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Abstract. Recent studies on human protein C genefor HNF-3 and HNF-1 (region VI) and for PCE-1 (region
expression have revealed the presence of three transcripil), respectively. The functional importance and the
tion factor binding sites in close proximity to the tran- transcription factors that may bind to the other five iden-
scription start site. Binding sites for the liver-enriched tical regions are now to be determined.

hepatocyte nuclear factors 1 and 3 (HNF-1 and HNF-3,

respectively) are located immediately upstream of theKey words: Protein C — Promoter — Evolution —
transcription start site, whereas just downstream of th&ranscription factors — Responsive elements

start site a presently unidentified transcription factor may
bind. To identify other candidate transcription factor
binding sites in the protein C promoter, we studied the
promoter sequence identity in a number of evolutionarily
close and more distant specié3orilla gorilla, Pongo

pygmaeus, Pan troglodytes, Homo sapiens CepybErotein C is synthesized in the liver as a vitamin K-
apella, Macaca mulatta, Callithrix jacchus, Papio ha- dependent zymogen of a serine protease. After activation

madryas, Macaca fascicularignd Rattus norvegicus. PY the thrombin-thrombomodulin complex, through the
This analysis showed that a high degree of identityrelease of a dodecapeptide from the amino terminus of

(78%) exists among the different primates. Comparisorf€ néavy chain (Kisiel, 1979), activated protein C in-
of the primate consensus sequence with Riagtus nor- hibits blood coagulation. In the presence of protein S
vegicusprotein C promoter sequence revealed the pres(Panibak, 1991), calcium ions, and phospholipids, ac-
ence of seven identical regions (I to VII). Two of these fivated protein C inactivates two of the regulatory pro-

regions overlap with established regulatory sequencel€ins Of the coagulation cascade, factors Va and Viila
(Walker and Fay, 1992; Esmon, 1992). Furthermore, ac-

tivated protein C neutralizes plasminogen activator in-
_ o hibitor-1 (PAI-1) (van Hinsberg et al. 1985), with the
* The nucleotide sequence data reported in this paper have been S“%’[imulation of fibrinolysis as a possible consequence.

mitted to the EMBL, GenBank, and DDBJ Nucleotide Sequence Da- Th hvsiological sianifi f tein C ti
tabases under the accession numbers U77648, U77647, U77650, € physiological signiicance of protein antico-

U77652, U77651, U77649, U77646, U77654, and U7765%orilla  @gulant activity is clearly shown in individuals homozy-
gorilla, Pan troglodytes, Pongo pygmaeus, Cebus apella, Macaca mugous or compound heterozygous for protein C defi-
latta, Callithrix jacchus, Papio hamadryas, Macaca fasciculagsd ciency. These individuals suffer from massive
Rattus norvegicusespectively. . _ disseminated intravascular coagulation or neonatal pur-
T Present addres€Experimental Internal Medicine, Academic Medical fulmi B t al. 1983: Seli h t al
Center, Room G1-113, Meibergdreef 9, 1105 AZ Amsterdam, Thepura uiminans ( ranson € a » =eligsonn et al.
Netherlands 1984; Marlar et al. 1989). Individuals affected by het-

Correspondence taC.A. Spek;e-mail: C.A.SPEK@AMC.UVA.NL erozygous protein C deficiency, although more mildly
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Table 1. Primers used for the PCR amplification of the promoter region of the protein C gene in different m&mmals

Identification Identical to Sequence and position

5'prl Human ~A4TCATCTTCTCATGATTTTATGTATCAG #18

5'pr2 Human ~39CAGCGTQCCCGGGCTTGTATGGTGGCACATAAATACATGT %7
5'pr3 Primates “S2GAAATATGGAATATTACCT ~3¢7

5'pr4 Primates/rat ~S02TGCTGC/ACITCAITTGAIGA/GCAAA/GCTATAATATCT 27®

3'prl Human *122CTCTTCTCTTCTCCCGGGGGCAGCCCTCCCTCCACACCCCTCATA
3'pr2 Human IGGCGGGTCGTGGAGATACTG*?

3'pr3 Primates *24GCCGTCCTGCCGCCATGAL®

3'prd Rat *4SAAGGAGAAACTGCAATTT *24

3'pr5 Primates/rat *18C/GTG/ACCGCCATGT/ACAGNCTG!

#Indicated in boldface in primer'pr2 are mutagenic nucleotides, which creat®naalrestriction site. All nucleotide numbering is relative to the
transcription start site (Plutzky et al. 1986). Primers indicated as identical to primates/rat are chosen after the alignment of the primateisequenc
the rat sequence.

affected, are at risk of thrombophlebitis, deep veinMaterials and Methods
thrombosis, and/or pulmonary embolism (Griffin et al.
1981; Broekmans et al. 1983; Allaart et al. 1993). Animals

The human protein C gene, located on chromosome

2q13—q14 (Patracchini et al. 1989), contains nine exon&enomic DNA of different primates, rodents, and carnivores was iso-

Spanning 11 kb of genomic DNA (Foster et al. 1985: Iateq accordlng to standard protocols. From the primates, DNA of the
Gorilla gorilla, Pongo pygmaeus, Pan troglodytes, Homo sapiens, Ce-

P|Ut2ky etal. 1986)' Of these n'n(_a exons the f'rSt_ and parBus apella, Macaca mulatta, Callithrix jacchus, Papio hamadryems)
of the second exon (21 bp) consist of non-protein codingviacaca fascicularisvas kindly provided by Dr. R. Bontrop. Rodent
sequences. Genetic analysis of the promoter region dPNA was isolated from blood dRattus norvegicuandMus musculus,
the protein C gene of protein C-deficient individuals re- whereas carnivore DNA was isolated frdrelis silvestrisand Canis
. . . ; lupus familiaris.

vealed the importance of three transcription factor bind-
ing sites. From position —33 to —22 a hepatocyte nuclea
factor-3 (HNF-3) binding site was identified. Reversely
O_rler_]tate(_j and partly overlapp_lng_ Wlth_ th_IS first HNF-3 To PCR amplify part of the protein C promoter of the different mam-
binding site a second HNF-3 binding site is located frommals we used the primers listed in Table 1. Amplifications were per-
position —26 to —37 (Spek et al. 1995). Finally, it has formed in a 20gl reaction mixture containing 10 & Tris—HCI, pH
been shown that from position -22 to -10 a HNF-1 8:0, 1 "M MgCl,, 50 mM KClI, 350 ng primers, 100 ng genomic DNA,

L S 50 M dNTP’s, 60pg/ml BSA, and 0.3 U AmpliTag DNA polymer-
b!nd!ng S_Ite is present (Berg et al. 1994) Th_ese thregase (Perkin Elmer). After an initial incubation at 91°C for 4 min, 32
binding $'tes have been ShOYVﬂ to be critically importantyycies were carried out at 91°C for 1 min, 58°C for 1 min, and 72°C for
for protein C gene transcription (Spek et al. 1995; Bergi min.
et al. 1994).

Functional characterization of the promoter region ofSequencing

the protein C gene has been carried out by chloramphen-
icol acetyltransferase reporter assays (Miao et al. 1996]3_CR-ampIified fragments were gel purified and cloned_into the pMOS-
These experiments suggested the presence of two po&we T-vector (Amersham). Subsequently8 of plasmid DNA was

. . e . equenced using the Sequitherm Cycle Sequencing Kit from Epicenter
sible Ilver-speC|f|c enhancer regions between —1475 anéechnologies according to the manufacturer’s protocol.
—-175 and a strong silencer element between -175 and
-95. Moreover, a unique liver-specific regulatory se- Southern Blotting and Hybridization
guence between +1 and +18 (PCE-1) was identified by
DNase | protection assays (Miao et al. 1996). The PCR-amplified fragments were electrophoresed on 1.5% agarose

Functionally important segments of DNA tend to be gels and transferred to a membrane by alkaline blotting. The Southern

conserved between species. In the present study we hablets were prehybridized and hybridized at 60°C in 10% dextran sul-

. fate, 0.5% SDS, 5% Denhards, and 6x SSC. As probe we used a random
compared structural features ,Of the prOte_m c promOteE)rimed-labeled PCR fragment of the human protein C promoter, rang-
region betweep a number of dlffgrent_sp.emes.. As a resulhg from nucleotide ~282 to nucleotide ~153.
of this comparison seven evolutionarily identical regions
have been identified as potential regulatory regions. TWResults
of the identical regions overlap with the previously re-
ported HNF-3 and HNF-1 binding sites and with the To identify important regulatory regions in the protein C
proposed PCE-1 binding site, respectively. promoter region, we studied the evolutionary identity of
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part of this promoter region. Therefore, we attempted toern blotting none of these products seemed to be specific
amplify the protein C promoter region in a number of protein C promoter fragments.

primates, rodents, and carnivores. The primates we ana- Next we made a'3primer (3pr4) identical to the first
lyzed can be subdivided into four groups. First, the hu-18 base pairs of the reported rat cDNA (Okafuji et al.
mans and great apes (family Hominidae), which is com-1992). Comparison of these 18 base pairs with the human
prised ofHomo sapiens, Gorilla gorilla, Pan troglodytes, protein C cDNA shows a 78% identity in the first exon,
and Pongo pygmaeusecond, monkeys from the Old making it likely that these 18 base pairs are located in the
World (family Cercopithecinae), i.eMacaca mulatta, first exon of the rat protein C gene. PCR amplification of
Papio hamadryasandMacaca fascicularisThird, mon- ~ nonprimate DNA with this primer and primer &2 re-
keys from the New World (family Cebidae), of which we sulted in a specific product of approximately 500 base
studied Cebus apellaand, finally, Callithrix jacchus ~ Ppairs for the rat DNA only. Sequence analysis of this
(family Callithrichidae). The rodents we attempted to fragment showed an overall identity with the primate
study wereRattus norvegicuandMus musculugfamily ~ consensus of only 52% (Fig. 2). However, seven regions
Muridae), whereagelis silvestris(family Felidae) and (I to VII) with a significant identity could be distin-
Canis lupus familiarigfamily Canidae) were selected to 9uished (Table 2). Region VI, which is 97% identical
represent carnivores. between the primates an@attus norvegicusontains

Two upstream (rl and %pr2) and two downstream both HNF-3 binding sites and the HNF-1 binding site.
(3'prl and 3pr2) primers were used to PCR amplify These three sites are maximally identical between the
genomic DNA of the different mammals. The primers SPECies examined. Region VII, ranging from —2 to +15,
were deduced from the human protein C sequence Sué:§ 88% identical and contains almost all of the proposed
cessful amplification was achieved with all combinationsPCE'1 enhancer.
of upstream and downstream primers for the primates

In order to confirm the identity of regions | to VIl and
only. Irrespective of the combination of primers used,

thereby the possible functional importance of these re-
specific fragments could not be amplified from DNA of gions, we synthesized degenerative primers overlapping
the other mammals teste®4ttus norvegicus, Felis sil-

with region | (8pr4) or region VII (3pr5), respectively.
vestris, Canis lupus familiariand Mus musculus Re-

PCR amplification of genomic DNA of cat, dog, and
: . . m with th rimers did not, however, result in
duction of the annealing temperature during PCR Ofspoel::?f?c p:ote:tine(S:epEom;; ?rggmc:ﬁtso ever, result
DNA from.the nonprimates frOT" 58 10 56°C resulted in To identify the possible transcription factor(s) binding
_the formation of a number Pf d|ﬁeren_t product_s of vary- to the evolutionary identical promoter sequences, we
ing Iengthg. Southern blotting ex_penments with the_ hu-used the Matinspector program (Quandt et al. 1995).
man protein C probe were negative, which makes it un-—ryiq oroaram uses a large library of nucleotide distribu-
likely that these are specific protein C promoter jon matrices to screen for potential transcription factor
fragments. _ binding sites. For identical regions I, Ill, V, VI, and VII,
The derived sequences of the primates and the previyaynspector did find a number of potential binding sites
ous reported region of the human protein C gene (FOSt€;ith significant matrix similarity scores of over 0.8
et al. 1985) are shown in Fig. 1. Seventy-six percent Ofjoyever, the presence of these binding sites could not be
the nucleotides are the same in all species. One of thggnfirmed by a manual comparison of the relevant se-

HNF-3 binding sites is completely identical in all spe- quences with a compilation of vertebrate-encoding tran-
CieS, Whel’eaS the Other HNF-3 blnd|ng Site, the HNF-].Scription factors (Faisst and Meyer, 1992)

binding site, and the proposed liver-specific enhancer

region PCE-1 are not completely identical. However,
identity percentages of 83 and 89 for the HNF-3 site and_. )
the PCE-1 region, respectively, are higher then the over'-:)ISCUSSIOn
all identity percentage.

After examining the consensus sequence of the priRecent studies of the protein C gene promoter have iden-
mates we synthesized additional upstream and downtified the liver-enriched transcription factors HNF-1 and
stream primers (pr3 and 3pr3, respectively). These HNF-3 as major regulators of protein C gene expression.
primers were chosen on the basis of their maximal idenDirectly downstream of these binding sites a DNase |
tity in all species and on the basis of their location on theprotected region was found of which the functional sig-
far 5 upstream and '3downstream ends. PCR amplifi- nificance is not yet clear. In this study we examined the
cation with combinations of primers’rl, Spr2, or  evolutionary identity of the protein C promoter region to
5'pr3 and 3prl, 3pr2, or 3pr3 again did not result in identify other possible regulatory sequences.
any amplified fragments from the nonprimate DNAs. Comparison of the protein C promoter sequence of the
Decreasing the annealing temperature to 56°C resulted idifferent primates revealed that 76% of the nucleotides
PCR products of variable length, but again, with South-are the same in all nine species. Eighty-five percent of



666

Human
Chimpanzee
Gorilla
Java-maquaca
Rhesus monkey
Orangutan
Baboon
Marmoset
Capuchin

Consensus

Human
Chimpanzee
Gorilla
Java-maquaca
Rhesus monkey
Orangutan
Baboon
Marmoset
Capuchin

Consensus

Human
Chimpanzee
Gorilla
Java-maquaca
Rhesus monkey
Orangutan
Baboon
Marmoset
Capuchin

Consensus

Human
Chimpanzee
Gorilla
Java-maquaca
Rhesus monkey
Orangutan
Baboon
Marmoset
Capuchin

Couisensus

Human
Chimpanzee
Gorilla
Java-maquaca
Rhesus monkey
Orangutan
Baboodon
Marmoset
Capuchin

Consensus

Human
Chimpanzee
Gorilla
Java-maquaca
Rhesus monkey
Orangutan
Baboon
Marmoset
Capuchin

Consensus

Human
Chimpanzee
Gorilla
Java-maquaca
Rhesus monkey
Orangutan
Baboon
Marmoset
Capuchin

Consensus

Human
Chimpanzee
Gorilla
Java-maquaca
Rhesus monkey
Orangutan
Baboon
Marmoset
Capuchin

Consensus

GTG..TCTTA
GTGCTTCTTA
GTGCTTCTTA
GTGCTTCTTA
GTGCTTCTTA
GTGCTTCTTA
GTGCTTCTTA
aTctgTtTTA
GTctgTCTTA

-T---T-TTA
-351

ACCTGTTGTG
ACCTGTTGTG
ACCTGTTGTG
ACCTGTTGTG
ACCTGTTGTG
ACCTGTTGTG
ACCTGTgaTG
ACCTGTTGTG
ACCTaTT.TG

ACCT-T--TG
01

CCCCATCTGA
CCCCATCTGA
CCCCATCTGA
CCCCATCTGA
CCCCATCTGA
CtCCATCTGA
CCCCATCTG.

CCCCATCTGt
CCCCATCTGA

C-CCATCTG-
-25

GGGCTAAAAT
GGGCTAAAAT
GGGCTAAAAT
GGGCTAAAAT
GGGCTAAAAT
GGGCTAAAAT
GGGCTAAAAT
GGGCTAAAAT
GGGCTAAAAT

GGGCTAAAAT
-202

CTGCTGGACG
CcGCTGGACG
CTGCTGGACG
CTGCTGGACG
CTGCTGGACG
CTGCTGGACG
CTGCTGGACG
CcaCTGGACa
CTGCTGGALG

C-GCTGGA--
-152

CCGTGCTGAG
CCGTGCTGAG
CCGTGCTGAG
CCGTGCTGAG
CCGTGCTGAG
CCGTGCTGAG
CtGTGCLGAG
aCGTGCTGAG
CCGTGCTGAG

--GTGCTGAG
-102

GAGAGGGAGG
GAGAGGGAGG
GAGAGGGAGG
GAGAGGGAGG
GAGAGGGAGG
GAGAGGGAGG
GAGAGGGAGG
GAGAGGGAGG
GAGAGGGAGG

GAGAGGGAGG
-55

TTAACTCGAA
TTAACTCGAA
TTAACTCGAA
cTAACTCGAA
TTAACTCGAA
TTAACTCGAA
TTAACTCaAA
TTAACTCcCAC
TTAACTCGAA

-TAACTC—AE

A-AA
1

TAATTAATGG
TAATTAATGG
TAATTAATGG
TAATTAATGG
TAATTAATGG
. ...TAATGG
TAATTAATGG
TAATTAATGG
TAATTAATGG

-—---TAATGG
-341

CTGATCTTGG
CTGATCTTGG
CTGATCTTGG
CTGATCTTGG
CTGATCTTGG
CTGATCTTGG
CTGATCTTGG
CTGATCTTGG
CTGATCTTGG

CTGATCTTGG
-291

AAAA . CAGGG
AAAA .CAGGG
AAAA.CAGGG
ARAAACCAGGG
AAAA.CAGGG
AAAA.CAGGG
AgAACCAGGG

CagGGa
AAAACagGGa

___.GG_

GAGACCACAT
GAGACCACAT
GAGACCACAT
GAGACCACAT
GAGACCACAT
GAGACCACAT
GAGACCACAT
GAGACCACAT
GAGACCACAT

GAGACCACAT
-192

GCATCCTTGG
GCATCCTTGG
GCATCCTTGG
GCATCCTTGG
GCATCCTTGG
GCATCCTTGG
GCATCCTTGG
GCATCCQTGG
GCATCtGTGG

GCATC--TGG
-142

CTAGGACCAG
CTAGGACCAG
CTAGGACCAG
CTAGGACCAG
CTAGGACCAG
CTAGGACCAG
CTAGGACCAG
CTAGGACCAG
CTAGGACCAG

CTAGGACCAG
-92

CCTCAGTGCT
CCTCAGTGCT
CCTCAGTGCT
CCTCAGTGCT
CCTCAGTGCT
CCTCAGTGCT
CCTCAGTGCT
CCTCAGCcGCT
gCTCAGcGCT

—CTCAG—GCE

CTCCAGGCTG
CTCCAGGCTG
CTCCAGGCTG
CTCCAGGCTG
CTCCAGGCTG
CTCCAGtCTG
CT.CAGGCTG
CTgCAGcCTG
CTCCA.cCTG

CT-CA--CTG
+6

-242

tATtLTTAGAT
tATCTTAGAT
tATtLTTAGAT
CATCTTAGAg
CATCTTAGA!
CATtTTAGA!
CATCTTAGA
CATCCcTAGA'
CATCcTAGAT

-AT--TAGA-

-331

GCAAACTATA
GCAAACTATA
GCAAACTATA
GCAAACTACA
GCAAACTATA
GCAAACTATA
GCAARACTACA
aCAAACTACA
aCAAACTAcCA

-CARACTA-A
-281

ACAACGTTCC
ACAACGTTCC
ACAACGTTCC
ACAACGTTCC
ACAACGTTCC
ACAACGTTCC
ACAACGTTCC
caAcgtc...
caAcgtccCt

CTGTCAAGGG
CTGTCAAGGG
CTGTCAAGGG
CTGTCAAGGG
CTGTCAAGGG
CTGTCARAGG
CTGTCAAGGG
CTGTCAAGGG
CTGTCAAGaG

CTGICAA--G
-182

TGGGCAGAGG
TGGGCAGAGG
TGGGCAGAGG
TGGGCAGAGG
TGGGCAGAGG
TGGGCAGAGG
TGGGCAGAGG
TGGGCAGAGG
TGGGCAGAGG

TGGGCAGAGG
-132

GAGTGCTAGT
GAGTGCTAGT
GAGTGCTAGT
GAGTGCTAGT
GAGTGCTAGT
GAGTGCTAGT
GAGTGCTAGT
GAGTGCTACT
GAGTGCTALT

GAGTGCTA~T2

GAGGGCCAAG
GAGGGCCARG
GAGGGCCAAG
GAGGGCCAAG
GAGGGCCAAG
GAGGGCCAAG
GAGGGCCAAG
GAGGGCCA

GAGGGCCgAG

GAGGGCC~~-G
5 -35

TCATGGCGGC
TCATGGCGGC
TCATGGCGGC
TCATGGCGGC
TCATGGCGGC
TCATGGCGGC
TCATGGCGGC
TCATGGCGGC
TCATGGCGGC

TCATGGCGGC

+16

TTGACGAAAT
TTGACGAAAT
TTGATGAAAT
TTGATGAAAT
TTGATGAAAT
TTGATGAAAT
TTGATGAAAT
TTGATGAAAT
TTGATGAAAT

TTGA-GAAAT

-321

ATATCTCTGG
ATATCTCTGG
ATATCTCTGG
ATATCTCTGG
ATATCTCTGG
ATATCTCTGG
ATATCTCTGG
ATgTtTCTGG
ATgctTCTGG

AT---TCTGG G
=271

TCCCTCAGCC
TCCCTCAGCC
TCCCTCAGCC
TCCCaCgGCC
TCCCTCAGCC
TCCCTCAGCC
TCCCTCgGCC
TCCCTtAGCC
cCCCTtAGCC

-CCC---GCC
=22

TTTTGCCCTC
TTTTGCCCTC
TTTgGCCCTC
TTTTGCCCTC
TTTTGCCCTC
TTTTGCCCTC
TTTTGCCCTC
TTTTGCCCTC
TTTTGCCCTC

TTT-GCCCTC
-17

TGGGCTTCGG
TGGGCTTCaG
TGGGCCcTCGG
TGGGCTTCGG
TGGGCTTCGG
TGGGCTTCca
TGGGCTTCGG
TGGGCTTCaG
TGGGCTTCaG

TGGGC-TC-—
-122

GCCAC. ..
GCCAC. ..
GCCAC. ..
GCCAC. ..
GCCAC. ..
GCCAC. ..
GCCAC...TG
GCCACTTTTG
GCCACTTTTG

GCCAC---TG
-75

CAAATATTTG
CAAATATTTG
CARATATTTG
CAAATATTTG
CAAATATTTG
CAAATATTTG
CAAATATTTG
CAAATATTTG
CAAATATTTG

CAAATATTTGS

AGGACGGC .G
AGGACGGC.G
AGGACGGC .G
AGGACGGC.G
AGGACGGC.G
AGGACGGC.G
AGGACGGC.G
AGGACGGCaG
AGGACGGC.G

AGGACGGC-G
+25

AGCCA-T-TG
2 -2

ATGGAATATT
ATGGAATATT
ATGGAATATT
ATGGAATATT
ATGGAATATT
ATGGAATATT
ATGGAATATT
ATGGAATATT
ATGGAATATT

ATGGAATATT
-311

GCAAAAATGT

AGCCACTATG
AGCCACTATG
AGCCAgTATG
AGCCACTATG
AGCCACTATG
AGCCACTATG
AGCCACTATG
AGCCACT.TG
AGCCACT.TG

ACCTCCCTCC
ACCTCCCTCC
ACCTCCCTCC
ACCTCCtTCC
ACCTCCtTCC
ACCTCCCTCC
ACCTCCLTCC
ACCTCCCTCC
ACCTCCCTCC

ACCTCC-TCC
2 -162

GCAGAaCAAG
GCAGACCAAG
GCAGACCAAG
GtAGACCAAG
GtAGACCAAG
GCAGACCAAG
GtAGACCAAG
GCAtcCCAAG
GCAacCCAAG

G-A---CAAG
-112

TTTCTCTATG
TTTGTCTATG
TTTGTCTATG
TTTGTCTgcG
TTTGTCTICG
TTTGTCTATG
TTTGTCTgca
TTTGTCTATG
TTTGTCTATG

TTT-TCT---
-65

TGGTTATGGA
TGGTTATGGA
TGGTTATGGA
TGGTTATGGA
TGGTTATGGA
TGGTTATGGA
TGGTTATGGA
TGGTTATGCA
TGGTTgTGGA

TGGTT—TG—A5

AACTTG
AACTTG
AACTTG
AACTTG
AACTTG
AACTTG
AACTTG
AACTTG
AALTTG

AR-TTG

12
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Primates gtgcttCtTa taattaaTgG cATctTaGat ttgAtgaAat atggaaTATT

Rat ... CgTc cccgggceTtG tATggTgGee catARaatAca tgtagtTATT
Consensus ------C-T- -------T-G -AT--T-G-- ---A---A-- ------TATT
-351 -341 -331 -321 -311
Primates acCtgtTGTG CTGatCtTGg gCAAaCTATA ATATCT.... CTGGgTaaaa
Rat ttCaagTGTG CTGccCaTGa aCAAgCTATA ATATCTgttt CTGGtTgctg
Consensus --C---TGTG CTG--C-TG- -CAA-CTATA ATATCT---- CTGG-T----
-301 -291 -281 -265
Primates aTGTccccaT cTgaaaaaCa gggAcaacgt tccTCCCTcA GeCAgccact
Rat tTGTttggtT tTtgttttCt tttAaggttc ctaTCCCTtA GtCA..... c
Consensus -TGT----~- T -T------C- ---A------ ---TCCCT-A G-CA------
-255 -245 -235 -225 -215
Primates atgGGGCTAA AATGAGaACCA CATcTgtcAa gggtTTTG.. ..........
Rat tgcGGGCTAA AATGAGQCCA CATtTtctAt taagTTTGaa catgctcaac
Consensus ---GGGCTAA AATGAG-CCA CAT-T---A- ----TTTG-- ----------
-205 -195 -185
Primates  ..... CccTC aCcTcCCTcc cTGeTgGACg gCaTCcTtgg tgGGCAGAGG : : :
Rat CLECELCELTC tCgTtCCTtt tTGaTaGACa cCtTCrTcca atGGCAGAGE Fig. 2. Comparison of the protein C
Consensus  ----- C--TC -C-T-CCT-- -TG-T-GAC- -C-TC-T--- --GGCAGAGG promoter region of the rat with the consensus
-172 -162 -152 -142 -132 sequence of the primate protein C promoter

Primates TggGctTcGG GCAgaccaAG CCgTgCtGAG CTaGGAcCAG gAgtgCTagT region. Identical nucleotides are indicated in

Rat T..GaaTtGG GCACtaggAG CCtTcCaGAG CTgGGAtCAG aAaacCTcCtT uppercasewhereas nonidentical nucleotides
Consensus T--G--T-GG GCA----- AG CC-T-C-GAG CT-GGA-CAG -A---CT--T are indicated ilowercase The identical
-122 112 -102 -92 -82  regions | to VIII are indicated ifboldface.The
Primates  GccacTgtTT gtCTatGGag Ac3GagGeCT CAGtgCtgAG GGCCAAGCAA known transcription factor binding sites
Rat G...tTtgTT tgCTcgGGga AaGGgaGgCT CAGcaCcaAG GGCtAAGCAA (HNF-3 and HNF-1) and the PCE-1 region are
Consensus G----T--TT --CT--GG-- A-GG--G-CT CAG--C--AG GGC-AAGCAA underlined. The nucleotide numbering is
-72 -62 -52 -42 -32 - . - .
relative to the transcription start site of the
Primates ATATTTGTGG .TTATGGATT AACtcGAact CCAGGCTGtC ATGGCGGCAg human protein C gene (Plutzky et al. 1986).
Rat ATATTTGTGG gTTATGGATT AACCtGActc CCAGaCTGaC ATGGCGGtAcC ; ;
Consensus ATATTTGTGG -TTATGGATT AAC--GA--- CCAG-CTG-C ATGGCGG-A- The PileUp program (G.CG Sequence Analysis
P 13 -3 18 +18 Software Package Version 8.1) was used to
_ align the sequences. The nucleotide sequence
g;;mates g?cggggﬁg data of the rat will appear in the GenBank,
Consensus - _?G,CGAA_ EMBL, and DDBJ nucleotide sequence
+28 databases with the accession number U77653.

the nucleotides are the same in eight of the nine primateg,able 2. Identical regions of the protein C promoter region between
whereas 95% of the nucleotides of the protein C pro-Primates and rat
moter are identical in seven primates. The high degree of

L s eer . . Identity
sequence similarity makes it difficult to point out impor-
tant regulatory sequences. However, essential sequences Number Percentage
for human protein C gene transcription, which have beerRegion Localizatiof (n) (%)
. . . 0
reporFed_ previously, are .|dent|cal above average (_>83 Y0) 28910 -275 14/15 93
This indicates the functional relevance of evolutionary, —231t0 -221 911 82
identical sequences. Il -211t0 -192 19/20 95
In Fig. 3 a phylogenetic tree based on the protein OV -139t0-131 9/9 100
promoter region is shown. Despite the relatively small¥ ~11310-92 17122 7
non-protein coding DNA fragment on which it is based 431010 33/34 o
P 9 9 VI —2t0+15 15/17 88

the tree completely matches the common classification
of p_”mates |f:|t0 fOUIt families, i.e., Homlmdaé'l()mo #Numbering refers to the human protein C sequence [all nucleotide
sapiens, Gorilla gorilla, Pan troglodytesand PONgo  numbering is relative to the transcription start site (Plutzky et al.
pygmaeug CercopithecinaeMacaca mulatta, Papio ha- 1986)].

Fig. 1. Comparison of the protein C gene promoter region in a num-was used to align the sequences. The nucleotide sequence data will
ber of primates. Identical nucleotides are indicateduppercase, appear in the GenBank, EMBL, and DDBJ nucleotide sequence data-
whereas nonidentical nucleotides are indicatetbimer case.Repre- bases with the following accession numbers: U77638r{lla gorilla),
sented by consensus are nucleotides that are invariant between all spg77647 Pan troglodytey U77650 Pongo pygmaelQsU77652 Ce-

cies. Indicated imoldfaceare the PCE-1 region (+1 to +18), the HNF-3 bus apelld, U77651 Macaca mulatty U77649 Callithrix jacchug,
binding sites (=33 to —22 and -26 to —-37), and the HNF-1 binding siteU77646 Papio hamadryas and U77654 Klacaca fascicularis The

(-22 to —10). The nucleotide numbering is relative to the transcriptionhuman protein C sequence is derived from GenBank accession number
start site of the human protein C gene (Plutzky et al. 1986). The PileUpJ47685, nucleotides 1117-1505.

program (GCG Sequence Analysis Software Package Version 8.1)
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Rat ]Muridae
Capuchin .
monkey :l Cebidae
Marmoset ]Callitrichidae
~N
_|: Baboon
Java-maquaca | cereopithecinae
. Rhesus
monkey
-~
— Gorilla N
l——— Urangutan
Hominidae

L— Human

—— Chimpanzee .

Fig. 3. Phylogenetic tree based on the protein C gene promoter region. The Clustal V pragjgging et al. 1991 was used to create the
phylogenetic tree.

madryas,and Macaca fasciculariy Cebidae Cebus the species, indicating that selection of PCR primers
apella), and Callitrichidae Callithrix jacchug. based solely on the human protein C sequence will be

Analysis of the rat protein C gene clearly illustrates aunsuccessful. As shown for the rat, the success rate of the
loss of similarity in the promoter region when comparedamplifications can be increased with the use of one hu-
with its primate homologue. However, more detailed in-man-specific primer and one species-specific primer.
spection of the aligned sequences reveals seven identicdthis also explains why we were unable to amplify the
in both sequence and position, areas among primate amatomoter region of cat, dog, and mouse protein C to
rat genes. One of these regions, located from positionvhich no species-specific sequence information is avail-
-44 to -10, overlaps with both the HNF-3 and the able. The inability to PCR amplify the promoter region in
HNF-1 binding sites and is completely identical. Regioncat, dog, and rat with primers overlapping regions | and
VII (-2 to +15) contains most of the DNase protected VII does not imply that these two regions are not alike in
PCE-1 region (+1 to +18). The fact that DNase protectedhese three species. It is well conceivable that the degen-
regions tend to be larger than the corresponding tranerative primers are not suited to amplify DNA from these
scription factor binding site may explain the discrepancyspecies. This suggestion is strengthened by the fact that
between the DNase protection assay and the evolutionafyuman DNA is only very poorly amplified by these
identity. primers (data not shown).

Recently, Maio et al. (1996) proposed a silencer ele- In conclusion, we have identified seven evolutionary
ment between —-193 and -75. Regions IV and V areidentical regions in the protein C promoter region. The
located in this area. However, comparison of these refunctional relevance of the majority of these regions in
gions with a number of transcription factor consensusprotein C gene expression remains to be determined.
sequences does not give candidate transcription factors
binding to these regions. Therefore, the involvement ofAcknowledgment. This work was supported by Grant 92.004 from
these regions in downregulating protein C gene expresthe Trombosestichting Nederland.
sion is uncertain. Whether these, and the other identical
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