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Apolipoprotein A-IV (apo A-IV) functions in conjunction with other apolipoproteins to form lipoprotein
particles which are involved in lipid homeostasis. In this report we present the nucleotide sequence of the mouse
apo A-IV gene and demonstrate its induction in the liver by chronically high dietary lipid. The apo A-IV gene
consists of three exons and two introns. The introns separate evolutionarily conserved and functional
polypeptide domains. Intron 1 divides most of the apo A-IV signal peptide from the amino terminus of the
mature plasma protein. The second intron separates a highly evolutionarily conserved, variant amphipathic
peptide repeat from the remainder of the mature apo A-IV protein. The 5’ flanking region has several
interesting features. The apo A-IV gene has variant TATA and CAT box sequences, TTTAAA and CCAACG,
respectively. There are five G-rich direct repeats of 10 nucleotides and a short inverted repeat in the 5’ flanking
region. We speculate that these sequence elements in the 5’ flanking region may be involved in the regulation
of apo A-IV gene expression. We also show that chronically high dietary lipid induces liver apo A-IV levels
10-fold in C57BL/6 mice, a strain susceptible to atherosclerotic lesions, while we observed no induction in

nonsusceptible BALB/c and C3H mice.

The apolipoproteins are polypeptide carriers of choles-
terol, triglycerides, and phospholipids in the circulation.
They are involved in both exogenous (dietary) and endoge-
nous (de novo synthesized) lipid transport. Eight major
apolipoproteins are associated with the various circulating
lipoproteins. Seven of these (A-I, A-II, A-IV, C-I, C-1I,
C-1I1I, and E) appear to be members of a dispersed gene
family. Apolipoprotein A-IV (apo A-IV) is a component of
three lipoprotein particles; chylomicrons, which are in-
volved in intestinal adsorption and transport of lipids; very
low density lipoproteins, which are secreted by the liver
when serum cholesterol or lipid is insufficient for cellular
needs; and high-density lipoproteins, which bind
cholesterylesters in the serum and transfer these to low-
density lipoprotein particles for uptake and catabolism by
the liver (for reviews, see Brown et al. [6] and Mabhley et al.
[16]). The levels of various lipoproteins in the circulation are
strongly correlated with risk of coronary heart disease (for
an example, see Castelli et al. [9]). The precise functions of
apo A-IV are not known, although it can activate lecithin
cholesterol acyltransferase.

The apo A-IV protein is composed of 11- or 22-amino-acid
repeats that have the potential to form amphipathic a-
helices. These repeats comprise approximately 85% of the
apo A-IV polypeptide (2; this report) and are thought to be
responsible for lipid binding (24). This repeating motif is
believed to have arisen by intragenic duplication and is
found in other apolipoprotein genes (for a review, see
Breslow [S]). The remainder of the apo polypeptide consists
of a short 11-amino-acid segment at the NH, terminus and a
66-amino-acid peptide region at the COOH terminus. These
peptide regions most likely contain the domains necessary
for lipoprotein particle formation and interaction (2; this
report).
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We have previously isolated a mouse apo A-IV cDNA
clone on the basis of its induction in porphyric liver (7). Here
we report the nucleotide sequence of the genomic apo A-IV
sequence and the deduced amino acid sequence. We also
demonstrate that a high-lipid diet induces liver apo A-IV
mRNA levels in inbred mice susceptible to diet-induced
atherosclerosis. In contrast, two inbred strains that are not
susceptible to atherosclerosis show no liver apo A-IV
mRNA induction when fed this high-lipid diet.

MATERIALS AND METHODS

Enzymes and isotopes. Restriction endonucleases and
modification enzymes were obtained from New England
Biolabs, Boehringer Mannheim, Bethesda Research Labora-
tories, and Pharmacia Fine Chemicals. Enzymes were used
under the conditions specified by the manufacturer. Radio-
labeled nucleotides were obtained from Amersham Corp.
and New England Nuclear Corp.

cDNA and genomic cloning. Full-length cDNA clones were
isolated by screening a porphyric mouse cDNA liver library
(a gift of Peter Curtis, Wistar Institute, Philadelphia, Pa.)
with a 456 base pair (bp) cDNA probe homologous to the 3’
end of the mouse apo A-IV gene (7). The probe was labeled
with [*?P]JdATP by the random primer method (14).

Genomic clones were isolated by screening a AL47.1
library (1) made by partial digestion of SWR/J mouse
genomic DNA with Mbol (a gift of Steven Weaver, Univer-
sity of Illinois, Chicago) with the 3’ cDNA probe described
above.

DNA sequencing and computer analysis. Both genomic and
cDNA clones were sequenced by the chemical degradation
method of Maxam and Gilbert (17) or the dideoxy chain
termination method of Sanger et al. (23). Genomic Pstl
fragments of 1.80, 0.85, 0.65, 0.50, 0.45, and 0.05 kilobases
(kb) were subcloned into pUC13, and both strands of each
subclone were sequenced. The sequences across the junc-
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-440 -430 -420 -410 -400 -390 -380 -370 -360
gcagcectatgecatctetgggeteggtgecatetetgtagetgatgt tegacaaagt teaggt tggtggeagetgtcagactggtgget
-350 -340 -330 -320 -310 -300 -290 -280 -270
gtctcactgga aaagaggagacttggaccttgttctc&agactggcacagacccagggctgccaa:ogggcg;gp_ggggtgcagt
-260 =250 -240 -230 -220 -210 -200 -190 -180
tctgttcaggga‘ctcoggactcct_aggctcattcct:cctgaagtttctggctatccttoccggcctctbggacagggtggagccaac
-170 -160 -150 -140 -130 -120 -110 -100 -90

tcaagaagactgcttocctctgctgcctgtgtgctgtcagcttccacgttgtc@_:gg_ggccacta@gggggg_g_g_gg_ccggg_gg_g_ggg

-80 -70 -60 -50 -40 -30 =20 -10
tgtcacctticcaacgtggagtcacactgggaaggaggeggggagggagggctagagggdtttaaakgggtggetggect tgcctgcagte
10 20 30 40 50 60 70 80 90

100 110 120 130

agtagacactgcact tgggaggcagcaagaaaagcoagct
MetPheleuLysAlaAlaValLeuThrLeuAlaleuValAlaThrG
-------------- SIGNAL PEPTID]

ctagaactggcggacaaccggggtggectgtatttgeccagcagetcataggagaacaggect ttgttetecctggeact tgatbygect

gggttatcecagggatggggcaatggtttgggttatccaaactccaacattatcagetcagagetgaggeagaggggecaagagagagat

140 150 160 170 180 190

gatcctcataaagttgectagaactctctotecccagGCACCOGGACTGAGGTCACTTCGGACCAAGTGGCCAATGIGGIGTGGGATTAC
lymhrArgAlaGluValThrSerAspGlnValAlaAsnValVal TrpAspTyr
----- -MATURE PLASMA PROTEIN

200 210 220 230 . 240 250 260
TTTACCCAGCTAAGCAACAATGCCAAGGAGGCTGTAGAACAGT TTCAGAAGACGGATGTCACTCAGCAGCTCAGgt aagtgcegatcagtc
PheThrGlnLeuSerAsnAsnAlaLysGluAlaValGluGlnPheGlnLysThrAspValThrGlnGlnLeuSe

tacaaggcgaggcttgaagtccatagetgacctcagaggtgggacactggetectggagt tet totgt tetcactaaaggagtettgect
ccctggaacctagattgtcectgtaaacaggaaagctggaaccagggacccateccctatagt tect tectatctgcatgtgcagagt tgg
taatagccaaatcccatcacaaatcactagcaggaagaggaaagagacgtgtectgtaagogaggtgectggcaacaggaaggaggt tyg
tatttggggacccactgagcacatgcaaggacatcagaccctgtgccactggaagacatgtgt tgcacaatgtgacectaggaggggagt
gatgccaaagttcagceccattetttatccacaggtaaggaaagcaaacttctcaagtcacatggtgggeagataaggatgcagaggete
agcagaagccttgcagataaaactccaaagtcaaactaatcctaggagatttectgaaagcatgacctaccccaggggagggtcaaagga

caagacggaggtctctgttccatggacacactcctgacctaagcagggtatagagctgagtgttctacaagogtatctaatggtgettee

270 280 290 300 310 320 330
ttgtctecatecttteectgaagTACCCTCTTCAAGGACAAACTTGGGGATGCTAGT ACGTATGCTGATGGGGIGCACAACAAGCTGGIG
thrIeuPheLysAspLys[euGlyAspAhSeﬂrMAhAspGlyVammAsnLysleuVal

FIG. 1. Nucleotide sequence of the mouse apo A-IV gene. The sequence extends from 450 bases upstream of the transcriptional start site
to 200 bases downstream of the poly(A) addition site. The transcriptional start site is designated nucleotide 1. The exons (capital letters) are
numbered; the introns (lowercase letters) are not. The amino acid sequence is shown below the nucleotide sequence, and the signal peptide,
mature apo A-IV protein, and extent of the amphipathic repeats are labeled. An asterisk marks the amino acid at the beginning of each
amphipathic repeat; 8 of 14 repeats begin with a proline residue. The TATA and CAT box homologies and the polyadenylation signal are
boxed. The tandem repeats in the 5’ flanking sequences are denoted by dashed arrows and numbered as in Fig. 6. The inverted repeat is shown
by solid arrows.
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340 350 360 370 380 390 400 410 420

COCTTTGTCGTACAGCTGAGTGGGCATCTAGOCAAGGAAMCTGAGAGGGTGAAGGAAGAGA TCAAGA AGGAGCTGGAGGACCTACGTGAC

ProPheValValGlnLeuSerGlyHisLeuAlaLysGluThrGluArgValLysGluGluIleLysLysGluLeuGluAspl.ecuArgAsp
L ] L ]

430 - 440 450 460 470 480 490 500 510
CGCATGATGOOCCATGOCAACARAGTAACCCAGACGTTOGGGGAGAACATGCAGA AGT TACAGGAGCACCTGAAGCCCTATACCGTGGAC
ArgMetMetProHisAlaAsnLysValThrGlnThrPheGlyGluAsnMetGlnLysLeuGlnGluHisLeuLysProTyrAlaValAsp

[ ] [ ]

520 530 540 550 560 570 580 590 600
CTGCAAGATCAGATCAACACACAGACCCAGGAAATGAAGCTCCAGCTGACCCCATACATCCAGCGCATGCAGACCACGATCAAGGAGAAT
LeuGlnAspGlnIleAsnThrGlnThrGlnGluMetLysLeuGlnLeuThrProTyr I1eGlnArgMetGlnThrThrIleLysGluAsn

.

610 620 630 640 650 660 670 680 690
GTGGACAACCTGCACACCTCGATGATGCCCCTTGCCACCAACTTAAAGGACAAGT TTAACAGGAATA TGGAAGAGCTCAAGGGGCACCTA
ValAspasnLeuHisThrSerMetMetProLeuAlaThrAsnLeuLysAspLysPheAsnArgAsnMetGluGluLeuLysGlyHisLeu

.

700 710 720 730 740 750 760 770 780
ACCOCCCGTGCCAACAGGCTGAAGGCTACGATCGACCAGAACCTGGAGGATCTGCGCCGCAGCCTGROCCCTC TGACGGTGGGCGIGCAG
ThrProArgAlaAsnArgleuLysAlaThr I1eAspGlnAsnLeuGluAspLeuArgArgSerLeuAlaProleuThrValGlyvValGln

. .

790 800 810 820 830 840 850 860 810

GluLysLeuAanisGlnHetGluGlyLeuAlaPheGlnMetLysLysAsnAlaGluGluleuG]n'mrLysValSe:AlaLysIleasp

880 890 900 910 920 930 940 950 960

GlnIeuGlnLysAsnLeuAlaProIeuValGluAspValGtherLysValLysGlyAsrﬂhrGluGlyLeuGlnLysAlaleuGluAsp

970 980 990 1000 1010 1020 1030 1040 1050

CTGAACAAGGCGCTGGAGCAGCAGGTGGAGGAGTTOCGACGCACTGTGGAGCCCATGGGAGAGATGTTOGGOGGGEACTCTGGTGCAGCAG

LeuAsnLysAlaLeuGluGIlnGlnValGluGluPheArgArgThrValGluProMetGlyGluMet PheGlyGlyAlaLeuValGlnGln
L ]

1060 1010 1080 1090 1100 1110 1120 1130 1140

LeuGluGlnPheArgGlnGlnIeuGlyProAsxSerGlyGluValGluSe rHlsLeuSerPhe[euGluLysSe rLeuArgGluLysVal

1150 1160 1170 1180 1190 1200 1210 1220 1230
AsnSetPheMetSer‘lhr[euGluLysLysGlySerProAspG]nProGlnA]aleuPtoIeuProGluGlnAlaGlnGluGlnAlaG]n

1240 1250 1260 1270 1280 1290 1300 1310 1320
GAGCAGGCTCAGGAGCAGGTGCAGCCCAAACCTCTGGAGAGCTGAGCCCTCAGCCCATCACATGOCCTCAGCCCATCACAGCAGCAGACA
GluGlnAlaG1lnGluGlnValGlnProLysProLeuGluSer

1330 1340 1350 1360 1370 1380 1390 1400 1410
CCTGIOCTGOCCCACCACCTGICTGTCACTC TG TOCCCAGGCACT TCT TGTACCAGCT TGGGACACATGTCCTGTGGGAGGTGAAGCCAC
1420 1430 1440
togggttgecctgtgattecttgggggetggectgacgtagggaggaaatca
POLY A SIGNAL

aggcatctggetggggacatgggggtgaggagtggggecggtaatgagect tegggtgggteggaggt tagtgtgct agagaggagaatg
cagaaaagacgccagtctatcagaaaacaaaacacagatccogttcacagectgcag
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Rat PLAEDLQTRKRLNQNVEDLRKAQLYV 73%
. * * g x
Mouse PLAEDLQGKLNQNMEELQEQLK
. *  x xE.‘ X *x
Human PYA]E):ELKXKLDQQ%EELRRRLX 59%

FIG. 4. Alignment of the 22-amino-acid consensus repeat sequences from mouse, rat, and human apo A-IV. Numbers on the right indicate
the percent homology between mouse and rat and mouse and human sequences. Note that for the mouse one position, and for the human four
positions could not be unambiguously determined. For amino acid substitutions, conservative substitutions are marked with an asterisk and

nonconservative substitutions are marked with an X.

the extreme 5’ and 3’ fragments. The sequence of the cDNA
was determined from a series of overlapping clones in pUC8.
Samples were run on 5 or 6% acrylamide-7 M urea gels (0.6
mm by 120 cm by 35 cm). Analysis of DNA sequences was
performed on either an Apple Ile or IBM PC microcomputer
with the University of Minnesota and Cornell DNA pro-
grams and the Bionet system of programs.

Dietary studies. Inbred mice (BALB/cJ, C3H/HeJ, and
CS57BL/6J) were purchased from Jackson Laboratories, Bar
Harbor, Maine. Female mice between the ages of 8 and 12
weeks were maintained for 15 weeks on either a standard
diet of mouse chow (Purina 5001) or a high-fat atherogenic
diet containing 1.25% cholesterol and 15% fat as previously
described (20). Total liver RNA was extracted by a
guanidine hydrochloride procedure (10) and quantitated by
absorbance at 260 nm.

RNA electrophoresis and blotting. Ten micrograms of total
cell RNA was glyoxalated and electrophoresed through a
1.2% agarose gel (18). RNA from the gel was blotted onto a
nylon mesh, Zetabind (Cuno Inc.). The RNA was cross-
linked to the Zetabind by exposure to 254-nm UV light for 3
to S min. DNA was labeled by the random primer method to
a specific activity of 1 X 10° to 2 x 10° cpm/pg, and 2 X 10°
cpm/ml of hybridization buffer was used for hybridization.
Blots were hybridized and washed by the method of Church
and Gilbert (12) and exposed to XAR X-ray film (Kodak).
Autoradiograms were quantitated by densitometric scan-
ning. Dilutions of various RNA samples demonstrated that
the hybridization signal was proportional to the amount of
RNA present on the blot.

RESULTS

Sequence of the mouse apo A-IV gene. We isolated a
full-length cDNA clone of the mouse apo A-IV gene from a
liver cDNA library made from porphyric BALB/cJ mice. A
number of independent and overlapping clones were iso-
lated. In addition, an SWR/J mouse genomic AL47.1 library
was screened and a complete apo A-IV gene was isolated.
The entire apo A-IV gene was subcloned as a 4.3-kb HindIII
fragment, and from this clone various subclones were pre-
pared. The apo A-IV cDNA and genomic clones were
sequenced, and the amino acid sequence was deduced (Fig.
1). The apo A-IV gene contained two introns; the first intron
interrupted the Gly codon at amino acid —4, and the second
intron interrupted the Ser codon at amino acid 39. Exon 1
was 137 nucleotides long; it contained a 91-nucleotide 5’
untranslated region and encoded 15 residues of the 19-
amino-acid hydrophobic signal peptide. Intron 1 was 260
nucleotides long. Exon 2 was 127 nucleotides long and
encoded the terminal four amino acids of the signal peptide

and the first 39 amino acids of the mature protein. The
second intron was 669 nucleotides long. The third exon was
1,183 nucleotides long and encoded the majority (336 of 394)
of the apo A-IV amino acids. The remainder of exon 3
consisted of a 175-nucleotide 3’ untranslated region (Fig. 1).
The nucleotide where transcriptional initiation occurs (+1)
was determined by S1 nuclease mapping (data not shown)
and by comparison with a rat apo A-IV sequence (M.
Boguski and J. Gordon, personal communication).

Putative promoter nucleotide sequence homologies. There
are several notable features in the apo A-IV 5’ flanking
sequence. First, the canonical TATA box and CAT box
sequences were variant. The TATA homology was TT
TAAA and the CCAATT homology was an abbreviated
CCAA (Fig. 1). The rat genomic DNA sequence also con-
tains these variant sequences (M. Boguski and J. Gordon,
personal communication). Other features of the 5’ flanking
region were as follows. (i) A G-rich 10- or 11-bp direct repeat
was present five times. These direct repeats were centered at
positions —99, —109, —118, —280, and —353 (Fig. 1). (ii) An
inverted repeat of 5 bp containing a four-nucleotide unpaired
loop was centered at position —249 (Fig. 1).

Comparison of mouse, rat, and human apo A-IV exon
sequences and amino acid sequences. The coding region of the
mouse apo A-IV gene was 1,182 nucleotides long and
encoded a protein of 394 amino acids. The 5’ and 3’
untranslated regions were 91 and 175 bases long, respec-
tively. The mouse exons showed 89% homology to the rat
nucleotide sequence and 81.5% homology at the amino acid
level. Compared with an incomplete human sequence, the
mouse apo A-IV exons were 73% homologous to the nucle-
otide sequence and 58.6% homologous to the amino acid
sequence. Regions of greater than 80% nucleotide sequence
homology were found scattered between the exons of mouse
and rat or mouse and human apo A-IVs. Dot matrix com-
parisons clearly showed the patchwork homology of the rat
and human apo A-IV exon sequences with the mouse
sequences (Fig. 2). In the mouse and rat apo A-IV genes,
these regions of nonhomology were clustered point muta-
tions or small deletions or insertions and did not correlate
with peptide domains such as the amphipathic repeats.

The mouse and rat amino acid sequences showed that the
mouse protein was three amino acids longer. This was due to
the following differences between the two sequences. (i)
Three nucleotides were deleted in the mouse sequence
relative to the rat sequence between nucleotides 133 and 134
(Fig. 1). This resulted in the loss of an Ile residue at this
position. (i) In the mouse sequence, the 48 nucleotides
beginning at position 1208 and ending at 1255 encoded four
repeats of the sequence Glu-Gln-X-Gln, where X is either
Ala or Val. In the rat, one of these repeats was deleted by the
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removal of the 12 nucleotides corresponding to positions
1208 to 1219 in the mouse. Neither of these changes resulted
in a change of reading frame.

The mouse and human sequences show a one-to-one
correspondence of amino acids from amino acids 114 to 371
in the mouse. There was one additional amino acid in the
human protein after amino acid 371 (this assumes that the
second stop codon identified by Karathanasis [15] is correct,
as amino acid homologies among the three species appear to
indicate). Thus, both the mouse and the human proteins
contain four of the Glu-Gln-X-Gln repeats. However, in the
human protein, X is either Gln or Val.

Analysis of amino acid repeats. All of the apolipoproteins,
with the exception of apo B, have now been sequenced. Apo
A-1, apo A-IV, and apo E are made up of repeating peptides
of 22 amino acids (with some variation), often beginning with
a proline residue (3, 21). The mouse apo A-IV has a similar
pattern of 22 amino acid repeats (Fig. 3). Mouse apo A-IV
showed a high degree of amino acid homology to a rat (2) and
a partial human sequence (15). That these 22-amino-acid
repeats probably arose initially from the duplication of an
ancestral 11-amino-acid repeat is shown by the occurrence
of one repeat of 11 amino acids as the fourth repeat and the
similarities between the first and second group of 11 amino
acids in each repeat (Fig. 3).

This similarity is seen more clearly in a consensus derived
by taking the most frequently occurring amino acid at each
position (Fig. 4). Although some positions cannot be decided
unambiguously from the amino acid sequence, these posi-
tions can be decided by taking the most frequently used base
at each position in that codon (Fig. 4). A comparison of the
mouse, rat, and human consensus amphipathic amino acid
repeats showed that the mouse consensus peptide was 73%
homologous to the rat and 59% homologous to the human
peptide. These values agree well with the homologies seen
for the complete proteins. However, a close examination of
the positions where amino acids were changed revealed that
four of six changes for the mouse-rat comparison, five of
nine changes for the mouse-human comparison, and six of
nine changes for the rat-human comparison were conserva-
tive substitutions (this does not include two positions in the
human consensus to which no residue was assigned) (Fig. 4).
Hydropathy curves for each consensus sequence (11)
showed an almost identical pattern of alternating hydrophilic
and hydrophobic amino acids (data not shown). It therefore
appears that apo A-IV proteins have a highly conserved
secondary structure that is not evident in comparisons of
primary structure.

Effect of dietary fat on apo A-IV expression. We investi-
gated the effect of dietary cholesterol and fats on the
expression of the apo A-IV gene. Mice were fed a high-lipid
diet for 15 weeks. Liver RNAs were prepared from these
mice and from normal controls. Nothern blotting of these
RNAs was performed, and the blot was probed with our
full-length mouse apo A-IV cDNA. Comparison of the basal
(uninduced) level of apo A-IV mRNA revealed a strain
difference (Fig. 5). C3H and BALB/c mice had a three to
four times higher basal level of apo A-IV mRNA than
CS57BL/6 mice. After a 15-week high-fat diet, the C3H and
BALB/c apo A-IV mRNA levels were unchanged, but the
CS57BL/6 apo A-IV mRNA level was 11 times higher than the
basal level. Thus, there were two separate differences be-
tween C57BL/6 mice and C3H and BALB/c mice. First, the
basal level of apo A-IV mRNA is lower by three- to fourfold
in C57BL/6 than in the other strains. Second, in response to
high levels of dietary lipid and fat, there was a larger
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FIG. 5. Liver RNA levels of apo A-IV in mice fed normal and
high-fat diets as determined by Northern blotting. Liver RNAs are
from (lane 1) BALB/c mouse on a normal diet, (lane 2) BALB/c
mouse on a high-fat diet, (lane 3) C57BL/6 mouse on a normal diet,
(lane 4) C57BL/6 mouse on a high-fat diet, (lane 5) C3H mouse on a
normal diet, and (lane 6) C3H mouse on a high-fat diet. The faint
band above the apo A-IV mRNA is due to nonspecific hybridization
with 18S mRNA. nt, Nucleotides.

induction of apo A-IV mRNA in C57BL/6 than in BALB/c
and C3H mice. Many mice have been examined with similar
results. Preliminary results from recombinant inbred mouse
lines indicate that these two factors may be genetically
separable (unpublished data).

DISCUSSION

We have sequenced the mouse apo A-IV gene and found
several interesting features. First, the 5’ flanking region of
the apo A-IV gene contains five G-rich direct repeats of 10 or
11 nucleotides with the following consensus sequence: TC
CTGGGGEE (Fig. 6). Short direct repeats such as these have
been shown to be important in the induction of other
eucaryotic genes, particularly those for which small effector
molecules increase transcription (8, 25, 26). Liver apo A-IV
gene expression has been shown to be regulated by
porphyria (7), glucocorticoids, insulin (13), and, in certain
inbred mice, dietary lipid (this report). These G-rich direct
repeats may be involved in apo A-IV gene regulation by all
or some of these inducers. The apo A-IV 5’ flanking region
also contains a TATA box-like sequence, TTTAAA, and an
abbreviated CAT box element, CCAACG. These variant
canonical sequences are conserved between mouse and rat
apo A-IV (M. Boguski and J. Gordon, personal communica-
tion). In the future, studies by in vitro mutagenesis of the apo
A-IV gene coupled with introduction of these altered genes
into hepatoma cells in culture will hopefully allow the
determination of which 5’ flanking nucleotide sequence
elements are necessary for apo A-IV gene regulation.

The apo A-IV sequence also revealed that the three apo
A-IV exons roughly separate functional protein domains.
Intron I divides most of the apo A-IV leader peptide (amino
acids —19 to —5) from the remaining four amino acids of the
leader peptide (amino acids —4 to —1) and the amino-
terminal region of the mature protein (Fig. 1 and 3). The
second intron separates a highly conserved, variant
amphipathic peptide repeat (27 amino acids versus the
canonical 11 or 22 amino acids) from the remainder of the
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% Homology with

Repeat No. Consensus Sequence
1 CACTGGGGTG 80
2 CTCTGGGGIC 80
3 TCTTGGGACC 90
4 TCCAGGGGCC 80+
(G)
5 TCCTGGGGTG 90+
G)
Consensus TG
Sequence TCCTGGGG + +
ccC
%
Agreement <60><80>¢ 100 >

FIG. 6. Comparison of G-rich direct repeats in the apo A-IV 5’ flanking nucleotide sequence (see Fig. 1). The asterisk indicates that 10%

homology has been subtracted for the deletion of one base.

mature apo A-IV protein. This variant 27-amino-acid repeat
may therefore have a distinct evolutionary origin or a
distinct physiological function.

Several interesting features of the apo A-IV protein were
revealed by a comparison of the mouse apo A-IV amino acid
sequence and the rat and a partial human apo A-IV se-
quences (Fig. 3). First, amino acid homologies were clus-
tered. Within the repeating amphipathic domains, the re-
peats numbered 10 and 12 were 91 and 96% homologous
between mouse and rat, respectively, and 68 and 67%
homologous between mouse and human, respectively. Re-
peats 9 and 11 were both 86% homologous between mouse
and rat, but only 59 and 50% homologous between mouse
and human, respectively. Other highly homologous regions
were repeats 1 and 4, which are two variant repeats of 27 and
11 amino acids, respectively. Repeat number one is 93%
homologous between rat and mouse and repeat four is 82%
homologous between these two species. Perhaps these re-
gions have specific functions in lipid binding or lecithin
cholesterol acyltransferase activation and therefore are
highly evolutionarily conserved. The second apo A-IV poly-
peptide region of interest is the carboxy terminus. There was
a hydrophilic repeat of Glu-Gln-Ala-Gln in mouse and rat
between amino acids 353 and 368. In the human sequence
the repeat is Glu-GIn-GIn-GIn. The terminal repeat is the
variant Glu-GIn-Val-Gln, but it is conserved among mouse,
rat, and human (Fig. 3). Mouse and human have four repeats
and rat has three. This region is the most highly conserved of
the 66 amino acids between the 14 amphipathic repeats and
the carboxy terminus. This terminal region may therefore be
involved in lipoprotein particle formation or lipoprotein
particle receptor recognition.

Finally, we have demonstrated that chronically high di-
etary lipid can induce liver apo A-IV mRNA levels in certain
inbred mouse strains. C57BL/6 mice showed a greater than
10-fold induction of liver apo A-IV mRNA, whereas BALB/c
and C3H mice did not show induction. Moreover, a poly-
morphism in basal levels of apo A-IV mRNA was observed,

with C57BL/6 mice exhibiting a three- to fourfold-lower level
of apo A-IV mRNA than the other strains examined when
maintained on a normal chow diet. It is noteworthy that
these strains also differed in susceptibility to atherosclerosis
when maintained on the same high-lipid diet. Strain C57BL/6
develops numerous large lesions in the aorta and cardiac
arteries, while strains C3H and BALB/c are almost com-
pletely resistant (19, 20). The strains also exhibit quantitative
variations of circulating lipoproteins when fed a high-lipid
diet (4; K. L. Reue, Ph. D. dissertation, University of
California, Los Angeles, 1985; A. J. Lusis and R. C.
LeBoeuf, Methods Enzymol., in press). It will be of interest
to determine the role of apo A-IV expression in such genetic
variations. Since apo A-IV mRNA is induced by several
physiologically distinct mechanisms, whereas other related
proteins such as apo A-I are not, apo A-IV may play a
crucial role in lipid homeostasis.
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