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ABSTRACT Six a,-macroglobulin (a;M) cDNA clones
were isolated from a human liver cDNA library by using syn-
thetic oligonucleotides as hybridization probes. One of these,
pa;M1, carries a 4.6-kilobase-pair insert, which was se-
quenced. The insert contains the coding sequences for the ma-
ture a,M polypeptide (1451 amino acids) and for a 23-amino
acid signal peptide at the NH, terminus of the precursor pro-
a;M. At the 3’ end of the insert a poly(A) addition signal A-A-
T-A-A-A and part of the poly(A) tail of the messenger RNA
were found. The protein sequence deduced from the nucleotide
sequence agrees with the published «;M amino acid sequence
for all except three residues. The a,M locus was assigned to
human chromosome 12 by Southern blot analysis with DNA
from a panel of mouse/human somatic cell hybrids, using &,;M
¢DNA as a hybridization probe.

a-Macroglobulin (a;M) is a serum glycoprotein and a major
plasma proteinase inhibitor with a wide specificity. a,M-re-
lated proteins are present in all vertebrate species (1-4). Hu-
man a,M is a tetramer of four identical 185-kDa subunits,
arranged as a pair of dimers each consisting of two disulfide-
linked monomers (5, 6). The a;M polypeptide has a so-called
bait region and an internal thiol ester bond, which account
for its properties as a proteinase inhibitor. The bait region,
composed of a series of target peptide bonds for plasma pro-
teinases (7, 8), is located close to the center of the monomer-
ic subunit. The thiol ester bond is a covalent linkage between
the y-carboxyl function of glutamate residue 975 and the sul-
hydryl group of cysteine residue 972 (9-12). Cleavage of the
bait region by proteinases leads to a conformational change
of the ;M molecule. This conformational change activates
the thiol ester bond, leading to its hydrolysis and as a conse-
quence to covalent binding between the proteinase and a;M
via the reactive glutamate 975. a;M receptors are present on
the surfaces of fibroblasts and macrophages. These receptor
proteins preferentially bind a,M-proteinase complexes or
a;M molecules with hydrolyzed thiol ester bonds (13, 14).
This suggests that the conformational change, which accom-
panies the complex formation between a,M and proteinases
and the hydrolysis of the thiol ester bond, exposes regions of
the a;M molecule that are recognized by these receptors.
Receptor-mediated endocytosis of proteinase-a,M com-
plexes by macrophages and liver cells leads to clearance of
the complexes from the circulation.

Internal thiol ester bonds are also found in the comple-
ment proteins C3 and C4 (15), which are derived from pre-
cursor polypeptides of size similar to a,M (180-200 kDa).
Their thiol ester sites are found in positions comparable to
those in a;M, and the amino acid sequences of all three thiol
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ester sites are conserved. These observations led to the pro-
posal that the C3, C4, and a,M genes are derived from a
common ancestral gene (16). The sequences of murine and
human C3 and human C4 and partial cDNA sequences of
murine C4 have recently been determined (17-21). Compari-
son of human a;M with murine C3 revealed a 25% overall
sequence homology (17, 18, 22), supporting the proposal of
their common evolutionary origin. The human C3 gene is lo-
cated on chromosome 19 (23), and the human C4 genes map
to the histocompatibility complex on chromosome 6 (24).

In addition to binding to proteinases, a,M can also adhere
to small molecules, including lectins, cations (zinc), basic
proteins (myelin basic protein, histone H4), and platelet-de-
rived growth factor (PDGF) (1, 25). The binding mechanisms
involved are probably unrelated to the trapping of protein-
ases because adherence of small molecules does not prevent
the proteinase binding (1). A physiological role for the com-
plex formation between a,M and these small molecules has
not been established. The striking similarity of the amino
acid sequences of PDGF and p28°**, the transforming protein
of the simian sarcoma virus (26, 27), suggests that viral and
other cellular transformation mechanisms may be mediated
by growth factor-like proteins. Thus, a;M may serve as an
important role in limiting the effects of PDGF-like mitogens.

The amino acid sequence of a;M has recently been report-
ed (28). For our future studies of the structural properties of
a;M that underlie its functions and of the regulation of
expression of the a;M gene, it is necessary to prepare cDNA
clones and to derive the complete cDNA sequence. Here we
report the isolation and sequence analysis of human a,M
cDNA clones and the assignment of the human a,M locus to
chromosome 12.

MATERIALS AND METHODS

Materials. Restriction enzymes were from Boehringer
Mannheim, DNA polymerase I (Klenow fragment) was from
Bethesda Research Laboratories, and the 17-nucleotide uni-
versal sequencing primer was from Collaborative Research.
T4 DNA polymerase and dideoxy- and deoxynucleotide tri-
phosphates were from P-L. Biochemicals. The radionucleo-
tides [a-*?P]dCTP (>400 Ci/mmol; 1 Ci = 37 GBq) and
deoxyadenosine 5'-(a-[**S]thio)triphosphate (>400 Ci/
mmol) were from Amersham. T4 DNA ligase and the Esche-
richia coli strain IM101-TG1 were gifts from D. Bentley and
T. Gibson. Oligonucleotide probes were synthesized by Cre-
ative Biomolecules (South San Francisco, CA).

Synthetic Oligonucleotide Probes and Isolation of cDNA
Clones. The construction of the human liver cDNA library
enriched for mRNA species over 2000 nucleotides in length

Abbreviations: C3 and C4, third and fourth components of comple-
ment; a,M, a,-macroglobulin; kb, kilobase pair(s).
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with the plasmid vector pAT 153 Pvu II-8 has been previous-
ly described (19). Two methionine residues at positions 1378
and 1385 of the human a,M sequence (28) and their sur-
rounding sequences were chosen as probe sites because they
were encoded by nucleotide triplets with minimal degenera-
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cy. These amino acid sequences are Asn-Met-Ala-Ile-
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Val-Asp and Asp-Val-Lys-Met-Val. The corresponding
oligonucleotide mixtures were

A
5'-T-C-N-A-C-G-A-T-N-G-C-C-A-T-é-T-T-3'
T
(N represents all four nucleotides) and

5'-A-C-C-A-T-L-T-T-N-A-C-A-T-C-3".

This ¢cDNA library consisted of about 15,000 different
recombinant clones; 30,000 colonies were plated on nitrocel-
lulose discs. A set of replica filters were prepared from the
master filters (29). Colonies on replica filters were grown,
then transferred to chloramphenicol plates to amplify the
plasmid. The colonies were processed (30, 31) and hybrid-
ized with kinase 3?P-labeled (32) 14-mer and 17-mer oligonu-
cleotide mixtures. Positive colonies were rescreened until
genetic homogeneity was reached. The length of cDNA in-
serts was determined by restriction analysis with the en-
zymes HindIII and Sal 1.

DNA Sequence Analysis. Plasmid DNAs carrying the long-
est cDNA inserts were digested with HindIIl and Sal 1. The
fragments were separated by electrophoresis in low-melting
agarose gels and recovered from the agarose by extraction
with phenol. Shotgun cloning of random 200- to 400-base-
pair subfragments in the Sma I site of the phage M13 mp8
vector and preparation of single-stranded DNA from phage
particles were performed as described (33). DNA sequences
were determined with the dideoxynucleotide chain-termina-
tion method (34), using deoxyadenosine 5'-(a-[**S]thio)tri-
phosphate and buffer gradient gels (35). DNA sequence data
were analyzed by using Staden’s computer programs (36—
38).

Chromosomal Assignment of the @;M Locus. All human/
rodent somatic cell hybrids grown for DNA preparations
(Table 1), have been recharacterized as to human chromo-
some composition by karyotyping (39, 40), human isozyme
analysis (41, 42), or both. High molecular weight DNA from
human, rodent and hybrid clones was digested with the re-
striction enzymes EcoRI, Pst I (Boehringer Mannheim), or
Tagq 1 (P-L Biochemicals). Resulting fragments were electro-
phoretically separated in 0.7% agarose gels. DNA was dena-
tured and transferred to nitrocellulose filters (Schleicher &

Table 1. Assignment of the a,M locus to chromosome 12
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Schuell) (43). Filters were hyridized with nick-translated (44)
asM ¢cDNA in 2.5%x NaCl/Cit (1x NaCl/Cit is 150 mM sodi-
um chloride/15 mM trisodium citrate), 10X Denhardt’s solu-
tion (2% Ficoll/2% bovine serum albumin/2% polyvinylpyr-
rolidone), 0.1% sodium dodecyl sulfate, 6% polyethylene
glycol 6000 (Fisons, Loughborough, England) or 10% dex-
tran sulfate, and denatured salmon sperm DNA at 50 ug/ml.
Hybridization was carried out at 65°C overnight. Filters
were washed at 65°C successively with 2x, 1x, 0.3x, and
0.1x NaCl/Cit, three times for 20 min each.

RESULTS

Identification and Sequence Analysis of cDNA Clones. A
human liver cDNA library was screened with two mixed
synthetic oligodeoxynucleotide probes, a 17-mer and a 14-
mer constructed on the basis of known amino acid se-
quences. Of 30,000 colonies screened, 34 clones hybridized
with both the 17-mer and 14-mer probes.

After restriction enzyme analysis of the cDNA inserts, six
recombinant plamids were selected for detailed analysis.
One of them, pa;M1, carries a 4.6-kilobase pair (kb) insert
whose nucleotide sequence was determined. The nucleotide
sequence from the 5' nontranslated region to the poly(A) tail
of the mRNA and the derived amino acid sequence are given
in Fig. 1. The complete coding sequence was determined on
both DNA strands; each character was determined 3.75
times on average. A methionine encoding triplet (nucleotides
44 to 46) was identified as the translational initiation site.
This methionine, together with the following 22 amino acid
residues, forms the signal peptide of the a;M protein, which
has not previously been described. Thus, a,M must be syn-
thesized as a pro-a,M precursor polypeptide. The a;,M sig-
nal peptide has a 10 out of 23 amino acid residue sequence
homology with the mouse complement C3 signal peptide
(Fig. 2 and ref. 17). This similarity further supports the idea
that the C3 and a;M genes must have a common evolution-
ary origin (17, 22). The amino acid sequence derived from
the cDNA sequence was compared with the a,M amino acid
sequence determined on the protein level by Sottrup-Jensen
and collaborators (28). Only three variant residues were
found: cysteine vs. glutamic acid at position 563, glutamine
vs. glutamic acid at 975, and valine vs. isoleucine at 1000.
Residue 975 participates in the formation of the thiol ester
bond (28). When the mature protein is sequenced, the bond
is hydrolyzed and this residue manifests itself as glutamic
acid. However, the cDNA sequence reveals the original resi-
due at this position to be a glutamine. Similarly, cDNA se-
quence predicted glutamine residues in the thiol ester se-
quences of the related murine C3, C4, and sex-limited pro-

Human chromosomes

Hybrid Human e;M gene 1 2 3 4 5 6 7 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X
1aA9.498 + - - - - - + - - - -+ - - - - - - - - 4+ - +
MOG2 + + + + + + o+ o+ + + + + 4+ 4+ 4+ + + o+ + -+ o+ 4
DT2.1.2 + - - - - - - = -+ + + 4+ - + - 4+ - - - + 4+ +
SIR7.4ii + + + % - - - -+ + - = - - - + - +
SCC16.5 - - - - - - - - - - - - - - - - - - - -+ - %
HORL 9X - - - - - - - - - - - - - - - - - - - = - -
MCP6 - - - - - - 4+ - - - - - - - - - - = - - = - 4
MOG2.1ii - + - + + + + - + -+ - 4+ 4+ 4+ 4+ 4+ 4+ o+ 4+ o+ -+
CTP41.2.A2 - -+ - - + + - - - = + - - - +

Human/rodent somatic cell hybrids tested for the presence of the human a,M gene. References for the hybrids are 1«¢A9.498, SCC16.5 (gift
of D. Cox, Department of Pediatrics, University of California, San Francisco); MOG2, MOG?2.1ii (49); HORL9X (50); MCP6 (51); CTP41.2.A2
(52). A human chromosome is scored + if it is present in at least 10% of cells by karyotyping or the marker enzyme is clearly present by
electrophoretic or immunological assay; + indicates that the marker is present very weakly by enzyme assay. An empty space means not

determined by either karyotyping or marker enzyme assay.
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K N K L L HP S L VL L L LV LLPTDASUV S
GCTAChATCC&TCTBGTCTCCYCCAQCTCCTTCTTTCTBCAACATBGOBQ“GA&COQ‘CTCCTTCATCCAABYCTOBTYCTfCTCCTCTYGDTCCTCCYGCCC‘COOQCGCCTC‘BYCTC
6 K P O Y M V L VP S L L HTETTETZ KT GT CUWVLL S Y L NETUWVT VS A S L E 8
TGGAAAACCGCAGTATATGGTTCTGGTCCCCTCCCTGCTCCACACTBAGACCACTBAGAAGGBCTOTOTCCTTCTGAGCTACCTBAATGABACAGTGACTGTAAGTGCTTCCTTGGAGTC
V R 6 NR S L F T DLEAENDUVLHCUV AF AUV P K S 86 8§ NTETEUVNF L TV aa
TGTCAGGGGAAACAGGAGCCTCTTCACTGACCTGGAGGCGGAGAATGACGTACTCCACTGTGBTCGCCTTCGCTGTCCCAAAGTCTTCATCCAATBAGBAGGTAATGTTCCTCACTGTCCA

@ E F K K R T T V M ¥V K NE D S8 L VF V@ TDKJSTI Y KPGBG @ T UVKF
QGTGQA‘GGACCAQCCCAAG‘ATTTQAGQAGCGGACCGCAGTGQTGGTTAABQACOGOGACAGTCTOOTCTTTOTCC&OAC‘O‘C‘AaTCAATCThch‘ACCAGOGCAGhCABYGAGATT

RV v s ¥ I E N F H E 1 L Y 1 P K G Q W o s F @ L E 6 6
TCGTGTTGTCTCC‘TGGﬁTG“AhACTTICACCCCCTG““TGAGTTGQTYCC&CTGBTQTACATTCABG‘TCCCQAABBAQAYCGCQ?COCQC‘ATBDCGOABTTTCCABTTAB‘GGBTGB

Qa F S F L § 8§ F @ 6 § 6 6 R T E F T V E E F Vv L
CCTCA“GC““TTTTCTTTTCCCCTCTCﬁYChGﬁBCCCTTCC“GOBCTCCTACAAOOfBOTGGTACGGQAGAAATCAODTGGQABG‘CAB&BC‘CCCTTTCACCBTGB&GG“QTTTGTTCY

P K F E V Q@ V T VP K I T 1 L E E E N C 6 L Y T Y 6 K P VP B HV TV
YCCCAAGTTTG&AGTACA‘GYA“C&GTGCC&A&G&TAaTCACCﬁTCT7BGAﬁBAAﬁABATGA‘TOYATCGBTBTGTGBCCYATQCACQTATBBOA‘BCCTGYCCCTOGACATGTGACTOT

§ I C R K Y S D A S D CH G E D S @ A F C E K F 8§ 6 @ L H 6 C F Y @ @ K
G“GCATYTGCﬁG“AﬁGTﬁTAGTBQCGCTTCCGACTGCC“CGGTG&AB«TTCAC‘BBCTTTCTBYBAG&‘ATTCABTGGQCAOCTQAACABCC“TBGCTGCYTCT“TC‘GC‘“GTAA.&GC

F E K L H E A E E G T vV E L T 6 R Q@ S S E 1 T R T
CﬁﬁGGTCTTCCABCTG““GAOG&AGBAGT&TGﬁﬁhTBAAﬁCTTCﬁCACTGQBBCCCAOA7CCAABQABAABG‘AC‘GTBOTBOAATTGQCTGGﬁAGGChBTCChGTBAhhTChCﬁﬁBﬁAC

I s F vV D H F R Q 6 I P F F 6 @ V R L VD G K G V 1 P N K V I F
CaTAACCA&ACTCYCﬁTTTGYGA““GTGG“CTCﬁCACYTTCB“C&GBB“&TTCCCTTCTTTGGOC&GGTBCBCCYABTQB‘TOGOAO‘BGCBTCCCYhTﬂCCAﬁﬁT‘ﬁhGTCAThYTCAT

G E T T D E H 6 L F S I N T TNV KM G T S LT VRV NYK
ChBﬁGGﬁﬁﬁTGAﬂBCA“ACTaTTQCTCCQQYGCTﬁCCﬁCGGﬁTG“GC“TGGCCTTGTACAGTYCTCTA1CQQC“CCACCﬁhCGTTATBGGYACCTCTCYT‘CTBTT‘BBBTCAATYACaO

b0 R S F C G Y @ W S E E €E E AHH T A Y LV F S P S K S F V H L EP M S H
GG&TCGYAGTCCCTBTTACGGCYhCCﬁGYGGGY61CnGAAGAhCﬁCGﬁAGAGGCﬁCATCaCﬁCTGCTTﬁTCTTBTGTTCTCCCCGAOC“QG&GCYTTBTCCACCTTBABCCCATOTCTCA

E L F C G H T @ TV @ A HY I L NGSG6OGTLL G6 L K KL SF Y Y L I 4 AKTGTGTIV
TGAACTACCCTGTGGCCATACTCAGACAGTCCAGGCACATTATATTCTGAATGGAGGCACCCTGCTGGGGCTGAAGAAGCTCTCCTTTTATTATCTGATAATGBCAAAGGGAGBCATTGT

K T 6 T H 6 L L V K@ E D N K F § 1 § I P V K SDTI APV ARLTILTITY AUV L
ccsaacrossacrcarssacrccvtsrsaaccaooaasacarsaasesccarrrrrccarcrcaarcccrsreaastcaaacarrecrccrorcecrcsoTrscrcarcrarocrutrrr
PT r vV IG DS A K Y D VENTCTLAN ] S F 8 P 5 G 5 L P A S H A H L R
accraeccsscacsruaTrssooar1cTscaaaarATsarsr1saaaar1srcrssccaacaaestssarrroaec1rcascccorcacaaaarcrcccaaccrcncacscccaccrscs
vt A F'Q S VCALGR A AUVDA @SV LL MK ] E L S A S S VY NLLZPETKSFDED
acrcacaucoccrccTcasrccsrcrcceccctccurccro1osaccaaascerscractcatsaacccToarecToaccrcrcaocorcctcoorrraca«ccrscraccaoaaaassa
L T 6 F P 6 L DG I E D H N 1 6 I T Y T P $ § T N E K D M
ccrcacrssc1rcccrsscccrrrsaarsaccacsaccarsaasacrucarcaarcsrcAraarsrctarnrraarsaaarcacntaTacTcc«ﬁrarcaaeracaaatauaaaauarar
Cleavage

Y S F L ED M 6 L K ATF T NGSIKTIRTEKTPTIKMTCTPO QL OGQYEMNHGPESG
GTACAGCTTCCTAGAGGACATGGGC TTAAAGGCATTCACCAACTCAAAGATTCGTAAACCCAAAATGTGTCCACAGCTTCAACAGTATGAAATGCATGGACCTGAAGGTCTACGTBTAGE
Site
F Y E S D V M 6 R 6 H A K L V H UV ETETPMHTETUVRKYFPETWIWDLVVVY
TTTTTATGAGTCAGATGTAATGGGAAGAGGCCATGCACGCCTGGTGCATGTTGAAGAGCC TCACACGGAGACCGTACGAAAGTACTTCCCTGAGACATGBATCTGBGATTTGGTGGTGGT

N S A GV AE UV 6 YV T VPDTTITETUWTIKT ASGATFT CLSETDAGSGLGTISSTASL
AAACTCAGCAGGGGTGECTGAGGTAGGAGTAACAGTCCCTGACACCATCACCGAGTGGAAGGCAGGBGCCTTCTGCCTGTCTGAABATGCTGGACTTGGTATCTCTTCCACTGCCTCTCT

R A F G FP F F V E L T M P Y S VIRUGEHSATFTLKATUWVLNYLZPKTCTI®RUVSUV
CCGAGCCTTCCAGCCCTTCTTTGTGGAGCTTACAATGCCTTACTCTGTGATTCBTGGAGAGGCCTTCACACTCAAGBCCACGGTCCTAAACTACCTTCCCAAATGCATCCBBBTCAGTAT

L E A S P A F L A VP V E KE 0 P H CI CANGRUOTWUV S W T P K 8§ L G
GCﬁGCTBG“&GCCTCTCCCGCCTTCCTTGCTGTCCCAGTGGGG“&GG&“CﬁaGCGCCTCACTGC“TCTGTGC&QACBGGCGGCAAACTGTGTCCTGGGC&GTAACCCCAAAGTCATTAGG

N VNF T VS AES ALTETSS GETLTCG®GTEUVYV P SV P EHGERKDTUVIKPL E
ﬁhATGYGﬁﬁTTTCACTGTGﬁGCGCﬁG“GGChCTAG“GTCTCA“G&GCTGYGTGGGACTGAGGTGCCTTC&GTTCCYOA‘C&CGG“ABGGQ“GQCACQGTC“TCO&BCCTCTGTTGGTTGA

F E G L E K E T T F NS LLTCEP S 6 6 E VYV S EE L S L KLFPP NUVUVETETSARA
ACCTGAAGGACTAGAGAAGGAAACAACATTCAACTCCCTACTTTGTCCATCAGGTGGTGAGGTTTCTGAAGAATTATCCCTGAAACTGCCACCARATGTGGTAGAAGAATCTGCCCGAGE

Thioester sm
s V S L 6 b 1 G S A M O N T O NL L QMM P Y 6 C G E L] L F a P 1 Y v
1TchTcrcasTr7rGcﬁaoacnrarrasucTcrsccatscaaaacacacaaaarcTrcrccasnrecccraroecrerooa A aoaatureorccrcrrrocrc:raacatcraror

D Y L N E T @G 0L T P E K 8§ K A I G 6 Y @ R @ L N Y K D G S Y S
ﬁCTGGﬁTTATCT“QATGAQACQCQGCQGCT1ﬁCTCCﬁGaGGYCQAGTCCAAGGCCATTGGCThTCTCAAC&CTGGTTACC&BAG&C“GYTG““CTﬁCﬁﬁhCﬁCTOTBAYGGCTCCTAC&G

T F 6 E R Y 6 R NG G N T W L T F VLKTTF AQ@ARA AYTTIF I DEAHTITDOQA
CRCCYTTGGGGAGCG&TATGGCQGGA“CCﬁGGGCAACkCCTGGCTC&CAGCCTTTGTTCTGAAGACTTTTGCCC“ABCTCGAGCCT“CATCTTCﬁTCGhTOA“GC&C‘CQYTACCC‘ABC

I W L S @ R @ K 6 C F R S S 6 8 L L N I K 6 6 Vv E D T L S A Y I T
CCYCQTﬁYGGCTCTCCC“GAGGC&GA“GG“C&&TGGCTGTTTC“GG“GCTCTGGBTCQCTGCTCQACAATGCCATQAQGBGAGBGGTQGAQGQTGGAGTGACCCTCTCCBCCTATATCAC

L L E I P L A L cC L E S A Q@ E G 6 S H Vv Y T
CﬁfCGCCCTTCTGB&G&TTCCTCTCQCAGTCﬁcYCGCCCTGTTGTCCGCA&TGCCCTGTTTTGCCTBG“GTCAGCCTBBAQBACQGCACQGGQABBBBACCATGGCAGCCATGT&TATﬁC

K AL L A Y AF ALAGNTO GTUDTKT RTEKTEU VTLIEKSTLNETET AV KKTDNSUV HWER F
CﬁAﬁGC“CTGCTGGCCT“TGCTTTTGCCCTGGC“GGTAﬁCCAGGAC&&B“GG“QBGQ&BThCTCA“GTChCTTak?GGGBQABCTGTBA&GQAQGAcﬁACTCTBTCC“TTBGGAOCBCCC

@ K P 3 [ 3 E TS YV Yy L T @ P AP T S E
rcaaaaacccaasscaccasressocavrrvtAcsnaccccasccrcccrc1octsoosrosaoaraacnrccr»rs1ecrccrcscr1arcrcacascccnsccasccccaaccTcssa

DL T § A T NT UV K W 1T a & N @ 6 6 F s s T D T VvV V AL H AL S A
GGACCTG&CCTCTBCA&CC&&CATCGTGAQBTGG&TC&CG&QGCQGCQGAATGCCCABBGCGGTTTCTCCTCCACCCﬁGGQChC‘BTGGTGBCTCTCCAYBCTCTGTCC&QATATGB&BC

AT F T KR T 6 K S § G § § K F @ D N N L L L@ av s L P
CGCC“C“YTThCCﬁGGﬁCTGGGA«GGCTGC&CAGGTG“CTQTCC&GTCTYCAGGOACATTTTCCQBCQAATTCCA&GTBBACQAC&AC&ATCBCC?GTTACTGC‘GC‘GBTCTCQYTGCC

E L P G E Y S N KUY TG EGCUV Y L@TS L K Y NTLPEKTETETFPF ALGYV Q
AGAGCTGCCTGGGGAATACAGCATGAAAGTGACAGGAGAAGGATGTGTCTACCTCCAGACCTCCTTGAAATACAATATTCTCCCABAAAAGBAAGAGTTCCCCTTTGCTTTAGGAGTGCA

Q €C b E F K A H T § e 1 s L S s T 6 S S A S M
GaCTCTGCCTC&Q“CTTGTG&TGO&CCCﬁﬁ“GCCCACQCChGCTTCCﬁ&ATcTCCCTQAG?BTChGTT“CQCABGBQBCCBCTCTBCCYCCAACA?GBCBA'CBTTBATGTB‘AGATGOT

¢ 6 F I F L K P T V KN L ER S NHUV S R T E UV S S NHUV LI YLDKUV S NTGT
CTCYBGCTTC&TTCCCCTG“hGCCAﬁChGTBﬁﬁ“dTGCTTGA‘&G“TCTQACCATGTBQBCCGGACOGGQGTC“BCQGC&ACChTGTCTTBﬁTTTQCCTYBQTQAGGTGTCAQOTCABQC
L F F T VL Q@DUV P UV RDLKUZPATIUVKWUVV Y DY E T D E F A I E Y N A P
acTGaGCTTGTYCTTCGCGGTTCTGC‘ABAYGTCCCABTAAGQBATCTCAAACC‘GCCQTABTBA‘ABTCTﬂTGA?TAcTACGAB‘CGB‘TOGBTTTGC&‘TCBCTGAGTQCQATBtTCC
C S K b L G N A X
TTGCAGC&A#GATCTTGBﬁAﬁTGCTTBAAG&CC“CAAGGCTGQQGAGTGCTTTGCTBBAGTCCTGT‘CTCTGABCTCC‘COGG‘B‘C&COYBTTTTTGThYCVTTQhQBhCTTOQ16AAT

AAACACTTTTTCTGGTCAAAARAAARA

Fig. 1. (Legend appears at the bottom of the next page.)
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Murine C3 MGIPASGSQL -

Human A2M MGIKNKLLHPS

Proc. Natl. Acad. Sci. USA 82 (1985) 2285

LVLLLLILASS

- LJAJL G

LVLLLL}-VLL|P|T D|A

FiG. 2. Amino acid sequence homology between signal peptides of human pro-a,M and murine prepro-C3. The sequences were aligned to

give the best homology. The C3 sequence is from ref. 17.

tein and of human C3 and C4 (17-21, 46). At the 3’ end of the
cDNA sequence (nucleotide positions 4558-4563) an A-A-T-
A-A-A poly(A) addition signal was observed, 89 nucleotides
downstream from the translational stop codon and 14 nucle-
otides upstream from a stretch of 9 adenines, which appears
to be the beginning portion of the poly(A) tail.

Assignment of the a,M Locus to Chromosomie 12, The chro-
mosomal locus of the a,M gene was assigned by using so-
matic cell genetics. Fig. 3 shows human, mouse, and hybrid
DNA digested with Pst I and probed with a nick-translated
1600-base-pair cDNA fragment representing the 3’ proximal
portion of human ;M mRNA. The human DNA in track 1
shows restriction fragments of 16, 5.8, 5.5, 4.3, and 2.5 kb,
whereas the mouse DNA in track 10 shows major restriction
fragments of 9.5, 6, and 5.5 kb. Three low-abundance mouse
fragments are seen in some of the hybrids at 19, 14, and 3.5
kb. Hybrids in tracks 2, 4, and 9 are positive for the diagnos-
tic human fragments. Track 4 contains DNA from the hybrid
cell line 1a¢Aq.498, which contains human chromosomes 6,
12, 21, and X. Hybrid cell line SCC16.5 (track 5) is negative
and contains human chromosomes 21 and X. Hybrids MCP6
(track 8) and CTP41.2.A2 (track 6) are also negative and con-
tain chromosome 6, among others. These combined results
indicate that the human a,M gene is located on chromosome
12. Table 1 presents all of the hybrids tested and their chro-
mosome compositions. The only chromosome showing com-
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FiG. 3. Detection of human a,M gene sequences in human/
mouse somatic cell hybrids. Track 1, human (HU) line Molt-4 (47);
track 2, hybrid (hy) MOG2; track 3, hybrid MOG?2.1.ii; track 4, hy-
brid 1a¢A9.498; track 5, hybrid SCC16.5; track 6, hybrid
CTP41.2.A2; track 7, hybrid Hor19X; track 8, hybrid MCP6; track
9, hybrid DT2.1.2; track 10, mouse (M) line IR (48). DNA was di-
gested with Pst I and 25 ug of DNA was loaded per track. The + and
— refer to the presence and absence of diagnostic human fragments.

plete concordance with the a;M gene is 12. The other chro-
mosomes show at least two discordancies. Identical results
were obtained when the same hybrids were digested with the
restriction nuclease Taqg I. We therefore conclude that the
a;M gene is located on chromosome 12.

DISCUSSION

a,M cDNA clones were isolated in this study by using two
synthetic oligonucleotide probes representing neighboring
regions in the protein, located in its carboxyl-terminal por-
tion. Successive screening with both probes eliminated the
problem of false positives. One ¢cDNA clone was found to
contain an insert with the entire coding sequence for the a,M
protein, including its signal peptide. To date, no amino acid
sequence data are available to confirm the signal peptide se-
quence predicted from cDNA; however, the sequence shows
substantial similarity with the corresponding human and mu-
rine C3 signal peptides. The amino acid sequence derived
from cDNA confirms the protein sequence reported by Sot-
trup-Jensen and co-workers (28) in all but three residues.
The glutamine/glutamic acid difference in the thiol ester site
(residue 975) has been explained in Results. The finding of a
glutamine further supports our proposal that the formation of
the thiol ester is initiated with a glutamine rather than a glu-
tamic acid (46, 53). The difference between a cysteine and a
glutamic acid residue at position 563 raises a question about
the reported disulfide-bridge structure of the molecule (28).
Further sequence analysis of this region of the protein would
be desirable. The third difference, valine vs. isoleucine at
position 1000, might be due to a DNA polymorphism, be-
cause the corresponding coding triplets can be converted
from one to the other by a single base mutation resulting in a
conservative replacement between two functionally similar
amino acids.

The a;M gene belongs in a gene family together with the
complement C3, C4, and C5 genes. In mice, the C3 and C4
genes reside on the same chromosome, chromosome 17 (54);
in humans they reside on different chromosomes: C3 on
chromosome 19 (23) and C4 on chromosome 6 (24). Thus, no
selective pressure is apparent to maintain these loci on the
same chromosome after duplication and divergence. The as-
signment of the human a,M locus to yet a different chromo-
some suggests that no selective pressure keeps the C3, C4,
and a,;M loci together on the same chromosome.

From the data presented here we cannot definitively eval-
uate the number of a;M loci on chromosome 12. The possi-
bility exists that more than one a,M locus or cross-hybridiz-
ing loci might be present on chromosome 12, in analogy to
the duplicated C4 loci on chromosome 6. Rats and rabbits
have two a-macroglobulins in their serum: a;-macroglobulin
(x;M) and ;M (4). Both are similar in size, are proteinase
inhibitors, contain thiol ester bonds, share antigenic determi-
nants, and show similar amino acid composition and glyco-
sylation patterns (4). Thus, most likely they are products of
duplicated genes. For humans, an equivalent of the a;M pro-
tein has not been found. We had anticipated that an a;M-
related gene might be detected by cross-hybridization in the

Fi1G.1 (onpreceding page). cDNA and deduced amino acid sequences of pa;,M1, showing the 5’ nontranslated sequence, the signal peptide,
the entire ;M protein sequence, the poly(A) addition signal, and a portion of the poly(A) tail. The standard one-letter code for amino acids (45)
is used. The proteolytic cleavage site and the thiol ester site are underlined. Also shown are regions of nucleotide sequences from which the 14-
mer and 17-mer oligonucleotide probes were derived (broken underlines).
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human genome, but until now we have not found its trace.

The cDNA sequences reported here can be used for isola-
tion of the corresponding rat and human a,M genomic DNA
clones and for further studies of the control of expression of
these genes during acute inflammations (55).
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