficiency i n 

“%-methionine incorporation into protein in the two assays. 

Electrophoretic analysis of the total translation products on 

SDS- polyacrylamide gels showed that hepilt.ocyt.es mRNA di ret t.ed t. h f’ 

synthesis of many proteins with molecular weights ranging from 8000 tcl 

TABLE 1 . Lipid composition of intestinal cells from lean and obese 

female Zucker rats 

LEAN RATS OBESE RATS 

TRIGLYCERIDE nmoles/mg protein 29.19 * 3.4 28.5 l 2.8 

CHOLESTEROL nmoles/mg protein 114.00 * 10.0 103.0 * 9.7 

PHOSPHOLIPID nmoles/ma Drotein 208.00 + 18.0 212.0 * 20.0 

Values represent the mean t S.E.M. ( n = 5) 

80 



Vol. 142, No. 1, 1987 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

0 1 

-67 kDa 

-43 kDa 

B 0 2 A 

- 67 kDa 

-60 kDa 

- 36 kDa 

B 

Figure 1 Autoradiography of PAGE slab of translation products of 
liver mRNA from hyperlipemic (fa/fa) (A) and normolipemic (Pa/-) (B) 
Zucker rats. 

Figure 2 Autoradiography of PAGE slab of translation products of 
intestinal mRNA from fa/fa (A) and Fa/- (B) Zucker rats. 

95000 daltons with differences in intensity of some bands bet.ween the RNA 

prepat-at ion of hepatocytes of lean and obese rats (Fig. 1). 

Autoradiography of PAGE slabs of translation products. of intestinal mRNA 

from lean and obese Zucker rats. did not show apparent differences 

between the protein bands synthesized in vitro (Fig. 2). 

After immunoprecipitation of the labelled polypeptides with total 

ape-c antiserum, autoradiography of PAGE slabs revealed two bands, with 

ilI1 appa ren I moIr:r:ular wr: i ght of approximi~t.ely 8000 daltons and 10000 

daltons respectively (Fig.3). Comparison of the immunoprecipitated 

protf~ins t.ranslat.ed i’rom mRNA extracted from identical amounts of 

hepatocytes from 1 can arrd obese rats shows a higher synthesis rate of 

cap0 -C’s and indirectly a higher content of the corresponding mRNA in the 

hepatocytes of obese Zncker rats. On the contrary, tbis difference was 

not. found after trarisl:it.i~~n of int<!?;t inal RNA from obese and lean rats 

(Fig.4). The C-apolipoproteins are associated in the plasma with both the 

triglycerider ich lipoprotejns (VLDI,, chylomicrons) and the IIDL (20,21). 

The most abundant C-apolipoprotein is apo-C-III with an estimated Mr of 

10000. In the rat apo--C--III is synthesized in the livrr and to a lesser 

extent in the intestine (22). In vivo. after administration of a fat meal 

an increase in t.ranslat.able aprj-I: TTT mRNA was observed (23) Ape-C-I and 
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Figure 3 . Autoradiography of 3SS-methionine labelled apo-C’s 
synthesized in a cell free system by hepatic mRNA from (fa/fa) (A) and 
Fa/- (8) Zucker rats. Electrophoresis was performed on 15 % 
polyacrylamide slab gel. 

Figure 4 . Autoradiography of J5S-methionine labelled apo-C’s 
synthesized in a cell free system by intestinal mRNA from fa/fa (A) and 
Pa/- (B) and liver mRNA from fa/fa (C) and Pa/- (D) Zucker rats. 
Electrophoresis was performed on 15 % polyacrylamide slab gel. 

apo-C-II are also constituents of VLDL and HDL. Patients with inherited 

apw-C- I I def i ciancy , dt5wlops scvcrc hypertriglyc~ridemia and lack 

functional activation of lipoprotein lipase (24). 

Translation ill a cell free system of hepatic mRiLA from fa/fil and 

Fa/- Zucker rats (Fig. 3) revealed two bands corresponding probably to 

ape-C-l 11 and to ape--C--I I The relative intensity of t.hese bands is 

higher in preparations from obese rats. Our results on hepatic apo-C 

synthesis are in agreement with previons reports showing an increased 

amount of apo-C in plasma of obese rats compared to lean littermates (3). 

Contrasting with tile metahol ic adaptat ion of the liver. the apn--C 

synthesis in intestinal cells of obese rats, is not increased (Fig. 4, 

A-B), in spite of t~he higher triacylglycerol synthesis rate and 

triglyceride-rich lipoprotein production. 

For comparat.ive purposes we have calculat.ed the relat.ive abundance 

of apo-C’s mRNA in hepatocytes and enterocytes isolated from lean and 

obese rats, To do this, the incorporation of ""S-methionine into 

immunoprecipi table proteins was expressed as a percentage of total 

protein synthesis in the assay. APO-C mRNA represents 0.5 % of the total 
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Figure 5 . Autoradiography of 3sS-methionine labelled pre-apo-A-IV 
synthesized in a cell free system by hepatic mRNA from fa/fa (A) and Fa/- 
(B) Zucker rats. Electrophoresis was performed on 8 % polyacrylamide 
slab gel. 

Figure 6 . Autoradiography of a”S-methionine labelled pre-apo-A-IV 
synthesized in a cell free system by intestinal mRNA from fa/fa (A) and 
Fa/- (B) Zucker rats. Electrophoresis was performed on 8 % 
polyacrylamide slab gel. 

trarlslatahle mRSA i n 1 iVf?r- of lenu rat. and 0.9 % in the obese rat.. In 

intestine of lean and obese rat, npo-C mRNA accounts for 0.13 % of the 

tOti11 translatablr mRNA in 011r expf!rimentiil conditions. 

For a better understanding of the role played by intestinal 

1 ipoprotein secretion in hyper I igemia of obese rats, we have also studied 

the synthesj s of ape-A- IV t1y RSA isolated from hepatocytes and 

ellterocytc!s of lean and ohc~st~ Zucker rat. Indeed, apo-A-IV is synthesized 

by the intestine and also by the liver (25). 

Ape-A IV mRXA levels in inlcslinc: is about four times higher than in 

iiver cells preparations. Some studies have shown that four hours 

after feeding corn oi 1, rat int.est.inal apoA-IV mRNA increases (18 

Immunoprecipitation of the labelled polypeptides with apo-A-IV ant 

revealed a single protein band with an apparent molecular weight of 

da1 tons, 2000 daltons larger than mature plasma ape-A-IV. This find 

26). 

serum 

48000 

ng is 

in agreement. with previous reports (27) showing that the primary 

translation products of apo-A-IV’s mRNA is a pre-protein containing a 20 

aminoacid N terminal ext.t:nsion. 

Comparison of I he immunoprecipitated proteins from obese and lean 

Zucker rats show an increased capacity 0 f apo-A- IV synthesis in 
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hepatocytes from fa/fa rats (Fig. 5): conversely no difference was noted 

between the synthesis rate of intestinal cells of lean and obese rat 

(Fig. 6). The relative abundance of ape-A-IV mRNA has been calculated. 

Rat hepatocyte apo-A-IV mRNA increase from 0.2 to 0.4 % of total mRNA in 

obese rats ; whereas apo-A-IV mRNA levels from intestine of lean and 

obese rats are not affected (0.75 %). 

In conclusion, we have shown that the liver cells from obese Zucker 

rats contain a higher level of mRNA coding for apo-C and apo-A-IV and 

express a higher synthetic rate for these apolipoproteins compared with 

lean rat liver. Presumably, this difference represents an adaptation to 

increased hepatic triglyceride synthesis in fa/fa rats. A similar 

increase has not been noticed in the intestinal cells in spite of the 

fact that in the obese hyperphagic rat, enterocyt.es are under continuous 

stimulation by triglyceride synthesis and chylomicron production. These 

results suggest that the hyperlipoproteinemia of homozygous (faifa) 

Zucker rat is mainly 01 exclusively due to an overproduction of 

lipoproteins by the liver. 
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