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ABSTRACT The three chains of fibrinogen are encoded
by three separate genes whose transcription is coordinately
regulated. The breakdown of fibrinogen during the acute-
phase reaction leads to a simultaneous increase in a-, /-, and
'y-fibrinogen mRNA in the liver. In a search for the basis of
this coordinate increase in transcription, we have determined
the sequences of the regions surrounding the points of tran-
scriptional initiation of the three rat fibrinogen genes, 1490
nucleotides upstream and 730 nucleotides downstream. Two
unique regions of homology have been found. One region con-
sists of 15 nucleotides that have a common 6-nucleotide core
lying between -116 and -160; the other is -100 nucleotides
long and is in the -165 to -472 region. In this region, the /3-
and -fibrinogen genes are -65 % homologous. a-Fibrinogen
has somewhat less homology with both /3- and y-fibrinogen. In
addition, the 13-fibrinogen gene has 22 nucleotides at position
-480 that are homologous to sequences that have been noted
to occur in glucocorticosteroid-regulated genes in a similar po-
sition. We feel that these areas of conserved sequences play a
role in the regulation of the transcription of fibrinogen. The
fibrinogen chains are synthesized as precursor peptides, and
the amino-terminal portion, the so-called signal peptide, is re-
moved during the translocation of the peptide chain across the
endoplasmic reticulum. We have determined those sequences
that encode the signal peptides. Homology in the amino acid
sequence between the rat and human signal peptides varies
between 52% for a-fibrinogen and 66% for /-fibrinogen. This
homology implies that there has been strong selective pressure
on this portion of these genes.

A model system to study coordinated gene expression
should include a well-defined group of genes displaying simi-
lar induction kinetics. The a-, ,3, and y-fibrinogen genes in
hepatocytes meet that criterion. Plasma levels of fibrinogen
increase along with those of other acute-phase reactant pro-
teins in response to a variety of stimuli, including defibrin-
ation (1). After defibrination, hepatic fibrinogen mRNAs ac-
cumulate preceding the increase in plasma fibrinogen (2).
The increased fibrinogen biosynthesis has been shown to be
at least in part regulated by another plasma protein (3, 4) and
by glucocorticosteroids (2, 5), and it appears to be the result
of increased rates of transcription (unpublished observa-
tions).
We have cloned cDNAs for all three fibrinogen transcripts

(6) and have used these to isolate genomic DNA clones (7).
Each of these clones has been analyzed at least 1490 bases
upstream and more than 700 bases downstream from the
point of mRNA initiation in all three rat fibrinogen genes, in
order to determine whether there are structural features
within the fibrinogen gene that may be responsible for coor-
dinating the activity of the three genes.

Since the fibrinogen genes diverged from each other more
than 500 million years ago (8, 9) and rates of mutation have
been estimated to be about 5 x 10-9 per site per year (10),
we reasoned that any conservation of primary sequence out-
side coding sequences would most likely be of functional im-
portance. Regulation of the expression of the genes' tran-
scriptional units is such a function. We have found two sig-
nificant areas of homology common to all three genes. These
areas occur in sequences upstream from the sites of fibrino-
gen mRNA transcription initiation. We suggest that these
conserved sequences are fibrinogen regulatory units aiding
in the transcriptional response characterized by the acute-
phase reaction. In addition, we show that the rat /3-fibrino-
gen gene also has a sequence homologous to a highly con-
served region noted in certain glucocorticosteroid-respon-
sive genes.
Using primary rat hepatocyte cultures, Nickerson and

Fuller showed that the fibrinogen chains are initially trans-
lated as large presecretory precursor peptides (11). We have
determined the most likely amino acid structure of the NH2-
terminus of the rat fibrinogen peptide chains through exami-
nation of the genomic sequence. These rat fibrinogen "signal
peptides" are compared to those recently determined for the
human fibrinogen chains (12-15).

MATERIALS AND METHODS
Materials. The isolation of recombinant X Charon 4A

phages for all three rat fibrinogen genes has been described
(7). Restriction endonucleases and ligase were from New
England BioLabs; the Klenow fragment of Escherichia coli
DNA polymerase was from New England Nuclear and New
England BioLabs; unlabeled deoxynucleotide triphosphates,
dideoxynucleotide triphosphates, and the M13 phage vectors
(mp8 and mp9) were from P-L Biochemicals; [a-32PjdATP
(>400 Ci/mmol; 1 Ci = 37 GBq) was from Amersham; and
chemicals for reagents were from Sigma.
DNA Sequence Analysis. Sections of the X Charon 4A

phage clones to be analyzed were previously determined by
heteroduplex analysis and DNA blotting using the appropri-
ate cDNA clones (7). DNA sequences were determined by
the chain-termination method of Sanger et al. (16) after re-
striction endonuclease fragments were subcloned into M13
mp8 or mp9 phage vectors (17). More than 80% of the se-
quences presented here were determined on both strands.
Sequences were analyzed and compared on an IBM system
370 computer using the programs described by Queen and
Korn (18) and were analyzed graphically by dot-matrix plots
with microcomputer programs.

RESULTS
Fig. 1 depicts the sequences of the regions of the rat genome
that include and surround the 5'-initiation points of the a-,
,3-, and y-fibrinogen genes. The transcriptional-initiation
points were previously described for the a- (unpublished re-
sults) and y-fibrinogen (19) genes. The point of initiation for
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-1450 -1400 -1350
rTrTGGTGACCACT GTTr AC TAGGAGGGGCTTrcACAT AGGAAGVCAGAATTrTCAGAGAAAGT AGGACTr GGrTrTGCC AGGT AACA GAAT AT C crTGrTrTAAGrCcr GAArTrc c ACAT GT ACAAC AAC AT TC T AGT ACAAGT AT ATTrcAGAACAT CACAAAAGAC AT GC A PHA

AAAAGCATGTTTGATCTTCTTCAACATAGTTCTTCTAACATCAGCAAAAATATGTGTCACAGAGAT GAAATCCTACCCAT ATCATTTAGGAT GCATTT T TTAAAAATCAAT TAT ATTT TCAAGGTTTATCCTCAT ATCTTC Tr T rGAT TAAT GCACAT GT BETA

TCGATAATTATTGAGTGTTAACTGTCACTCTACTAGCTGCTGTAGTGAAACACCGCATTTCCATCATTAGGTTAACGGTTAT ATAATGCAAGGTTCTTATAAGTCCACAGAGCATACAGAGCTGGGTCTGGGTTGTAAAATAAAGCTGTGCTAGAGGGAA GAMMA

-1300 ' -1250 -1200
ACGCTATAAGTTGTATTGGTTTCTrGTCTGCAATTCCAArTTAACTGGTCACCcTCAGCTTrTrACTACAGTCATAGCACACTTAAGTCAAAGGCrTC rTTTTAT GTCACTGAATCAT GACTGAT ACGTAAAT GTCCTATAT GTTTGAT GTGAAATAACCC AL PHA

AG~tAcrAACT GTCAGAT r AT AT ATTIC rcrrAAAAAAArr AAAGAr TCCGACGT AT GCTT AGTC ATCC rGACAAAT GAA GCACACTTT rAGAAACAAAT cArrGr r r rcCT GTCAGCCTTC GTTTc AACAGA CA CAAGTT AAAAGGATTT GAC AT ACT GT BETA

CCAGACTCCAG^AAAACAGGACT rCCGGGGTCTrGrTrTGrrGrrrTGrrrTrrGArTrTrGrrTrGTTTTGACAGCCAGAGTTrrGCCGT AAJTrccTrAJGAAT GrTGGC AAAT AAAACCAAGAAGAAGAAAAAAGAAAAAGAAAAGT AGAT AGT AT AGGAAGACAGAG GAMMA

-1150 -1100 -1050
AAGCTCATTArGCACAT GTAT CACCTCATTTAAT rATCT T TTCC T T T T TC T Crrccrr TrGTT rCCCTGGTTTCTCATCTCCTAr GC AACCCTc CTcGTGC CrAcACCC ACT~GTGTrCCCAAT C rC TT GAGrr ACACACT T AAGGTTCACAT GGAAGrGAAA AL PHA

ACTGTCAAGAGAAG^AAACTTGTCATrrcTrGCTrTTGCAA~CATGTAAAACGCTCTTG GArGCACCTCAGATC AC GGCTCATCCTACAAGAAGATrrrTGTAAAGTT GACGAGAAJ GCTTCACTTGCCAT ACAAAGCCCAGAAAT ATTTCTGAG BETA

CAAACAGCAGAGAGGAAGTAGCTAAGGGCTAGGAACTAAGCAGGTGATTGGTGACACTGCTGGAGCTATTCTGTAAGGAT ACTGGCAAATGGCTTGCAGCAGGAAGT GACTGAAGTGGAGGGCAGTCCCGTCAGCAAGGGAAGT GGTTACATATTTGGTT GAMMA

-1000 ''' -950 -900
TCACATCTTTCGCTTAGCGTGAGGTCCTCAAGGTTCCTGCAT ATTTCCCCAAATGCTTGATTTTCTTCT TTCCACAGCCT GAACAAT GATCTCTTGTATCTGCCCTTCT GCTTTATCCAT TCATCCATTGCATT AGGCTGCTTCCATT GTGT GGGATTGT AL PHA

TGAATGCTCTTGCTGGAACGTGAGTTGTTGACTCTGGATCTCCCCTTGAT TTGTGTAGGCAGAGGAGGGCTTGATTCTCGCTACTGCAGAGAAAT GAACAGAT GAGACAGAAT CGGTGGCTTAT GAGAAAT GACAAAGAAAATAGGCCACATTTACTGTA BETA

T GAT GAGTTCACTTAGTTAAAAT GGrTTCTGACTACAGAGCAT AAACATTTATTTGrTTTAAT GTCAAAGGAGACACGAT CAAAACTTCTTGTATCAAATTGTT AGCAATTCSTTCAAAT TAGTGCATTTCTCCCAATCCCGTAGTTCTTCAGTTTATCA GAMMA

-800 -750 -700
GAAr AAr ACATCAAT ATTrcrcrrc AAAGTCCAGCT GTGCrTTTGGGGGCCGGGGGGTATr AGAAGTGGGrTGGGrTGGC GGCACGAAACTTrCACTGCGTCAGAAGAATTGTACAAGGAAAGGAAGAGCAGAGGTCAGGCCCAGAGGCACAAGAGGAAAG AL PHA

GGCCAGACT AACTGAACGAGACAT ATGAAGACTTCACAT AT GTrAAAAT GAT ACCT ACCATCTCAT ACT AAT ATAACACA AAAT AAGCCAT AT AGCAT AAr AAr AT GAAGr GCTAACT GrGrArTCCATT AT AAr GTAATCTT GAT rGGGGATCTATAAT BETA

GGAAGCT TGGGTCACAAGAGGAAGAAAGTGACT GCACACATCTGTCACAGTGCT ACAGCTGCTTGTC ATCACCAAAGAGA GGT GACAGTGCCTTTTTC TCCACGACAGCAATT AAACTTCTCAGT AT crc rcrGTGTCCCTTC rc crrGAGAGAGGCTTC GAMMA

' -650 -600 -550
AAAGC ACAT TCTCCAT GACACTTCTCCAATCATGGCCAGCACTTACTCCCAGGT GrrGGr GAC^ArATCTCCCCAAAGGC crr GAAAT AGCTC TCCCAT rr GTTTACCAACAT GTGTAGGAT GT T GTTTTCGCCCCTGTTCCTTAAAT GAGGAGACTGAT AL PHA

r TAT TGAT ATCAT AAr AGT GTTT AAGAGTTAT TAAAT AATTTAACCACT GAAT AAAGGACAAAGTACAAAAGCCAGTCAG GACAGAAAT AAAAGAGCACCCT GGGCTTTTTACCCGCCCCCCCATTGCT AT GAT GTrrGTCTATCACAGCAGAGAAGGAT BET A

r AAGGGAGr AT GrGAGAAGT GGGTTTC TCTGAGTCCAGGrTTTTCCTC CAGGAACT AGArGGGGCTTTGGGCAA^GCCAGTG^AACGGCACCTTCAT rrrGGCGGCAGAT GGGAGGTAGCCT ATC TTCCAGTC ArTAAACAAGTTGAGCCCAAAACTCAA GAMMA

-500 -r9-n
rCACAAGGAT GAGC AGGT GACCTrc ArTAAGT GCACAGAACCAGGAAGCTGGACCT AG GCCACTATTTGCTTGTGGAATACGTAAAAGCT GGTCATTrrrGAAATTCAGAT GA AL PHA

GACTATTTTrATAATCATGATT AACTGTCTAGAAGAAT AGAGAGACCAT GAT GCTACACTAACCCTTCACTTCAACAGCCT CTTTCAAGAGTGCATCAT GCAGCTGCCTCAGAGCCTGAGCCTGCATGAATCTCTTTACTGAGGTCATAGrTTCACGAGCC BETA

rTGAGAACTGACCTAAGAAAAAGGAGAGCAAGGAGGAGGGGCAGGAACCGGTTTCCAACATCATC GATCCrTTGGGAAATCA GACCTGAGGAGTGAAAGGAGG TCTCCCCTGTACGGCTCGTAACGGC GAMMA

I -350 - 300 -250
GCTC TGAATCCTACACCTAGTCT AAT GTCTAAT GTCTCT GCTTCAAGAAGTGAT AGCCAGAATCCTCTGTCAGTCCTCAT ACTTCTTCAGAT GTGAAAGTGTTCATCTTTGTAGCTTCAAAGGCCCCACTTCCTGGAAT GTAGAATCTCCCCGCCCACAA AL PHA

CCTTCTGGGTAGGACAAACGGCCTCATTTAAATTAAACCrTTTCCTTACACATCCrTTGCGAACTCCTGTAGCATTCACA ACGAT AGGGGCTGACATGGGGCTCrTrr_._,_,TTTAATTCTTTCA.ATGT;GCCAGTCAG BETA

ACAGAAGGCCAGAACTrCAGGCTGGGTTGGTTGCAGGAGGTCAGAAcCCTGrTGrTTTGrTcTrCrGGAGGCGGTGTACTGGA AGrTAArrTGCAACACGCAGCCTCT GTCAGTCCTCAGC GCAGCCCCCAC GTTAGcTGGCTrrrcGCAGAT AGAT AGCTTTG GAMMA

-200 -150 -100
ATGCTGTCTACACAATCAAATGCTACCATTTGCAACAACTTATCGGAAACAAACAAGCTACAGAGAATTGAA AATT rcrGGGATOGCCIT(GCTTATTATGGTCAGAGCAAAGGACACACTGTGAGCTTTGGCTATCTGAGTAGGACAAGGGTGATGA AL PHA

TCCTGTGTCCACATAAGGCCAGCAGTGAGGAAGAGCTGTCTGATGGGTAAA GGCTTGTGA TCAAATGATAAAACGGTTCAGCCAACAAGTGAACCAAACTGTCAAATATTAACTAAAGGGAGGTAACCATTCCTGAAGCCATGCC BETA

GGTCTGAGGAGACAGGTTGGGCTGAGCCAAAAGGAGGAGCTAAAACCTG ACCCTCGGAGCACA GGTGAGAGCCAGAATGAGCAGAAAGAGCCCACATTTCTGGTAAAGAGACCCCGTGACCAGTTCCAGCCACTCTTTAGTCC GAMMA

****1 50 100

TTAACCTAGTTTCCTGCAGGTTTAAGTAGGATAGGAGCAGTGAGTGAAGTCAGTCCTCCTTCCCTTCAGCTTCGGTGCTT CCCATGAGCCATCCCTGCAATCAGAAACTAIJCTTTCCCTGAGGGTCGCCTGCCTCATCCTGAGCTTGGCCAGCACAGTC ALPHA

CGTGAAAGGACCCGTTAT ArAT AGGATCGACAGTC TCCCAGCTAGGTCTGCAGGCAAAGGGCAACTGCTTGGAATTTCAG AAAATCT GAAACCTA~AGGCATCTAT GGCTGCT GCTCCTGTCTGrTTCCTTAGTTCAAACTCAAGCTGCAACTACTGACT BETA

CGCCCAGACTGGGAATTCATATAAAGGCCCAAGGAGAGCCCAAGAGGTCACAGTGCTGGCTGTAAGGGGCTGGGAGCACC GGTCACCCAGACACTU^GAATTGGTCCTTGCAACTCCGGAGTTTCATTCTATGCTGGGCGCTrTTACTACTTTCTCCAAC GAMMA

150 200 250

TGGGTATGTGCTTTCTCTTCTCCTCACTCTCTGTTATTTCTTCCTCGAGGAGTTTTrGATTTCAGAGACTACCAGTCTTTT GTTCTTAGCATTATAAATGCCAGACCAGGAGGCAAATTCCTAGGTAAGCCTGACAAGTCTAGGGGGATGTGACTTCCAGA ALPHA

CCGATAAAGTGGTGATTTATTTTTATATAGATATCATAGTGCCAATAAT ATTAAT GTAAAACTGTACATTAT GTAT ATTA TATATTCAGTTCTATTGAACCT GGAT ATAT GAAAGTCGCATCGTTATTTTCTGGCTGATTCACTTTCATTTCTCCAGGGT BETA

GGGGCCTGGCAGTAAGTGCTCTTCAGAAGCCATATTGTTTGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGA GAGAGAGAGAGAGAGAGAGAGAGAACCACTGGCAAATATATTTTTGTTTTTCTCCCACAGCAGTACACTGCTACTAGAGA GAMMA

300 35 0 400
GGGAGGCCCTAGGGGAACAAGGCATCTTGACACCTGTCATTCAGGCCGATTCAGATTCAGTCTTTCAACACTGCAGGTGT GTTTGTTAGCATAATTTCTCGGTGCTGGGACTTGATCATGTTGTGATGACCTGCAACCATAAAATTATTTTTGTTACTAC AL PHA

GAAGATGGCTTAGCTAATGGTAGATGTGTTTTTTTCTGTCTTCTTATTCTAATGCTATCGACTTTTACTTAGTTCTTGCA TTATTATAATTATAATGCAAGTACATTATTATAATTATAATGATAAATTTTTTAACCTATAGGCTTTATGATTACCATCA BETA

TAACTGTTGCATCCTAGATGAGAGATTCGTAAGTAGTTTCTGTGTCACCCTCTTTCCCGGAAGTAGAGAAAGGTGGGAAC AGGGCGGTACTTTCATGTATCAGTTAAGCTTTTGGGAAACGGTTTACAATGTAAGGGTAGTAACTAAAACTTATCTCCTC GAMMA

450 500 550
TTCATAACTTTAATTTTGTTACTTTTATGAACCATATTGCCAAATATTTTGGGGGATAAAGGGTTGCCACAGGGGTCATG ACCCCCAGGTTGAGAACCACTGGGCATGCCAGTAAATCCCTCTACAACTGAGCTATAGTGACAGATTTCCAGCCTCATGA ALPHA

TAAAGATTAGTATTTTGAAAGTCAAAAAACTGCTGTAGATTGTTTGCTCTTTGCTGAATAAGATAAT ATATATAACTCCT GAGGTTACTGAGTATGGGTAATAATTATAAT ATTAAAATCAGAAAAT AAAATTTGGGTGTTTTCAGATTAGAAAATTACA BETA

AGGTGTTTAATTATCTGCTTACTGACTTTGCAGGGTAGTTACTGCCCAACCACTTGTGGCATC TCAGACTTCCTGAATTC TTACCAAACCGACGTGGACACTGACCTCCAGACTCTGGAAAACATCTTACAACGAGCTGAAAACAGAACCACAGAAGCCA GAMMA

600 650 700
ATCCCCACCACCACCACCACATCTTTGTCCCTCTACCCTCTGGAGACATCATTCTAACAGAACAAAACATTTGATAAGAA CTGATCTCTAGCTGGTAAWTCCAGACATTTGTCTTTGATGAGCAGGGTTTAGTATGATTTACC ALPHA

ACAGAGGCAGTAT TTTT AGTTATCGAT T GGGGTATCAACGCCATGCATCGCCATCTTCATGCAGCGTACT GCGCCTTCGC CAGACGGAGCAACCAT GTC TGCACCATCAGAGGTT GCGCCGTAGCCAAGAT TTCAGCAT AGA BETA

AGGAACTGATTAAAGCCATCCAGGTTTACTACAtACCCGGACCAACCCCCAAAGCCGTTTGAGGAAACCCACTGTGGAGTT GTTACCTCCCCTGCTTTCGGTTGTGCTATTAGCTTAAGTIGA-CTTC TCTGTTCCTGGT'CCTGCG GAMMA

FIG. 1. The genomic DNA sequence flanking the 5' end of the rat fibrinogen genes. The point of mRNA initiation is +1. The putative
initiator methionine codon is underlined twice. One of the two areas of homology between the three genes is underlined. The other area is
overlined. The best alignment of the overlined region is shown in Fig. 2.
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the 13-fibrinogen gene was determined initially by sequence
analysis of a large segment of DNA upstream from the third
exon. Computer analysis detected a region with the coding
potential for the rat fibrinopeptide B (NH2-terminal portion
of the circulating 13 chain) (20). This is in a reading frame
contiguous with the sequence that codes for amino acids typ-
ical for signal polypeptides. These sequences are also ho-
mologous with the 5' end of a human 13-fibrinogen cDNA
clone and a region of the human 13-fibrinogen gene reported
by Chung et al. (14). In addition, we have examined this re-
gion for primary transcriptional units in isolated hepatocyte
nuclei and found a 20-fold increase in transcription 3' to the
indicated position (unpublished observations).
There is no detectable homology of any significance with-

in the 700 nucleotides downstream from the points of tran-
scriptional initiation. However, there are several areas on
the 5' side that are significant. As is typical of genes tran-
scribed by RNA polymerase II, we note in the 13- and y-fi-
brinogen genes a sequence within -30 nucleotides that re-
sembles the so-called Goldberg-Hogness ("TATAA") box.
Interestingly, a typical TATAA box is not present in the a-
fibrinogen gene. We are certain that the assignment of the
initiation point is correct for a-fibrinogen, as sequence of the
5' end of the a mRNA has been determined (unpublished
work). Possibly, the TTTAAG at -33 has a similar function.
We also note that all three genes have the sequence A-G-G-
A in the region from -10 to -30 and this 4-mer occurs twice
in the a-fibrinogen gene.

In general there is very little homology among the three rat
fibrinogen genes in noncoding and coding areas (unpublished
observations). However, there is one major exception. The
region -165 to -261 in the }3-fibrinogen gene has 60% nucle-
otide homology with the region -334 to -429 in the y-fibrin-
ogen gene. This degree of homology is seen with near perfect
alignment, requiring only a single, two-nucleotide gap. This
homology is shown in Fig. 2 where portions of the a-fibrino-
gen gene are also aligned to show that a region of a-fibrino-
gen has similar primary sequence. Using the Queen and
Korn sequence analysis programs, we have determined that
these homologies between the fibrinogen genes are quite un-
likely to have occurred by chance alone (P < 0.01). Another
area of homology is found at -115, -137, and -138 in a-, ,-,
and -fibrinogen, respectively. This region has a common
six-nucleotide core, C-T-G-G-G-A.
An interesting homology to possible glucocorticoid-regu-

latory sequences is found in the upstream portion of the 13-
fibrinogen gene. The sequence at -480 to -493 is 77% ho-
mologous to that previously noted to occur at about the same
relative position as some genes whose transcription is re-
sponsive to glucocorticosteroids (21, 22). This high degree of
homology implies that this too is unlikely to be a random
occurrence. Throughout the upstream portions of all three
fibrinogen genes are other areas with lesser degrees of ho-
mology to these putative glucocorticosteroid-regulatory se-
quences. The low degree of homology of these areas makes
it possible that these are due to chance (P > 0.01).

Certain other sequences that one might expect to find in
the 5'-flanking regions are not present. There is no clear area
of homology to the so-called "CAAT" box which along with

RAT (MP) AND HUMAN ALPHA FIBRINOGEN SIGNAL PPE>IDES:
ATG CPT WC CIG AGG GTC GXC 'I(1C CC AIC CrG AGC rG GCC AGA ALA GTC TGG ACT
*** *** *** *** *** *** *** *** *** ***

Met Leu Ser Leu Arg Val Ala Cys Leu Ile Leu Ser Leu Ala Ser Thr Val Trp Thr
Met Phe Ser Met Arg Ile Val Cys Leu Val Leu Ser Val Val Gly Thr Ala Trp Thr
ATG m MCC ATIG AGG AIC GIC TC CrA GTT CrA ALT GIG GIG GCC ACA GCA lGG ACr

RAT (TOP) AND HUMAN BETA FIBRINOGEN SIGNAL PErIDEs:
ATG AGG CAT CrA lGG CIG CIG Cec CrG TCT Grr TOC TIA GTr CAA ACT CAA GCT
*** *** *** *** *** *** *** *** *** ***

Met Arg His Leu Trp Leu Leu Leu Leu Ser Val Ser Leu Val Gln Thr Gln Ala
Met Lys His Leu Leu Leu Leu Leau Leu Cys Val Phe Leu Val Lys Ser // //
ATG AAA CAT CrA TrA TIG CTA CrA T1G MrT Grr TrT CrA GTT AAG CCT //M //

RAT (TOP) AND HUMAN GAY44 FIBRINOGEN SIGNAL PEPTIDES:
ATG AAT lOG ICC TIG CAA CIC OGG ALr TrC Arr CTA TGC I// lOG GOG CrT TrA CTA
***** *** *** *** *** *** *** *** ***

Met Asn Trp Ser Leu Gin Leu Arg Ser Phe Ile Leu Cys /// Trp Ala Leu Leu Leu
Met Ser Trp Ser Leu His Pro Arg Asn Leu Ile Leu Tyr Phe Tyr Ala Leu Leu Phe
AT AGT GlG Ic [G CAC CCCIGG Mr TrA Arr cIc Tic TC rAT Xcr err rrA Imr

Crr CTOCA AMG MC c=; GCA

Leu Ser Pro Thr Gly Leu Ala
Leu Ser Ser Thr Cys Val Ala
CIC 1Cr 'CA ALA lOT GrA GCA

FIG. 3. Comparison of the rat and human a-, 13-, and -fibrino-
gen signal peptides. *** indicates conserved amino acids between
the rat and human peptides. /// has been inserted to obtain the opti-
mum alignment of the peptides. The location of the initiator methio-
nines is indicated in Fig. 1.

the TATAA box is thought to be a common feature of eu-
karyotic RNA polymerase II promoters. There are also no
areas related to the rodent B1 (23) or B2 (24) repetitive se-
quences.
The first exons are 109, 129, and 126 nucleotides long for

a-, /3-, and y-fibrinogen, respectively. The first exons in a-
and y-fibrinogen code for the signal peptides. However, the
first exon in j8-fibrinogen codes not only for the signal pep-
tide but also for an 8 amino acid portion of the fibrinopeptide
B.

Fig. 3 shows the homology of the signal peptides with their
apparent human counterpart. The first two methionines
found in the human ,3-genomic sequence by Chung et al. (14)
are not present in the rat 8-genomic DNA. Thus, we have
assigned the NH2-terminal methionines as shown in Fig. 1.
The homology between these peptides varies from -52% for
a-fibrinogen to 66% for /3-fibrinogen. Their overall composi-
tion maintains a charged amino acid near the NH2-terminus
and a highly nonpolar central domain. The 17th and 18th
amino acids found in the rat 83-fibrinogen peptide are not
present in the human gene. Furthermore, the human y-fi-
brinogen gene has an additional amino acid codon for phen-
ylalanine at amino acid position 14. In both species, the yy-
fibrinogen signal peptide is considerably larger than those
for the other chains. The y-signal peptides also have at least
two internal polar amino acids, which are relatively atypical
for signal peptide sequences in general.

DISCUSSION

The results presented above constitute two significant find-
ings. The first regards the coordinate expression of genes.
While the rat y- and a-fibrinogen genes are physically linked
on the genome, there are at least 12 kilobases between them.

BETA GAATGTCCCTGTTTCCCATCATTGGCTCTGACTCAATGATTCGAAGAACGTCCTGTGTCC ACATAAGGCCAGCAGTGAGGAAGAGCTGTCTGATGG -165
II III 11111 III 1I III II 11 11

ALPHA GATTGTTGGTGTTTGGCGCCATCGGTTAC ........ ...... TGTCTTGACCTTTGGGT AGAGGAAAATAATCTGTTAACATAAATGGCTTTTAG -392

II II1 II II I I III III 11 II III
GAMMA AAAGTTCCCTTCTTCCACCCCTTGGCTAAGAC. . AGGTCTTACAGTAATAGCCTGTGGCT ACAGAAGGCCAGAACTCAGGCT GGGTTGGTTGCAGG -334

II1 11111 iiiI I11HIM III I I I I HIM11I III IIIIIIII I IIII I Ii I I I I
BETA GAATGTCCCTGTTTCCCATCATTGGCTCTGACTCAATGATTCGAAGAACGTCCTGTGTCC ACATAAGGCCAGCAGTGAGGAAGAGCTGTCTGATGG -165

FIG. 2. The best alignment of the largest region of homology between the a-, 3-, and -y-fibrinogen genes is shown. This alignment was
achieved by use of computer programs.

Biochemistry: Fowlkes et aL
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In addition, the ,8-fibrinogen gene is separated from the a-
and y-fibrinogen genes by at least 20 kilobases and possibly
is unlinked to a- and y-fibrinogen (7). Thus, it seems likely
that each gene is independently regulated. We believe that
the two strong stretches of homology seen between a-, /3-,
and -y-fibrinogen genes are significant, particularly because
the time since the original duplication of these genes has
been so long that areas of homology, even in coding regions,
have almost disappeared. It is possible that these conserved
regions have evolved as a part of coordinately induced gene
networks as proposed by Britten and Davidson (25, 26).
These homologous regions may represent cis-acting regula-
tory elements or "acceptor" sequences as Britten and David-
son have elaborated (27). The linkage of the a-fibrinogen
gene to the y-fibrinogen gene may be such that their tran-
scription is regulated from the same cis-element. However,
that need not be the case as there is still significant homology
between a-fibrinogen and its areas of homology with ,/- and
y-fibrinogen. The great distance between the /3-fibrinogen
gene and the others quite likely requires that there be anoth-
er nearby copy of any requisite cis-elements. Such areas of
homology have been demonstrated in genes such as the his3
(28) and his4 (29) genes of yeast and the heat-shock genes of
Drosophila (30). In these cases, functional assays demon-
strated that the consensus sequence is necessary for physio-
logical induction. It has been established that a major stimu-
lus to fibrinogen induction is a medium-sized protein that is
referred to as "hepatocyte-stimulating factor" (3, 4). It is at-
tractive to think that in the fibrinogen genes these homolo-
gous regions serve as acceptors for the intracellular signals
initiated by hepatocyte-stimulating factor. Furthermore, it is
an interesting notion that the sequences noted to be homolo-
gous with the putative glucocorticosteroid-regulatory ele-
ments function as acceptor sequences for intracellular ste-
roid complexes. One might speculate that once both classes
of acceptors have been activated, then synergistic levels of
transcription occur.
An alternative hypothesis might be that these genes are

coordinately regulated by being in a region of transcription-
ally active chromatin. However, even such regions must be
able to respond in some manner to trans-active regulatory
components. This might mean that only one or a few sites in
the region of the fibrinogen genes would be necessary for
coordinate regulation. Thus, the role of the fibrinogen genes'
conserved-flanking sequences in the acute-phase response
awaits detailed functional analysis.
Our second finding was the structure of the NH2-terminal

sequences of the rat fibrinogen precursors. One puzzle is the
fact that in both the human and the rat the signal peptides of
the y-chains are unusual. Not only are they larger than those
of the a- and /8-chains, they also have an atypical primary
structure consisting of four polar residues preceding the hy-
drophobic cluster of amino acids. Since the human and the
rat internal polar residues have been conserved, we are led
to speculate that the y-fibrinogen signal peptides play a func-
tional role in addition to the traditional trans-membrane
transport of the polypeptide chain. This, too, needs detailed
functional analysis.
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