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Primary Structure of the Mouse Laminin B2 Chain and Comparison with Laminin 
B 1 t y S  
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ABSTRACT: One of the major components of basement membranes is the glycoprotein laminin, made up 
of three disulfide-bonded subunits, the A, B1, and B2 chains. We have isolated and sequenced overlapping 
mouse laminin B2 chain cDNA clones covering 7562 base pairs. The deduced amino acid sequence predicts 
that the mature B2 chain consists of 1572 residues, has an unglycosylated molecular weight of 173 541, 
and possesses 14 potential N-linked glycosylation sites. Analysis of the predicted secondary structure shows 
the presence of six domains, two rich in a-helical structure, two composed of homologous cysteine-rich repeat 
units, and two globular regions. The organization of the molecule is very similar to that of the mouse laminin 
B1 chain, and significant sequence homology between the B1 and B2 chains was found in their two cys- 
teine-rich domains and in their amino-terminal globular domains. 

L a m i n i n  is a major and widely distributed component of 
basement membranes (Chung et al., 1979; Timpl et al., 1979). 
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The molecule consists of three nonidentical glycoprotein 
subunits linked by disulfide bonds, the A ( M ,  400000), B1 
( M ,  230000), and B2 ( M ,  220000) chains (Cooper et al., 
1981; Howe & Dietzschold, 1983). Laminin is involved in a 
variety of biological processes including cell adhesion, mi- 
gration, morphogenesis, metastasis, differentiation, and neurite 
outgrowth [reviewed by Kleinman et al. (19891. Binding of 
laminin to other basement membrane constituents including 
type Iv collagen, heparan sulfate proteoglycan, and entactin 
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to form supramolecular complexes has been demonstrated 
(Kleinman et al., 1986). Several cell-surface laminin binding 
molecules have been identified that may mediate the inter- 
action of cells with the extracellular matrix, such as the M, 
68 000 laminin receptors of muscle and tumor cells [reviewed 
by von der Mark and Kuhl (1985)], the chicken fibronectin 
receptor (Horwitz et al., 1985), sulfated glycolipids (Roberts 
et al., 1985), and cranin, an M ,  120000 integral membrane 
protein (Smalheiser & Schwartz, 1987). 

Electron microscopy of rotary-shadowed laminin reveals that 
it has an asymmetric cruciform shape, consisting of three short 
arms, each with two globular domains, and a long arm with 
one large terminal globular domain (Engel et al., 1981). The 
current model for the structure of laminin proposes that the 
short arms consist of the amino termini of the A, B1, and B2 
chains, the rodlike portion of the long arm is composed of a 
triple coiled-coil a-helix formed by the three chains, and the 
large globule at the end of the long arm is formed by the 
carboxyl terminus of the A chain (Engel & Furthmayr, 1987). 
Considerable information on the structure of laminin has been 
obtained from cDNA cloning. Sequencing of cDNAs corre- 
sponding to the carboxyl ends of the B1 and B2 chains first 
revealed that they had the potential to form a coiled-coil 
a-helix (Barlow et al., 1984), and this was later confirmed by 
biophysical and chemical methods (Paulsson et al., 1985). 
Recently, the complete cDNA sequences of the mouse and 
human laminin B1 chains have been determined, and they 
indicate that the polypeptide is organized into seven distinct 
structural domains (Sasaki et al., 1987; Pikkarainen et al., 
1987). In this paper, we report the isolation of cDNA clones 
encoding the mouse laminin B2 chain. The deduced amino 
acid sequence shows that the B2 and B1 chains share many 
structural features. 

MATERIALS AND METHODS 

Restriction endonucleases and other enzymes were pur- 
chased from New England Biolabs, Boehringer Mannheim, 
and Bethesda Research Laboratories. EcoRI-digested, alkaline 
phosphatase treated Xgtl 1 DNA was obtained from Promega 
Biotec. Gigapack packaging extracts, Bluescript KS plasmid 
DNA, and sequencing primers were purchased from Stra- 
tagene. [ c ~ - ~ ~ P ] ~ C T P  for nick-translations, [ T - ~ ~ P I A T P  for 
end-labeling, and [ c x - ~ ~ S I ~ A T P  for sequencing were purchased 
from Amersham and New England Nuclear. Oligonucleotides 
used in library screening, cDNA synthesis, and sequencing 
were synthesized on an Applied Biosystems DNA synthesizer 
at  the Pittsburgh DNA Synthesis Facility. 

Poly(A+) RNA was isolated by guanidine thiocyanate 
extraction and oligo(dT)-cellulose chromatography as pre- 
viously described (Durkin et al., 1986) from basement mem- 
brane secreting aggregates of mouse M1536-B3 cells (Chung 
et al., 1979) grown in bacterial culture dishes for 6 days. An 
oligo(dT)-primed double-stranded cDNA library was syn- 
thesized by using M1536-B3 poly(A+) RNA according to the 
method of Gubler and Hoffman (1983). For insertion into 
the vector Xgtll (Young & Davis, 1983), the cDNA was 
methylated at the EcoRI sites, and the ends were filled in and 
joined to EcoRI linkers (Huynh et al., 1985). After digestion 
with EcoRI and removal of linker monomers by two cycles 
of ethanol precipitation, 0.3 pg of cDNA was ligated to 1 pg 
of EcoRI-cut Xgtll DNA, and the ligation reaction was 
packaged with Gigapack extracts. A specifically primed 
cDNA library was constructed in the same way, except that 
6.3 kg of a synthetic 20-mer, 5'-dTTTCCCCTTCTCTA- 
GAAGGT-3', was annealed to 10 pg of M1536-B3 poly(A+) 

P 54 
p57 

h 94 h6 
A281 

h 34 

FIGURE 1: Laminin B2 cDNA clones. A map of eight overlapping 
laminin B2 cDNA clones spanning 7562 bp is shown. A573 was 
obtained from the specifically primed library; the internal EcoRI site 
was apparently cleaved during construction of the library. X34, also 
from the specifically primed library, was evidently synthesized via 
nonspecific annealing of the primer. Other cDNA clones not shown 
were isolated and sequenced. Restriction endonuclease sites for BamHI 
(B), EcoRI (E), Hind111 (H), PstI (P), Sac1 ( S ) ,  and XbaI (X) are 
indicated. 

RNA for 1 h at  25 OC in 0.4 M KCl prior to first-strand 
synthesis. 

The Xgtl 1 libraries were screened by plaque hybridization 
(Maniatis et al., 1982) to cDNA inserts isolated by elec- 
troelution and labeled by nick-translation (Rigby et al., 1977). 
Recombinant phage were adsorbed to Escherichia coli Y 1090 
(r-) and incubated 8-15 h at 42 OC, and the plaques were 
transferred to nitrocellulose filters. A differentiated F9 cDNA 
library in pBR322 (Durkin et al., 1986) was screened by colony 
hybridization (Maniatis et al., 1982) to a synthetic 20-mer, 
5'-dCGGACCATAGCTGAAGCCAA-3', labeled with [y- 
32P]ATP and T4 polynucleotide kinase. Hybridization was 
performed according to conditions described by Wallace et 
al. (1979). 

Large-scale preparation of phage DNA was performed by 
the procedure of Davis et al. (1980). The cDNA inserts were 
isolated by EcoRI digestion and agarose gel electrophoresis 
and subcloned into the Bluescript KS M13 (-) plasmid. Pu- 
rification of plasmid DNA and restriction endonuclease 
mapping of the cDNA inserts were performed by using 
standard protocols (Maniatis et al., 1982). 

Sequencing of cDNA inserts was accomplished by the di- 
deoxy chain termination method (Sanger et al., 1977), using 
both the conventional single-stranded procedure in M13 and 
the double-stranded modification (Chen & Seeburg, 1985) in 
the Bluescript Ks plasmid. The large EcoRI fragments of X94, 
134, and X6 were sequenced by constructing nested deletions 
according to the exonuclease III/S1 nuclease technique 
(Henikoff, 1984; Lawler & Hynes, 1986). Gaps in the se- 
quence were filled in by using specific synthetic oligonucleotide 
primers. Analysis of protein sequences was performed with 
MacGene Plus software. 

RESULTS 
Isolation of Laminin B2 Chain cDNA Clones. A 1.5-ki- 

lobase (kb)' laminin B2 cDNA clone, p16, was isolated from 
a library in pBR322 constructed using poly(A+) RNA from 
mouse F9 embryonal carcinoma cells induced to differentiate 
to parietal endoderm (Durkin et al., 1986). Comparison of 
the sequence of p16 to that of a B2 clone isolated by Barlow 
et al. (1984) revealed that it consisted of the final 120 bp of 
the open reading frame, the TAG stop codon, and 1.4 kb of 
the 3' noncoding region. The library was rescreened using a 
32P-labeled synthetic oligonucleotide probe (nucleotides 
4366-4385 in Figure 2) derived from the published B2 se- 
quence (Barlow et al., 1984); this yielded two clones, p57 and 
p54 (Figure 1). Screening of an oligo(dT)-primed M1536-B3 
library in hgtll  with nick-translated p16 insert resulted in the 
isolation of X6, which encoded the remainder of the 3' un- 

' Abbreviations: kb, kilobase(s); bp, base pair(s); SDS, sodium do- 
decyl sulfate. 
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hk Th ch. ct, Gt, A g  Ah A h  Lu Ah Lu Gln Ro A g  Cb Arg 
C T G T G G C C G C T G T I G G C T G T G C T ~ G G C T G T G G C G G G C T  CATffiACGAGTGCGCGGATGAGGGCGGGCGGCCGCAGCGCTGCATCCAGMCffiAG~GTTMTCCAGMCGCC 
Lu TQ Ro Lu Lu Ah W Lu Ah Ab W Ah Gb C$ W A g  Ah% Mm Asp Glu 6 Ah + & Cg W Arg Ro Gln Arg 4 hk Ro Glu Rr W A m  Ab Ah 

TGTGACCGTffiTGGCTACCMCACGTGTGGGACTCCGCCCGAGGAGTACTGCGT~AGACT~TGACCffiAGTCACTMGTCCTGTCACCTGTGCGACGCC~CAGCAGCAC E?& W Thr W W Air T h k ~ T h  & c?. Thr Ro Ro Glu Gh Tyr C$ W GlnThr ct, W Thr @ W Th L y  Srr C$ Hu Lu C $ + A h  Gb Gln G l n H u  
C T G C M C A C G G G G C A G C C r r C C T G A C C G A C T A C M C M C C A G G C C A T C  CCTCAffiCTGCAC 
Lu Gln Hu + Ah Ah Rr L u T h b  Tyr k n A m  Gln Ah b T h r  Thr TQ TQ Gln Srr GlnThr h k L u  Ah Gly W Gln Tyr Ro Am Scr lk %Lu Th Lu It, 
CTGGGiUAGGCmTGACATCACTTACGTGCGCCTCMGTTCCACACCAGCCGTCCAGAGAGCTTCGCCATCTATMGCGCACTC~MGAC~CCTGGATTCCTTATCAGTACTAC 
Lu Ci, L y  Air Rr A q  Ik T h  Tyr W Alg Lu Lyr Rr Hu Th Scr Arg Ro Glu Sct Rr Ah I t  Tyr L y  A g  Thr Arg Glu h p  ct, Ro TQ Ik Ro Tyr Gln Ty Tyr  

AGTGGGTCCTGTGAGMCACGTACTCAMGGCTMCffiTGGCAGTTCATCAffiACCffiA~ACGACCACCAGGCAGCrrGTGTACTGATGMTTCAGTGACATTTCCrrr~rArrr~Tr~~ 

-1 8 

2 3  

6 3  

1 0 3  

1 4 3  
.. . 

Scr @ S r r  C$ Gh AmThr Tyr Scr L y  Ah k n  A g  ct, Rr k AlgThr Gb Gb A q  Glu Gln Gln Ah Lu C$ f ib  Glu Rr %I b k Sn Ro Lu Th Gb G+y 
MCGTU;CCTTTTCMCCCTGGMGGACGGCCGAGTGCCTACMCTTTGACMCAGCCCTGTGCTCCAff iMT~TMCT~CACTGACATCAGAGTGACGCTCMTCGCCTGMCACC 
k n  W Ah Rr Scr Thr Lu Gb ct, Arg Ro Sct Ah Tyr Am Rr + A m  So Ro W Lu G h  Glu TQ W Th Ab Th A q  Ik Arg W Thr Lu k n  A r g h  AmTh 
TTTGGAGATGMGTGTTTMCGACCCCiUAGTTCTCMGTCTTACTATTA~MTCTCAGACTTTGCTGT~~CAGGTGTAMTGTM~ACATGCCACCGAGTGTGTAMGMC 
Rr ct, .+ Gh W Rr A m &  Ro L y  W Lu L y  Sn Tyr Ty, Tyr Ah I t  S r r  b Rr Ah W W ct, A g  & L y  C $ h  ct, Hu Ab Sn Glu 6 W L y  h m  

Glu Rr h p  L y  Lu M e  C y  Asn C$ Lys Hu hm Thr Tyr G$ W 14Jp C$ Glu Lys C$ Lu Ro Rr Rr A m  A q  Arg Ro Trp A g  A q  Ah Thr Ah Gb S r r  Ah 4 r  Glu 
TGCCTTCCTTCTGACTGCMTffiCCGATCCCMGAGTGCTACmGATCCTGMCTATACCGTTCCACTffiACATGGTffiCCACTGTACCMCTGCCGGGATMCACAGATffiTGCCMG 
C$ LN Ro C$ 4 C$ k n  Ct, Ax Srr Gln Gh C$ Tyr Rr A q  Ro Glu Lu Tyr Arg S r r  Thr Ct, Hi. Gb W I t s  6 Th Am C$ A g  A q  A m  Th A q  G$ Ah LII~ 

TGCGAGAGGTGCCGGGAGMmCTTC~CT~MCACTGM~CTGCTCTCCGTGCCACTGCAGCCCTGTTffiTTCTCTCAGCACACAGTGTGACAGTTAC~AGATGCAGCTGT 
C$ & A g  C$ Arg G h A m R r  Rr A g h  Gly AmThr & A b  C$ St Pm 4 Hu 4 Sn Ro W Gly Srr Lu Er Thr GLn C $ b  So Tyr ct, Alg & Scr l$ 
MGCCAGGAGTGATGGGTGACMGTGTGACCGTTGTCAGCCT~TTCCATTCCCTCACTGAGGCAffiATCCAGGCCATGCTCCTGCGATCCTTC~CAGCACAGACGAGTGTMTGTT 

GMCCrrCGGGCAffiMGATGCGTTTGCAMGACMTGrrGMGGCrrCMCTGTGAGAGATGCAMCCTffiATT~TMTCTGGAGTCATCTMTCCTMGGGCTGCACACCCTGCTTCTGCm 

GGCCATTCTTCTGTGTGCACAMTGCTGTTGGCTACAGTGmATGACATCTCCTCCACCTTTCAGArrGATGAffiATGGGT~ffiTffiAGCAGAGAGATGGCTCGGA~TCTCTG 
ch. Hu Scr Scr W 4 lbr Am Ah W ct, Tyr Sn W Tyr A? Ik h Scr Thr Rr Gln 1k 4 & iC, Gty TQ Alg W & Gln Arg A q  g Scr Gh Ah S r r  Lu 

GAGTGGTCCTCAGACAM;CMTATATTGCCGTMTCTCAGACAGTTACTTTCCTAGATACTTCATC~CCCTGTGMGrrCCT~CMCCAffiTCCTGAGTTATGGGCAG TCTTTCC 
& TQ Srr S r r b  A g  G l n b  Ik Ah W Ik % t i l ,  Sn Tyr Rr Ro Arg Tyr Rr Ik AL Ro W Ly Rr L a  ct, Am GLn W L a  Scr Tyr  Cb Gin% Lu Srr 

TTCTCCTTCCGAGTGGACAGACGAGACACTCGCCTCWCCGCAGAr~ACCTTGT~TCGMff iA~Tff i~GAGAGTATCff iTGCCCTTGAT~TCA~CMCTCCTACCCCAGCGAG 

ACCACTGTGMGTACATCTTCA~CCATGMGCMCGGATTACCCTTffiAGGCAGCCGCTffCTCCCCGTTTGMTTTCAGM~CCTGMC CTTGACCTCTATCMGATCCGTGGT 
Th Thr W L y  Tyr k Rr A g  Lu Hu Gh Air Thr b Tyr Ro Tip A g  Ro Ah Lu Srr Ro Rr Rr Gln L y  Lu Lu Am% Lu Thr Srr Ik Lys lk A g  Gly 
ACATACAGCGAGAGGAGCGCTGGGTACTTGGATGATGTCACCTTGCAMGTGCTCGCCCT~C~AGTCCCTGCMCGT~Tff iAGTCCTECACCTGTCCAGTGGGATAC~A 
T h  Tj, Scr & Arg Srr Ah % Tyr Lu ,+AT W Th L a  Gln S r r  Ah A g  Ro W Ro q W Ro Ah Thn TQ W Glu Scr C y  Th & Ro W Gt, Tyr  Gly g 
CACTTCTGTGAGACGTGCCTCCCAGGGTACAGMGAGAMCTCCMGCCTTGGACCTTATAGCCCGTGTGTGCTCTGTACCTGTMT~ACAGTGAGACCTGTGACCCffiAGACAffiT 
Gln Rr C$ Gh Thr C$ Lu Ro Tyr Arg A g  Gb Ih, Ro Scr Lu CCy Ro Tyr Srr Ro 4 W Lu C% Tht 4 k n  % Hu Sn Gh Thr & b Ro Gb Ih, Gt, 

GTCTGTGACTGCAGAGACMTACAGCCGGCCCCCACTETGAGiUATGTAGffiAT~TACTAT~ACTCMCCCT~CACCTCCTCTGACTGCCAGCCTTGTCCCTGCCCCffiT~ 
W C$ !q C$ A g  A q  k n  T b  Ab g Ro Hu C y  Gh L y  4 Srr b Gt, Tyr Tyr Gly b Srr Thr Lu Gly Thr Sn Srr b C$ Gln Ro C$ Ro C$ Ro Gb Cly 

TCMGTTCTGCCATTGTCCCAGACMAGGMGTGGTGTGCACGCACTGTCCGACT~~~CACTCCC~~~CMGAGATGTGMCTCTGTGATGACGGCTACTTT~~~AGACCCTCT~AGC 
Srr Srt C$ Air Glu Lu C$ A q  A q  ct, Tyr Rr ct, b Ro Lm Ct, Srr 

MTGGGCCCGTGAGACTGTGCCGCCCGTGCCAGTGTMCGACMCATAGACCCCMC~GGTTff iCMCTGCMCCGCCTGAC~CGAGTGCCTGMGTGCATCTATMCAC~ff iT  
A m  Ro Val Arg L a  C$ Alg Ro C$ Gln C$ k n  b Am 1k b Ro A m  Ah W G+ Am C$ Am A g  La. Th Gt, Glu C$ Lu L y  C$ Ik Tyr k n  Th Ala Cb 

G A G T T T G A C A M C T C A T G T E C M C T G C ~ U A C A T M C A C A T A C ~ ~ ~ A G T T G A C T G T G ~ G T G C C T G C C ~ ~ C M T G A C C ~ C G T G G A ~ ~ ~ A ~ G A C T ~ G A G A G C G C C A G C G A G  

L ~ .  ~o ct, w ~ n g  b L~ C $ , + A ~   lo ~o g ~r ~u h ~ h r  ~h g 4 AT Ro & ~n & b  Ro sn ct, ~h 4~~ w 
g A ~ Q  w C, L~ b ~ m  w GI" q ~ r ~ m  c$ ~ h ~ l g c 5  LY. ~o ct, ~r ~r k n ~ u  GU s l t  s n ~ m  Ro ry ct, 4~hr ~o G R ~  c$ ~r 

~r ~r A% w b A% A% A~ ~ h r  A~ ~u so ~h ~b A? LN w ~u GI" ~b ~h ct, ~u ~g w &I w Ro ~u ik AL ~ l n  ct, kn E, 5, Ro SI, ciu 

k W Ro Ly, Thr Ly, Gb W W & Thr HA, C$ Ro Thr Gly Thr Ah Cly L y  A g  

T T C T A C T G C G A C C G G T G C M G M ~ ~ T T C ~ ~ ~ A M T C C C C T ~ T C C C M T C C A G C ~ ~ ~ A C A M T G C M A G C C T G ~ C T G C M C T A ~ A C A G T G C A G C M C A G A G C A G C T G T M C  
~r T,. c$ A~ A% c$ L,, sr ~ c ,  A , ~  q ~r ~r ct, A . ~  ~o ~u ~h ~o Ro ALS A~ L~~ c: ~h c$ ~h c$ kn ~y~ ~ l y  ~ h r  w ~ l n  ~ l n  

CCGGTGACCGGACMTGCCAGTGTCTGCCTCATGTGTCATGTGTCTGGCffiffiACTGCffiTACTTGTGACCCTffiCTACTACMCCTGCAGAG~MGGCTGffiAGAffiTGTGACTGCCAT~ 
Ro W Thr ct, Gln & Glo C$ Lu Ro Hu W So ct, A g A v  4 G)y Thr C $ b  Ro c?, Tyr Tyr Am L a  Gln Scr Gty Gln ct, 6 Gh Arg & b 4 Hu Ah 

TIGGGTTCCACCMTGGCCAGTGTGACATCCGCACCGGGCAGTGTGAGTGCCAGCCT~~~CATCACC~~~TCAGCACTGTGAGCGCTGTGAGACCMCCAC~~T~~~~~ACCTGMGGCAG 
Lu ct, Sct Thr hm & Glo C$ il.p Ik k T h r  ct, Gln C$ Glu 4 Gln Ro % lk Thr CC, Gln Hu C$ Glu A g  C$ Gh Thr Asn Hu Rr ct, Rr cty Ro Gh Gt, 

TGCMACCTTGTGACT T C A C C A T G M ~ ~ ~ A T C C C T T T C ~ ~ C C A G T G T A M G A ~ ~ ~ A C ~ ~ ~ C C G T T G T G M T G C A G G G M ~ ~ ~ C T T T G T ~ C M T ~ ~ ~ C T G T G A C C A G T G T G M G A G M C T A T  
C$ Lys Ro & A q  c', Hu Hu Glu ct, S r r  Lu So Lu Gln C F  Ly bb Gly A g  & Gh 4 A g  Glu CC, Rr W ct, Am A g  C$ AT Gln C$ Glu Gh k n  Tyr  
TTCTACMTCGGTCCTGGCAGCTffiCTGCCAGGAGTGTC~TGTTACCGACTTGTGMffiATMGGCTGCTGA~ATCGAGTGMCCrrCGGGCTCCAffiAGTTAGAGArKrTrArrr~rAArr~ 
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Rr Ty, A% A g  Scr Tlp Ro Gt, 4 Gln Glu C$ Ro Ah C$ Tyr Arg L a  W L y  A q  L y  Ah Ab Glu HM Alg W Lys Lu Gln Glu L a  Glu Srr Lu Ik A h  k n  Lu 
3 3 6 1  f f iCACTGGGGATGACATGGTGACAGATCMGCC~GAff iACAGACTTMGGMGCAGiUA~AGGTGACAGACCTTCTCCGTGA~TCAff iMGTCMAGATGTAGATCMMTCTG 

Gtj Th Gt, .+ hrp hk W Th A q  Gln Ah Rr Glu b A g  Lu Lys Glu A h  Glu Arg Glu W Thr Asp Lu Lu A g  Glu Ah Gln Glu W Ly A.p W Alp Gln A m  Lu 
3 4 8 1  ATGGATCGCCTTCAGAGAGTiUATAGCAGCCTGCATAGCCAMTTAGCCGACTGCAGMTATCCffiMTACTATCGMGAGACC~ATCTTGGCTGAGCGACCAGMACffiTCCCGAGT~AG 

I023 

1 0 6 3  

k k b  A g  Lu Gln A g  W A!& %r Scr La Hu Srr Gln ik Scr Alg Lu G l n k o  Ik A g  Am% Ik Glu G(u Th ct, Ik Lu Ah Giu Arg Ah A g  Sri A g  W Ciu 1 1 0 3  
3 6 0 1  A G T A C A G A G C A G C T G A T T G A G A T C G C C T C C A ~ A G C T C G A G A M C C ~ T G G C C ~ C  TGTGTCMTCACTCAGCCAGAGTCTACAGCGGAGCCMAC CATGACCCTCTTGGCA 

S r r T h r & G l n L u I k  ~ I k A h S c ~ A g G l u L u G h L y A L L y h k A h A h ~ ~ W ~ ~ l r 1 k T h ~ R o ~ u S c r T h r ~ ~ l u R o k n ~ ~ h k T h r L u L u A b  1 1 4 3  
3 7 2 1  GMGMGCCffiMGGCrrCCAGAGCGTCATMACATiUACAffiMGCCGATGACATTGTAffiAGT~AMGACA~C C G A G A C T T C A G C T G A G G C A T A T M T C T G C T T T T G A ~ ~ ~ A C C C T ~ A  

Glu Gh Ah A g  Alg Lu Ah Gh A g  Hu L y  Gln Gh Ah b A q  Ik W A g  W Ah Ly, Thr Ah % Glu Th Srr Ab Ciu Ah 5 7  Am Lu Lu Lu Ax Th Lu A h  1 1 8 3  
T C A M C T G C G C T G G A G A T T G M G M C r r M C M G G  CATCTCTCAGGACCTGGAGMGCAGCCTGCCCGAGTCCATGAGGMGCCMGCGTGCA 

3 8 4 1  ",̂ "my Gln Thr Ah Lu Gh Ik Gh Gh Lu hm A g  L y  Tyr Glu Gln Ah L y  3 II Ik Srr Gln b Lu Glu L y  CLn Ab Ah Alg W K1 Glu & Ah Ly Arg Ah 1 2  2 3 
3 9 6 1  GGTGACAMGCffiTAGAGATCTATCCCAGTGT~CCAGCTGACCCCTGTGGACTCTGAGGCCCTGGAGMTGMGCAMT~TCMGAMGMGCT~AGACCTffiACCGTCTGATT 

chi Am LV Ah W Gh Ik 3, AL Sr, W Ah Gln Lu Thr Ro W Am SI, Gh Ah Lu Am Glu Ah k n  Lw Ik L u  L u  Glu Ab Ah Am LN Am AI. 1" Ilr 1 7 6 7  

L y  Thr AL Ah Gh Glu Ah Lu A g  Alg Ik Ro Ah Ik A!& Alg Thr Ik Ah Glu Ah A m  Gb L y  Thr Alg Gh Ah Gln Lu Ab Lu Gb Am Ah Ah Ab Alp Ah Th 
4 4 1 1  GAGGCCMGMCMGGCCCATGAGGCAGAGAGAffiATCGCCAGCGCCGCGCAGMG TGCCACCAGTACCMGGCGGACCCAGMAGMCCrrCGGGGMCCTTC~MGTIACAGATCTffiATMTGAG 

Glu Ah Lyr k n  L y  Ah Fti GI" Ab Glu A g  Ik Ah SI, Ah W Gln L y 3 '  Ab Thhr S r r  Th Ly Ah Arp Ah Glu Ax Thr Rr Gb Glu MI Th A q  Lu Alp A.n Glu 
4 5 6 1  GTGMCGGTATGCTGAGGCAGCTAGAff iAGGCAGAGMTGAGCTGMGAff iMGCMGATGACGCCGACCAff iACATGATGATGGC~ATGGCTTCGCMGCCGCTCA~A~GAG 

W k n  ct, h k L u  Alg G h  Lu Glu Glu AL G h k n  Gb Lu L y  Alg L y  G l n b b  Ah b G l n b  M r t h k b k  Ah ct, hk Ah Sct Gln Ah Ab Gln Glu A h  Glu 
4 6 8 1  CTCMTGCCAGhMGGCCAAMACTCTGTCAr~AGCCTCCTCAGCCA~GMCMC~CTT~ATCAGCTAff iACAGCTff iACACAGTGGACCTGMCMGCTCMTGAGATCGM~ 

Lu Am Ah A g  L y  Ah L y  k n  51, W Srr So Lu Lu Srr Gln Lu Am Am Lu Lu b Gln Lu W Gln Lu A q  Thr W b Lu Am Lys Lu Am Glu Ik Mu Ciy 
4 8 0 1  TCCCTGMCAMGCCAMGACGATGMGGCCAGCGACCTff iACAff iMff iTGTCTGACffGGAGAGCGA~Cff iMGCAff iMGCAGCCATCATGGACTATMC~ACATAGCA 

SI Lu Am L y  Ab L y  b Gh hk L y  Ah S I r b  La h p  A g  L y  W b & Lu Gh Sn Gh AL A g  L y  Gln Gh AL Ah Ik h k b  Tyr Asn A ~ g b  Ik Ah 
4 9 2 1  G A G A T C A T T M G G A T A T T C A C M C C T f f i A f f i A C A T C M G M G A C C C T A C C M C C ~ T G C T T C M C A C C C f f i T C T A T C G A G M G C C C T A G T ~ A G A ~ T G T M ~ G T G T C C C T G  

Gb Ik 
5 0 4 1  ACAGGU;ACCCTGTGA~~~CCT~TGC~GACACAMGA~ACACTTTTCAGACCCCCACTTCTCTGCTGCTCTCCATCACTGTCC~GACCCMG~GTCAGAGTTTAMGAGA 
5161  A G C M G r r A M C A T C m M C C A G G M C A M ~ ~ G C ~ ~ G T C T C T C C T C C A C T T C T G T C A G C A C C C T A C C f f i M C m C C C T T G m G C C T G M G T C A C G G C A T C T T C C A G  
5 2 8 1  GGGCCTACCCACATCATGTGMCC~MTGCCA~AGACCCA~CCC~CCCCTCTCTCMCACCAGCAf f iACCTAT~CAGTACTCATGTTTCTATGMff iATC~GGCAGTCC 
5 4 0 1  T C A T C G T A C C A r r G A G A T G C A G T A T G T C C G C T C T C C A T ~ T C T G C C T C C T ~ G i U A f f i ~ C A T C C T f f i T G C C i U A f f i T A T T f f i T C A T T T A G M T A G T f f i T f f i C C A T C C A T C  
5 5 2 1  A G A C A T G C T G C C T G G C T G A G C A T A f f i A C A C A G A G C C G T C G T ~ T G A G f f i T A G T T A C A T G T ~ T C C C C A f f i A G M C A T ~ C ~ G A T ~ A ~ T T C C T C C T G ~ C A T T G A C T A  
5 6 4 1  G G M G A T G M T G T T T C C C A M T C C T C A G G C A G C T G A T ~ G T C T ~ ~ ~ A T ~ A G C T C G C A C G C A C C A C T A ~ ~ ~ T G A ~ ~ ~ T A ~ G A T A T T ~ A T M G C A ~ ~ ~ A C T T M T G C A G M G A  
5 7 6 1  M C A G A T G T G A T M C C A C T C M G T ~ ~ C C C C M G T A G T A ~ M T T ~ ~ G C T T T G T T A G T G r r A G T C r r f f i M C T G T T f f i T M G A T A G C T G T C ~ C A G T T G T C C T C T M G G T C  
5 8 8 1  A T G h C C M T G A M G M G A G C M A T C T C C T T T T C C C C C A T A ~ ~ ~ M G T ~ C T G T M T C G G G A T G T M C ~ T C T C A T T A f f i A T T C C A T G A G T C C A ~ ~ ~ ~ r ~ ~ r ~ ~  

Ik L y b  k Hu A m L u  G h b  Ik L y  L y  Thr Lu R o T k  + & Rr AmTh Ro b Ik Gh L y  Ro i 

3 8 3  

4 2 3  

4 6 3  

5 0 3  

5 4 3  

1 7 2  

6 0 0 1  
6 1 2 1  
6 2 4 1  
6 3 6 1  
6 4 8 1  
6 6 0 1  
6 7 2 1  
6 8 1 1  
6 9 6 1  C C A C G G C M G M f f i f f i T U j C C T C A C C M G T T C A G T ~ G A r r ~ T A G T T C C T C T A T T C C G A G f f C A C C A C C T T M C A ~ f f i T C A C A G T T G C M G ~ T G G C A G T G i U A C A G A C C A C C A  
7 0 8 1  C C A G C A T C C ~ G G G T C M C T C C C T C C A G C A G G C C ~ ~ ~ A U ~ C G C T ~ ~ ~ T G G G T G G U ; T G T T T T ~ T T T G T ~ C T C C A G ~ G T ~ ~ ~ T A T A - ~ U A U G M T ~ A - T A A A A T  ~~ ~ .. 
7 2 0 1  GAMGrrAmACMGATGATACCrrArrACGCTCC~CGACACAGCCATT~TTATTGTATAGTTCCMTMTCTGTA~ATGTMTGAMTffiACAGMTGGCAGTCCAGMTGTAGMTG 
7 3 2 1  C G G G G T G C U j C A C A G M C A G A T T G m T A T C C C T C C C C C G C C C C C G C C C A T f f i M T T r r C ~ T G A T T C C M C T G T f f i C C C ~ T C M T G T G C C r r C A C m A G C T G ~ G C C T T M T C T  
7 4 4 1  C T A C A G C C T T C C C C C C T C A G A ~ ~ ~ C M C A C ~ ~ ~ A T G T T T ~ G ~ C A G T A T T T T A ~ A T ~ T C T G M T A T T T G T M C C C ~ ~  
7 5 6 1  M 

FIGURE 2: Nucleotide sequence of mouse laminin B2 chain cDNA and the deduced amino acid sequence. Numbers on the left side refer to 
the nucleotide sequence, and numbers on the right side refer to the amino acid sequence. Numbering of the amino acid sequence begins a t  
the presumed amino terminus of the mature B2 chain. Cysteine residues are marked with a triangle, and sites for the addition of N-linked 
oligosaccharides are marked with a solid circle. The four AATAAA polyadenylation signals in the 3' noncoding region are underlined. 

translated region. To obtain clones extending in the 5' di- the 5' end of p57 (nucleotides 4148-4167 in Figure 2). A94 
rection, a specifically primed library was synthesized by using was isolated by screening the library with nick-translated p57 
an oligonucleotide complemetary to a sequence 100 bp from insert. The specifically primed library was probed several more 
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I C  

R C K C N  

P C D C N  

P C E C S  

P C S C D  

P C F C P  

L C T C N  

P C P C P  

P C O C N  

A C A C N  

R C D C E  

P C 

V 

D L E  

I 1 1  

G E A S  /I V K N E F D K L M  

G R S Q  

P V G S L S T  D S Y G R  

P S G S T D  N V E T G R  

G G S S  A I V P K T K E V V  

D N I D P N A V G  C N R L T G E  

Y G T V O O O S  C N P V R T G O  

A L G S T N  G C D I R T G O  

E E G S L S L  K D D  G R  

' G H S S V  

G S E T  D P E T G V  

250-305 

306-361 

362-4 08 

4 09-4 58 

459-469 

7 -  
C N C X B N T Y T V D C E K C  C I -  L P F F N D R P W R R A T A E S A S E C L  Y 

C Y F D P E L Y R S T G H G G H C T N C R D N T D G A K C E R C R E N F R L G N T E A  c s  
C S C K P G V M G D K C D R C O P G F E S L  T E A G  C R  

C T  C V  C K D N V E G F N C E R C K P G P F N L E S S N P K G  

c v  
c o  

C T E C P T G T A G K R C E L C D D G Y F G D P L G S N G P V R L  C R  

C K  C L K C I Y N T A G F Y C D R C K E G F F G N L A P N P A D K  

C O C L P B V S G R D C G T C D P G Y Y N L O S G O G  C E  

C E C O P G I T G R O C E R C E T N E F G F G P P G E G  C K  

C E C R E G F V G N R C D O C E E N Y F Y N R S W P G  

C T  C P V G Y G G O F C E T C L P G Y R R E T P S L G P Y S P  

c D C R D N T A G P E C E K C S D G ~ Y G D S T L G T S S D  

L O  
- - I  

655-687 

688-736 

7 37-7 91  

792-847 

848-8 97 

898-945 

946-993 

p C - C -  

FIGURE 3: Homologous cysteine-rich repeat units of laminin B2. The cysteine-rich repeat units in domains V and I11 of laminin B2 were aligned 
with the aid of the MacGene homology program. The numbering of the residues is taken from Figure 2. The eight identical cysteine residues 
and one identical glycine residue in each repeat are boxed. Below is a consensus sequence that includes residues occurring in the same position 
greater than 50% of the time. 

times, each time Using a restriction fragment from the 5' end Table 1: Comparison of the Domains of Laminin ~2 and ~ 1 "  
domain feature B2 residues B1 residues of a clone isolated in the previous round, until A573 was iso- 

lated. The cDNA clones span 7562 bp, close to the size of 
8 kb estimated for the laminin B2 message by Northern blot I a-helix 433 356 

a cysteine rich 33 
analysis (Barlow et al., 1984; Durkin et al., 1986; Kleinman I1 a-helix 146 220 
et al., 1987). 

Nucleotide and Amino Acid Sequences. The complete 
laminin €32 cDNA sequence and the deduced amino acid se- 
quence are shown in Figure 2. A 4815 bp open reading frame 
extends from a presumptive initiator methionine codon at 
nucleotide 193 (Kozak, 1987) to a TAG stop codon a t  nu- 
cleotide 5008, followed by a 2547 bp 3' untranslated region 
and 8 bp of the poly(A) tail. The open reading frame encodes 
a 1605 amino acid polypeptide of M, 176 836. Inspection of 
the amino acid sequence suggests that the mature laminin B2 
chain begins at  the alanine located 34 amino acids from the 
translation start site, and this has been designated + 1 .  Res- 
idues -33 to -1 have the features of a signal sequence, in- 
cluding a positively charged amino terminus followed by a 
stretch of hydrophobic residues from -17 to -6 (von Heijne, 
1985), and the sequence VRA immediately upstream of amino 
acid + 1  conforms to the -3, -1 rule for the signal peptidase 
cleavage site (von Heijne, 1984). The mature B2 polypeptide 
consists of 1572 amino acids with an unglycosylated molecular 
weight of 173 541 and possesses 14 potential N-linked glyco- 
sylation sites (N-X-S/T) and 98 cysteine residues, most of 
which are located in 2 cysteine-rich domains. 

Structural Features of the B2 Chain. Inspection of the 
amino acid distribution and prediction of the protein secondary 
structure according to the method of Garnier et al. (1978) 
reveals that the B2 molecule is organized into distinct struc- 
tural domains highly analogous to those reported for the mouse 
and human laminin B1 chains (Sasaki et al., 1987; Pikkarainen 
et al., 1987). Starting at  the carboxyl terminus, domain I 
(residues 1140-1572) of the B2 chain is rich in a-helical 
structure and contains the heptad repeats characteristic of 
coiled-coil a-helices noted previously (Barlow et al., 1984). 
Domain I1 (residues 994-1 139) contains stretches of a-helical 
structure interspersed with @-sheets and @-turns. Domains I 
and I1 contain 9 of the 14 potential N-linked glycosylation 
sites. The 2 cysteine-rich regions, domain I11 (residues 
655-993) and domain V (residues 250-469), have 6.5 and 4.5 
copies, respectively, of the homologous repeat unit first ob- 
served in the mouse Bl  chain (Sasaki et al., 1987). The 
cysteines are organized into a repeat pattern of 47-56 amino 
acids containing 8 cysteines per repeat (Figure 3). Eleven 
other positions in the repeat are highly conserved. There is 
an invariant number of amino acids between the fifth and 
seventh cysteines, with 5 of the 1 1  intervening amino acids 

I11 homologous repeats 339 406 
IV globular 185 23 1 
V homologous repeats 220 27 1 
VI globular 249 248 

"The protein secondary structure of residues 1-1572 in Figure 2 was 
predicted by the method of Garnier et al. (1978). Data for the mouse 
laminin B1 chain were taken from Sasaki et al. (1987). 

B1 82 

s-s 
s-s- 

I I 

(-s-s-\ 
HOOC COOH 

FIGURE 4: Structural model of the laminin Bl-B2 dimer. Domains 
I and I1 of the laminin Bl and B2 chains form a paired coiled-coil 
a-helix in the rodlike segment of the long arm of the cross, and domains 
111-VI form two of the short arms. Cysteine residues that may 
participate in interchain disulfide bond formation are indicated (-S-). 
The A chain is presumed to form the third short arm and the globular 
domain at the end of the long arm and also to participate in the 
a-helical region of the long arm. A summary of the experimental 
data that contributed to the formulation of the model can be found 
in Engel and Furthmayr (1987). 

being highly conserved. Domain IV (residues 470-654), which 
separates the two cysteine-rich domains, has no regular sec- 
ondary structural features and probably adopts a globular 
conformation. The amino-terminal region, domain VI (resi- 
dues 1-249), is probably globular like domain IV, since it has 
no extended secondary structures and consists of @-turns, 
random coils, and a-helices. There are eight cysteine residues 
in this segment that could be involved in intramolecular di- 
sulfide bonding. Each of the globular domains has two po- 
tential N-linked glycosylation sites. 

Model of the Laminin BI-B2 Dimer. In Table I, the 
corresponding domains of the mouse laminin B1 and B2 chains 



5202 B I 0 C H E M I S T R Y D U R K I N  E T  A . L .  

LAMININ RESIDUES SEQUENCE SIMILARITY 

B1 7 9 - 9 9  VTTFAPNRLKIWQSENGVEN 
82 7 0 - 9 0  LDYNNPADTTkiXQSQTMLAG 5 / 2 1  

81 1 3 9 - 1 5 3  WGWRYFAYDCESSF 
82 1 3 7 - 1 5 1  IIPXQXYSGSCENTY 5/15 

1572 
1 1765 

LAMININ B1 

I I 
VI v IV 111 IIa I 

FIGURE 5: Comparison of the mouse laminin B1 and B2 chain amino 
acid sequences by dot matrix. Residues 1-1572 of laminin B2 from 
Figure 2 and residues 1-1765 of laminin B1 from Sasaki et al. (1987) 
were compared by dot matrix using the Homology program. The range 
was 12 residues, and the homology cutoff was 68%. Below the B1 
axis is a diagram showing the corresponding domains of the B1 
polypeptide. 

are compared, and in Figure 4 is a model of the proposed 
structure formed by the two. Domains I and I1 of the B1 and 
B2 chains run parallel to each other, forming a paired 
coiled-coil a-helix in the rodlike portion of the long arm of 
the cross. The B2 chain lacks the 33 amino acid cysteine-rich 
domain of the B1 chain (Sasaki et al., 1987) that separates 
the a-helical domains. The cysteine residues at 1764 in the 
B1 chain and at 1563 in the B2 chain probably form the 
covalent linkage between the two chains. Additional cysteines 
at 995 and 998 in B2 and at 1158 and 1161 in B1 could also 
take part in interchain disulfide bond formation. Domain I11 
in B2 is smaller than its counterpart in B1, having 6.5 versus 
8 copies of the cysteine-rich repeat unit. The two cysteine 
repeat domains (I11 and V) of the B1 and B2 chains presum- 
ably form the rodlike segments of the short arms, and domains 
IV and VI form the globular domains of the short arms. 

Sequence Homologies of the Laminin B Chains. The se- 
quences of the mouse laminin B1 and B2 chains were com- 
pared by dot matrix analysis (Figure 5), and significant 
homology between the two is observed in domains 111, V, and 
VI. Each of the cysteine-rich regions has a high degree of 
homology to the other cysteinerich regions. Residues 967-975 
in domain I11 of B2 have the sequence CREGFVGNR, and 
this is similar to a sequence (CDPGYIGSR, residues 925-933) 
in domain I11 of B1 that shows homology to epidermal growth 
factor and was found to be involved in cell attachment (Graf 
et al., 1987). The sequence similarities of the amino-terminal 
globular domains (VI) of the two chains are shown in detail 
in Figure 6.  Both chains have eight cysteines in domain VI, 
and the positions of seven of these are conserved. There is little 
homology between B1 and B2 in the a-helical domains (I and 
11) and in the other globular domain (IV). 

Features of the 3'Noncoding Region. The laminin B2 
cDNA has a 2.5 kb 3' untranslated region containing four 
AATAAA polyadenylation signals at  positions 5203, 5464, 
7468, and 7527 (Figure 2). Cleavage and polyadenylation 
apparently occur only after the final AATAAA, as Northern 
blot analysis has not detected more than one B2 RNA species 
(Barlow et al., 1984; Durkin et al., 1986; Kleinman et al., 
1987). An unusual feature of the noncoding region of the B2 
cDNA is the presence of a retrosposon-like sequence between 
nucleotides 5984 and 621 5, on the opposite strand. The se- 
quence is bordered by a 7 bp direct repeat at  both ends 
(GAAATGC) and has an A-rich region at the 3' end, char- 

8 1  1 6 6 - 1 8 4  DIICDSRYSDIEPSTEGEV 
82 1 6 7 - 1 8 5  QALCTDEFmSELXGGNY 8 / 1 9  

B 1  2 3 7 - 2 5 9  YYYAVYDMWRGNCFCYGHASEC 
B2 2 3 8 - 2 6 0  XXXAISQFAYGGKKWWASEL 1 5 / 2 3  

FIGURE 6: Comparison of the amino termini of the laminin B1 and 
B2 chains. Residues 1-260 of laminin B2 and 1-259 of laminin B1 
were compared using the Homology program, and regions of similarity 
between the two are shown. Amino acids that are identical in both 
chains are underlined. 

6 1 7 0 - 6 1 8 2  AGGCTTGGAGTGG 

A box c o n s e n s u s  TGGgNN--UUGG 

6 1 2 9 - 6 1 3 8  GTTGGCAGCC 

B b o x  consensus GIICGANNEC 

FIGURE 7: RNA polymerase 111 promoter in the 3' noncoding region 
of the laminin B2 cDNA. The sequences on the opposite strand of 
nucleotides 6170-6182 and 6129-6138 in Figure 2 are compared to 
the consensus sequences for the A and B boxes of the RNA polymerase 
111 split promoter (Galli et al., 1981). Nucleotides that match are 
underlined. 

acteristic of retrosposons (Weiner et al., 1986). Within the 
retrosposon are sequences very similar to the consensus se- 
quences for the A and B boxes of the RNA polymerase I11 
split promoter (Galli et al., 1981) (Figure 7). The sequence 
shows no similarity to those of the two most abundant families 
of murine short interspersed repeats, B1 (Alu) and B2 (Krayev 
et al., 1982). 

DISCUSSION 
Determination of the primary structure of the laminin B2 

chain through cDNA cloning provides further support for the 
current model of laminin structure. Although the B1 and B2 
chains are the products of separate genes, they have homol- 
ogous multidomain structures. The similar organization of 
the chains and the sequence homology between the two in 
domains 111, V, and VI suggest that they arose by duplication 
of an ancestral gene. The amino-terminal two-thirds of the 
B1 and B2 chain presumably form two of the morphologically 
similar short arms of the cross, and their carboxyl ends form 
a paired a-helix in the elongated segment of the long arm. The 
model predicts that the laminin A chain will have regions 
similar to domains I through VI as well as a carboxyl-terminal 
extension to form the large globule at the end of the long arm 
(Engel & Furthmayr, 1987). This will be verified when the 
sequence of the A chain is known. 

Evidence from biosynthetic studies indicates that the first 
step in the assembly of the laminin complex is the formation 
of a disulfide-linked Bl-B2 dimer in the endoplasmic reticu- 
lum, followed by the addition of the A chain and transport 
to the Golgi apparatus for further processing (Morita et al., 
1985; Peters et al., 1985). Covalent linkage of the B chains 
occurs through the cysteines close- to their carboxyl termini 
(Paulsson et al., 1985) and possibly through additional cys- 
teines located near the intersection of the arms. The B1 chain 
has the cysteine-rich a domain not present in B2, and this may 
also be involved in disulfide bond formation, possibly with the 
A chain. 

The amino terminus of the mature B2 chain is not known 
for certain, since attempts to sequence the polypeptide directly 
revealed that the amino terminus was blocked (unpublished 
observations). The alanine at position 1 was chosen as the 
amino terminus of the mature chain because residues 1-249 



L A M I N I N  B 2  C H A I N  S T R U C T U R E  VOL. 2 7 ,  N O .  1 4 ,  1 9 8 8  5203 

Roger Hendrix for computer assistance, Jane Vergnes for help 
with the sequencing, Patricia Wells for oligonucleotide syn- 
thesis, and Joseph Kulkosky for analysis of the 3’ noncoding 
sequence. 
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have many similarities with residues 1-248 of the B1 chain, 
and residues -33 to -1 are typical of a signal peptide. This 
predicts the unglycosylated B2 chain has a molecular weight 
of 173 541, close to the molecular weight of 180000 estimated 
by SDS-polyacrylamide gel electrophoresis of the un- 
glycosylated laminin subunits from tunicamycin-treated cells 
(Howe & Dietzchold, 1983). 

After this work was complete, the sequence of the mouse 
laminin B2 cDNA was determined by Sasaki and Yamada 
(1987). Their sequence agrees with ours, with the following 
exceptions. Single-nucleotide substitutions change a D to an 
E at residue 231, a C to an S at residue 304, a P to an L at 
residue 414, and an S to a T at residue 629, and a two-nu- 
cleotide substitution changes an S to an R at residue 415. 
Their sequence also contains two additional amino acids: a 
P inserted between residues 852 and 853, and an A between 
residues 1 12 1 and 1 122. Several nucleotide differences were 
also observed in the 5’ and 3’ untranslated regions. The 
differences may represent sequence polymorphisms, errors in 
copying by reverse transcriptase, or dideoxy sequencing am- 
biguities. 

The laminin B2 cDNA has 3’ untranslated region of 2.5 kb, 
considerably longer than that of the B1 cDNA, 0.15 kb (Sasaki 
et al., 1987). The functional significance of this, in terms of 
differential mRNA stability or translatability, is not known. 
The noncoding region of the B2 cDNA contains a retrosposon 
on the opposite strand; whether this is independently tran- 
scribed by RNA polymerase I11 has not been determined. 

Several of the functions of laminin have been mapped to 
specific regions of the molecule. One cell binding site has been 
localized to a protoeolytic fragment consisting of the central 
rodlike portions of the three short arms (Terranova et al., 1983; 
Timpl et al., 1983). This corresponds to domain I11 in the B 
chains, and a synthetic peptide with the sequence CDPGY- 
IGSR derived from domain 111 of the B1 chain has been found 
to promote cell attachment and migration (Graf et al., 1987). 
There is a similar sequence in domain I11 of B2, but whether 
it is also biologically active remains to be determined. Like 
B1, the B2 chain has no RGD sequence, the cell recognition 
site of extracellular matrix proteins such as fibronectin 
(Ruoslahti & Pierschbacher, 1986). Another cell binding site 
has been found in a fragment derived from the long arm of 
the cross (Aumailley et al., 1987), and this fragment also 
contains the neurite outgrowth-promoting activity (Edgar et 
al., 1984). The entactin (nidogen) binding site has been 
localized to the center of the cross (Paulsson et al., 1987), and 
the heparin binding activity has been mapped to the globular 
domain at the end of the long arm (Ott et al., 1982). The four 
terminal globules of the long and short arms have been im- 
plicated in laminin self-assembly (Yurchenco et al., 1985) and 
type IV collagen binding (Charonis et al., 1985). 

The fact that the laminin B chains are similar but not 
identical raises the possibility that they may have somewhat 
different functions. The ratio of the mRNAs for the laminin 
A, B1, and B2 subunits has been found to vary greatly in 
different tissues (Kleinman et al., 1987). There may be tis- 
sue-specific differences in basement membrane structure and 
function due to variations in the subunit composition of la- 
minin. Elucidation of the primary structures of the laminin 
chains through cDNA cloning will make it possible to analyze 
the role that each of the three chains plays in the many bio- 
logical functions of laminin. 
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5-Fluorocytosine in DNA Is a Mechanism-Based Inhibitor of HhaI Methylase? 
David G .  Osterman,* Gia D. DePillis,t John C. W U , ~  Akira Matsuda,s and Daniel V. Santi*J,l 

Department of Biochemistry and Biophysics and Department of Pharmaceutical Chemistry, University of California, 
San Francisco, California 941 43, and Faculty of Pharmaceutical Sciences, Hokkaido University, Sapporo 060, Japan 

Received February 12, 1988; Revised Manuscript Received March 22, 1988 

ABSTRACT: 5-Fluorodeoxycytidine (FdCyd) was incorporated into a synthetic D N A  polymer containing 
the GCGC recognition sequence of HhaI methylase to give a polymer with about 80% FdCyd. In the absence 
of AdoMet, poly(FdC-dG) bound competitively with respect to poly(dG-dC) (Ki = 3 nM). In the presence 
of AdoMet, the analogue caused a time-dependent, first-order (k = 0.05 min-') inactivation of the enzyme. 
There is an ordered mechanism of binding in which enzyme first binds to poly(FdC-dG), then binds to 
AdoMet, and subsequently forms stable, inactive complexes. The complexes did not dissociate over the 
course of 3 days and were stable to heat (95 "C) in the presence of 1% SDS. Gel filtration of a complex 
formed with HhaI methylase, poly(FdC-dG), and [meth~~Z-~H]AdoMet gave a peak of radioactivity eluting 
near the void volume. Digestion of the DNA in the complex resulted in a reduction of the molecular weight 
to the size of the methylase, and the radioactivity in this peak was shown to be associated with protein. These 
data indicate that the complexes contain covalently bound HhaI methylase, poly(FdC-dG), and methyl groups 
and that 5-fluorodeoxycytidine is a mechanism-based inactivator of the methylase. By analogy with other 
pyrimidine-modifying enzymes and recent studies on the mechanism of HhaI methylase (Wu & Santi, 1987), 
these results suggest that an enzyme nucleophile attacks FdCyd residues at  C-6, activating the 5-position 
for one-carbon transfer. Subsequent transfer of the methyl group of AdoMet to the activated FdCyd forms 
a stable complex in which the enzyme is covalently bound to the 6-position of FdCyd in the polymer and 
a methyl group is attached to C-5. The effect of 5-fluorodeoxycytidine on the inhibition of DNA-cytosine 
methyltransferases is thus due to irreversible, covalent inactivation. 

DNA-cytos ine  methyltransferases (DCMT)' (EC 2.1.1.37) 
catalyze the transfer of the activated methyl group of S- 
adenosylmethionine (AdoMet) to the C-5 position of cytosine. 
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In bacteria, modification by methylation prevents the digestion 
of host DNA by the host restriction endonucleases. Foreign 
DNA lacking this pattern of methylation is degraded (Arber, 
1974). In mammals, this postreplicative modification is an 
important element in the control of gene expression. Changes 

I Abbreviations: AdoMet, S-adenosyl-L-methionine; azaC, 5-azacy- 
tidine; BSA, bovine serum albumin; DCMT, DNA-cytosine methyl- 
transferase; DNase I, deoxyribonuclease I; DTT, dithiothreitol; FdCyd, 
5-fluorodeoxycytidine; FdUrd, 5-fluorodeoxyuridine; FdUMP, 5-fluoro- 
deoxyuridylic acid; poly( FdC-dG), poly(5-fluoro-dC-dG). 
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