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ABSTRACT Human apolipoprotein B-100 (apoB-100), the
ligand on low density lipoproteins that interacts with the low
density lipoprotein receptor and initiates receptor-mediated
endocytosis and low density lipoprotein catabolism, has been
cloned, and the complete nucleic acid and derived amino acid
sequences have been determined. ApoB-100 cDNAs were
isolated from normal human liver cDNA libraries utilizing
immunoscreening as well as filter hybridization with radiola-
beled apoB-100 oligodeoxynucleotides. The apoB-100 mRNA is
14.1 kilobases long encoding a mature apoB-100 protein of 4536
amino acids with a calculated amino acid molecular weight of
512,723. ApoB-100 contains 20 potential glycosylation sites,
and 12 of a total of 25 cysteine residues are located in the
amino-terminal region of the apolipoprotein providing a po-
tential globular structure of the amino terminus of the protein.
ApoB-100 contains relatively few regions of amphipathic hel-
ices, but compared to other human apolipoproteins it is
enriched in B-structure. The delineation of the entire human
apoB-100 sequence will now permit a detailed analysis of the
conformation of the protein, the low density lipoprotein recep-
tor binding domain(s), and the structural relationship between
apoB-100 and apoB-48 and will provide the basis for the study
of genetic defects in apoB-100 in patients with dyslipoprotein-
emias.

Human apolipoprotein B (apoB) is the principal apolipopro-
tein on chylomicrons, very low density lipoproteins, inter-
mediate density lipoproteins, and low density lipoproteins
(LDLs) (1-4). In human plasma, apoB exists in two forms,
designated apoB-48 and apoB-100 that are separable by
NaDodSO,/PAGE (4). ApoB-48 and apoB-100 play several
important roles in lipoprotein biosynthesis and catabolism.
B-48 and B-100 apolipoproteins are required for lipoprotein
particle assembly in the liver and intestine. A defect in
apoB-48 and apoB-100 secretion results in abetalipoprotein-
emia, a disease characterized by a deficiency of the B apo-
lipoproteins as well as all apoB-containing lipoproteins in-
cluding chylomicrons, very low density lipoprotein, and LDL
(4). ApoB-100 also plays a pivotal role in lipoprotein metab-
olism as the ligand on LDL that interacts with the LDL
receptor and initiates receptor-mediated endocytosis and
LDL catabolism (5). Defects in the LDL receptor are
associated with severe plasma elevations of apoB-100 and
LDL (5).

The structure and physicochemical properties of apoB-100
have been extensively studied for nearly a decade. The
analysis of apoB-100 has been difficult because delipidated
apoB-100 is insoluble in aqueous solution, and generally
aggregates in buffers containing NaDodSQ,, urea, or guan-
idine hydrochloride (1-4). The molecular size of apoB-100
has been controversial, and values ranging from 8 to 400 kDa
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FiG. 1. Restriction endonuclease cleavage map and sequencing
strategy for human liver apoB-100 cDNA. The thick solid line
represents the coding region of apoB-100 mRNA. The 5'-noncoding
and 3'-noncoding sequences are represented by thin lines flanking the
coding region. Restriction enzyme sites are represented by a single
letter code. (E, EcoRI; B, BamHI; S, Sac I). The regions of the
mRNA corresponding to each of the 10 partial cDNA clones are
indicated below the map. Arrows below the clones represent direc-
tion and length of sequences obtained by the dideoxy procedure on
M-13 subclones (solid arrows —) or supercoil plasmid DNAs (bent
arrows ). Broken arrows (-+) represent regions sequenced by
the Maxam-~Gilbert procedure. The scale indicates the size of the
apoB-100 mRNA in kb.

have been reported (1-4, 6). The heterogeneity in apoB-100
molecular size has been attributed to the propensity of
delipidated apoB-100 to aggregate and to the reported sen-
sitivity of apoB-100 to protease cleavage (3, 4, 7). We (8, 9)
and others (10-16) have reported the partial sequence of
human and rat (17) liver apoB-100 cDNA. We now report the
complete nucleotide sequence of apoB-100 mRNA and its
derived amino acid sequence.

MATERIALS AND METHODS

Extraction of Human Liver nRNA. RNA was isolated from
adult human liver obtained from a 34-year-old female auto-
mobile accident victim. Frozen liver tissue was pulverized in
dry ice by a stainless steel tissue grinder. Liver powder was
then homogenized by a polytron in 4 M guanidine thiocyanate
(Fluka AG) containing 0.5% sarcosyl, 0.1 M 2-mercaptoeth-
anol, and 0.1% antifoam A followed by centrifugation
through a 5.7 M CsCl cushion as described (18, 19). RNA
pellets were dissolved in sterile 10 mM Tris'HCI, pH 7.4,
containing 0.5% NaDodSO4 and 1 mM EDTA and then
extracted with phenol/chloroform/isoamylalcohol (24:24:1;
vol/vol). The RNA in the aqueous phase was precipitated by

Abbreviations: LDL, low density lipoprotein; apoB-100, apolipo-
protein B-100; kb, kilobase(s).
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ATG BAC CCG CCG AGE CCC 6C6 CTG CTE BC6 CTE CT6 GCG CT6 CCT GCG CTG CT6 CTG CTG CTG CTG GCG GGC GCC AGE GCC GAA GAG GAA ATG CTG

Met Asp Pro Pro Arg Pro Ala Leu Leu Ala Lleu Leu eu Pro Ala Leu Leu eu L a Gly Ala Arg Ala Glu Glu Glu Met Leu

10 15 20 25 30 35 40 45

GAA AAT GTC AGC CTG GTC TBT CCA AAA GAT 6CG ACC CBA TTC AAG CAC CTC CBG AAG TAC ACA TAC AAC TAT GAG GCT GAG AGT TCC AGT GGA GTC CCT GGG ACT GCT GAT TCA AGA AGT

Giu Ass Val Ser Leu Val Cys Pro Lys Asp Ala Thr Arg Phe Lys His Leu Arg Lys Tyr Thr Tyr Asn Tyr Glu Ala Glu Ser Ser Ser Gly Val Pro Gly Thr Ala Asp Ser Arg Ser

50 58 60 65 70 75 80 85

GCC ACC ABE ATC AAC TGC AAG GTT GAG CTG GAG GTT CCC CAG CTC TGC AGC TTC ATC CTG AAG ACC AGC CAG TGC ACC CTG AAA GAG GTG TAT GGC TTC AAC CCT GAG GGC AAA GCC TTG

Aa Thr Arg lle Asn Cys Lys Val Glu Leu Glu Val Pro Gin Leu Cys Ser Phe lle Leu Lys Thr Ser Gin Cys Thr Leu Lys Glu Val Tyr Gly Phe Asn Pro Giu Gly Lys Ala Leu

90 95 100 105 110 15 120 125

CTG AAG AAA ACC AAG AAC TCT GAG BAG TTT BCT BCA BCC ATG TCC AGG TAT GAG CTC AAG CTG GCC ATT CCA GAA GGG AAG CAG GTT TTC CTT TAC CCG GAG AAA GAT GAA CCT ACT TAC

Leu Lys Lys Thr Lys Asn Ser Glu Glu Phe Ala Ala Ala Met Ser Arg Tyr Glu Leu Lys Leu Ala lle Pro Glu Gly Lys Gin Val Phe Leu Tyr Pro Glu Lys Asp Glu Pro Thr Tyr
130 135 140 145 150 156 160

ATC CTE AAC ATC AAG AGG G6C ATC ATT TCT GCC CTC CTG GTT CCC CCA GAG ACA GAA GAA GCC AAG CAA GTG TTG TTT CTG GAT ACC GTG TAT GGA AAC TGC TCC ACT CAC TTT ACC GTC

le Leu Asn lle Lys Arg Gly lle lle Ser Ala Leu Leu Val Pro Pro Glu Thr Giu Glu Ala Lys Gin Val Leu Phe Leu Asp Thr Val Tyr Gly Asm Cys Ser Thr His Phe Thr Val
170 178 180 185 190 195 200

AAG ACG AGG AAG GBC AAT GTG GCA ACA GAA ATA TCC ACT GAA AGA GAC CTG GGG CAG TGT GAT CGC TTC AAG CCC ATC CGC ACA GGC ATC AGC CCA CTT GCT CTC ATC AAA 6GC ATG ACC

Lys Thr Arg Lys Gly Asn Val Ala Thr Glu lle Ser Thr Glu Arg Asp Lteu Gly Gin Cys Asp Arg Phe Lys Pro lle Arg Thr Gly lle Ser Pro Leu Ala Leu lle Lys Gly Met Thr

210 215 220 225 235 240 245

CGC CCC TTG TCA ACT CTG ATC AGC AGC AGC CAG TCC TET CAG TAC ACA CTG GAC 6CT AAG AGG AAG CAT GTG GCA GAA GCC ATC TGC AAG GAG CAA CAC CTC TTC CTG CCT TIC TCC TAC

Arg Pro Leu Ser Thr Leu lle Ser Ser Ser Gin Ser Cys Gin Tyr Thr Leu Asp Ala Lys Arg Lys His Val Ala Glu Ala lie Cys Lys Glu Gin His Leu Phe Leu Pro Phe Ser Tyr
250 285 260 265 270 275 280

AAG AAT AAG TAT GGG ATG GTA GCA CAA GTG ACA CAG ACT TTG AAA CTT GAA BAC ACA CCA AAG ATC AAC AGC CGC TTC TTT GGT GAA GGT ACT AAG AAG ATG GGC CTC GCA TTT GAG AGC

Lys Asn Lys Tyr Gly Met Val Ala Gl Val Thr Gin Thr Leu Lys Leu Glu Asp Thr Pro Lys lle Asn Ser Arg Phe Phe Gly Glu Gly Thr Lys Lys Met Gly Leu Ala Phe Glu Ser

290 295 300 305 310 315 ) 320 325

ACC AAA TCC ACA TCA CCT CCA AAG CAG GCC BAA BCT GTT TTG AAG ACT CTC CAG GAA CTG AAA AAA CTA ACC ATC TCT GAG CAA AAT ATC CAG AGA GCT AAT CTC TTC AAT AAG CTG 6TT

Thr Lys Ser Thr Ser Pro Pro Lys Gin Ala Glu Ala Val Leu Lys Thr Leu Gin Glu Leu Lys Lys Leu Thr lle Ser Glu Gin Asn lle Gin Arg Ala Asn Leu Phe Asn Lys Leu Val

330 335 340 345 . 350 355 380 365

ACT GAG CTG AGA BGC CTC AGT GAT GAA GCA GTC ACA TCT CTC TTG CCA CAG CTE ATT GAG GTG TCC AGC CCC ATC ACT TTA CAA GCC TTG GTT CAG TGT GGA CAG CCT CAG TGC TCC ACT

Thr Glu Leu Arg Gly Leu Ser Asp Glu Ala Val Thr Ser Leu Leu Pro Gin Leu lle Glu Val Ser Ser Pro lle Thr Leu Gin Ala Leu Val Gin Cys Gly Gin Pro Gin Cys Ser Thr

37 3rs 380 385 395 400 405

CAC ATC CTC CAG TBE CTE AAA CGT GT6 CAT GCC AAC CCC CTT CTG ATA GAT 6TG GTC ACC TVAC CTG GTG GCC CTG ATC CCC GAG CCC TCA GCA CAG CAG CTG CGA GAG ATC TTC AAC ATG

His lle Leu Gin Trp Leu Lys Arg Val His Ala Asn Pro Leu Leu He Asp Val Val Thr Tyr Leu Val Ala Leu lle Pro Glu Pro Ser Ala Gin Gin Leu Arg Glu lle Phe Asn Met

410 415 420 425 430 435 440 445

6CG AGG GAT CAG CGC AGC CBA BCC ACC TTG TAT 6CG CTB AGC CAC 6CG 6TC AAC AAC TAT CAT AAG ACA AAC CCT ACA GGG ACC CAG GAG CTG CTG GAC ATT GCT AAT TAC CTG ATG GAA

Arg Asp Gin Arg Ser Arg Ala Thr Leu Tyr Ala Leu Ser His Ala Val Asn Asn Tyr His Lys Thr Asn Pro Thr Gly Thr Gin Glu Leu Leu Asp lle Ala Asn Tyr Leu Met Glu
450 485 460 465 470 475 480

CAG ATT CAA GAT GAC TBC ACT 666 BAT GAA GAT TAC ACC TAT TTG ATT CTG C6G 6TC ATT GGA AAT ATG GGC CAA ACC ATG GAG CAG TTA ACT CCA GAA CTC AAG TCT TCA ATC CTG AAA

Gin lle Gin Asp Asp Cys Thr Gly Asp Glu Asp Tyr Thr Tyr Leu lle Leu Arg Val lle Gly Asn Met Gly Gin Thr Met Glu Gin Leu Thr Pro Glu Leu Lys Ser Ser lle Leu Lys

490 495 500 505 510 515 520 525

TGT GTC CAA AGT ACA AAG CCA TCA CTG ATE ATC CAG AAA GCT GCC ATC CAG BCT CTG CGE AAA ATG GAG CCT AAA GAC AAG GAC CAG BAG GTT CTT CTT CAG ACT TTC CTT GAT GAT GCT

Cys Val Gin Ser Thr Lys Pro Ser Leu Met llie Gin Lys Ala Ala lle Gin Ala Leu Arg Lys Met Glu Pro Lys Asp Lys Asp Gin Glu Val Leu Leu Gin Thr Phe Leu Asp Asp Ala

530 535 540 545 550 555 560 5685

TCT CC8 GGA GAT AAG CBA CTG GCT GCC TAT CTT ATE TTG ATG AGE AGT CCT TCA CAG GCA GAT ATT AAC AAA ATT GTC CAA ATT CTA CCA TGG GAA CAG AAT GAG CAA GTG AAG AAC TTT

Ser Pro Gly Asp Lys Arg Lleu Ala Ala Tyr Leu Met Leu Met Arg Ser Pro Ser Gin Ala Asp lie Asn Lys lie Val Gin lle Leu Pro Trp Glu Gin Asn Glu Gin Val Lys Asn Phe

570 575 580 585 590 595 600 605

GTE GCT TCC CAT ATT GCC AAT ATC TTG AAC TCA GAA GAA TTG GAT ATC CAA GAT CTE AAA AAG TTA GTG AAA GAA GCT CTG AAA GAA TCT CAA CTT CCA ACT GTC ATG GAC TTC AGA AAA

Val Ala Ser His lle Ala Asn lle Leu Asn Ser Glu Glu Leu Asp lle Gin Asp Leu Lys Lys Leu Val Lys Glu Ala Lev Lys Glu Ser Gin Leu Pro Thr Val Met Asp Phe Arg Lys
610 615 620 625 630 635 640

TTC TCT C86 AAC TAT CAA CTC TAC AAA TCT 6TT TCT CTT CCA TCA CTT GAC CCA GCC TCA GCC AAA ATA GAA GGG AAT CTT ATA TTT GAT CCA AAT AAC TAC CTT CCT AAA GAA AGC ATG

Phe Ser Arg Asn Tyr Gin Leu Tyr Lys Ser Val Ser Leu Pro Ser Leu Asp Pro Ala Ser Ala Lys lle Glu Gly Asn Leu lle Phe Asp Pro Asn Asn Tyr Leu Pro Lys Glu Ser Met
650 655 660 665 670 675 680

CT6 AAA ACT ACC CTC ACT 6CC TIT GGA TTT GCT TCA GCT GAC CTC ATC 6AG ATT GGC TTG GAA GGA AAA GGC TTT GAG CCA ACA TTG GAG BCT CCT TTT GGG AAG CAA GBA TTT TTC CCA

Leu Lys Thr Thr Leu Thr Ala Phe Gly Phe Ala Ser Ala Asp Leu lle Giu lle Gly Leu Glu Gly Lys Gly Phe Glu Pro Thr Leu Glu Ala Leu Phe Gly Lys Gin Gly Phe Phe Pro
690 695 700 705 710 s 720

GAC AGT GTC AAC AAA BCT TTG TAC TGE GTT AAT GGT CAA GTT CCT GAT G6T GTC TCT AAG GTC TTA GTG GAC CAC TTT GGC TAT ACC AAA GAT GAT AAA CAT GAG CAG GAT ATG GTA AAT

Asp Ser Val Asn Lys Ala leu Tyr Trp Val Asn Gly Gin Val Pro Asp Gl Val Ser Lys Vai Leu Val Asp His Phe Gly Tyr Thr Lys Asp Asp Lys His Glu Gin Asp Met Val Asn

730 735 740 745 750 755 760 765

GBA ATA ATE CTC AGT GTT 6AG AAG CTG ATT AAA GAT TTG AAA TCC AAA BAA GTC CC6 BAA GCC AGA GCC TAC CTC CGC ATC TTG GGA GAG GAG CTT GGT TTT GCC AGT CTC CAT GAC CTC

Gly We Met Leu Ser Val Glu Lys Leu lle Lys Asp Leu Lys Ser Lys Glu Val Pro Glu Ala Arg Ala Tyr Leu Arg lle Leu Gly Glu Glu Leu Gly Phe Ala Ser Leu His Asp Leu
70 s 780 790 795 800

CBA CTC CTG GBA AAB CTG CTT CTG ATE G6T GCC CGC ACT CTE CAG 666 ATC CCC CAG ATG ATT GBA GAG GTC ATC AGG AAG GGC TCA AAG AAT GAC TTT TTT CTT CAC TAC ATC TTC ATG

Gin Leu Leu Gly Lys Leu Leu Leu Met Gly Ala Arg Thr Leu Gin Gly lle Pro Gin Met lle Gly Glu Val lle Arg Lys Gly Ser Lys Asn Asp Phe Phe Leu His Tyr llie Phe Met

810 815 820 825 830 835 840 845

GAG AAT BCC TTT GAA CTC CCC ACT GGA GCT GGA TTA CAG TTG CAA ATA TCT TCA TCT GBA GTC ATT 6CT CCC GGA GCC AAG GCT GGA GTA AAA CTG GAA GTA GCC AAC ATG CAG GCT GAA

Glu Asn Ala Phe Glu Leu Pro Thr Gly Ala Gly Leu Gin Leu Gin lle Ser Ser Ser Gy Val lle Ala Pro Gly Ala Lys Ala Gly Val Lys Leu Glu Val Ala Asn Met Gin Ala Glu

850 855 860 865 870 875 880 885

CTG 676 GCA AAA CCC TCC BTG TCT GTG GAG TTT GTG ACA AAT ATG GGC ATC ATC ATT CCE GAC TTC GCT AGG AGT GGG GTC CAG ATG AAC ACC AAC TTC TTC CAC GAG TCG 6GT CTG GAG

Leu Val Ala Lys Pro Ser Val Ser Val Glu Phe Val Thr Asn Met Gly lle lie lle Pro Asp Phe Ala Arg Ser Gly Val Gin Met Asn Thr Asn Phe Phe His Glu Ser Gly Leu Glu

900 905 910 915 920 925

GCT CAT 6TT 6CC CTA AAA 6CT 866 AAG CTG AAG TTT ATC ATT CCT TCC CCA AAG ABA CCA GTC AAG CTG CTC AGT GGA GGC AAC ACA TTA CAT TTG GTC TCT ACC ACC AAA ACG GAG GTC

Ala His Val Ala Leu Lys Ala Gl Lys Leu Lys Phe MHe lle Pro Ser Pro Lys Arg Pro Val Lys Leu Lev Ser Gly Gly Asn Thr Leu His Leu Val Ser Thr Thr Lys Thr Glu Val

830 935 940 945 950 955 960 965

ATC CCA CCT CTC ATT GAG AAC AGG CAG TCC TBE TCA GTT TGC AAG CAA 6TC TTT CCT 66C CTG AAT TAC TGC ACC TCA GGC GCT TAC TCC AAC GCC AGC TCC ACA GAC TCC 6CC TCC TAC

lle Pro Pro Leu Me Gl Asn Arg Gin Ser Trp Ser Val Cys Lys Gin Val Phe Pro Gly Leu Asn Tyr Cys Thr Ser Gly Ala Tyr Ser Asm Ala Ser Ser Thr Asp Ser Ala Ser Tyr

970 975 960 985 990 995 1000 1005

TAT CCG CTG ACC GGE GAC ACC AGA TTA GAG CTG BAA CTG AGG CCT ACA GGA GAG ATT GAG CAG TAT TCT GTC AGC GCA ACC TAT GAG CTC CAG AGA GAG GAC AGA GCC TTG GTG GAT ACC

Tyr Pro Leu Thr Gly Asp Thr Arg Leu Glu Leu Glu Leu Arg Pro Thr Gly Glu lle Giu Gin Tyr Ser Val Ser Ala Thr Tyr Glu Leu Gin Arg Glu Asp Arg Ala Leu Val Asp Thr

1010 1815 1020 1025 1030 1035 1040 1045

CTE AAG TTT GTA ACT CAA GCA BAA GEC GCG AAG CAG ACT GAG GCT ACC ATE ACA TTC AAA TAT AAT CGG CAG AGT ATG ACC TTG TCC AGT GAA GTC CAA ATT CCG GAT TTT GAT 6TT GAC

Leu Lys Phe Val Thr Gin Ala Gl Gly Ala Lys Gin Thr Glu Ala Thr Met Thr Phe Lys Tyr Asn Arg Gin Ser Met Thr Leu Ser Ser Glu Val Gin lie Pro Asp Phe Asp Val Asp

1050 1085 1 1065 1070 1075 1080 1085

CTC GBA ACA ATC CTC AGA GTT AAT GAT GAA TCT ACT GAG BEC AAA ACG TCT TAC AGA CTC ACC CTG GAC ATT CAG AAC AAG AAA ATT ACT BAG GTC GCC CTC ATG GGC CAC CTA AGT T6T

Leu Gly Thr lle Lev Arg Val Asn Asp Glu Ser Thr Glu Gly Lys Thr Ser Tyr Arg Leu Thr Leu Asp lle Gin Asn Lys Lys Hie Thr Glu Val Ala Leu Met Gly His Leu Ser Cys

1000 1095 100 1105 110 115 "2 125

GAC ACA AAG GAA GAA AGA AAA ATC AAG GBT GTT ATT TCC ATA CCC CGT TTG CAA GCA GAA GCC AGA AGT BAG ATC CTC GCC CAC TGG TCE CCT GCC AAA CTG CTT CTC CAA ATG GAC TCA

Asp Thr Lys G Gl Arg Lys lle Lys Gly Val lle Ser lle Pro Arg Leu Gin Ala Glu Ala Arg Ser Glu lie Leu Ala His Trp Ser Pro Ala Lys Leu Leu Leu Gin Met Asp Ser

180 135 14 1145 1150 1155 1160 1165

TCT GCT ACA GCT TAT 66C TCC ACA BTT TCC AAG AGE GTG GCA TGE CAT TAT GAT BAA GAG AAG ATT GAA TTT GAA TG6 AAC ACA GGC ACC AAT GTA GAT ACC AAA AAA ATG ACT TCC AAT

Ser Ala Thr Ala Tyr Gly Ser Thr Val Ser Lys Arg Val Ala Trp His Tyr Asp Glu Glu Lys lle Glu Phe Glu Trp Asn Thr Gly Thr Asn Val Asp Thr Lys Lys Met Thr Ser Asn

1n urs 10 185 1% 1195 1200 1205

TIC CCT GT8 GAT CTC TCC GAT TAT CCT AAG AGC TTG CAT ATG TAT GCT AAT AGA CTC CTG GAT CAC AGA GTC CCT CAA ACA GAC ATG ACT TTC CGG CAC GTG GET TCC AAA TTA ATA GTT

Phe Pro Val Asp Leu Ser Asp Tyr Pro Lys Ser Leu His Met Tyr Ala Asn Arg Leu Leu Asp His Arg Val Pro Gin Thr Asp Met Thr Phe Arg His Val Gly Ser Lys Leu lle Val

1210 1215 1220 1225 12% 1235 1240 1245

GCA AT8 AGC TCA TBE CTT CAG AAG BCA TCT 666 AGT CTT CCT TAT ACC CAG ACT TTE CAA GAC CAC CTC AAT AGC CTG AAG GAG TTC AAC CTC CAG AAC ATG GGA TTG CCA GAC TCC CAC

Ala Met Ser Ser Trp Leu Gin Lys Ala Ser Gly Ser Leu Pro Tyr Thr Gin Thr Leu Gin Asp His Leu Asn Ser Leu Lys Glu Phe Asn Leu GIn Asn Met Gly Leu Pro Asp Phe His

1250 1288 1260 1285 12rn 1215 1280 1285

ATC CCA GAA AAC CTC TTC TTA AAA AGC BAT 6GC CGC GTC AAA TAT ACC TTG AAC AAG AAC AGT TTG AAA ATT GAG ATT CCT TTG CCT TTT GGT GGC AAA TCC TCC AGA GAT CTA AAG ATG

lle Pro Glu Asn Leu Phe Leu Lys Ser Asp Giy Arg Val Lys Tyr Thr Leu Asn Lys Asn Ser Leu Lys lle Glu le Pro Leu Pro Phe Gly Gly Lys Ser Ser Arg Asp Leu Lys Met

1290 1298 1385 1310 1315 1320 1325

TTA BAG ACT GTT AGG ACA CCA BCC CTC CAC TTC AAG TCT GTG 6BA TTC CAT CTE CCA TCT CGA GAG TTC CAA GTC CCT ACT TTT ACC ATT CCC AAG TTG TAT CAA CTG CAA 676 CCT CTC

Leu Giu Thr Val Arg Thr Pro Ala Leu His Phe Lys Ser Val Gly Phe His Leu Pro Ser Arg Glu Phe Gin Val Pro Thr Phe Thr lle Pro Lys Leu Tyr Gin Leu Gin Val Pro Leu

139 1335 138 1345 1350 1355 1 1385

CTG 66T 6TT CTA GAC CTC TCC ACG AAT GTC TAC AGC AAC TTB TAC AAC TBE TCC GCC TCC TAC AGT BGT GGC AAC ACC AGC ACA BAC CAT TTC ABC CTT CGG GCT CGT TAC CAC ATG AAG

Leu Gl Val Leu Asp Leu Ser Thr Asn Val Tyr Ser Asn Leu Tyr Asa Trp Ser Ala Ser Tyr Ser Gly Gly Asa Thr Ser Thr Asp His Phe Ser Leu Arg Ala Arg Tyr His Met Lys

13N 1375 1300 1385 1390 1385 1400 1405

GCT GAC TCT GT6 GTT GAC CTG CTT TCC TAC AAT GTG CAA GGA TCT GEA BAA ACA ACA TAT GAC CAC AAG AAT ACG TTC ACA CTA TCA TGT GAT GGG TCT CTA CGC CAC AAA TTT CTA GAT

Ala Asp Ser Val Val Asp Leu Leu Ser Tyr Asn Val Gin Gly Ser Gy Glu Thr Thr Tyr Asp His Lys Asn Thr Phe Thr Leu Ser Cys Asp Gly Ser Leu Arg His Lys Phe Leu Asp

118 1415 1420 1 1 1435 1440 1445

TCG AAT ATC AAA TTC AGT CAT GTA GAA AAA CTT BBA AAC AAC CCA GTC TCA AAA 66T TTA CTA ATA TTC GAT GCA TCT AGT TCC TGG GGA CCA CAG ATG TCT GCT TCA GTT CAT TTG GAC

Ser Asn lle Lys Phe Ser His Val Giu Lys Leu Gly Asn Asn Pro Val Ser Lys Gly Leu Leu fle Phe Asp Ala Ser Ser Ser Trp Gly Pro Gin Met Ser Ala Ser Val His Lev Asp

1450 1455 14N 1 u“n 1475 1480 1435

TCC AAA AAG AAA CAG CAT TTB TTT GTC AAA BAA GTC AAG ATT GAT 66 CAG TTC AGA 6TC TCT TCG TTC TAT GCT AAA G6C ACA TAT 6GC CTG TCT TGT CAG AGE GAT CCT AAC ACT GGC

Ser Lys Lys Lys Gin His Leu Phe Val Lys G Val Lys lle Asp Gly Gin Phe Arg Val Ser Ser Phe Tyr Ala Lys Gly Thr Tyr Gly Leu Ser Cys Gin Arg Asp Pro Asn Thr Gly

149 14958 1500 1585 1511 1515 1520 1525

CB6 CTC AAT GBA BAG TCC AAC CTG AGG TTT AAC TCC TCC TAC CTC CAA 6GC ACC AAC CAG ATA ACA GGA ABA TAT GAA GAT GGA ACC CTC TCC CTC ACC TCC ACC TCT GAT CTG CAA AGT

Arg Leu Asn Gly Glu Ser Asn Leu Arg Phe Asa Ser Ser Tyr Leu Gin Gly Thr Asn Gin lle Thr Gly Arg Tyr Glu Asp Gly Thr Leu Ser Leu Thr Ser Thr Ser Asp Leu Gin Ser

153 1535 154 1545 1550 1555 1560 1565

GEC ATC ATT AAA AAT ACT BCT TCC CTA AAE TAT GAG AAC TAC GAG CTG ACT TTA AAA TCT GAC ACC AAT GGG AAG TAT AAG AAC TTT GCC ACT TCT AAC AAG ATG GAT ATG ACC TTC TCT

Gly lle He Lys Asn Thr Ala Ser Leu Lys Tyr Glu Asn Tyr Glu Leu Thr Leu Lys Ser Asp Thr Asn Gly Lys Tyr Lys Asn Phe Ala Thr Ser Asn Lys Met Asp Met Thr Phe Ser

1570 1575 1580 1585 1590 1595 1600 1605

AAG CAA AAT GCA CTE CTG CGT TCT GAA TAT CAG GCT GAT TAC GAG TCA TTG AGG TTC TTC AGC CTG CTT TCT GBA TCA CTA AAT TCC CAT GET CTT GAG TTA AAT GCT GAC ATC TTA GGC

Lys Gin Asn Ala Lev Leu Arg Ser Gy Tyr GIn Ala Asp Tyr Glu Ser Leu Arg Phe Phe Ser Leu Leu Ser Gly Ser Leu Asn Ser His Gly Leu Glu Leu Asn Ala Asp lie Leu Gly

1610 1615 1620 1625 1639 1635 1640 1645

ACT GAC AAA ATT AAT AGT GET GCT CAC AAG GCG ACA CTA AGG ATT GGC CAA GAT GGA ATA TCT ACC AGT GCA ACG ACC AAC TTG AAG TGT AGT CTC CTG GTG CTG GAG AAT GAG CTG AAT

Thr Asp Lys lle Asn Ser Gly Ala His Lys Ala Thr Leu Arg lle Gly Gin Asp Gly fle Ser Thr Ser Ala Thr Thr Asn Leu Lys Cys Ser Leu Leu Val Leu Glu Asn Glu Leu Asn

1658 1655 1680 1665 1670 1675 1680 1685

GCA GAG CTT GGC CTC TCT GGG 6CA TCT ATE AAA TTA ACA ACA AAT GBC CGC TTC AGG GAA CAC AAT GCA AAA TTC AGT CTE GAT GGG AAA 6CC GCC CTC ACA GAG CTA TCA CTG GGA AGT

AMa Glu Leu Gly Leu Ser Gl Ala Ser Met Lys Leu Thr Thr Asn Gly Arg Phe Arg Glu His Asn Ala Lys Phe Ser Leu Asp Gly Lys Ala Ala Lev Thr Glu Leu Ser Leu Gly Ser

1690 1695 1708 1705 17 175 1720 1725

GCT TAT CAG BCC ATG ATT CTG GET GTC GAC AGC AAA AAC ATT TTC AAC TTC AAG GTC AGT CAA GAA GGA CTT AAG CTC TCA AAT GAC ATG ATG GGC TCA TAT GCT GAA ATG AAA TTT GAC

Ala Tyr Gin Ala Met lle Leu Gly Val Asp Ser Lys Asn lle Phe Asn Phe Lys Val Ser Gin Glu Gly Leu Lys Leu Ser Asn Asp Met Met Gly Ser Tyr Ala Glu Met Lys Phe Asp

17% 1735 17 1745 . 1750 1758 1 1765

CAC ACA AAC AGT CTG AAC ATT GCA GGC TTA TCA CTG GAC TTC TCT TCA AAA CTT GAC AAC ATT TAC AGC TCT GAC AAG TTT TAT AAG CAA ACT GTT AAT TTA CAG CTA CAG CCC TAT TCT

His Thr Asn Ser Leu Asn He Ala Gly Leu Ser Leu Asp Phe Ser Ser Lys Leu Asp Asn lle Tyr Ser Ser Asp Lys Phe Tyr Lys Gin Thr Val Asn Leu Gin Leu Gin Pro Tyr Ser

1m 1775 178 1785 17% 1795 1800 1805

CTG GTA ACT ACT TTA AAC AGT GAC CTG AAA TAC AAT GCT CTG GAT CTC ACC AAC AAT GGG AAA CTA CGG CTA GAA CCC CTG AAG CTG CAT GTG GCT GGT AAC CTA AAA GBA GCC TAC CAA

Aa Gly Asn Leu Lys Gly Ala Tyr Gin

Leu Val Thr Thr Leu Asn Ser Asp Leu Lys Tyr Asn Ala Leu Asp Leu Thr Asn Asn Gly Lys Leu Arg Leu Glu Pro Leu Lys Leu His Val

1810 1815 1820 1825 1830 1835 1 1845
AMAT AAT GAA ATA AAA CAC ATC TAT GCC ATC TCT TCT GCT GCC TTA TCA 6CA AGC TAT AAA GCA GAC ACT GTT GCT AAG GTT CAG GGT GTG BAG TTT AGC CAT GGG CTC AAC ACA GAC ATC
Asn Asn G lle Lys His lle Tyr Ala lle Ser Ser Ala Ala Leu Ser Ala Ser Tyr Lys Ala Asp Thr Val Ala Lys Val Gin Gly Val Glu Phe Ser His Gly Leu Asn Thr Asp lie

F1G. 2. (Figure continues on the following page.)
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1855 1880 1865 1870 1875 180 1885
euusmsnmm BGAC ATG AGC ACA AAC TAT AAT TCA GAC TCA CTG CAT TTC AGC AAT GTC TTC CGT TCT GVA ATG GCC CCG TTT ACC ATG ACC ATC GAT GCA CAT ACA AAT
AlaGlyLeuMaSofAlallemMaSevaAsnTyvAsnSuAsnSuLwHism Ser Asn Val Phe Arg Ser Val Met Ala Pro Phe Thr Met Thr lie Asp Ala His Thr Asn

1895 1900 1905 1910 1915 1920 1925
eccmmm\meﬂmmsamwwmnswmmmmmm TT6 AAA GCA GAA CCT CTG GCA TTT ACT TTC TCT CAT GAT TAC AAA GGC TCC ACA AGT CAT
GlyAsnGlyLysLeuAlaLeuTrnGIyGIansTmGIyGlaniyrsarLysPMLcu LeuLysmauigmmmmrlgs«mmm%elys«mrs«His

1 1
wmmmmmmcmmaummwwmmmmmcrr ACT CCA GCT GAG CAG ACA GGC ACC TGG AAA CTC AAG ACC CAA TTT AAC AAC AAT GAA TAC
His Leu Val 1M’%Lys Ser lle Ser Ala Na Leu Glu His Lys Val Ser AlauuLou Thr Pro Ala Glu Gin Thr Gly Thr Trp Lys Leu Lys Thr GlnzP&AsnAsnAsnGlu Tyr

1990 1995
mcmmmutmmmmmurmmmmwmmmm ACT CTG GCT GAC CTA ACT CTA CTA GAC TCC CCA ATT AAA GTG CCA CTT TTA CTC
Ser Gin Asp Leu Asp Ala Tyr Asn Thr Lys Asp Lys lle Gly Val Glu Leu Thr Gly Arg Thr Leu Ala Asp Leu Thr Leu Leu Asp Ser Pro lle Lys Val Pro Leu Leu Leu Ser Glu
2010 2015 2025 2030 2035 2040 2045
CCC ATC AAT ATC AAT BAT GCT TTA GAG ATG AGA GAT GCC GTT GAG AAG CCC CAA GAA TTT ACA ATT GTT GCT TTT GVA AAG TAT GAT AAA AAC CAA GAT GTT CAC TCC ATT AAC CTC CCA
Pro lie Asn lle lle Asp Ala Lev Glu Met Arg Asp Ala Val Glu Lys Pro Gin Giu Phe Thr lle Val Ala Phe Val Lys Tyr Asp Lys Asn Gin Asp Val His Ser lle Asn Leu Pro
2050 2055 2060 207 275 2080 2085
TIT TIT GAG ACC TTG CAA GAA TAT TTT GAG AGG AAT CGA CAA ACC ATT ATA GTT GTA CTG GAA AAC GTA CAG AGA AAC CTG AAG CAC ATC AAT ATT GAT CAA TTT GTA AGA AAA TAC AGA
Phe Phe Giu Thr Leu GIn Glu Tyr Phe Glu Arg Asn Arg Gin Thr lle lle Val Val Leu Glu Asn Val Gin Arg Asn Leu Lys His lle Asn lle Asp Gin Phe Val Arg Lys Tyr Arg
2090 2095 2100 21 2110 2120 2125
GCA GCC CTG G6A AAA CTC CCA CAG CAA GCT AAT GAT TAT CTG AAT TCA TTC AAT TGG GAG AGA CAA GTT TCA CAT GCC AAG GAG AAA CTG ACT GCT CTC ACA AAA AAG TAT AGA ATT ACA
ANa Ala Lev Gly Lys Leu Pro Gin Gin Ala Asn Asp Tyr Leu Asn Ser. Phe Asn Trp Glu Arg Gln Val Ser His Ala Lys Glu Lys Leu Thr Ala Leu Thr Lys Lys Tyr Arg lle Thr
2130 2135 240 2145 250 2155 2100 2165
GMMTGAI’ATAWA“WI‘IABATBA‘IGCCAMAEAMWIMTGMAMC‘I‘AM CAA CTG CAG ACA TAT ATG ATA CAA TTT GAT CAG TAT ATT AAA GAT AGT TAT GAT TTA CAT
Glu Asn Asp e Gln lie Ala uuAspzAf’nsAh Lys lle AsnmAsn Glu Lys Leu Ser Gin Leu Gin 'l'mz':yr Met lle Gin PhetA‘sp Gin Tyr e l.ys:!s&&f TyvAsaLeu&
GATmMAATAGﬂAﬂGCTMTA"AﬂGA"WATGAI‘IGMMATI’AAMmm GAT GAG CAC TAT CAT ACC CGT GTA AAT TTA GTA AAA ACA ATC CAT GAT CTA CAT TTG TTT
Asp Leu Lys lle Ala lle Ala Asn lle lle Asp Gt lle lle Glu Lys Leu Lys Ser Leu Asp Glu His Tyvgi;'l’hrhg Val Asn Leu Val Lys Thr Ilouﬂismuu His l.ousz'l‘lk
221, 40
ATTWMTA'I'I’MTTI'!AMMAMTGMIBTMTMWMMA“WMTGW GAT ACT AAG TAC CAA ATC AGA ATC CAG ATA CAA GAA AAA GTG CAG CAG CTT AAG AGA CAC
lle Glu Asn lle Asp Phe Asn Lys Ser Gly Ser Ser Thw Ala Ser Trp lle Gin Asn Val Asp Thr Lys Ty'z(;I;.IIe Arg lle Glnzg;sGln Glu Lys nglaﬁln Leu Lys Arg His
2265
ATA CAG AAT ATA GAC ATC CAG CAC CTA GCT GGA AAG TTA CAC ATT GAG GCT ATT GAT GTT AGA GTG CTT TTA GAT CAA TTG GGA ACT ACA ATT TCA TTT GAA AGA ATA AAT GAT

His lle Glu Ala lle Asp Val Arg Val Leu Leu Asp Gin Leu Gly Thr Thr lie Ser Phe Glu Arg lle Asn Asp
1

2320 2325
GAA GTA GCT GAG wmMrsccmmmmmwmmmwmmwnnmw

AR
lle Gin Asn lle Asp lle Gin His Leu Ala Gly Lys Leu Lys
229 2295

GG m
Phe Glu Val MaGlu Lys lle AlaPheArgAlaLysVal His Glu Leu He Glu Arg Tyr Glu Val Asp Gin
A 2355 2360

GTT CTT GAG CAT GTC AAA CAC TTT GTT ATA AAT CTT ATT
Val Leu Glu His Val Lys His Phe Val lle Asn Leu lle
2% 2335

Gly
wmmenmmutmmommmscc%c

T AAGTTGAAGW mATTCAGM&CTAMMTWC‘I’AWWWMGA“AM“TIM'ITI’WAM

Gin lie Gin Val Leu Met Asp Lys Leu Val Glu Leu Ala His Gin vaysLeuLysGtu Thr fle Gin Lys Leu Ser Asn Val Leu Gin Gin Val Lys We Lys Asp Tyr Phe Glu Lys
21n 275 2300 2% 2395 2400 2485

TTG GTT GGA TTT ATT GAT GAT GCT GTC AAG AAG CTT AAT GAA TTA mmmmm ATT GAA GAT GTT AAC AAA TTC CTT GAC ATG TTG ATA AAG AAA TTA AAG TCA TTT GAT TAC
Leu Val Gly szzl:.hpmm ValzLys Lys Leu Asn Giu L‘ozu.SQrPheLysThle lle GIuAspVMAs‘;LysPhelNAsnMctuu lle Lys Lysl.wLysSevaAsp"lz"

415 2 2425

CAC CAG TTT GTA GAT GAA ACC AAT GAC AAA ATC CGT GAG BTG ACT CAG AGA CTC AAT GGT GAA ATT CAG GCT CTG GAA CTA CCA CAA AAA GCT BAA GCA TTA AAA CTG TTT TTA GAG GAA
His Gin Phe Val Asp Glu Thr Asn Asp Lys lle Arg Glu Val Thr Gin Arg Leu Asn Gly Glu lle Gin Ala Ley Giu Leu Pro Gin Lys Ala Glu Ala Leu Lys Leu Phe Leu Glu Giu
2450 2455 2480 85 10 urs 2480 2485

ACC AAG GCC ACA GTT 6CA GTG TAT CTG GAA AGC CTA CAG GAC ACC AAA ATA ACC TTA ATC ATC AAT TGG TTA CAG GAG GCT TTA AGT TCA GCA TCT TTG GCT CAC ATG AAG GCC AAA TTC
Thr Lys Ala Thr Val Ala Val Tyr Leu Glu Ser Leu Gin Asp Thr Lys lie Thr szlslzs Ite Asn Trp Leugl‘n.elu Aa Leu Serzger Aa Ser Leu Ahz:i!s.m Lys Ala Lys Phe
4% 15 2525

mmmmmurmmwmmmmmmmmmwm CAA CBA TAC CTG TCT CTG GTA BGC CAG GTT TAT AGC ACA CTT GTC ACC TAC ATT
Arg Glu Thr Leugl;ksp The AmAspzAsr% Tyr Gin uetés&ue Gin Gin (;quzL"‘e‘qu5 Gin Arg Tyr Leugc:'teu Val Gly Glnz\{’fl"lyr Ser Thr Leu Val Thr Tyr lie

msmmmmsummmmwm mmmmmw«mmeammcalArsmnummAmwaummanmwm:
Trp Trp Thr teu Ala Aa Lys Asn Lev Thr Asp Phe Ala zQ&Tyv Ser lie Gin Asn Trp Aa Lys m;:l.ys ANa Leu Val Glu Gin Gly Phe Thr Val Pro Glu
m

e

2575 2585
ATCCTTGGGM}DA’I’GCCTGBC GMGTCAGTC‘TWGCTC"WMAICIAE'ITG CAG ACA CCT GAT TTT ATA GTC CCC CTA ACA GAT TTG AGG ATT CCA TCA GTT CAG
lle Leu Gly Thr Mot Pro Ala Phe Glu Val Ser Leu Gin Ala Leu Gin Lys Ala Thr Phe Gin Thr Pro Asp Phe lle Val Pro Leu Thr Asp Leu Arg lle

2615 2620 2820 2630 2635
mmmmmmn A AAA ATC CCA TCC AGG TTT TCC ACA CCA GAA TTT ACC ATC CTT AAC ACC TTC CAC ATT CCT TCC TTT ACA ATT GAC TTT GTA GAA ATG AAA GTA
Phe Lys Asp Leu Lys Asn Lys lle Pro Ser Arg Phe Ser Thr Pro Glu Phe Thr lle Leuw Asn Thr Phe His lle Pro Ser Phe Thr lle Asp Phe Val Giu Met Lys Val

2650 2655 2660 2685 2670 2675
ATC AGA ACC ATT GAC CAG ATG CTG AAC AGT GAG CTG CAG TGE CCC GTT CCA GAT ATA TAT CTC AGG GAT CTG AAG GTG GAG GAC ATT CCT CTA GCG AGA ATC ACC CTG CCA GAC
lle Arg Thr lie Asp Gin Met Leu Asn Ser Giu Leu Gin Trp Pro Val Pro Asp e Tyr Leu Arg Asp Leu Lys Val Glu Asp lle Pro Leu Ala Arg lle Thr Leu Pro Asp

2690 2695 2700 2708
TTA CCA GAA ATC GCA ATT CCA GAA TTC ATA ATC CCA ACT CTC AAC CTT AAT GAT TTT CAA GTT CCT
Lev Pro Glu lle Ala lle Pro Glu Phe lle lle Pro Thr Leu Asn Leu Asn Asp Phe Gin Val Pro

GAC
Asp
27130 2135 2140 2145

CCT ACT TIT GEC AAG CTA TAC AGT ATT CTG AAA ATC CAA TCT CCT CTT TTC ACA TTA GAT GCA AAT GCT ACC TCA GCA

Pro Thr Phe Gly Lys Leu Tyr Ser lie Leu Lys lle Gin Ser Pro Leu Phe Thr Leu Asp Ala Asn Ala Asp lie Gly Asn Gly Thr Thr Ser Ala Asn Glu Ala Gly lle Ala
TCA
Ser
AAC

~

ano 715 2720
CTT CAC ATA CCA GAA TTC CAG CTT CCC CAC ATC TCA CAC ACA ATT
Lev His lle Pro Glu Phe Gin Leu Pro His lle Ser His Thr lie

am 2175 2180 2185
ATC ACT GCC AAA GBA GAG TCC AAA TTA GAA GTT CTC AAT TTT GAT TTT CAA GCA AAT GCA CAA CTC

g 5E Z% %3 28§ 28 33 5% % 5E ¢4

SEERIEE S 1 EL B GHE R BT FEFRERLE T BT 3 BET 14

Wle Thr Ala Lys Gly Glu Ser Lys Leu Glu Val Leu Asn Phe Asp Phe Gin Ala Asn Ala Gin Leu Asn Pro Lys lie Leu Ala Lys Glu Ser Val Lys Phe
2810 2815 2820 2825 2830 2835 2840
AAG TAC CTG AGA ACG GAG CAT GGG AGT GAA ATG CTG TTT TTT GGA AAT GCT ATT GAG GGA AAA TCA ACA GTG GCA AGT TTA CAC ACA GAA AAA AAT ACA CTG GAG CTT AGT
Lys Tyr Leu Arg Thr Glu His Gly Ser Glu Met Leu Phe Phe Gly Asn Ala lle Glu Gly Lys Ser Asn Thr Val Ala Ser Leu His Thr Glu Lys Asn Thr Leu Glu Leu Ser
2850 2855 2860 2885 2870 2875 2880
mmanmunmurmmmmutmmmmmrrcw:mmwmmmmmmmmmmmmmmmnc
Val lie Val Lys lle Asn Asn Gin Leu Thr Lteu Asp Ser Asn Thr Lys Tyr Phe His Lys Leu Asn flle Pro Lys Leu Asp Phe Ser Ser Gin Ala Asp Leu Arg Asn Glu lie
8% 2895 2000 2905 210 15 220
CTG TTG AAA GCT GBC CAC ATA GCA TBG ACT TCT TCT GGA AAA GBG TCA TGE AAA TBG GCC TCG CCC AGA TTC TCA GAT GAG GGA ACA CAT GAA TCA CAA ATT AT TTC ACC ATA
Lev Leu Lys Ala Gly His lle Ala Trp Thr Ser Ser Gly Lys Gly Ser Trp Lys Trp Ala Cys Pro Arg Phe Ser Asp Glu Gly Thr His Glu Ser Gin lle Ser Phe Thr lle Glu
23 2935 2040 245 2350 2955 2988
CCC CTC ACT TCC TTT GGA CTG TCC AAT AAG ATC AAT AGC AAA CAC CTA AGA GTA AAC CAA AAC TTG GTT TAT GAA TCT GGC TCC CTC AAC TTT TCT AAA CTT GAA ATT CAA TCA CAA
Pro Leu Thr Ser Phe Gly Leu Ser Asn Lys IleAsnSerLyszﬂlnchumVaAmgnsAsnleﬂTylz(;I;SnGlySeruuzA..”mSerlyst&IkGmSerGln
GAT TCC CAG CAT GTE GGC CAC AGT GTT CTA ACT GCT AAA GGC ATG GCA CTG TIT GGA GAA GGG AAG GCA GAG TTT ACT GGG AGE CAT GAT GCT CAT TTA AAT GGA AAG GTT ATT GGA
Asp Ser Gin His Val Gly His Ser Val Leu Thr Ala Lys Gly Met Ala Leu Phe Gly Glu Gly Lys Ala Glu Phe Thr Gly Arg His Asp Ala His Leu Asn Gly Lys Val lle Gly
3010 5 3020 3025 3630 3035 30400
TTG AAA AAT TCT CTT TTC TTT TCA GCC CAG CCA TTT GAG ATC ACG GCA TCC ACA AAC AAT GAA GGG AAT TTG AAA GTT CGT TIT CCA TTA AGB TTA ACA GGG AAG ATA GAC TTC CTE
LwLysAsnSu;esu.PnePheS«NaGIanPﬁeGlu e TmAIaSchhrAsn&GluGlyAsanLysVdWMPw#sMomerWLﬁ lle Asp Phe Leu
3080
AAC TAT GCA CTG TTT CTG AGT CCC AGT GCC CAG CAA GCA AGT TGG CAA GTA AGT GCT ABE TTC AAT CAG TAT AAG TAC AAC CAA AAT TTC TCT GCT GGA AAC AAC GAG AAC ATT ATG
Asn Tyr Ala Leu Phe Leu Ser Pro Ser Ala Gin Gin Ala Ser Trp Gin Val Ser Ala Arg Phe Asn GIn Tyr Lys Tyr Asn Gin Asq Phe Ser Ala Gly Asn Asn Glu Asn lle Met
3095 3100 3105 3118 2
GCC CAT GTA GGA ATA AAT GGA GAA GCA AAT CTG GAT TTC TTA AAC ATT CCT TTA ACA ATT CCT GAA ATE CGT CTA CCT TAC ACA ATA ATC ACA ACT CCT CCA CTG AAA GAT TTC TCT
Ala_His Val Gly flle Asn Gly Glu Ala Asn Leu Phe Leu Asn lle Pro Leu Thr lle Pro Glu Met Arg Leu Pro Tyr Thr lle lle Thr Thr Pro Pro Leu Lys Asp Phe Ser
3155 3160
TGG GAA AAA ACA GGC TTG AAG GAA TTC TTE AAA ACG ACA AAG CAA TCA TTT GAT TTA AGT GTA AAA GCT CAG TAT AAG AAA AAC AAA CAC AGG CAT TCC ATC ACA AAT CCT TTG GCT GTG
vaGluLysans(‘i;y.LwLysGIqusl:Ie.;nsLysmrTmLysGInSermmleus‘s.r‘VdLyuAlaGmTyrLysLysMnLyansAruﬂissuuemumLouAu
31%0 3195 200
CTT TGT GAG TTT ATC AGT CAG AGC ATC AAA TCC TTT GAC AGG CAT TTT GAA AAA AAC AGA AAC AAT GCA TTA GAT TTT GTC ACC AAA TCC TAT AAT GAA ACA AAA ATT AAG TTT GAT AAG
Leu Cys Glu Phe lle Ser Gin Ser lle Lys Ser Phe Asp Arg His Phe Glu Lys Asn Arg Asn Asn Ala Leu Asp Phe Val Thr Lys Ser Tyr Asm Glu Thr Lys lle Lys Phe Asp Lys
3210 3215 3220 3230 3235 240 3245
TAC AAA GCT GAA AAA TCT CAC GAC GAG CTC CCC AGG ACC TTT CAA ATT CCT 6BA TAC ACT GTT CCA GTT GTC AAT GTT GAA GTE TCT CCA TTC ACC ATA GAG ATG TCG GCA TTC GGC TAT
Tyr Lys Ala Glu Lys Ser His Asp Glu Leu Pro Arg Thr Phe Gin fle Pro Gly Tyr Thr Val Pro Val Val Asn Val Glu Val Ser Pro Phe Thr lle Giu Met Ser Ala Phe Gly Tyr
3255 3260 3265 310 3215 3280 3285
GTG TTC CCA AAA GCA GTC AGC ATE CCT AGT TTC TCC ATC ATA GBT TCT GAC GTC CGT GTG CCT TCA TAC ACA TTA ATC CTG CCA TCA TTA GAG CTG CCA GTC CTT CAT GTC CCT AGA AAT
VaIPheProLysManSeretMSerPneSevIleuuGlys«AanalAmval Pro Ser Tyr Thr Leu Hle Leu Pro Ser Leu Glu Leuw Pro Val Lew His Val Pro Arg Asn
3300 3305 3310 3315 3320 3325
mmm‘rmmmurmmwmmuccunmcummmm GCC ATG GBC AAT ATT ACC TAT GAT TTC TCC TTT AAA TCA AGT GTC ATC ACA CTG AAT ACC
LeuLysLeuSﬂ’l:la{PmAsoPMLysgaustmThr llessuev.ﬂts IiePhelle‘Pal‘OgAhMetGlyAIIIIe Thr Tyr Asp Phe Ser Phe Lys Ser Ser Val He Thr Leu Asn Thr
3350 3355 3385
AAT GCT GAA CTT TIT AAC CAG TCA GAT ATT GTT GCT CAT CTC CTT TCT TCA TCT TCA TCT GTC ATT GAT GCA CTG CAG TAC AAA TTA GAG GGC ACC ACA AGA TTG ACA AGA AAA AGG GGA
AsnAhGluLeuPneAnnGlnSevAsnlle ValAlaHIsLeuLzuSechrSuS«;S&Val IloAsoAhnLe&GmTyrlystGmGlyThrTmNuLeuThrMﬂLysms&
3395
ﬂewmsccmswmmmucmmmemmmmurmm ACT GTG AGC TTA ACC ACG AAA AAT ATG GAA GTG TCA GTG GCA AAA ACC ACA AAA CCG GAA
LeoLysLeuAuTmAlaLeuS«LwSerAsnLysPheVﬂGluG'ySermsmsu Thr Val Ser Leu Thr Thr Lys Asn Met Glu Val Ser Val Ala Lys Thr Thr Lys Pro Giu
3415 3420 3425 3430 3438 340 345
A'l'lOCAAVTTI’GAGAATGMTTTCAABCMWWMYGGAMTAWAAGYCAMACG‘I‘ ACT GTC TCT TCC TCC ATG GAA TTT AAG TAT GAT TTC AAT TCT TCA ATG CTG TAC TCT ACC
lie Pro lle LeuAquelAsnPMLysGmGlukanGlyAsnTmLysSuLysPto Thr Val Ser Ser Ser Met Glu Phe Lys Tyr Asp Phe Asn Ser Ser Met Leu Tyr Ser Thr
3450 3455 3465 3470 3475 3480 s
smweeumsnwwmmmmmmmmmtwmrccm BGAG TCA TCT ACC AAA GGA GAT GTC AAG GGT TCG GTT CTT TCT CGE GAA TAT TCA GGA ACT
AlaLysGIyMaValAsoHnsLystSuLcuGluSerLtuThrSonyrPhesu lle Glu Ser Ser Thr Lys Gly Asp Val Lys Gly Ser Val Leu Ser Arg Glu Tyr Ser Gly Thr
3500 3505 3510 %15 3528 3525
mummvmaccucmrmmutmmmmcﬁammammm CAG GGC ACT TCC AAA ATT GAT GAT ATC TGG AAC CTT GAA GTA AAA GAA AAT TTT GCT 6GA
] MaSerGquAla”AsnTm Yereu&SerLysS«Tm&goSuSel Val Lys Leu Gin Gly Thr Ser Lys lle Asp Asp lie Trp Asn Leu Glu Vﬂal.gy;GIuAsanAh Gly
3550 3855 3565
GAA GCC ACA CTC CAA CGC ATA TAT TCC CTC TGG BAG CAC AGT ACG AAA AAC CAC TTA CAG CTA GAG GGC CTC TTT TTC ACC AAC GGA BAA CAT ACA AGC AAA GCC ACC CTG GAA CTC TCT
GluuavawGInAm iie TyrS«LpuTrpGlumssuThrLysAsnmsLeuGln Leu Glu Gly Leu Phe Phe Thr Asn Gly Glu His Thr Ser Lys Ala Thr Leu Glu Leu Ser
3580 3585 Sﬂ 3595 3800 3605
cumcwmmwmcnmmmmmmmmmncww TIC CCT GAC CTT GAA 6TG GCC CTG AAT GCT AAC ACT AAG AAC CAG AAG ATC AGA
ProTrpGlnmtSerAlaLeuVﬂ Gin Val His AlaSerGInProSerSerPneMls;s:stPtoAsoLeuGlmeGlu Val Ala Leu Asn Ala Asn Thr Lys Asn Gin Lys lle Arg
3615 3620 3635 3640 3645
msmmwmcasmcnmsasmmmncwmmmm‘nr BAC CAA GAA AAG GCA CAC CTT GAC ATT GCA GGA TCC TTA GAA GBA CAC CTA AGG TTC CTC
Tro Lys Asn Glu Val Arg lle His Ser Gly Ser Phe Gin Ser GIn Val Glu Leu Ser Asn Asp Gin Glu Lys Ala His Leu Asp le Ala Gly Ser Lev Glu Gly His Leu Arg Phe Leu
3850 3855 3660 3870 3675 3880 3885
AAA AAT ATC ATC CTA CCA GTC TAT GAC AAG AGC TTA TGG GAT TTC CTA AAG CTG GAT 6TC ACC ACC AGC ATT GGT AGG AGA CAG CAT CTT CGT GTT TCA ACT GCC TTT GTG TAC ACC AMA
Lys Asn lie Ile;n’u.l’m val Tyr Asp;y’ssSer Leu Trp Lsp;raleu Lys Leu Asp Val Thr Thr Ser lie Gly‘Am Arg Gin His LenAmVal Ser Thr Ala Phe Val Tyr Thr Lys
715 3720 3725
AAC CCC AAT GGC TAT TCA TTC TCC ATC CCT GTA AAA GTT TTG GCT GAT AAA TTC ATT ATT mmmmcuutanmurmmcnmnswmncurmm
Asn Pro Asn Gly Tyr Ser Phe Ser lie Pro Val Lys Val Leu Ala Asp Lys Phe lle lie Pro Gly Leu Lys Leu Asn Asp Leu Asn Ser Val Leu Val Met Pro Thr Phe His Val Pro

F1G. 2. (Figure continues on the following page.)
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3730 3735 3740 s 3750 3755 3760 3785

TVT ACA GAT CTT CAG GTT CCA TC6 TEC AAA CTT GAC TTC AGA GAA ATA CAA ATC TAT AAG AAG CTG AGA ACT TCA TCA TIT GCC CTC ACC CTA CCA ACA CTC CCC GAG GTA AAA TTC CCT

Phe Thr Asp Leu Gin Val Pro Ser Cys Lys Leu Asp Phe Arg Giu lle Gin lle Tyr Lys Lys Leu Arg Thr Ser Ser Phe Ala Leu Asn Lev Pro Thr Leu Pro Glu Val Lys Phe Pro

3m 37175 3780 3785 310 3795 3800 3805

GAA GTT GAT 6TG TTA ACA AAA TAT TCT CAA CCA GAA GAC TCC TTG ATT CCC TIT TTT GAG ATA ACC GTE CCT GAA TCT CAG TTA ACT GTG TCC CAG TTC ACG CTT CCA AAA AGT GTT TCA

Glu Val Asp Val Leu Thr Lys Tyr Ser Gin Pro Glu Asp Ser Leu lie Pro Phe Phe Glu lle Thr Val Pro Glu Ser GIn Leu Thr Val Ser Gin Phe Thr Leu Pro Lys Ser Val Ser

3810 3815 320 3830 3835 3840 3845

GAT GGC ATT GCT GCT TTG GAT CTA AAT GCA GTA 6CC AAC AAG ATC GCA GAC TTT GAG TTG CCC ACC ATC ATC GTG CCT BAG CAG ACC ATT BAG ATT CCC TCC ATT AAG TTC TCT GTA CCT

Asp Gly lle Ala Ala Leu Asp Leu Asn Ala Val Ala Asn Lys He Ala Asp Phe Glu Leu Pro Thr lle lle Val Pro Glu Gin Thr lle Glu He Pro Ser lie Lys Phe Ser Val Pro

3850 3855 3860 3885 un 875 388 3888

6CT GGA ATT GTC ATT CCT TCC TTT CAA GCA CTG ACT GCA CGC TTT GAG GTA BAC TCT CCC TAT AAT GCC ACT TBG AGT GCC AGT TTG AAA AAC AAA GCA GAT TAT GTT GAA ACA 6TC

Ala Gly lle Val lle Pro Ser Phe Gin Ala Leu Thr Ala Arg Phe Glu Val Asp Ser Pro Tyr Asn Ala Thr . Trp Ser Ala Ser Leu Lys Asn Lys Ala Asp Tyr Val Glu Thr Val

3090 3885 3900 3905 n0 s 3929 3925

CTG GAT TCC ACA TGC AGC TCA ACC GTA CAG TTC CTA GAA TAT GAA CTA AAT GTT TTG GGA CAC AAA ATC GAA GAT GGT ACG TTA GCC TCT AAG ACT AAA GGA ACA CTT GCA CAC CBT

Leu Asp Ser Thr Cys Ser Ser Thr Val Gin Phe teu Glu Tyr Glu Leu Asn Val Leu Gly His Lys lie Gl Asp Gly Thr Leu Ala Ser Lys Thr Lys Gly Thr Leu Ala His Arg

% 3835 3840 3945 950 3955 3960 3965

GAC TTC AGT GCA GAA TAT GAA GAA GAT GGC AAA TAT GAA GGA CTT CAG GAA TBG BAA GBA AAA 6CG CAC CTC AAT ATC AAA AGC CCA 6CG TTC ACC GAT CTC CAT CTG CGC TAC CAG AAA

Phe Ser Ala Gl Tyr Glu Glu Lys Tyr Giu Gly Leu Gin G Trp Glu lEAhNislw&lbLysSﬂﬁn”A:memmuuHisLMWTwGln‘Ia
4

GAC AAG AAA GGC ATC TCC ACC TCA GCA 6CC TCC CCA 6CC GTA GGC ACC 6TG GGC ATE GAT ATG GAT GAA GAT GAC GAC TTT TCT AAA TGG AAC TTC TAC TAC AGC CCT CAG TCC TCT CCA

Asp Lys Lys Gly lle Ser Thr Ser Ala Ala Ser Pro Ala Val Gly Thr Val Gly Met Asp Met Asp Glu Asp Asp Asp Phe Ser Lys Trp Asn Phe Tyr Tyr Ser Pro Gin Ser Ser Pro

4810 405 “20 425 “N 4035 04 4045

GAT AAA AAA CTC ACC ATA TTC AAA ACT GAG TTG AGE ETC CGE BAA TCT GAT GAG GAA ACT CAG ATC AAA GTT AAT TGG GAA GAA GAG GCA GCT TCT GBC TTG CTA ACC TCT CTG AAA GAC

Asp Lys Lys Leu Thr e Phe Lys Thr Glu Leu Arg Val Arg Gl Ser Asp Glu Glu Thr Gin lle Lys Val Asn Trp Glu Glu Glu Ala Ala Ser Gly Leu Leu Thr Ser Leu Lys Asp

4850 4055 4080 4085 70 “ors 4080 4085

AAC GTE CCC AAG GCC ACA G6G GTC CTT TAT GAT TAT GTC AAC AAG TAC CAC TBG GAA CAC ACA GGG CTC ACC CTG AGA GAA GTG TCT TCA AAG CTG AGA AGA AAT CTG CAG AAC AAT GCT

Asn Val Pro Lys Ala Thr Gly Val Leu Tyr Asp Tyr Val Asn Lys Tyr His Tp Glu His Thr Gly Leu Thr Leu Arg G Val Ser Ser Lys Leu Arg Arg Asn Leu Gin Asn Asn Ala

4095 4“8 4105 a1 4115 a2 s

GAG TGG GTT TAT CAA GBG GCC ATT AGE CAA ATT GAT GAT ATC GAC BTG AGG TTC CAG AAA GCA GCC AGT GGC ACC ACT GGG ACC TAC CAA GAG TBG AAG GAC AAG GCC CAG AAT CTG TAC

Glu Trp Val Tyr Gin Gly Ala lle Arg Gin lle Asp Asp lle Asp Val Arg Phe Gin Lys Ala Ala Ser Gy Thr Thr Gy Thr Tyr Gin Glu Trp Lys Asp Lys Ala Gin Asn Leu Tyr

a3 4“4 4145 4150 4155 4160 4165

CAG GAA CTE TTE ACT CAG BAA GGC CAA GCC AGT TTC CAG GGA CTC AAG GAT AAC GTE TTT GAT GGC TTG GTA CBA GTT ACT CAA AAA TTC CAT ATG AAA GTC AAG AAG CTB ATT GAC TCA

Gin Glu Leu Leu Thr Gin Glu Gly Gin Ala Ser Phe Gin Gly Leu Lys Asp Asn Val Phe Asp Gly Leu Val Arg Val Thr Gin Lys Phe His Met Lys Val Lys His Leu lle Asp Ser

a7 4“8 4185 “% 4195 4200 4205

CTC ATT GAT TIT CTG AAC CCC AGA TTC CAG TTT CCG 666 AMA CCT 666 ATA TAC ACT AGG GAG GAA CTT TGC ACT ATG TTC ATG AGG GAG GTA GGE ACG GTA CTE TCC CAG GTA TAT

Leu lle Asp Phe Leu Asn Phe Pro Arg Phe Gin Phe Pro Gly Lys Pro Gly lle Tyr Thr Arg Glu Gl Leu Cys Thr Met Phe lie Arg Glu Val Gly Thr Val Leu Ser Gin Val Tyr

215 4220 4225 %N 4235 4240 4245

TCE AAA GTC CAT AAT GET TCA GAA ATA CTG TTT TCC TAT TTC CAA BAC CTA GTG ATT ACA CTT CCT TTC GAG TTA AGE AAA CAT AAA CTA ATA GAT GTA ATC TCE ATG TAT AGE GAA CTG

Ser Lys Val His Asm Gly Ser Glu lle Leu Phe Ser Tyr Phe Gin Asp Leu Val lle Thr Leu Pro Phe Glu Leu Arg Lys His Lys Leu I 2l lle Ser Met Tyr Arg Glu Leu
425 4255 4260 4265 an a5 4280

TTG AAA GAT TTA TCA AAA GAA GCC CAA BAG GTA TTT AAA GCC ATT CAG TCT CTC AAG ACC ACA GAB GTG CTA CET AAT CTT CAG GAC CTT TTA CAA TTC ATT TTC CAA CTA ATA GAA GA1

Leu Lys Asp Leu Ser Lys Glu Ala Gin Glu Val Phe Lys Ala lle Gin Ser Leu Lys Thr Thr Glu Val Leu Arg Asn Leu Gin Asp Leu Leu Gin Phe lie Phe Gin lie Asp

o~ 4295 4300 4385 4310 4315 320 4325

MC ATT AAA CAG CTE AAA GAG ATG AAA TTT ACT TAT CTT ATT AAT TAT ATC CAA GAT GAE ATC AAC ACA ATC TTC AAT GAT TAT ATC CCA TAT GTT TTT AAA TTG TTG AAA GAA AAC CTA

Asn lie Lys Gin Leu Lys Glu Met Lys Phe Thr Tyr Leu lle Asn Tyr lie Gin Asp Glu lle Asn Thr lle Phe Asn Asp Tyr lle Pro Tyr Val Phe Lys Leu Leu Lys Glu Asn Leu

4330 4335 340 4345 4350 4355 4360 485

TGC CTT AAT CTT CAT AAG TTC AAT GAA TTT ATT CAA AAC GAG CTT CAG BAA 6CT TCT CAA GAG TTA CAG CAG ATC CAT CAA TAC ATT ATE GCC CTT CGT GAA GAA TAT TTT GAT CCA AGT

Leu Asn Leu His Lys Phe Asn Glu Phe lie Gin Asn Glu Leu Gin Glu Ala Ser Gin Glu Leu Gin Gin lle His Gin Tyr lle Met Ala Leu Argp Glu Glu Tyr Phe Asp Pro Ser

4370 4375 4380 4385 43% 4395 “n 445

ATA GTT GGC T66 ACA 6TG AAA TAT TAT GAA CTT BAA BAA AAG ATA GTC AGT CTG ATC AAE AAC CTG TTA GTT GCT CTT AAG GAC TTC CAT TCT GAA TAT ATT GTC AGT 6CC TCT AAC TTT

lie VilGﬁyIrpThrVdLysTervalumGluGluLyslle Val Ser Lev lle Lys Asn Leu Lev Val Ala Leu Lys Asp Phe His Ser Gl Tyr lle Val Ser Ala Ser Asa Phe

“15 “2 4425 “n 4435 “n 445

ACT TCC CAA mmmwmmwmmwmmmwmmm ABC ATC CTT ACC GAT CCA GAT GGA AAA GGG AAA BAG AAG ATT GCA GAG CTT TCT GCC ACT

ThrSaGanSMSer(‘ianGluGInmuuniswhnlllGilGlu'erouS«IleLouYhtAspP'oAspG’yLysMLysGhLyslkAhGOuLeuSevAhThr

4455 “a 4465 “n “rs a4n 4485

GCTCAGGMATAMTAMASCWMATTMMMAMAAHAﬂm“‘ll‘lﬁw CAG CAG TTT AGA TAT AAA CTE CAA GAT TTT TCA GAC CAA CTC TCT GAT TAC TAT GAA AMA

Aa Gin Glu lle lle Lys Ser Gin Ala lle Ala Thr Lys Lys lie lleSﬂAsnTyrHls Gin Gin Phe Arg Tyr Lys Leu Gin Asp Phe Ser Asp Gin Leuv Ser Asp Tyr Tyr Glu Lys

“% 4495 4500 4510 4515 4520 4525

mmmmmmmmmwmmmwmwwmmm ATA TAC ATC ACG GAG TTA CTE AAA AAG CTG CAA TCA ACC ACA GTC ATG AAC CCC TAC ATG

muemm&mmmmmas«mmmmmmmm le Tyr lle Thr Gl Leu Leu Lys Lys Leu Gin Ser Thr Thr Val Met Asn Pro Tyr Met

AAG CTT GCT CCA GGA GAA CTT ACT ATC ATC CTC TAA TTTTTTTAMA ATTTATTCTT TGAACTTTCA CATAGCACAG AAAAAATTCA AACTGCCTAT ATTBATAAAA CCATACAGTE

Lys Lew Ala Pro Gly Glw Lew Thr lie lle Low ***

AGTTATTTTE CTAAACTTGE GGGAGGAGGBA ACAMATAMAT GGAGTCTTTA TTGTETATCA TAA-------

F16. 2. Nucleotide sequence and derived amino acid sequence of human liver apoB-100 cDNA. Amino acids are numbered below the
sequence. Residue 1 is the NH; terminus of the mature protein. Negative numbers refer to the prepeptide sequence. Cysteine residues and
potential glycosylation sites are printed in bold type. The sequences of apoB peptides that have been published are underlined (22, 23).

ethanol. Poly(A)* RNA was isolated by oligo(dT)-cellulose
affinity chromatography.

Preparation of Human Liver ¢cDNA Libraries. Several
human liver cDNA libraries were utilized in this study. A
cDNA library established in pBR322 has been described (20).
A cDNA library established in Agt1l was kindly provided by
G. Ricca. A cDNA library established in pAT153 Pvull/8
was a gift from R. D. Campbell (21).

Screening the Human Liver cDNA Libraries for ApoB-100
c¢DNA Clones. The 5'-end-labeled synthetic oligonucleotides
and nick-translated apoB-100 cDNAs were used as hybrid-
ization probes to screen the plasmid and the Agtl0 cDNA
libraries. Monospecific, polyclonal antibodies against apoB-
100 as well as monospecific, polyclonal antibodies raised
against synthetic apoB-100 peptides (18, 22, 23) were used to
screen the Agtll expression library as described (18).

DNA Sequence Determination. The entire apoB-100 mRNA
sequence was included in 10 overlapping cDNA clones. Both
the Maxam and Gilbert chemical modification procedure (24)
and the Sanger’s dideoxynucleotides chain-termination pro-
cedure (25) were used. In the latter procedure, single-
stranded DNA templates were generated by either subclon-
ing into M13mpl8 and M13mpl9 or by denaturation of
supercoil plasmid DNA by NaOH (26). Universal sequencing
primers were purchased from Bethesda Research Laborato-
ries. Synthetic oligonucleotide primers were purchased from

OCS Labs (Denton, TX).

RESULTS

Identification of Human Liver ApoB-100 cDNA Clones. The
Agtll human liver cDNA library was screened with a mono-

specific antibody to human apoB-100 (GR-22) and with
synthetic oligonucleotides SN-R3-1 (22) and SN-MDB-18
(23) that were based on the corresponding peptides present in
apoB-100. Four overlapping apoB-100 cDNA clones were
isolated. Clone AMDB-1 is 1.9 kilobases (kb) long and located
1.5 kb from the NH,-terminal end of apoB-100 (8, 9). The
other three overlapping clones AMDB-2, \MDB-3, \MDB-4)
are located 0.7 kb away from the 3’ end of clone MDB-1 and
have a combined length of 4.2 kb (Fig. 1). To obtain the entire
sequence of apoB-100 mRNA, 30-base synthetic oligonucle-
otides homologous to the 5’ and 3’ end of our apoB cDNA
inserts were employed as hybridization probes to screen
several other cDNA libraries. One of the clones, pMDB-7
(Fig.'1) was isolated from a human liver cDNA library, which
used the Pvu II site of pAT153/Pvu II/8 (21). This clone
hybridized to oligonucleotide probes at the 5’ end of \MDB-1
and AMDB-2 and thus contained a minimum of 4 kb of the 5’
end of the apoB-100 mRNA. Restriction enzyme analysis
revealed an insert size of >6.0 kb indicating this clone
included sequences bridging the gap between clones \MDB-1
and AMDB-2. Clones containing the 3’ half of the apoB-100
mRNA were obtained by screening the plasmid cDNA library
(18, 20) with a nick-translated cDNA probe of A\MDB-4 and
synthetic oligonucleotides based on the sequence of the apoB
peptide MDB-18. Several clones were isolated, clone pMDB-
5 (Fig. 1) contained a 3.0-kb insert overlapping the 3’ end of
clone \MDB-4. Clone pMDB-6 contained the 3’-untranslated
region of apoB-100 mRNA and 750 base pairs of the coding
region. Several clones containing the rest of the apoB-100
mRNA sequence were obtained from a plasmid cDNA library
using the 30-base synthetic oligonucleotides homologous to
clones pMDB-5 and pMDB-6.
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Each of the putative apoB-100 cDNAs was verified by both
RNA gel and Southern hybridization analysis. Oligonucleo-
tides of each clone were also synthesized and used as
hybridization probes to human liver poly(A)* RNA by RNA
gel blot analysis. All cDNA and synthetic probes hybridized
to the 14.1-kb apoB-100 mRNA band. In addition, monospe-
cific antibodies prepared against synthetic peptides based on
the derived amino acid sequence of the cDNA clones im-
munoblotted to apoB-100 separated by NaDodSO,/PAGE
(23).

Restriction Endonuclease Cleavage Map and Sequence De-
termination of ApoB-100 mRNA. The restriction endonucle-
ase cleavage map of apoB-100 mRNA is illustrated in Fig. 1.
cDNA inserts were isolated and subcloned into M13mp18 and
M13mp19. In some instances, a modification of the dideoxy
sequencing protocol using end-labeling was employed (27).
Deletion subcloning (28) was used when sequencing large
cDNA inserts as in the case of clone pMDB-7. Both the plus
and minus strands were sequenced, and sequence data were
edited with the aid of a computer.

Structural Analysis of ApoB-100 mRNA and the ApoB-100
Protein. The results of our sequence studies established that
the apoB-100 mRNA is 14.1 kb long encoding a plasma B-100
apolipoprotein of 4536 amino acid residues with an amino
acid molecular weight of 512,723. The completed sequence of
apoB-100 mRNA is in good agreement with the published
partial sequences of apoB-100 (8-16), except for the 3'-
untranslated region that is different from that reported by
Knott et al. (10) in many places. Computer analysis of the
nucleic acid and derived amino acid sequence revealed
several interesting features of apoB-100. Twelve out of a total
of 25 cysteine residues are located within the first 500 amino
acids at the amino terminus of apoB-100 (Fig. 2). There are
20 potential glycosylation sites, the majority of which are
located in the middle of the protein.

DISCUSSION

In the present report we have described the complete nucleic
acid and derived amino acid sequence of human liver mature
apoB-100. At 4536 amino acids, to our knowledge, apoB-100
is the largest protein cloned and sequenced. The structure
and physicochemical properties of apoB-100 have been
extensively studied for nearly a decade. However, the
analysis of this protein has been difficult because delipidated
apoB-100 is insoluble in aqueous solution and forms aggre-
gates even in buffers containing NaDodSO,, urea, or guani-
dine hydrochloride. Our cloning of the entire apoB-100
cDNA permitted the definitive determination of the molec-
ular weight of apoB-100 protein as 512,723. The first 500
residues of apoB-100 contains 12 cysteines that may form
intramolecular disulfide bridges resulting in the NH,-terminal
region of apoB-100 being folded into a globular structure. In
this respect, this region of apoB-100 is similar to that of
human serum albumin (29, 30) that has 34 cysteine residues
forming 17 pairs of intramolecular disulfide bonds. It is
known that the introns of the serum albumin gene are located
in a characteristic manner at the 5’ end and reflect the domain
structure of the protein. Based on the similarity in structure
of the two proteins, we can anticipate that there are multiple
introns in the first 500 amino acid region of apoB-100.

The secondary structure of apoB-100 based on computer
analysis revealed 40% a-helix, 25% B-structure, and 35%
random coil but very little amphipathic helical structure.
Thus, unlike other apolipoproteins, amphipathic helices are
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not a characteristic feature of apoB-100. ApoB-100, however,
has a greater percent of B-structure when compared to other
apolipoproteins, and segments of the B-structure contain
distinct hydrophobic and hydrophilic faces.

The elucidation of the complete amino acid sequence of
apoB-100 will permit a detailed analysis of the conformation
of the protein, the LDL receptor binding domain(s), the
structural relationship between apoB-100 and apoB-48, and
the ability to study the genetic defects in apoB structure in
patients with dyslipoproteinemias.
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