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Abstract The present study defines the organization of th@nent of the amyloid fibrils deposited in reactive second-
mouse serum amyloid A S@gd gene cluster on ary amyloidosis (Cohen and Calkins 1959). The SAA
chromosome 7. A polymerase chain reaction (PCR)-bagaateins, and the genes that encode them, are highly
strategy was used successfully to generate a complete mapserved throughout evolution, indicating an important
of the mouseSaagenes, defining a linkage group ef biological function(s) (Uhlar et al. 1994, 1996). Although
Saa2s/s-Saals/s-Saads/s-Saabs/s-Saa3s, with a their principal physiological function has yet to be estab-
maximum size of 45 kilobases (kb). This contrasts witlished, the observation that up to five percent of liver
the 150 kb humanSAA gene cluster, which has beerprotein synthesis is devoted to the synthesis of SAA
previously defined. The tight linkage of both mouSaas proteins during the acute phase response (APR) suggests
and humanSAAsis of potential functional significance, a central role in the maintenance of homeostasis following
since the genes that encode the acute phase seiaffammatory stimuli (Morrow et al. 1981).
amyloid A proteins are known to exhibit co-ordinate Kisilevsky and Subrahmanyan (1992) presented evi-
transcriptional regulation. The present results thus suggdsnce suggesting that SAA may act as a signal to redirect
that selective pressure may exist which maintains the ddgh-density lipoprotein (HDL) to inflammatory cells, such
ordinately transcribedaagenes in close physical proxi-as macrophages, for the purposes of cholesterol removal
mity. This study, furthermore, demonstrates the utility of during the APR. This hypothesis is strengthened by the
novel PCR-based approach for fine mapping of tightlghservation of altered cholesterol efflux when SAA con-
clustered linkage groups. The strategy used possessestitates more than 50% of the HDL protein (Banka et al.
number of advantages over previously described tech@B95), and, furthermore, by evidence that SAA can serve as
ques, such as long-range restriction mapping, sinceaittransient cholesterol-binding protein (Liang and Sipe
facilitates the concurrent determination of not only precig95). It has also been suggested that SAA may contribute
relative map positions, but also the relative transcriptionl wound healing, mediated by collagenase, through a
orientations of assayed paired loci. Although presentfgedback loop system that regulates the extent of tissue
limited in resolution to genes not more than 27 kb apadggeneration. Rabbit SAA3 has an autocrine collagenase
future technical advances are likely to extend the appiiduction activity and, furthermore, acts as a substrate for
cability of this approach in mapping experiments to leghe induced collagenase (Mitchell et al. 1991, 1993). More
tightly linked clusters of genes. recent studies have indicated a potential chemoattractant
role for SAA in the recruitment of T lymphocytes, neu-
trophils, and monocytes into inflammatory lesions (Bado-
lato et al. 1994; Xu et al. 1995). Thus, current evidence
suggests that the SAA proteins are likely to be of significant
immunological importance [reviewed in Steel and White-
0]head (1994)]. 1t is therefore of considerable interest to

Introduction

The serum amyloid A (SAA) proteins are a family . ;
differentially expressed apolipoproteins, some of whidither characterize the SAA-encoding genes.

are the precursors of amyloid A (AA), the principal com- SAA is the product of multiple related genes in several
species, the most intensively studied of which are human

and mouse. The humaAAgene cluster consists of three
transcribed genesSPAL SAA2 andSAAS and a pseudo-
Aileen Butler- Alexander S. Whitehead() gene BAA3, localized to chromosome (Chr) 11p15.1
Department of Genetics and Biotechnology Institute, Trinity CollegdSellar et al. 1994). The mousaagene family comprises
University of Dublin, Dublin 2, Ireland three acute-phas&aa (A-Sap genes $aal Saa2 and
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Table 1 MouseSaalocus-speci-
fic paired oligonucleotide se-
quences and size of PCR productsaal  MSAALLF 5 -TTGTGTGGGAGTTTCTTACGCCCATAAGCCTTGG3

in base pairs (bp). Locus-specific 298 bp
oligonucleotides were designed MSAAILR 5'-TGCCATCACCGTTCTCTGACTGATATTAAATTTC-3

from sequences obtained from the
following sourcesSaal Saa2 Saa2 MSAA2LF 5'-GAATTCTAGAAATGTCAGAACTGTTACACAAAGA-3’

and Saa3oligonucleotides: 467 bp
Lowell and co-workers (1986 b); MSAA2LR 5'-CTCCTAGGAAAGCAGTCAGAACTGTTCCTGCAGA-3

MSAASECoRIF, MSAASLF, and ;
MSAASLR: de Beer and co- Saa3 MSAA3LF 5'-GGATCCCATGATTTATCACACATTCATATTTTTC-3

Gene  Oligonucleotide Sequence PCR product

. . 469 bp
workers (1994); MSAASLRB: , /
A. Butler and A. S. Whitehead, MSAA3LR 5'-CCATCTAGTGGATTCAGGATAGAGATAGAACATT-3
unpublished data Saa4 MSAAALF 5'-AGCCTGTGCCTGATACAGTGAATAGGTGTCATTG-3

265 bp

MSAA4LR 5'-TCTAAGCTCAAGGAGGTAGACAGAAGACCACACA-3
5'-Saa5 MSAA5EcORIF 5-GAAGGTCCTAACGGTCCGAATTCCTCT-3

222 bp
MSAA5LRS'B  5'-GCTACTTCCAGGGCAGTGTGGGCTACATAAGACC-3

3’-Saa5 MSAASLF 5-GTCTGCCACTCAGACAGCACTCAGTGGACTAGGC-3

207 bp
MSAASLR  5-TTATTTTCTGTGATCCATAGCAACTCTTTCTCCC-3

Saa3, which are characterized by a rapid and dramatitdividual assays, and performed in 0.2 ml thin-walled reaction tubes

induction following an inflammatory stimulus, one esserﬁi?gh&?gﬁés'\gin’I‘E*:gg%él)ﬂg%gnp%mé?ﬂ; éﬁ@ﬂ%@ﬁ;ﬁ?ﬁﬂg é'(‘)‘%’
tially constitutively expressed gen&daj, and a pseudo- troIsS were elect,rophoresed in 1% agarose (Gibco BRL, Life Technol-

gene [Gaaj (Lowell et al. 1986a, 1986b; de Beer et alggies, Paisley, England) containing 0.3pgdthidium bromide (Sigma
1991, 1994)]. The mousk&-SAAgenes have been localizedChemicals, Dorset, Scotland), alongside 1 kb DNA ladder and Migh
to proximal Chr 7, between the pink-eye dilution locyg ( DNA markers (Gibco BRL).

and the glucose phosphate isomerase lodapif) (Taylor
and Rowe 1984; Stubbs et al. 1994)].

We have previously mapped mouSaa5to the interval
between theCd37 and Gas2loci on proximal Chr 7, and Following electrophoresis, PCR products were transferred to Hybond-
demonstrated aBaal/Saa2/Saa3/Saa4/Sdmtkage group N membranes (Amersham International, Buckinghamshire, England)
(not ordered) with a maximum length of 600 kb (Butler dising a PosiBlot pressure blotter (Stratagene, La Jolla, CA). Filters

al. 1995). The present study utilizes the technique of |0n\§:re baked at 80C for 2 h before overnight hybridization, with PCR-

. . . enerated probes, in 100 mg/ml dextran sulphate, 1% sodium dodecyl
range polymerase chain reaction (PCR) to further delineatgphate (SDS), 1 M sodium chloride and 1 mg/ml sonicated salmon
the organization of the mousgaagene cluster. sperm DNA (Sigma Chemicals) at 86. Hybridized filters were
rinsed in 2 standard sodium citrate (SSC) at room temperature,
washed for 1 h in SSC, 0.1% SDS at 68 and in 0.XxSSC for

30 min at 65°C before visualization by autoradiography.

Southern blotting

Materials and methods

Molecular probes
DNA isolation
) ) ) ) Probes specific for mous8aal Saa2 Saa3 Saa4 and the 5 and
High relative molecular massM) DNA was isolated (Blin and 3' UTRs of Saa5were generated by PCR (10 mM Tris-HCI, pH 8.3,
Stafford 1976) from frozen A/J mouse liver (Jackson Laboratorieg,mm MgCl, 50 mM KCI, 200 mM each dNTP, 0,5M each forward
Bar Harbor, ME). and reverse primers, andug/ml A/J genomic DNA), using the locus-
specific primer pairs described previously. PCR conditions werd94
for 7 min, followed by 40 cycles of 94C for 1 min, 55°C for 1 min,
PCR and 72°C for 1.2 min. Probes were then electrophoresed in 1%
SeaPlaque agarose (Flowgen Instruments, Staffordshire, England),
Mouse A/J DNA was subjected to PCR using the Expand Lor@f! excised, and purified using the Wizard PCR Preps DNA purifica-
Template PCR System (Boehringer Mannheim, Mannheim, Germaripn system (Promega, Madison, WI). An oligolabelling kit (Pharmacia
and Saa locus-specific primers forSaal Saa2 Saa3 Saa4 the Biotech, Piscataway, NJ) was used to label 50 ng of each probe to high
5 untranslated region (UTR) oBaa5 and the 3 UTR of Saa5 SPecific activity using §32P]JdCTP (Amersham), before purification
(Table 1). The mouseSaab gene was sized by PCR using theUsing Biospin 6 columns (BioRad Laboratories, Richmond, CA).
MSAASECcoRIF oligonucleotide and MSAABCORIR (5'-AATTC-
GAATTCAATACATAGCCAGGGCTGG-3), which are complemen-
tary to the extreme '5and 3 ends, respectively, of the previouslySequence analyses
published partiaBaa5cDNA sequence (de Beer et al. 1994). To ensure
sequence specificity, all primer sequences were subjected to BLASTMéuse Saa sequences were obtained from the literature and the
homology analyses (Altschul et al. 1990), performed at the Nation@enBank/EMBL DNA sequence database, accessed through the
Center for Biotechnology Information using the BLAST networkACNUC retrieval system (Gouy et al. 1985), and subjected to pairwise
service. Expand Long Template PCR conditions were optimized falignment using the program CLUSTALW (Thompson et al. 1994).
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Fig. 1 Example of the long-range PCR mapping strategy employed.
This represents the particular procedure used to verify the 9.5 kb
mouseSaa2/Saalinkage group previously described by Yamamoto
and co-workers (1986)

Fig. 2 Results of ethidium bromide stained agarose gel electrophore-

sis of long-range PCR products generated Sgal-Saadnterlocus

Th . b f 088ad (L I | PCR reactions with A/J DNA as template in positive reactions (+), and
e sequence accession numbers for moBaed (Lowell et al.  gorjje water as template in negative control reactions (). The follow-

1986Db), mousesaas(de Beer et al. 1994), and hum&hA4(Steel 4 pCR oligonucleotide pairs were used in the assaMSAALLF

et al. 1993) are M13524, U02554, and L05920, respectlvely. and MSAA2LF; b MSAA1LR and MSAA2LR; ¢ MSAALLF and

MSAA2LR; d MSAALILR and MSAA2LF; e MSAASEcoRIF and

MSAASECcoRIR (positive control reaction)M represents the 1 kb

DNA ladder used as a size marker

Results

Mouse Saagenes were mapped by locus-specific Expand
Long Template PCR on A/J DNA, a technique enabling
amplification of DNA fragments of up to 27 kb (Barnesising the Saal gene as a reference point. Only the
1994; Cheng et al. 1995). The PCR strategy, as applied tM@AALLF/MSAA4LR reaction yielded detectable PCR
previously describedaa2/Saalinkage (Yamamoto et al. product, which was sized at roughly 9.8 kb, indicating an
1986), is illustrated in Figure 1. Briefly, locus-specificSaatSaadintragenic distance of approximately 5.1 kb and
sense and anti-sense oligonucleotides were designed &stablishing as-Saa2s/s-Saalss-Saa4s linkage group
each gene anBaalSaa2interlocus PCRs were performedFig. 3A). Note that sinceSaa4is a pseudogene, the
using all possible pairwise combinations of these primegiesignation of 5to 3' orientation is based, not upon
(i. e., MSAAILF/MSAA2LF, MSAA1LR/MSAA2LR, transcriptional orientation per se, but on the results of
MSAALLF/MSAA2LR, and MSAAI1LR/MSAA2LF). sequence alignments with the mouSaal Saa2 and
Furthermore, the products of internal (intralocus) PCRaa3genes (Lowell et al. 1986b).
reactions (i. e., MSAALLF/MSAALLR and MSAA2LF/ PCR assays were next conducted between theSaap/
MSAA2LR) were used asSaa locus-specific probes in Saa3 Saa2/SaabSaa4/Saa3and Saa4/Saapsince Saa2
hybridizations to confirm the identity of any detecteéndSaadwere the most distantly placed genes in the thus
interlocus PCR products. far established linkage group. This analysis yielded a
This strategy defines not only the map distance betweBtSAA4LF/MSAASLRS5’'B PCR product of close to
assayed loci, but also their relative transcriptional orienta-3 kb, establishing that moussaa4and Saa5lie head-
tions. For example, given the reported divergent transcrijg-tail with respect to transcriptional orientations, and in
tional orientations oSaaland Saa2 only the PCR assay exceptionally close proximity (Fig. 3A). Having defined a
utilizing the primers MSAA1LR and MSAA2LR should 3-Saa2s5-Saalss-Saadsis-Saabs linkage group, PCR
yield a product, since it is the only reaction in which thassay betwee®aa3and the 3 UTR of Saa5yielded an
primers are juxtaposed when annealed to genomic DNMSAASLF/MSAA3LR product of approximately 15.0 kb,
Results of theSaatSaa2 interlocus PCR confirmed theand thus successfully integrated tBaa3locus into the
divergent transcriptional orientation of these genes (Fig. 2pouseSaamap (Fig. 3A). Finally, since only partial cDNA
The MSAAL1LR/MSAA2LR PCR product was sized atsequence data has been published to date for mBaab
approximately 8.5 kb which, when account is taken of tHele Beer et al. 1994), Expand Long Template PCR was used
intragenic positions of the oligonucleotides used, corré establish a distance of 3.85 kb between the MSEéG
sponds to a distance of 9.3 to 9.4 kb separating tRdF and MSAAZECcORIR oligonucleotides. The distance
transcriptional start sites of the mou$aal and Saa2 between the point of transcription initiation and the poly-
genes, in approximate agreement with Yamamoto and @slenylation signal of mousBaaSwas thus determined to
workers (1986). be approximately 4.7 kb, of which 2.2 kb encodgaa5
Following confirmation of thes-Saa2s5-Saats link- messenger RNA (mRNA), as defined by the reported size
age group, these loci were assayed, by PCR, for thefrSaaSmRNA (de Beer et al. 1994); the remaining 2.5 kb
relative linkages toSaa3 Saa4 and Saa5 arbitrarily is therefore intronic (Fig. 3A).
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Fig. 3A, B Confirmation of the
identity of interlocus long-range

PCR products with respect 8aa 4) (6)
gene contentA Results of ethid-
ium bromide stained agarose gel a b c¢c d e a b c d e

electrophoresis of long-range
PCR products generated with
A/J DNA as template, and using
the following PCR oligo-
nucleotide pairsa MSAA1LR
and MSAA2LR;b MSAALLF
and MSAA4LR;c MSAA4LF
and MSAA5LRBB; d MSAA5e
coRIF and MSAA®R coRIR;

e MSAAS5LF and MSAA3LR.

M andm represent 1 kb DNA
ladder and higiMr DNA mar-
kers, respectivelyB Results of
autoradiography on Southern
blots generated from the agarose
gel shown in Figure 3A, and
probed with pi32P]dCTP-labeled
PCR products specific for the
following mouse genes: (IJaal
(2) Saa? (3) Saa3 (4) Saa4

(5) the B UTR of Saa5 and

(6) the 3 UTR of Saab

Confirmation of the identity of all PCR products with On the basis of the above results, a linkage map of the
respect tdSaagene content was accomplished by Southemouse Saa gene cluster was constructed, in which the
blotting and gene-specific hybridization. As expected, theanscriptional orientations of all loci (or, in the case of
Saalspecific probe detected the MSAALLR/MSAA2LRSaa4 the ancestral gene transcriptional orientation pre-
and MSAALLF/MSAA4LR PCR products; theSaa2 sumed from sequence alignment wiaal Saa2 and
and Saa3 PCR probes hybridized, respectively, to th&aa3d were defined (Fig. 4). It was thus established that
MSAALLR/MSAA2LR and  MSAASLF/MSAASLR the five mouseSaagenes map within a maximum 45 kb of
bands; the Saad4 probe detected both MSAAILLF/each other, in the ordeg-Saa2s5-Saatss-Saadsis-
MSAA4LR and MSAA4LF/MSAAS5LRBB PCR products; Saa5s/5-Saa3s.

the 5-Saa5 probe hybridized to the MSAA4LF/

MSAA5LR5'B and MSAAZECoORIF/MSAASECORIR pro-

ducts; and the '3Saa5specific PCR probe annealed to both

the MSAASECORIF/MSAASECORIR and MSAASLF/

MSAA3LR PCR products (Fig. 3B).
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Fig. 4 Map of the mouseSaagene cluster, generated by long-range
PCR. Boundaries of genes are defined by their transcription initiation
and polyadenylation signals, except in the case of the pseudogene
In the present report, a recently described technique for thea4 the boundaries of which are defined by the extremes oSt

amplification of large DNA fragments was used to chagequence published by Lowell and co-workers (1986b). The positions

; : . of overlapping PCR products which were generated in the construction
acterize the mousBaacluster, which was found to Comamof the map are also indicated as follows:MSAA1LR/MSAA2LR

the genes-Saa2sis-Saalsis-Saa4sis-Saassi5-Saals,  pCR productb MSAAILF/MSAAALR PCR productc MSAAALF/
in that order. The Expand PCR system uses an enzymS8AA5LR5'B PCR productd MSAASECORIF/MSAASECORIR PCR
mixture of thermostable DNA polymerases, and is capatieduct;e MSAASLF/MSAA3LR PCR product
of amplifying fragments of up to 27 kb from genomic DNA
(Barnes 1994; Cheng et al. 1995). To our knowledge, this is
the first study which has applied this system to the dissdtxat the mousé&Saagenes may have a common transcrip-
tion of gene order within a linkage group. tional regulator(s). Precedent exists for the clustering of
There are several advantages in adopting such an apkaryotic genes with a common transcriptional regulator
proach, since the concurrent determination of both tire close proximity of each other. For example, major
distance between, and the relative transcriptional orientdstocompatibility genes are transcriptionally regulated by
tions of, adjacent loci is facilitated. In addition, distanceisterferon (IFN) and map, within a conserved linkage
between genes may be more accurately defined thangisup, to human Chr 6 and mouse Chr 17 (Peska et al.
possible with alternative techniques (such as long-ran®87). Furthermore, the observation that the SAA-encoding
restriction digestion mapping), since precise positions génes of both mouse and human exist in tight clusters
oligonucleotides used in the PCR assay are known, asubgests that selective pressure may maintain genes which
PCR products may be sized accurately using agarase under coordinate transcriptional control within close
electrophoresis with appropriate size markers. The Expaplgysical proximity.
PCR system is currently limited, however, to the assess- Comparison of the mous®aagene cluster map with that
ment of gene clusters in which adjacent loci lie no momef humanSA#As (Sellar et al. 1994) reveals that the former is
than 27 kb apart, although amplification of fragments largepnsiderably more compact, spanning no more than 45 kb,
then 27 kb may be possible in the future (Cheng et ah contrast to at least 150 kb for the human gene cluster.
1995). Thus, although the present study successfully pxamination of relative map positions alone suggest that
duced a map of the mou&naregion using this technique,the evolutionary handogues of the mousaaland Saa2
it would not be applicable to characterization of, fogenes are the huma®AA2and SAAlgenes, respectively.
example, the humaBSAAgene cluster (Sellar et al. 1994)Furthermore, the maintenance of the same relative tran-
It is clear, therefore, that this approach is useful only in treeriptional orientation in both species suggests that there
dissection of tightly clustered linkage groups, althoughave been no gross rearrangements, such as duplications or
broader applications will be possible if technical improvenversions, affecting these loci since divergence of the
ments are made in the future. common ancestor to give the human and mouse lineages.
We have established that the genes encoding the moBsevious evolutionary analyses, by computer-based com-
SAAs lie within 45 kb of each other on Chr 7 in the ordeparison of nucleotide and protein sequences, failed to
3-Saa2s5-Saalss-Saadsis-Saabss-Saads. This tight  identify the human and mouse acute phase gene homolo-
linkage is likely to be of considerable functional imporgues, since their sequences are highly similar (Uhlar et al.
tance, since Lowell and co-workers (1986 a) have describE@94). Thus, comparison of the positional information for
co-ordinate transcriptional regulation of the acute-phas®use and human SAA-encoding genes provides the best
Saagenes during the APRSaa5expression in the liver is means, at present, of suggesting homologues for mouse
also known to exhibit a rapid, albeit muted, response $aalandSaa2
inflammatory stimuli (de Beer et al. 1994). These observa- The humanSAA3gene, although occupying a position
tions, taken together with the fact that enhancer sequenwgthin the human cluster comparable with that of the mouse
of higher eukaryotic genes can increase transcription $8a3location presented here, is a pseudogene, and there-
genes located at least 69 kb upstream or downstrefore is clearly not a modern functional homologue of mouse
(Serfling et al. 1985; Winoto and Baltimore 1989), suggeSaa3(Sack and Talbot 1989; Kluve-Beckerman et al. 1991;

Discussion
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Sellar and Whitehead 1993). However, hunBfAA3is a Health Research Board of Ireland, and Wellcome Trust Program Grant

pseudogene by virtue of a minor mutation, namely a Sin%gggéllg. Computer analyses were supported by Wellcome Trust Grant

base insertion. Furthermor&§AA3 sequences defined in '

three non-human primates indicate that the insertion is

present in two higher primates, the chimpanzee and gorilla,

while it is absent in an Old World primate, the macaque

(Kluve-Beckerman et al. 1991). This suggests that humBeferences

SAASis a pseudogene by virtue of a mutation that is verX , _ _

recent in evolutionary terms. Thus, the mouSaa and Altschul, S. F., Gish, W., Miller, W., Myers, E. W., and Lipman, D. J.

humanSAA3genes mav have been functional homoloau Basic local alignment search todl.Mol Biol 215:403-410, 1990

. gent y U3 dolato, R., Ming Wang, J., Murphy, W. J., Lloyd, A. R., Michiel,

in the comparatively near past, although t88A3gene D. F.,, Bausserman, L. L., Kelvin, D. J., and Oppenheim, J. J. Serum

product is clearly no longer essential in human. amyloid A is a chemoattractant: induction of migration, adhesion
Comparative map positions, together with relative tran- f‘”‘lj( ti)slfued :E”ﬁ'"&“%nmogz&ongggtelsggi”d polymorphonuclear
. . . . eukocytes.J Exp Me - ,

scriptional orientations, s_uggest that either mo8s@4or Banka, C. L., Yuan, T., de Beer, M. C.. Kindy, M., Curtiss, L. K., and

Saa5may be the evolutionary homdogue of the human ge Beer, F. C. Serum amyloid A: influence on HDL-mediated

constitutively expressefAA4gene (Whitehead et al. 1992;  cellular cholesterol effluxJ Lipid Res 36:1058—1065, 1995

Steel et al. 1993). Therefore, pairwise alignments weBames, W. M. PCR amplification of up to 35 kb DNA with high

performed between exon 3 and exon 4 sequences of thes da‘i'f\ycj‘g‘dsﬂigﬂg’f'ggﬁ'_az";t;%a fggf”c’phage templakase

genes. Optimal alignment of hum&AA4and mouse&Saa4 gjin, N. and Stafford, D. W. A general method for isolation of high

necessitated the introduction of a 24 base pair (bp) gap inmolecular weight DNA from eukaryotes\ucleic Acids Res 3:

the pseudogene sequence, corresponding to the position of 803-305, 1976 _ )

previously characterized octapeptide insert in the SAAter. A., Rochelle, J. M., Seldin, M. F., and Whitehead, A. S. The
tein (Steel et al. 1993). On this evidence alone we gene encodmg the mouse serum amyloid A protein, apo-SAA5,

prote - . : : maps to proximal chromosome fmmunogenetics 42153 —-155,

consider it unlikely that the mouse pseudogene representsigos

an evolutionary homdogue of hum&BAA4 In contrast, Cheng, S., Fockler, C., Barnes, W. M., and Higuchi, R. Effective

P ; genomic DNA.Proc Nat Acad Sci USA 956695—-5699, 1995
indicates that these genes may have been functional horeqhen, A. S. and Calkins, E. Electron microscopic observations on a

logues, since no gap needs to be introduced for optimalfiprous component in amyloid of diverse originblature 183:
alignment, and 73% nucleotide identity is evident across 1202-1203, 1959

the exon 3 and 4 sequences. Caution must be exercidegiBeer, M. C., Beach, C. M., Shedlofsky, S. I., and de Beer, F. C.

; ; ; dentification of a novel serum amyloid A protein in BALB/c mice.
however, since the degree of protein sequence d|vergence(Biochem 3 28045-49, 1991

between mouse Saa5 and human SAA4 is striking Whgg geer, M. C., Kindy, M. S., Lane, W. S., and de Beer, F. C. Mouse
compared with the limited divergence between, for exam- serum amyloid A protein (SAA5): structure and expressibiol

ple, the mouse and human genes which encode A-SAAsChem 2694661-4667, 1994
(Uhlar et al. 1994). Gouy, M., Gautier, C., Attimonelli, M., Lanave, C., and diPaola, G.

. ACNUC-a portable retrieval system for nucleic acid sequence
A final noteworthy feature of the mouSaagene cluster - i-pases: logical and physical designs and us@genp Appli

map presented here is the extremely short interval which Biosci 1:167-172, 1985
separates the mousgaad pseudogene and the Bnd of Kisilevsky, R. and Subrahmanyan, L. Serum amyloid A changes high
mouse Saa5 (approximately 1.7 kb). This suggests that density lipoproteins cellular affinity: a clue to serum amyloid As

elements which regulate the transcription $aa5may \%'E‘Efé%aklem;ﬂonéLabD'rﬁ\r’ﬁﬂ 6&775_7;5& 1§§§Son M. D. Non

reside within the pUbHShe_d pseudogene sequence (Lowellgxpression of the serum amyloid A three (SAA3) gemNA
et al. 1986b), as well as in the sequence separating theseell Biol 10: 651-661, 1991

genes. Since SAAS is essentially constitutively expressediang, J. and Sipe, J. D. Recombinant human serum amyloid A

: ; (apoSAAp) binds cholesterol and modulates cholesterol flux.
liver, is present as a normal component of HDland J Lipid Res 363746, 1995

exhibits very different acute phase induction kinetics tQell, c. A., Stearman, R. S., and Morrow, J. F. Transcriptional
those of the mouse A-SAA proteins, it is of considerable regulation of serum amyloid A gene expressidrBiol Chem 261:
interest to characterize any transcriptional elements which 8453-8461, 1986a

may contribute to the control of expression of moudeWell C. A, Potter, D. A., Stearman, R. S., and Morrow, J. F.
. . Structure of the murine serum amyloid A gene familyBiol Chem

SAAS. Thus, we are currently extending our character_lza- 261: 84428452, 1986b

tion of the mousé&aagene cluster by sequencing the regioRitchell, T. I., Coon, C. 1., and Brinckerhoff, C. E. Serum amyloid A

betweenSaadand the 5 end of Saa5 Sequence derived (SAA3) produced by rabbit synovial fibroblasts treated with

from this analysis, as well as that published &aa4 will phorpol esters_or inte_rleukin 1__induc¢_es synthe_sis of collagenase
then be subjected to computer-based analyses, in the hop879. 'S neutraised with specific antiserurd. Clin-Invest 87:

of identifying transcriptional control elements for mouseiitchell, T. 1., Jeffrey, J. J., Palmiter, R. D., and Brinkerhoff, C. E. The
Saab acute phase reactant serum amyloid A (SAA3) is a novel substrate
for degradation by the metalloproteinases collagenase and
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