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Characterization of Complementary Deoxyribonucleic Acid and 
Genomic Deoxyribonucleic Acid for the p Chain of Human Fibrinogen? 

Dominic W. Chung, Benito G. Que, Mark W. Rixon, Myles Mace, Jr., and Earl W. Davie* 

ABSTRACT: A total of 148 cDNAs coding for the p chain of 
human fibrinogen have been identified from a human liver 
cDNA library employing a bovine cDNA as a probe. The 
largest cDNA insert contained 1932 base pairs cloned into the 
PstI site of plasmid pBR322. This cDNA insert contained 
66 base pairs coding for a portion or all of a signal sequence, 
1383 base pairs coding for 461 amino acids in the mature 
protein, a stop codon of TAG, a noncoding region of 43 1 base 
pairs, and a poly(A) tail of 19 base pairs. Most of the cDNA 
inserts coding for the p chain were found to have a noncoding 
region of 98 or 167 base pairs rather than 43 1 base pairs at 
the 3’-end. The bovine cDNA for the p chain was also em- 
ployed as a probe for screening a X phage library containing 

x e  p chain of human fibrinogen ( M ,  52 000) is composed 
of 461 amino acids and one carbohydrate chain. The complete 
amino acid sequence has been elucidated by Henschen and 
co-workers and Watt and co-workers (Henschen & Lottspeich, 
1977; Watt et al., 1979). The p chain and the a and y chains 
are synthesized in hepatic parenchymal cells where the ex- 
pression of the individual genes for the three chains is coor- 
dinately controlled (Nickerson & Fuller, 1981; Chung et al., 
1980, 1982; Crabtree & Kant, 1981). To further understand 
the structure, function, and regulation of synthesis of fibri- 
nogen, we and others have used molecular cloning techniques 
for the isolation of cDNAs and the genes for the three chains. 
Complementary DNA for the a and p chains of bovine fi- 
brinogen (Chung et al., 1981, 1982) and the a, @, and y chains 
of rat fibrinogen has been isolated and partially characterized 
(Crabtree & Kant, 1981, 1982). In this paper, we describe 
the isolation and characterization of cDNAs and the gene for 
the @ chain of human fibrinogen. Accompanying papers de- 
scribe the isolation and characterization of cDNAs for the a 
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human genomic DNA. Seven positive phage were identified. 
One of the phage, which contained the entire gene for the p 
chain of fibrinogen, was examined by electron microscopy, and 
portions of its DNA sequence are presented. Seven intervening 
sequences were identified in the gene for the /3 chain of human 
fibrinogen. The largest intervening sequence (approximately 
1.3 kilobases) was found at the 5’-end of the gene and was 
located between amino acid residues 8 and 9, which are present 
in fibrinopeptide B. A sequence analysis of the 5’-end of the 
gene also indicated that the B chain of human fibrinogen 
contained a signal sequence of either 16, 27, or 30 amino acid 
residues. 

and y chains of human fibrinogen (Rixon et al., 1983; Chung 
et al., 1983). 

Experimental Procedures 

Enzymes. All restriction endonucleases were purchased 
from either Bethesda Research Laboratories or New England 
Biolabs and were used as recommended by the manufacturer. 
T4 polynucleotide kinase was purchased from Bethesda Re- 
search Laboratories, and the Klenow fragment of Escherichia 
coli polymerase I was purchased from P-L Biochemicals. All 
radioactive nucleotide triphosphates were supplied by New 
England Nuclear. 

Isolation of Liver DNA. Human liver, pulverized in liquid 
nitrogen, was homogenized in 10 volumes of buffer containing 
10 mM Tris-HC1,’ pH 7.5, 1 mM EDTA, and 1% sodium 
dodecyl sulfate (Chung et al., 1980). The homogenate was 
digested with proteinase K (100 pg/mL) at 40 OC for 1 h.  
Total nucleic acid was isolated by phenol-chloroform ex- 
traction followed by repeated ethanol precipitation (Palmiter, 
1974). High molecular weight DNA was separated from 
RNA by equilibrium density centrifugation in cesium chloride 
in the presence of ethidium bromide (Radloff et al., 1967). 

Abbreviations: EDTA, ethylenediaminetetraacetic acid; Tris, tris- 
(hydroxymethy1)arninomethane. 

0 1983 American Chemical Society 



C D N A  FOR @ C H A I N  O F  H U M A N  F I B R I N O G E N  

The DNA was extracted 3 times with water-saturatcd isoamyl 
alcohol to remove the ethidium bromide, and the DNA was 
recovcrcd by repeated ethanol precipitation. 

Sauthern Hybridization. DNA samples w a e  digested with 
restriction endonuclease(s) and fractionated by electrophonsi 
in 0.7% agarose gels. The DNA fragments were transferred 
to nitrocellulose bidirectionally (Smith & Summers, 1980). 
The DNA was immobilized and hybridized to radiolabeled 
DNA as described (Rixon et al., 1983). 

Screening of Recombinant Plasmids. Colony hybridization 
with Whatman 541 paper as the support medium was per- 
formed as described (Gergen et al., 1979; Wallace et al., 1981). 
cDNA probes were labeled to high specific radioactivity by 
the method of Maniatis (Maniatis et al.. 1975) as described 
(Rixon et al., 1983). Hybridization of the filters with nick- 
translated bovine cDNA was performed as described 
(Southern, 1975). 

Screening of Human Genomic Library. The human ge- 
nomic library was kindly supplied by Dr. Tom Maniatis 
(Maniatis et al., 1978). It  contained random fragments of 
human liver DNA generated by partial digestion with re- 
striction endonucleases A h 1  and Hoe111 that were cloned into 
A phage Charon 4A. The library was propagated in E. coli 
strain LE392, and the plaques were screened by plaque hy- 
bridization (Benton & Davis, 1977) as modified by Woo 
(1979). Plaques were recovered and diluted for rescreening 
until plaque purification was achieved. 

Preparation of Phage DNA. DNA from recombinant phage 
was prepared by the plate lysate method (Maniatis et al.. 
1982). Approximately 106 plaque-forming units of phage were 
plated in each of 20 plates and incubated for about 8 h until 
confluent lysis occurred. Buffer containing IO mM Tris-HCI. 
pH 7.5. and 20 mM MgCI, was added to each plate and 
incubated a t  4 OC overnight. The buffer containing released 
phage was recovered, briefly centrifuged to m o v e  debris, and 
digested with DNase I and RNase A (both a t  I rg/mL) at 
37 ‘C for 1 h. The phage were precipitated by the addition 
of poly(ethy1ene glycol) (PEG 6000, purchased from Calbio- 
chem) to a final volume of 10% and incubated on ice for about 
2 h (Yamamoto et al., 1970). Phage were recovered by sed- 
imentation (6OOOg for 30 min) and purified by centrifugation 
Over a fsium chloride step gradient (specific density 1.3-1.7) 
a t  5 ‘C for I h. Phage were dialyzed against several changes 
of buffer containing 0. I M Tris-HCI, pH 7.4. and 0.3 M NaCI. 
Phage DNA was extracted by digestion of the phage with 
proteinase K in the presence of I% sodium dodecyl sulfate, 
followed by phenol-chloroform extraction and ethanol pre- 
cipitation. 

DNA Sequence AMlySiS. DNA fragments were sequenced 
by the method of Maxam & Gilbert (1980) as described 
(Rixon et al., 1983). 

Electron Microscopy. Human liver poly(A) RNA was 
kindly provided by Dr. George Long in our laboratory. Hybrid 
molecules of the human genomic DNA for the @ chain of 
fibrinogen and human liver poly(A) RNA were formed in the 
presence of 70% formamide. The hybrid molecules were 
spread onto a hypophase. transferred onto a colodion-coated 
grid, stained and rotary shadowed, and examined by electron 
microscopy (Leicht et al.. 1982). 

Containment. Experiments were performed in compliance 
with NIH Guidelines for Recombinant DNA Research. 

Results 
Cross-Species Hybridization. Human liver DNA was di- 

gested to completion with several restriction uuymes, and the 
fragments fractionated according to size by electrophoresis. 
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MURE I: AutoradographolSoutbmn hybridizationsolhuman liver 
DNA with a cDNA fragment d i n g  for the B chain of bovine fi- 
brinogen. Human liver DNA was digested with EmRI (lane a), 
BamHI (lane b). or Bgnl (lane e) and fractionated by elstmphaesis 
in a 0.7% a g a m  gel. DNA was transferred to nitroallulosc (Smith 
&Summers. 1980) and hybridized to radiolabeled bovine cDNA as 
described under Experimental Procedures. 

employing a 0.7% a g a m  gel. The fragments were transferred 
to nitrocellulose and hybridized to a radiolabeled cDNA 
fragment coding for the @ chain of bovine fibrinogen. By 
reducing the temperature of hybridization from 68 to 58 OC, 
the bovine cDNA readily hybridized to spxific human ge- 
nomic DNA fragments (Figure l). This selective hybrid- 
ization indicated that the bovine cDNA could be used under 
conditions of reduced stringency as a hybridization probe for 
the identification of the cDNA and genomic sequences for the 
@ chain of human fibrinogen. 

Isolation of cDNA for @ Chain of Human Fibrinogen. 
Approximately 6000 rewmbinant plasmids containing human 
liver cDNA inserts were screened with a portion of the cDNA 
coding for the @chain of bovine fibrinogen. A total of 148 
positive clones were identified, and a DNA sequence analysis 
of one of these plasmids (pHIj31)2 confirmed that it coded for 
the (3 chain of human fibrinogen. Also, the presence of a 
BamHI restriction site in the coding portion of the human @ 
chain cDNA a t  amino acids 266-268 was identified. 

In order to isolate a recombinant plasmid that extended 
farthest toward the 5 ’ a d  of the cDNA. the 148 positive clones 
were rescreened with a restriction fragment from the 5’-end 
of the bovine cDNA. This fragment corresponded to amino 
acid residues 74-171. With this cDNA probe, 28 of the 
colonies remained positive. DNA from the plasmids of each 
of the 28 colonies was then isolated (Birnboim & Doly, 1979) 
and digested with BamHI and Pstl. This released the human 
cDNA insert from the pBR322 vector and cleaved the insert 
into two fragments. One of the fragments extended from the 
5’-end of the cDNA insert to the BamHI site and the other 
from the BamHI site to the 3’-end of the cDNA. The identity 
of the fragment from the 5’-end was confirmed by Southern 
hybridization, employing the 5’-end of the bovine cDNA as 
probe. The plasmid carrying the longest insert for the j3 chain 
was named pHIj32, and was mapped by restriction endo- 
nuclease digestion (Figure 2). The complete nucleotide se- 
quence was then determined and the predicted amino acid 
sequence tabulated (Figure 3). Over 47% of the nucleotide 
sequence for plasmid pHIm was determined on both strands, 
and over 70% of the sequence was confirmed in several cDNA 
clones. 

The nomenclature lor pHISl is as follows: p. plasmid; H. human; 
I, fibrinogen: B.6 chain: I ,  first plasmid identifid. The nomenclature 
lor AHlBl8K is as follows: A, A phage, H. human; 1. fibrinogen: 8. B 
chain; ISK, Ill-kilobase insertion. 
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FIGURE 2 Restriction map and strategy for establishing sequence 
of cDNAs for the 6 chain of human fibrinogen. The overlapping bars 
below the reslriction map represent the six different clones (pH101 
through pHIE6). Noncoding sequences are represented by slashed 
bars. the signal pcptide is represented by dotted bars. the d i n g  regions 
are represented by solid bars, and poly(A) extensions are represented 
by open bars. Sites of labeling are indicated by vertical lines. and 
the arrows indicate the direction and extent of sequence determined. 
Base pairs are represented by bp. 

The insert of plasmid pHIj32 was 1932 nucleotides in length. 
This included 14 and 16 base pairs of poly(G) and poly(C) 
a t  the 5’- and 3’-ends, respectively. The cDNA included 66 
nucleotides a t  the $’-end coding for a portion or all of a leader 
sequence. The leader sequence was followed by 1383 base 
pairs coding for 461 amino acids present in the mature j3 chain. 
a stop codon of TAG, a noncoding region of 431 base pairs, 
and a poly(A) extension of I9 base pairs. The leader sequence 
was characteristic of most signal peptides and included a 
cluster of hydrophobic residues (six leucine residues), flanked 
by a hydrophilic lysine residue on either side, and an uncharged 
amino acid (serine) a t  the putative cleavage site of signal 
peptidase (Blobel et al., 1979). Whether the methionine 
residue at position -16 is the first residue in the signal peptide 
could not be established from these experiments. 

The amino acid composition for the mature protein predicted 
from the cDNA sequence of plasmid pHIj32 was as follows: 
Asp,,, Asn,,, Thr,,. Ser,,. G l u ~ .  GlnZ6. Pro,,. Gly,,, Ala,, 
Val,,, Met,,. lIe16, Leu,*, Tyr,,, Phelo, Lysll, His,. Arg,,, 
1/2Cysll. and Trp,,. This corresponds to a molecular weight 
of 52279 for the polypeptide chain free of carbohydrate. This 
is equivalent lo an approximate molecular weight of 54779 
with the addition of a carbohydrate side chain (M, 2500). The 
carbohydrate attachment site of Asn-X-Thr occurs a t  Asn 
residue 364 on the j3 chain (Toddopfer-Petersen et al.. 1976). 

The amino acid sequence for the j3 chain as predicted from 
the cDNA is in good agreement with that reported by amino 
acid sequence analysis (Henschen & Lottspeich, 1977; Watt 
et al., 1979). A few minor differences were noted, however, 
including amino acid residues I I5 and I16 that were identified 
as Phe-Gln by DNA sequence analysis and Gln-Phe by amino 
acid sequence analysis. The PheGln sequenoe was also present 
in the homologous position in the B chain of bovine fibrinogen 
(Chung et al., 1981). The amide assignments for residues 202, 
296, 297. 301, 405, and 432 agree with those reported by 
Henschen & Lottspeich (1977). In agreement with the amino 
acid sequence, the nucleotide sequence from plasmid pHlj35 
predicted a proline for amino acid residue 162. However, the 
nucleotide sequence from plasmid pHlj32 contains a single 

C H U N C  E T  A L .  

nucleotide change of G to C at nucleotide 564. This indicates 
that amino acid residue 162 was alanine in pHIp2. This 
suggests that the two alleles of the gene for the @chain may 
be polymorphic in this position. Alternatively, this difference 
may be the result of an error by reverse transcriptase during 
the construction of the cDNA library. The 3’ noncoding region 
was rich in A and T (69%) and included the putative poly- 
adenylation signal of ATTAAA (Proudfoot & Brownlee. 
1976). This sequence was located 14 base pairs upstream from 
the poly(A) tail. 

Hererogeneiry in Nomoding Region or 3’-End. In screening 
for the longest cDNA for the j3 chain of human fibrinogen, 
the positive clones were examined by digestion with a com- 
bination of Psrl and BumHI. Approximately two-thirds of 
the cDNA clones for the j3 chain of human fibrinogen were 
shown to have significantly shorter 3’ noncoding regions. 
Nucleotide sequence analyses on six of these clones indicated 
that they contained noncoding regions of 98 and 167 base pairs 
followed by a poly(A) extension. Putative polyadenylation 
signals of ATTAAA and ATTATA were found I5 and I3 base 
pairs upstream from the poly(A) extensions in plasmids pHIj33 
and pHIj34, respectively. Comparison of these nucleotide 
sequences with the noncoding region of pHlj32 and that of the 
gene described below showed that the noncoding sequences 
are collinear with the gene sequence. This suggests that the 
cDNAs with shorter lengths in their 3’noncoding region might 
be generated by early termination of transcription. 

Isolation of Gene/or j3 Chain o/ Human Fibrinogen. A 
human genomic library was screened with the bovine cDNA 
as a hybridization probe. These experiments were performed 
prior to the availability of a human cDNA probe. Seven 
positive phage out of 2 X IO6 recombinant phage were iden- 
tified. Restriction endonuclease mapping and Southern hy- 
bridization of one of the A phage, designated AHIj318K. in- 
dicated that the gene for the j3 chain of human fibrinogen was 
interspersed with intervening sequences and the entire coding 
region extended approximately IO kilobases in length. Ad- 
ditional hybridization analyses of the gene using fragments 
of cDNA for the j3 chain of bovine fibrinogen defined the 
direction of the coding sequences. A partial restriction map 
of this region is shown in Figure 4. The overall organization 
of the gene was then examined by electron microscopy by 
forming hybrid molecules between the cloned genomic DNA 
of AHIj318K and mRNA prepared from human liver. The 
DNA was thermally denatured and hybrids were formed under 
conditions favoring RNA-DNA hybridization and not 
DNA-DNA reassociation. A representative hybrid molecule 
and a corresponding line drawing are shown in Figure 5. 
Seven apparent intervening sequences were identified. The 
largest intervening sequence was about 1300 base pairs in 
length and was located toward one end of the molecule. 
Nucleotide sequence analysis of the genomic DNA as pres- 
ented below showed that this large intervening sequence was 
located a t  the 5’-end of the gene. 

Sequence Analysis o/Cenomic DNA. The genomic DNA 
cloned into AHlglSK was subcloned into pBR322. Nucleotide 
sequences of two of these subclones containing the 5’- and 
3’-ends of the gene and those around most of the intron-exon 
junctions were then determined by the strategy shown in Figure 
4. The nucleotide sequence corresponding to the $‘-end of the 
gene is shown in Figure 6. Nucleotides coding for the signal 
peptide and the first eight amino acid residues of fibrinopeptide 
B constitute the first exon. The first exon was followed by 
the large intervening sequence of about I300 base pairs. Three 
potential initiation methionine codons were identified at the 
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-22 -20 -10 -1 
Phe Eis Lye Leu Lya Thr Met Lys H i s  Leu Leu Leu Leu Leu Leu Cys Val Phe Leu Val Lys SeK 

5' CGGGcGGGGGcCcG TTC CAC AM CTT M A  ACC ATG AAA CAT CTA TTA TTG CTA CTA TTG TGT GTT TTT CTA GTT AAG TCC 
10 20 30 40 50 60 70 80 

+1 10 20 30 
Gln Gly Val Asn Asp Asn Glu Glu Gly Phe Phe Ser Ala Arg Gly H i s  Arg Pro Leu Asp Lys Lys Arg Glu Glu Ala Pro Ser Leu Arg Pro Ala Pro Pro PKO Ile 
CAA GGT GTC M C  GAC AAT GAG GAG GGT TTC TIC AGT GCC CGT GGT CAT CGA CCC CTT GAC AAG AAG AGA GAA GAG G C I  CCC AGC CTG AGG CCT GCC CCA CCG CCC ATC 

90 100 110 120 130 140 150 160 170 180 

40 50 60 70 
Ser Gly Gly Gly TYK Arg Ala Arg Pro Ala Lys Ala Ala Ala Thr Gln Lys Lys Val Glu Arg Lys Ala PKO Asp Ala Gly Gly Cys Leu His Ala Asp Pro Asp Leu 
AGT GGA GGT GGC TAT CGG GCT CGT CCA GCC AAA GCA GCT GCC ACT CAA AAG AM GTA GAA AGA AAA GCC CCT GAT GCT GGA GGC TGT CTT CAC GCT GAC CCA GAC CTG 
190 200 2 10 220 2 30 240 250 260 270 280 290 

80 90 100 
Gly Val Leu Cys Pro Thr Gly Cys G1n Leu Gln Glu Ala Leu Leu Gln Gln Glu Arg Pro Ile Arg Asn Ser Val Asp Glu Leu Asn Asn Asn Val Glu Ala Val Ser 
GGG GTG TTG TGT CCT ACA CGA TGT CAG TTG CAA GAG GCT TTG CTA CAA CAG GAA AGG CCA ATC AGA AAT AGT GTT GAT GAG TTA AAT AAC AAT GTG GAA GCT GTT TCC 
300 310 320 330 340 350 360 370 380 390 400 

110 120 130 140 
Gln Thr Ser Ser Ser Ser Phe Gln Tyr Met Tyr Leu Leu Lys Asp Leu Trp Gln Lys Arg Gln Lys Gln Val Lys Asp Asn Glu Asn Val Val Asn Glu TYK Ser Ser 
CAG ACC TCC TCT TCT TCC TTT CAG TAC ATG TAT TTG CTG AAA GAC CTG TGG CAA AAG AGG CAG AAG CAA GTA AAA GAT AAT GAA AAT GTA GTC AAT GAG TAC TCC TCA 

410 420 430 440 450 460 470 480 490 500 510 

150 160 170 180 
Glu Leu Glu Lys His Gln Leu TYK Ile Asp Glu Thr Val Asn Ser Asn Ile Ala Thr Asn Leu Arg Val Leu Arg Ser  Ile Leu Glu Asn Leu Arg Ser Lys Ile Gln 
GAA CTG GAA AAG CAC CAA TTA TAT ATA GAT GAG ACT GTG AAT AGC AAT ATC GCA ACT AAC CTT CGT GTG CTT CGT TCA ATC CTA GAA AAC CTG AGA AGC AAA ATA CAA 

520 530 540 550 560 570 580 590 600 6 10 620 

190 200 2 10 
Lys Leu Glu Ser Asp Val Ser Ala Gln Met Glu Tyr Cys Arg Thr Pro Cys Thr Val SeK Cys Asn Ile Pro Val Val SeK Gly Lys Glu Cys Glu Glu Ile Ile Arg 
AAG TTA GAA TCT GAT GTC TCA GCT CAA ATG GAA TAT TGT CGC ACC CCA TGC ACT GTC AGT TGC AAT ATT CCT GTG GTG TCT GGC AAA GAA TGT GAG GAA ATT ATC AGG 

630 640 650 660 670 680 690 700 710 720 

220 230 240 250 
Lys Gly Gly Glu Thr Ser Glu Met TYK Leu Ile Gln Pro Asp Ser Ser Val Lys Pro Tyr Arg Val Tyr Cys Asp Met Asn Thr Glu Asn Gly Gly Trp Thr Val Ile 
AAA GGA GGT GAA ACA TCT GAA ATG TAT CTC ATT CAA CCT GAC AGT TCT GTC AAA CCG TAT AGA GTA TAC TGT GAC ATG AAT ACA GAA AAT GGA GGA TGG ACA GTG ATT 
730 740 750 760 770 780 790 800 810 820 830 

260 270 280 
Gln Asn Arg Gln Asp Gly Ser Val Asp Phe Gly Arg Lys Trp Asp Pro Tyr Lys Gln Gly Phe Gly Asn Val Ala Thr Asn Thr Asp Gly Lys Asn TYK Cys Gly Leu 
CAG AAC CGT CAA GAC GGT ACT GTT GAC TTT GGC AGG AAA TGG GAT CCA TAT AAA CAG GGA TTT GGA AAT GTT GCA ACC AAC ACA GAT GGG AAG AAT TAC TGT GGC CTA 

840 850 860 870 880 890 900 910 920 930 940 

290 300 310 320 
Pro Gly Glu Tyr Trp Leu Gly Asn Asp Lys Ile Ser Gln Leu Thr Arg Met Gly Pro Thr Glu Leu Leu Ile Glu Met Glu Asp Trp Lys Gly Asp Lys Val Lys Ala 
CCA GGT GAA TAT TGG CTT GGA AAT GAT AAA ATT AGC CAG CTT ACC AGG ATG GGA CCC ACA GAA CTT TTG ATA GAA ATG GAG GAC TGG AAA GGA GAC AAA GTA AAG GCT 

950 960 970 980 990 1000 1010 1020 1030 1040 1050 

330 340 350 360 
His TYK Gly Gly Phe Thr Val Gln Asn Glu Ala Asn Lys Tyr Gln Ile Ser Val Asn Lys Tyr Arg Gly Thr Ala Gly Asn Ala Leu Met Asp Gly Ala Ser Gln Leu 
CAC TAT GGA GGA TTC ACT GTA CAG AAT GAA GCC AAC AAA TAC CAG ATC TCA GTG AAC AAA TAC AGA GGA ACA GCC GGT AAT GCC CTC ATG GAT GGA GCA TCT CAG CTG 

1060 1070 1080 1090 1100 1110 1120 1130 1140 1150 1160 

370 380 390 
Met Gly Glu Asn Arg Thr Met Thr Ile His Asn Gly Met Phe Phe Ser Thr TYK Asp Arg Asp Asn Asp Gly Trp Leu Thr Ser Asp Pro Arg Lys Gln Cys Ser Lys 
ATG GGA GAA AAC AGG ACC ATG ACC ATT CAC AAC GGC ATG TTC TTC AGC ACG TAT GAC AGA GAC AAT GAC GGC TGG TTA ACA TCA GAT CCC AGA AAA CAG TGT TCT AAA 

1170 1180 1190 1200 1210 1220 1230 1240 1250 1260 

400 410 420 430 
Glu Asp Gly Gly Gly Trp Trp TYK Asn Arg Cys H i s  Ala Ala Asn Pro Asn Gly Arg TYK TYK Trp Gly Gly Gln TYK Thr Trp Asp Met Ala Lys His Gly Thr Asp 
GAA GAC GGT GGT GGA TGG TGG TAT AAT AGA TGT CAT GCA GCC AAT CCA AAC GGC AGA TAC TAC TGG GGT GGA CAG TAC ACC TGG GAC ATG GCA AAG CAT GGC ACA GAT 

1270 1280 1290 1300 1310 1320 1330 1340 1350 1360 1370 

440 450 460 
Asp Gly Val Val Trp Met Asn Trp Lys Gly Ser Trp TYK Ser Met Arg Lys Met Ser Met Lys Ile Arg Pro Phe Phe Pro Gln GlnSTOP 
GAT GGT GTA GTA TGG ATG AAT TGG AAG GGG TCA TGG TAC TCA ATG AGG AAG ATG AGT ATG AAG ATC AGG CCC TTC TTC CCA CAG CAA TAG TCC CCA ATA CGT AGA TTT 
1380 1390 1400 1410 1420 1430 1440 1450 1460 1470 1480 

TTG CTC TTC TGT ATG TGA CAA CAT TTT TGT ACA TTA TGT TAT TGG AAT TTT CTT TCA TAC ATT ATA TTC CTC TAA AAC TCT CAA GCA GAC GTG AGT GTG ACT TTT TGA 
1490 1500 1510 1520 1530 1540 1550 1560 1570 1580 1590 

AAA AAG TAT AGG ATA AAT TAC ATT AAA ATA GCA CAT GAT TTT CTT TTG TTT TCT TCA TTT CTC TTG CTC ACC AAG'AAG TAA CAA AAG TAT AGT TTT GAC AGA GTT GGT 
1600 1610 1620 1630 1640 1650 1660 1670 1680 1690 1700 

GTT CAT AAT TTC AGT TCT AGT TGA TTG CGA GAA TTT TCA AAT AAG GAA GAG GGG TCT TTT ATC CTT GTC GTA GGA AAA CCA TGA CGG AAA GGA AAA ACT GAT GTT TAA 
1710 1720 1730 1740 1750 1760 1770 1780 1790 1800 

AAG TCC ACT TTI AAA ACT ATA TTT ATT TAT GTA GGA TCT GTC AAA GAA AAC TTC CAA AAA GAT TTA TTA ATT AAA CCA GAC TCT GTT GCA AAA AAA AAA AAA AAA AAA 
1810 1820 1830 1840 1850 1860 1870 1880 1890 1900 1910 

ccc ccc ccc ccc ccc c 3, 
1920 1930 

FIGURE 3: Nucleotide sequence for insert of pHIP2. The nucleotide sequence of the coding strand and the corresponding predicted amino 
acid sequence are  shown. Amino acid residues -1 to -22 include a portion or all of a signal peptide for the (3 chain. The attachment site for 
carbohydrate on Asn-364 is indicated by (+). 

5'-end corresponding to amino acid residues -16, -27, and -30. 
It is not known which of these three methionine residues is 
the actual start codon. The maximum length of the signal 
peptide was 30 amino acids, however, since a stop codon was 
found in phase with the coding sequence upstream from the 

methionine at position -30. By selective nucleotide sequence 
analyses, six additional intervening sequences have been 
identified, and these were located between amino acid residues 
72 and 73, 133 and 134,209 and 210,248 and 249, 289 and 
290, and 384 and 385 (data not shown). Accordingly, DNA 
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FIGURE 4 Restriction map of genomic DNA for phage )rHI,¶18K. 
Subclones containing the 5'- and 3'-ends of the gene for the @ chain 
of human fibrinogen are represented by the boxed area. Exons are 
represented by solid bars, and introns are represented by open bars. 
Selective q u e n e  anal- on the subclones are represented by the 
arrows. The sites of labeling are indicated by the vertical lines, and 
the dimtion and extent of sequens analyses are shown by the arrows. 
Nucleotides are in kilobases. 3 ...._ 

FIGURE 5: Elaron micrograph and line drawing of a hybrid molccule 
containing genomic DNA for the ,¶ chain of human fibrinogen and 
human liver poly(A) RNA. Single-stranded human genomic DNA 
is shown by (-) and the mRNA is shown by (-) in the line drawing. 

," .. 

mune 6 Nucleotide sequena of a subclone of 5'-end of genomic 
DNA fortheRchainofhuman fibrinogen. Thesignalsequence (16, 
27. or 30 residues in length) is upstream from the Gln-Gly-Val se- 
quene that is present in the mature polypeptide chain. 

sequence analysis has confirmed the presence of Seven inter- 
vening sequenccc that me previously identified in the electron 
microscope by the heteroduplex studies. 

The DNA sequence for the 3'-end of the gene and its 
flanking sequence is shown in Figure 7. This scquence stam 
with methionine-452. This figure also shows the noncoding 
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noune 7 Nucleotide sequence of a subclone of 3'-end of genomic 
DNA for the chain of human fibrinogen. The vcrlical arrows show 
the polyadenylation sites in the cDNA inserts for plasmids 1-6. 
Potential polyadenylation signals (Proud foot & Brownlce. 1976) are 
underlined. 

regions for plasmids pH161 through pHIS6. These plasmids 
vary in the length of their 3' noncoding regions. The arrows 
in this figure identify the site of polyadenylation in each of 
the three classes of cDNAs. 

Discussion 
A cDNA fragment for the 6 chain of bovine fibrinogen has 

been employed for the isolation and identification of the 
corresponding cDNA and gene for the 6 chain of human 
fibrinogen. The specificity in cross-species hybridization was 
attributed to the high degree of nucleotide sequence homology 
between the two species. Comparison of the nucleotide se- 
quences of the human and bovine cDNAs shows an overall 
homology of about 85%. The longest stretch of identical 
sequence was 41 base pairs, and this region was located in the 
3'-half of the molecule, starting with nucleotide 852 in the 
human cDNA. Nucleotide sequence determinations on the 
cDNA and the gene confirm the presence of a signal peptide 
and predict a maximum length of 30 amino acid residues. This 
is in good agreement with the data of Nickerson & Fuller 
(1981) and Uzan et al. (1981). 

cDNAs for the @chain of human fibrinogen constitute about 
2.6% of the human liver cDNA collection of 18OOO clones. 
This percentage is significantly higher than that found for 
either the a or t h e y  chains of fibrinogen. which were I .3 and 
1.7%. respectively (Rixon et al., 1983; Chung et al., 1983). 
The larger representation of the ,¶chain may be the result of 
higher levels of mRNA for this polypeptide in liver. Unequal 
amounts of mRNA for mrdinately regulated g e n s  have been 
observed for the a and 6 globin genes (Lodish. 1971). Al- 
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ternatively, the larger number of cDNA clones for the @ chain 
may be the result of higher efficiency in the cloning process 
for the fi  chain from liver mRNA. 

The gene for the @ chain is coded by approximately 10 
kilobases of DNA, which includes about 80% noncoding se- 
quences. As observed by heteroduplex studies and confirmed 
by selective nucleotide sequence analyses, the gene contains 
eight exons that are interrupted by seven intervening sequences. 
It has been proposed by Gilbert that intervening sequences may 
serve to segregate a gene into structural regions corresponding 
to structural domains in the protein (Gilbert, 1982). Analyses 
of the @ globin and immunoglobulin genes support this hy- 
pothesis. Although all of the structural or functional domains 
on the @ chain of fibrinogen are not known, the locations of 
several of the seven intervening sequences in the gene of the 
@ chain are consistent with this hypothesis. For example, the 
first exon contains the signal peptide and a portion of the 
fibrinopeptide B. The second exon (amino acid residues 9-72) 
contains the thrombin cleavage site and a region that partic- 
ipates in fibrin polymerization. The third and fourth exons 
(amino acid residues 73-133 and 134-204) encode the con- 
necting region between interdomainal structures. These in- 
clude the half-cysteines that form the two disulfide rings and 
the sequence that participates in superhelix folding (Watt et 
al., 1979). 

Preliminary cell-free transcription studies using subcloned 
fragments for the gene of the @ chain and HeLa cell extracts 
supplemented with polymerase I1 (D. W. Chung and L. Beach, 
unpublished results) suggest that the promoter for the @ chain 
is located about 200 nucleotides upstream from the putative 
signal peptide. Experiments are now in progress to identify 
the transcription initiation site. 

Heterogeneity at the 3’-end of the cDNAs indicates the 
presence of at least three different polyadenylated mRNA 
subpopulations for the @ chain. They differ in the length of 
their 3’ noncoding sequences that are collinear to the gene for 
the @ chain. These polyadenylated mRNA species appear to 
terminate at sites preceded by sequences similar to or identical 
with the polyadenylation signal. In addition, they occur up- 
stream from regions rich in T nucleotides (Lewin, 1980). 
Sequences in the 3‘ flanking region of the gene beyond the 
termination of the cDNAs contain additional potential poly- 
adenylation signal sequences that are not utilized. These 
results indicate that _a polyadenylation signal alone may not 
be sufficient for transcription termination or polyadenylation. 

Northern hybridization of fractionated human liver mRNA 
to radiolabeled cDNA indicates two distinct mRNA sizes for 
the p chain (data not shown). The major band was about 1600 
nucleotides in length and appeared to correspond to mRNAs 
containing the two subpopulations with 98 and 167 base pairs 
of 3’ noncoding sequences. This band was diffuse, however, 
because it contained two mRNA species differing in length 
by less than 70 nucleotides. In addition, each mRNA species 
may be heterogeneous in the length of its poly(A) extension. 
A second minor band, about 1850 nucleotides in length, rep- 
resented the mRNA species with a 3’ noncoding region of 431 
base pairs. The relative abundance of mRNA in these sub- 
populations, as estimated by the intensity of hybridization, 
indicated that mRNAs with shorter 3’ noncoding regions (98 
and 167 base pairs) were about 3 times more prevalent than 
those with 431 base pairs. The occurrence of these mRNAs 
may be the result of endonucleolytic processing of the mRNA 
prior to polyadenylation or variations in transcription termi- 
nation. Studies on the transcription of adenovirus 2 suggest 
that poly(A) addition requires prior endonucleolytic cleavage 
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of the transcript (Nevins & Darnell, 1978; Frazer et al., 1979; 
Nevins et al., 1980). Alternatively, multiple transcription 
termination sites in the mouse a-amylase gene and dihydro- 
folate reductase gene have been described. In the case of the 
a-amylase gene, comparison of the nucleotide sequence of the 
gene with that of the major and minor mRNA species shows 
that the gene contains two polyadenylation sites located 231 
base pairs apart (Tosi et al., 1981). The dihydrofolate re- 
ductase gene, on the other hand, gives rise to four distinct 
polyadenylated mRNA species in about equal abundance 
(Setzer et al., 1980). Sequence analysis also demonstrated 
collinearity of the cDNA with the gene sequence (Setzer et 
al., 1982). No functional difference was observed among the 
different mRNA species. 

At present, approximately 65% of the nucleotide sequence 
of the gene for the @ chain has been completed. Experiments 
are in progress to complete the remaining nucleotide sequence 
for this gene. With the structure of the gene defined, com- 
parisons can then be made with the genes for the a and y 
chains. It will also be possible to make structural comparisons 
with genes for the @ chain in individuals with fibrinogen de- 
ficiency or functionally defective @ chains. 
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Characterization of a Complementary Deoxyribonucleic Acid Coding for 
the y Chain of Human Fibrinogen? 

Dominic W. Chung, Wai-Yee Chan,* and Earl W. Davie* 

ABSTRACT: A number of cDNAs coding for the y chain of 
human fibrinogen have been isolated from a liver cDNA li- 
brary by employing a synthetic nucleotide mixture as a probe. 
One of the positive clones was then employed to screen the 
entire cDNA library of 18 000 recombinants, yielding 320 
positive clones for the y chain. The largest cDNA was 1638 
base pairs in length and contained 10 base pairs of poly(G) 
at the 5’-end followed by 7 1 base pairs of noncoding nucleo- 
tides. The next 78 base pairs coded for a leader sequence that 

T e  y chain of human fibrinogen (M,  46 500) consists of 41 1 
amino acids (Lottspeich & Henschen, 1977; Henschen & 
Lottspeich, 1977) and a single carbohydrate chain linked to 
Asn-52 (Iwanaga et al., 1968). Two y chains, together with 
two (Y and two p chains, are cross-linked by intrachain disulfide 
bonds and form a distended polydomainal structure containing 
three nodules. An internal portion of the y chain (amino acid 
residues 24-1 34) is bounded by unique cystine residues and 
is located in the interdomainal connecting structure linking 
the three nodules (Doolittle et al., 1978). The carboxyl-ter- 
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was 26 amino acids in length and included a methionine start 
signal and a typical hydrophobic core. The following 1233 
base pairs coded for 41 1 amino acids that are present in the 
mature protein followed by a stop codon of TAA, 207 base 
pairs of noncoding nucleotides, a poly(A) track of 15 base 
pairs, and 22 base pairs of poly(C). Specific regions of the 
cDNA of the y chain were then compared with the cDNAs 
for the LY and p chains of human fibrinogen. 

minal region of the y chain participates in fibrin polymeri- 
zation (Olexa & Budzynski, 1981) and in intermolecular co- 
valent cross-linking catalyzed by factor XIII, (Chen & 
Doolittle, 1970). 

The complete amino acid sequence of the y chain of human 
fibrinogen has been determined by amino acid sequencing 
techniques (Lottspeich & Henschen, 1977). This chain con- 
tains the unique sequence of Trp-Trp-Met-Asn-Lys starting 
with Trp-334. From this amino acid sequence, it can be 
predicted that the mRNA for the y chain should contain the 
tetradecamer sequence of 5’-UGG-UGG-AUG-AAE-AA-3’. 
By using the approach of Wallace et al. (1981) and Suggs et 
al. (1 98 l ) ,  a DNA mixture complementary to these two tet- 
radecamers has been employed as a hybridization probe for 
the identification of cDNAs coding for the y chain of human 
fibrinogen. The largest cDNA that was identified was then 
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