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Summary: Apolipoprotein Al, the dominant protein
component of serum high density lipoprotein, is inti-
mately involved in cholesterol homeostasis. Apo Al
activates the lecithin-cholesterol acyltransferase
within the HDL particle and functions as ligand for a
putative HDL receptor — two properties, which ren-
der this apolipoprotein a key mediator in reversed
cholesterol transport.

A functional analysis of the apo Al gene demands the
isolation of the mouse apo Al gene for expression as
transgenes in different mutant forms in the mouse.

Here we describe the isolation of a full length apo AI-
specific mouse liver cDNA clone with the human
cDNA (892 bp) and the derived amino-acid sequence
coding a polypeptide of 264 amino-acid residues. It

showed a 70.7% homology to the rat and 66% to the
human apo Al sequence.

With this cDNA as probe the mouse apo Al gene was
isolated and its organization analysed. Four exons,
three of which are coding sequences, are aligned simi-
larly to the human gene.

The gene embraces 1825 bp between the transcription
start, and the poly(A)+ tail attached 62 bp down-
stream of the stop codon. The complete nucleotide se-
quence of the four exons and three introns of the
mouse apo Al gene was determined and its homology
compared with that of the rat and human gene. Exten-
sive deletions and a strongly reduced homology of the
three introns of the two genes are obvious.

Maus-Apolipoprotein Al: cDNA-abgeleitete Apolipoprotein- Primérstruktur und vollstindige Genstruktur

Zusammenfassung: Apolipoprotein Alist die Haupt-
proteinkomponente der Serum-High-Density-Lipo-
proteine, die direkt fiir die Cholesterin-Homeostase
verantwortlich sind. Apo Al aktiviert die Lecithin-
Cholesterin-Acyltransferase und bildet den Liganden
fiir den putativen HDL-Rezeptor, zwei Eigenschaf-
ten, die diesem Apoprotein eine Schltisselfunktion im
reversen Cholesterintransport verleihen.

Eine funktionale Analyse des Apo-Al-Gens erfordert
die Isolierung des Maus-Apo-AI-Gens fiir seine Ex-
pression in Transgene von verschiedenen mutierten
Formen des Gens in der Maus.

Wir beschreiben hier die Isolierung eines vollstandi-
gen Apo-Al-spezifischen Maus-Leber-cDNA-Klons
und der davon abgeleiteten Aminoséduresequenz. Der
Klon umfaBt ein Leseraster von 792 bp, die ein

Enzymes:

Calf alkaline-intestinal phosphatase, orthophosphoric monoester phosphohydrolase (alkaline medium) (EC 3.1.3.1);
DNA ligase, poly(deoxyribonucleotide): poly(deoxyribonucleotide) ligase (AMP-forming) (EC 6.5.1.1);
Lecithin-cholesterol acyltransferase, recommended name: phosphatidylcholine:sterol O-acyltransferase (EC 2.3.1.43);
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Apo Al Polypeptid mit 264 Aminoséiureresten codie-
ren. Die Sequenz weist eine Homologie von 70.7%
zur Ratten- und 66% zur menschlichen Apo-Al-Se-
quenz auf,

Mit Hilfe dieser humanen cDNA als Sonde wurde das
Miuse-Apo-Al-Gen isoliert und sein Aufbau unter-
sucht. Vier Exons, von denen drei kodierende Se-
quenzbereiche enthalten, sind dhnlich wie beim
menschlichen Gen angeordnet.

Key terms: Amino-acid sequence, apo Al gene organization,

homology.

The functional analysis of the main apolipoproteins of
serum high density lipoproteins, particularly of apo-
protein Al, has focussed on their gene expression in
order to learn about its contribution to cholesterol
homeostasis and to define the molecular rationale of
phenomena such as reversed cholesterol transport in
the blood and the proposed inverse relationship to
the development of lipid deposits in aterosclerotic
plaques of blood vessels and coronary heart disease in
general. Although the primary structure of mature
apolipoprotein Al is well known!"! our understanding
of lipid-apolipoprotein interactions for the integrity
of the HDL particle and the activator function of
apo Al for the lecithin-cholesterol-acyltransferase
(LCAT) is very limited.

The available recombinant DNA techniques allow us
to address these questions on a molecular level, not
only in experiments in vitro but also in vivo by intro-
ducing the mutant apolipoprotein gene as transgene
into the mouse. The experiments so far introduced the
human apo Al gene randomly into the mouse genome
which is then expressed in addition to the healthy
mouse apo Al genel”).

Here we describe the isolation, organization and the
complete nucleotide sequence of the mouse apolipo-
protein Al gene as a prerequisite for gene-targeting
experiments for the deletion or substitution by mu-
tated apo Al. The primary structure of mouse apo Al
was first derived from a full length apo Al-specific
cDNA isolated from a mouse liver cDNA library. With
the use of this cDNA the full length genomic mouse
apo AI DNA has been isolated from a mouse leuco-
cyte genomic library, the apo Al gene organisation
into four exons and three intervening sequences and
its complete nucleotide sequence has been estab-
lished. The conserved genomic organization and
homology within the coding sequences of the human
and rodent (mouse and rat) apo Al gene is discussed.

Das Gen umfaBt 1825 bp zwischen dem Transkrip-
tionsstart und der poly(A)~-Sequenz, die sich 62 bp
3'-wirts des Stopcodons befindet. Die komplette Nu-
cleotidsequenz der vier Exons und drei Introns des
Miuse-Apo-Al-Gens wurde ermittelt und die Se-
quenz mit der der Ratte und des Menschen vergli-
chen. Ausgedehnte Deletionen und eine stark verrin-
gerte Homologie der drei Introns der beiden Gene
sind offensichtlich.

complete genomic sequence, human-rodent genomic sequence

Materials and Methods

Restriction endonucleases, Ty DNA ligase, Taq DNA polymerase
and polynucleotide kinase were perchased from BRL: [*¥*S]dATP,
[*P)ATP and [P]dATP from Amersham Buchler (Braunschweig.
Germany), calf alkaline intestinal phosphatase and the random
priming kit from Boehringer (Mannheim. Germany), the mouse
liver cDNA library in Agtll 5’ stretch and the mouse genomic li-
brary from leucocytes in EMBL-3 SP6/T7 from Clontech Labora-
tories (Palo Alto, USA).

All molecular biological techniques were carried out according to
Ausubel et al.P! if not otherwise stated.

Human apo Al full length cDNA used for hybridization analyses
has been described previously.

Full length apolipoprotein Al-specific cDNA clones were isolated
from an oligo(dT) and randomly-primed mouse liver cDNA library
in Agtll. 3.5 x 10° plaques on E. coli Y1090 strain were screened
with synthetic 30mer oligonucleotides coding the N- and C-termi-
nal ten amino-acid residues of mature human apo Al labelled with
P in the polynucleotide-kinase reaction or cDNA fragment, ran-
domly primed with [*PJdATP using the random primer labelling
kit, Boehringer. These probes were also used for screening the
genomic library and for Southern blot hybridization analysis.
DNA restriction enzyme fragments and PCR fragments were
purified with Clean-A-Gene DNA purification kit (Renner
GmbH. 6701 Dannstadt, Germany). Nucleotide sequence analysis
was carried out with the dideoxy chain termination method of
Sanger et al."l in its modification for double strand sequencing!®).
Oligonucleotides were synthesized with an automatic DNAsynthe-
sizer Applied Biosystems, Model 380A.

Nucleotide sequence homology analyses were performed with the
aid of computer programs.

The nucleotide sequence of the mouse apo Al cDNA and the mouse
apo Al gene have bgen entered into the EMBL data library under
accession numbers cDNA X64262 and gene X64263.

Results

1) Characterization of full length mouse apo
Al-specific cDNA

Apo Al-specific cDNA clones were isolated from a
mouse liver Agtll cDNA library with *P-labelled
oligonucleotides as probes which encoded the nine N-
terminal amino-acid residues of the signal sequence
(5’ oligo) and C-terminal (3’ oligo) respectively of the
human apolipoprotein sequence (Brewer et al.l!)).
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] .ac cca gac tgt cgg aga gct ccg ggg agg tca

61 GIG CTG GCC GTG GCT CTG
Val Leu Ala Val Ala Leu

121 GAT GAA CCC CAG TCC CAA
Asp Glu Pro Gln Ser Gln

181 GTC AAA GAC AGC GGC AGA
Val Lys Asp Ser Gly Arg

241 CTG AAC CTG AAT CTC CTG
Leu Asn Leu Asn Leu Leu

301 GAA CGG CTG GGC CCA TTG
Glu Arg Leu Gly Pro Leu

361 GTG AGA CAG GAG ATG AAC
Val Arg Gln Glu Met Asn

EcoRI

421 GAC GAA TTC CAG AAG AAA
Asp Glu Phe Gln Lys Lys

481 CTG GGC GCC GAG CTG CAG
Leu Gly Ala Glu Leu Gln

541 TCC CCT GTG GCT GAG GAA
Ser Pro Val Ala Glu Glu

601 CAG CTA GCG CCC CAC AGC
Gln Leu Ala Pro His Ser

661 AAG AGC AAC CCT ACC TTG
Lys Ser Asn Pro Thr Leu

721 GGC GAG AAA GCC AGA CCT
Gly Glu Lys Ala Arg Pro

781 ACG CTT AAG ACC AAA GCC
Thr Leu Lys Thr Lys Ala

841 taga gat gcc cge ttc cac
901 aat gga aaa aaa aaa aaa
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Fig. 1. Nucleotide sequence of mouse apo Al cDNA and the derived amino-acid sequence displayed above the nucleotide

sequence.

5" and 3’ oligonucleotide primers, the EcoRI site and the polyadenylation signal are underlined.

Fig.2. A) Restriction map of mouse
genomic apo Al clone EMBL-3 Al and
strategy of sequence analysis.

The short and long EMBL-3 arms are de-
picted as thin lines. The region containing
the apo AI gene with the four exons is
blown up as filled boxes. Arrows show se-
quencing primers. The relevant restriction
sites are: P, PstI; E, EcoRI; S, Sacl. The
gap between the 3’ end of EcoRI fragment
and the 5" end of the Sacl fragment as part
of exon IV is deduced from the cDNA
sequence of the mouse cDNA clone de-
scribed in the previous chapter.

The stippled areas in exons II and III are
coding sequences of the prepro sequences.
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ctgcagclf¥icccctisicidgcccccaltlctgaacecttga a cihigecasfaccccgecagattidctgtt
ctgcagci¥fddcccctlEcligcccccaflctgaaccettgald cdgcalifsicccegecagllttliictgtt
tgcccact@ectitttgeccagiicdcaggllacagagctgatccttgaactcfltaagttccacatfdgccag(
tgcccactlictiitttgeccagdclcaggfijacagagctgatccttgaactepdtaagttccacatdgccagfi
tflagtilagcagpl-Licagggccafiggctgllgcttatcagpdctcccalfigdidcccagllccct gldclficald
Hagtijagcaglt¥icagggccakiggetglijgcttatcagllctcccafi.icccagflccctglijcXiica
atadatagtl aagEEGEG A a cAl FYFNCT GHC GEFEFIGCT CCGGlE[el el i-la a ctgctly
atatlatagljccilaglM-aagagctggdeCigiAGA N T([cleGCAGA NS ICCAGgt gt Hct getfi]
cctgccdchigi-fiictctggetecfidagll-fct et gt t ccafitgtccaaafitcHaaalcaa
cctgccichig-ftictctggecteclidagflct cl¥ Y. igt tHalig ol cElt-F Ve Llelg e fo c At o 1o
EGBgttiflat afiStlgilalSlct Bt a Eagecaat gt BEcat gfPAt gEE Rt gt gt Rt FEE L e
acciHt-Llggd-iat ct clbchici At -1 Cttct SN c Ut cL T d4ggctfdaatit oL igiggagely
tttccalgacaatgcldccot tfEgEEEElgclct) lddccttecttcet S cagGTCE\CCCACHEACCC
cggggedtctgecatglidgaagglEicllFictHaglla g gl AR H A c i c L (ehfeiClolelo) YeiG Gelofe
TTCAGGATGAAAGCTGhY TGGCypys TCTTCCTGACHIGgtaggtgy tiEjacctifs
TTCAGGATGAAAGCTG] TigeleleiC TCTTCCTGAC[EGgtaggtgdcliclsitilacct]]
8~ 7 P csdsacae s AR 0 g accptcctgggealdagilijaticagi¥ittc
apjccaaccatcecggggggetttetecctaaatcececagtfcldcillsc AR -EgtigcElglE gt |34
LicactgpdcH T O R e e oy R A R R e cflEgBlctBEgagt) tlcctid
fdcact giifelcfHcl cccccacctcooaagottggootttaggatoagatdciigeldsacag giel=idg
Pt gggtctcccctf ccllcagGGAGCCAGGCTp e THITGGCAGCAAGATGA L P T
if-lt gggtctcccctll [ccidcagGGAGCCAGGCT ¥ T(¢ TGGCAGCAAGATGARA [sle]s
C] I VIAGTGAAGGAPRNTMGCIANNTGTG TANWGT GGATGEGEeTCAAAGACAGCGGCAGAGACTA
c [HeAGTGAAGGA M T ASMTGTGTA[CGTGGATGINGTCAAAGACAGCGGCAGAGACTA
TGTGTCCCAGTTTGAAYs [MAACAGCTcAAgtaag:f¥¥igaccidagclit gggg[l-3
TGTGTCCCAGTTTGAA[] G| AACAGCTE\AAgtaagMMgaccllagcldt gggga Al
Plgcagg bR LT LR YT g g g g gt tiagagiic clig t gllgaliga t glit gl fYictggc
[+ 1 © & g ggltigggif-ftlagagisiccidgt glrigajdgat gidt gl cagafd-f-[-ic
fY:Ilicdt cachlffat it cldalildagectgggellcca gl iiggt (AL X: it ggaglsjalitigglsiat gglsgRdt c
gagtlcLLY-ctaada [Fjaidrjlagctgggcccaliigiddggt il it ggagilatligglilat ggiidit c
cesea e re e ra e el el ceseeeeea P St g tglgtilaldcacaglls
caggcagggtcacagcccatgteccctgoaaaggacagaccaggglddjcidepjaigsicidgiit CETEY:
tEiA=cal-f-fa-. . Hgtlifdcaalfdccctttdcettlifatla cclac ol T i1 1c R ala uilae allale
aflE{AAgt L4 cftalitfida glkElg el A4 o[l 4ot detTldaldt cetJtgetcetgeccageaaga
.. .ertEaflaBlagflacccflaaflcE laafflaaaacflaaacallafBlaMaBaaaafSgggilctiEnE. . . ... ..
ctgelrigldtfitHt tHggagiiggtigiEit gldgct ggiiggcatElgiElgiigiiggt gt tcLlagifefticcactttyg
ses aileteliem eimal i LRIt af e caflgaflcacafldgt a8 gEgE:tE:Eéangta
gagaccaacgtaafdqgligcEELEl(t clda gt ct gifddcctigdtdaljcidcdt ¢ -iclatll-igtdcag
agfjaBltgtaaalfjgflafagt| tngtcltﬁ;qﬁgﬂlnlctl. - .cltll
ctffjcflcaacggEliciitflfdct gltjciggg cElLigit tg affjaffitgtactifClaatglgt aghfeciygs
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gcaclit *lglhiggacaggtgljcacccaglit] gtgoatggat calfjaclapl:igcagagcatgatg
gcacltildg¥ggacaggtgldcacccaglf{d cccctgatag =1+ g 1= {c) g g o [
cctgllsfttc ctcflgff8iget et atFElc agCCTEAAMCTCCTEGANNAACTGGGACA T Gel
.. -affefdcaliclHctcaicl-ttct gt cif:la LlagCCTHAAAECTCCTIGAMAACTGGGACAS
[T CEIACC NETC GAACEGCTEGGCCCLYYTGAC STTCTGGGATAACCTGGA[EAA
[T CeACCly 3eC (eGAACAGCT ®GGCCCReTGAC TTCTGGGATAACCTGGAEIAR!
AGAMACAGApwY TGAGL\CAEGAGATGANCAAGGAMCTINGAGGALIGTGAAINSFNEAAGGTGCAGCCCTAC
GA[EACAGA(] GCTGAG§CA-GAGATGA CAAGGATCT*GAGGA GTGAAeleldelANGGTGCAGCCCTAC
CTGGACGAKTTCCAGAAGAARNTGGHAINGAGGAINETGGAGCTCTACCGCCAGAAGGTGGEGCCIHNCTGEGCG,
CTGGACGA[ETTCCAGAAGAAELTGG AaGhGGnG‘TGGAGCTCTACCGCCAGBAGGTGGHGCC CTGSGCG|
ClHGAGCTECAEGAGIIGCGCGCGCCAGAAGCTGCAEGAGCTGCAAGHGAE TC GAGGA|
Cl GAGCTCCAHGAG GCGCGCGCCAGAAGCTGCAMGAGCTGCAAGHIGAY C GAGGA
ATHT T CRCTGCGCACHICA *NCAGCGA
G. GC] C| T| [HCleCTGCGCAC[e/CApY PYACAGCGA
CGC GCETGGCCle T CT CARA G, A Alefedy T GEVACGAGTACCAC!
CGC GCINTGGCCle] CT[sdye).9:NeGAGAAC G A[eFN&ITGleldCGAGTACCAC[]
[sler\Glefelalad \AAACC A CTpdeGCGAGAARIGCCA, GCGCTEGAGGACCT) T,
[e{er\Alefelaled \CCGA T lel¢n CleC T[S AGCGAGAA[EGCCAL GCGCTMGAGGACCT(s
T pelelideleF XeFAC G CTEVYEA C G ETG. GC CGEXEFACTEEG
Gigeisdfeled Ny AGC T CLYNEGT{&)NGCT Tis{eT| ClgcTC T. TAL (o]
[sdeCCCAGtgaggpdgcccgcdccpl acecllcattgget Llaataaacfitttccaaa
(JICCCAGtgaggltlgcccgcfdijcclejc( cccl-lo NN - ctLallaataaacfitttccaaa
aflr)- - nt.acQEGugotllng:ntulllEgtEaaal
gikefrigagig cp XA ATt Ciagath L abigh gt geggetiaciit cegggtiagiic oigiilagy
tgglgcciEa i otattcottHgtad| {¥-atctcalcid aad| E;t aaflctflggcacet
gocgttgifsclXClaficagggacgtectfdcgoiiXadtlaltaaddcagtlfdc afstgpjaciitcttagg
igleit glejt i Xela g g tEEGlacagaajdc ctaagaaftlifsac(d
cidaalsaf-igac glel:|. - gaccidgiidggacgentlifdag(s]

Fig. 2.B) Nucleotide sequences of the mouse apo Al gene and sequence homologies to human genomic nucleotide sequence.

Sequencing primers:

by =

o

: M13 universal primer

: M13 reverse primer

: S“TAGACCAGGGAAGAAGA-3'
1 3'-CGTGCCAAGCCTGGCTC-3
1 3" TGTGTATGTGGATGCGC-3'

6: 5" TGCCGCCATAGTCTGATG-3'.

Exon sequences are given in capitals, intron sequences in small letters. Exon I nucleotides 237 to 264, exon II from 474 to 535, exon
I1I from 652 to 805 and exon I'Vfrom 1341 to 1935. The average sequence homology of exons I to IVis 76%, of the 175 bp promoter
region 85% and 44% for introns I to ITI,
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Approximately 3.5 x 10° pfu plated on competent
E.coli Y1090 were screened and the A-DNA of
plaque-purified clones isolated and the insert re-
leased with EcoRI. Two EcoRI fragments 425 and
580bp long were isolated. The 425-bp fragment hy-
bridized with the 5'-oligonucleotide probe and the
580 bp fragment with the 3'-oligonucleotide. The two
fragments were subcloned into pBluescript II vector
previously restricted with EcoRI and dephosphory-
lated for dideoxy chain termination sequencing of
the dsDNA®! with specific oligonucleotide primers.
Using the antisense and sense 30mer oligonucleotides
now resembling those of the mouse apo Al cDNA
(underlined in Fig. 1) as primers in the PCR with the
mouse A-apo Al clone as template a blunt-ended
900-bp PCR fragment was produced for double-
strand sequencing again after subcloning into the
Smal site of the pBluescript I vector. The complete
sequence of the full length mouse apo AI cDNA
(Fig. 1) was obtained using oligonucleotides as prim-
ers according to the growing sequence information
from the 5" and 3’ ends of the cDNA insert.

Fig. 1 presents the nucleotide sequence of the mouse
cDNA clone and the derived amino-acid sequence.
The EcoRI site at position 424 explains the two
EcoRI fragments released from the cDNA insert
upon EcoRI digestion of the Agtll clone.

The open reading frame encodes a polypeptide of 264
amino-acid residues, three residues shorter than the
human prepro apo AI"®l. A comparison of the signal
sequence and the following six-amino-acid prose-
quence with the unusual GIn-Gln sequence at the
C-terminus of mouse, rat and human apo Al indicates
the strong homology conserved through species and
supports the well known common pathway of protein
processing of human apo AT,

2) Characterization of the mouse apolipoprotein
Al gene

Screening of 3 x 10° recombinants of mouse genomic
EMBL-3 SP6/T7 with the full length 892 bp long
human apo AI ¢cDNA labelled by random priming
vielded one clone with a 15 kb insert which harbored
all coding sequences as documented by Southern
blot hybridization with 5'- and 3'-labelled synthetic
oligonucleotides and the nick-labelled human apo Al
cDNA. This clone was selected for further analysis.
The restriction map with three enzymes, EcoRI, Pstl
and Sacl, is shown in Fig. 2A. EcoRI, Pstl and Sacl
fragments were subcloned in pBluescript II for dou-
ble-strand sequencing using the appropriate primers
as indicated in Fig. 2A. Four exons are distributed
over 1.9 kb. The nucleotide sequence of the mouse
apo Al gene is listed in Fig. 2B.

The comparison of the mouse and human apo Al-
genomic sequences clearly underlines the extensive
homology and conservative exchanges within the cod-
ing exons and the 5’-untranslated region. Coding
exons I1, I1I, and IVshow 85, 84 and 74% homology.
respectively. The 175 bp promoter domain 5’ of the
putative transcription start is equally homologous
in the apo Al gene of both species. The intron
homologies are below 50% (40% on average).

Discussion

The isolation and characterization including the com-
plete nucleotide sequence of a full length cDNA clone
and of the apolipoprotein Al gene of the mouse is re-
ported in this paper. The coding region of the prepro
apo Al mRNA is 795 nucleotides long. Its cDNA-de-
rived translation product is a 264-amino-acid-residue
polypeptide and exhibits three amino-acid deletions
within the mature sequence as compared to the
human prepro apo Al Like the human apo Al it car-
ries an N-terminal 18-residue long signal sequence fol-
lowed by a six-amino-acid prosequence which are pro-
cessed intracellularly®™"3 and a 240 residues long
mature form is attained. Its structural characteristics
with two 11- and nine 22-amino-acid-residue-internal
repeats forming lipid-binding amphipathic helices re-
sembles those of the human apo Al despite the numer-
ous mutations and thereby refers to identical func-
tional properties.

The homologous amino-acid sequences of mouse, rat
and human apo Al is documented in Fig. 3.

The mouse-genomic DNA sequences revealed the
four-exon and three-intron organization, which all
soluble apolipoproteins except apo AIVhave in com-
mon!"'%, The 5'-noncoding region is interrupted by
intron 1. Intron II interrupts the open reading frame
of the signal sequence. The alignment of the mouse
and human genomic sequence indicates a 76%
homology within exon I but a 75% to 85% homology
of the exon II, III, and IV sequences. The overall
homology of the introns I, II, and III is only 44%.
However, the promoter region of 175 bp upstream of
the putative transcription start is 85% homology,
Fig. 2B.

The polyadenylation signal is located 42 bp and the
polyadenylation site 63 bp downstream the stop
codon TGA of the apo Al gene. No TATA box could
be identified within 240 bp upstream of the sequenced
5" end of our mouse ¢cDNA clone which suggests that
the mouse apo Al promoter lacks the TATA box. This
closely related structure-function relationship of
human and mouse apo Al makes feasible the study of
apolipoprotein expression in its normal and mutated
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Fig. 3. Homology of amino acid sequences of prepro apo Al of
mouse, rat and man.

Homology between mouse and rat is 70.7% and between
mouse and man 66%.
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forms as transgenes in the mouse model for their func-
tional analysis in vivo.
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