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ABSTRACT cDNA clones encoding human factor V have
been isolated from an oligo(dT)-primed human fetal liver
cDNA library prepared with vector Charon 21A. The cDNA
sequence of factor V from three overlapping clones includes a
6672-base-pair (bp) coding region, a 90-bp 5' untranslated
region, and a 163-bp 3' untranslated region within which is a
poly(A) tail. The deduced amino acid sequence consists of 2224
amino acids inclusive of a 28-amino acid leader peptide. Direct
comparison with human factor VIII reveals considerable
homology between proteins in amino acid sequence and domain
structure: a triplicated A domain and duplicated C domain
show -40% identity with the corresponding domains in factor
VIII. As in factor VIII, the A domains of factor V share -40%
amino acid-sequence homology with the three highly conserved
domains in ceruloplasmin. The B domain of factor V contains
35 tandem and m9 additional semiconserved repeats of nine
amino acids of the form Asp-Leu-Ser-Gln-Thr-Thr/Asn-Leu-
Ser-Pro and 2 additional semiconserved repeats of 17 amino
acids. Factor V contains 37 potential N-linked glycosylation
sites, 25 of which are in the B domain, and a total of 19 cysteine
residues.

Factor V is a large and asymmetric glycoprotein that circu-
lates in plasma and is an essential component of the blood
coagulation cascade (1, 2). During coagulation, the pro-
cofactor factor V is converted to the active cofactor, factor
Va, via limited proteolysis by a-thrombin (3-5). Factor Va is
a cofactor for the seine protease factor Xa, and together,
factors Va and Xa assemble on a cellular or phospholipid
surface with divalent metal ions to form the prothrombinase
complex (1, 6-11). This complex enhances factor Xa activity
-350,000 fold. The prothrombinase complex is analogous to
another complex that proteolytically cleaves zymogen factor
X to active enzyme factor Xa-this other "ten-ase" complex
is composed of a serine protease (factor IXa), a cofactor
(factor VIIMa), phospholipid, and calcium (13, 14).

In addition to the similarities between serine proteases
(factors Xa and IXa) and in overall enzyme complex archi-
tecture, the cofactors (factor Va and factor VIIIa) are very
similar proteins structurally and functionally (13-16). Heavy
and light chains of bovine factor Va and porcine factor VIIIa
possess amino acid-sequence homology at the amino-termi-
nal portion of the chains-regions of homology that are also
homologous to regions in the triplicated domain structure of
ceruloplasmin, the primary transport protein for copper in
plasma. Available data therefore suggest that factor V, factor
VIII, and ceruloplasmin are members of a family of struc-
turally related proteins (15).
The molecular cloning and sequencing of human factor

VIII and human ceruloplasmin gives evidence for a common

domain structure and has enabled detailed comparison of
their structures (16, 17-20). Recently Kane and Davie (21)
published a partial cDNA sequence for human factor V that
coded for "40% of the molecule. This cDNA coded for the
light chain and a small portion of the heavily glycosylated
connecting region. We present the complete cDNA and
deduced amino acid sequence of human factor V and com-
pare this sequence with the primary structures of factor VIII
and ceruloplasmin.

MATERIALS AND METHODS

Materials and Reagents. All DNA-modifying enzymes and
cloning vectors were obtained from either New England
Biolabs, Bethesda Research Laboratories, or Promega Bio-
tec; all other reagents and supplies were of high quality and
are commercially available.

Screening of Human Fetal Liver cDNA Libraries. Using
amino acid sequence from the amino-terminal portion of
human factor Va light chain (15, 22), we synthesized a 39-mer
oligonucleotide (AACTAYTAYATTGCTGCTGAGGAGA-
TCACCTGGGACTAT, where: Y = T or C) on an Applied
Biosystems DNA synthesizer and subsequently end-labeled
it with T4 polynucleotide kinase and ['y32-P]ATP (ref. 23, pp.
122-123). This probe was then used to screen an oligo(dT)-
primed human fetal liver Charon 21A library (16); clone V1
obtained on the initial screening was used to generate two
new probes. Restriction fragments obtained were labeled
with [a-32P]ATP by nick translation (ref. 23, pp. 109-112) or
random priming (24) and were used to screen for additional
clones.

Isolation, Subcloning, and Sequencing of Insert cDNA.
Phage DNA was prepared from positive clones and digested
with appropriate restriction enzymes to isolate cDNA in-
serts. Inserts were subcloned into the plasmid vector SP65
(Promega Biotec) or M13 phage cloning vector mpl8 or mpl9
(New England Biolabs) as described by Maniatis et al. (ref.
23, pp. 390-401). Nucleotide sequence analysis was done as
described by Poncz et al. (25), Messing and Vieira (26), and
Sanger et al. (27). cDNA and protein homologies were
studied by computer-assisted searches of Genbank and the
National Biomedical Research Foundation protein sequence
data base.
RNA and Southern Blot Analysis. RNA blot analysis was

used to estimate the size of the mRNA and the relative
abundance of the message in various cell types and to help
confirm full-length clones. mRNA was isolated from cultured
cells using the guanidine thiocyanate method (28), and both
mRNA and poly(A)+ mRNA were isolated from human liver
as described (29). mRNA was fractionated on a 0.8% agarose-
formaldehyde gel and was subsequently transferred to nitro-
cellulose as described (30). The 1614-bp EcoRI restriction
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enzyme fragment was isolated from clone V1 and was used
to probe the RNA blots. Similar analysis with other restric-
tion fragments verified factor V clones. Common restriction
enzyme fragments in other clones were identified by South-
ern blot analysis, which was done as described (ref. 23, pp.
383-386).

RESULTS AND DISCUSSION
Approximately 105 recombinant X phage plaques from a
human fetal liver cDNA library were screened with the
39-mer oligonucleotide probe derived from amino acid se-
quencing of the human factor Va light chain, and 14 positive
clones were identified. A phage designated V1 was chosen for
further analysis. cDNA sequence encoding the amino acids
from which the 39-mer was designed confirmed that the clone
contained factor V DNA. The cDNA insert in phage V1 was
too short to encode the entire factor V molecule. To obtain
cDNA encoding the amino terminus of factor V, restriction
enzyme fragments from the 5' end of clone V1 were isolated,
labeled with 32p, and used to screen additional recombinant
X phage. Approximately 106 recombinant phage were
screened, and 92 positive clones were identified; two phage
designated V401 and V402 were selected for further analysis.
Phage V401 contained an EcoRI fragment common to both
clones as shown by cross-hybridization analysis, but which
was longer than the equivalent fragment in phage V402 (as
determined by restriction enzyme digestion and subsequent
fractionation in agarose gels). Further analysis of this frag-
ment revealed an open reading frame with cDNA sequence
encoding the amino-terminal portion of the intact factor V
molecule, thus confirming a clone that encoded amino acid
sequence beyond the amino terminus of the mature plasma
protein.
A schematic representation of the three overlapping clones

that were used to complete the cDNA sequence of factor V
is shown (Fig. 1); Fig. 2 illustrates cDNA and the deduced
amino acid sequence. The cDNA sequence includes a 6672-
bp coding region, a 90-bp 5' untranslated region, and a 163-bp

3' untranslated region including a poly(A) tail. The coding
region begins at nucleotide 91 with the initiator codon ATG.
The 3' untranslated region contains the putative polyadenyl-
ylation signal sequence AATAAA (31), located 12 nucleo-
tides 5' of the poly(A) tail. The deduced amino acid sequence
of factor V consists of 2224 amino acids that include a
28-amino acid leader peptide. The leader peptide contains a
cluster of hydrophobic amino acids and an alanine residue at
position -1, which is consistent with the structure of most
leader peptides and with known specificities of cleavage by
leader peptidases (32-34).

Size and abundance of the factor V mRNA from various
tissue sources were analyzed by RNA blot hybridization. The
results (Fig. 3) indicate that a factor V message of -7000 bp
is quite abundant in both liver and HepG2 cells. Prolonged
exposure of the RNA blots did not indicate any factor V
mRNA contained within the RNA isolated from human
umbilical-vein endothelial cells, peripheral blood leukocytes,
or U297 cells.
The complete sequence illustrated in Fig. 2 verifies and

extends the partial cDNA sequence encoding the 3' half of
factor V recently published by Kane and Davie (21). These
data indicate that factor V has a domain structure similar to
that of factor VIII and that these molecules share -40%
amino acid sequence identity in the A and C domains. The
domains within factor V are schematically illustrated in Fig.
1 and correspond to the following regions: Al, residues
1-317; A2, residues 318-663; A3, residues 1546-1883; B,
residues 664-1545; Cl, residues 1884-2036; and C2, residues
2037-2196.
A comparison of factor V, factor VIII, and ceruloplasmin

by the Dayhoff protein alignment method (35) is represented
in Fig. 4. These data indicate highly conserved domains
within and between these proteins. In addition, it has also
been pointed out that the C domains of factor V and factor
VIII share a 20% amino acid-sequence homology with the
discoidins, which are phospholipid-binding lectins from Dic-
tyostelium Discoideum (21, 36). The B domains of factors V
and VIII share a 14% amino acid sequence identity, in
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FIG. 1. (I) Line diagram of human factor V cDNA: (A) cDNA number line, (B) partial restriction enzyme map, and (C) three overlapping
cDNA clones used to obtain the complete cDNA sequence. (II) Line diagram of human factor V protein: (A) amino acid number line, N, amino
terminus, C, carboxyl terminus, (B) potential N-linked glycosylation sites, (C) cysteine residues, (D) domain structure based upon internal
homologies and homologies with factor VIII and ceruloplasmin, and (E) thrombin cleavage products labeled according to their putative Mr values
with carbohydrate included. R, Arg; S, Ser; and T, Thr.
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5 --------

-28 N F P G C P R L W V L V V L G T S W V G N GBS Q GCT RL F Y V A A Q GMCG TIC OCA GG ICTW OCK dCCTmCCCCacCGCMCG TIG GOC ACC MC Tm, C1 =C ICC CGMCp= CVA C pM GM C GA C~CCa T MOCCamCI G=CIGWiCC
13 I S W S Y R P E P T N B B L N L S V T S F K K I V Y R E Y E P Y F K K E K PQATC Am TM AGC TMC CrA crI GMd dcC MA AM TERAmI TCC AMT crIwmCCAcM TmTI Am Am MT CC Tm MA GMG 7AT Gm cmA TT TIT AMa Am CM& Am ccAm

53 T I B G L L G P T L Y A E V G D I I K V H F K N K A D K P L S I H P G I R Y SAMC ATT TCA WCA CIT CIT OLT AIMT TIA TAT CCI GMA CCC WA GMC MC AMA AMA MT CGC TIT AM MTW AWMC MT AM OXC TMCC TCM CAT CCI WGAMTrMC TMC AM
93 K L B E G A B Y L D H T F P A E K N D D A V A P G R E Y T Y E W S I B E D S G PAMA TTA TC GA GM GCICCIIr TMc cII GMc Gc MA TIc CCI CC GMG AMG Am GMc Gc Cd CC amI cmA =C d Gm TMc Ac TT GM Tm MT Mc MT GMG GMc MT GC 0C

133 T H C D P P C L T H I Y Y S H E N L I E D F N S G L I G P L L I C K K G T L T EAMC CAT CAT GMC OCT OCA TCC CIC MAC CA MV TAT TMC TM CAT GM MRT cCC Am GMG GAT TIC AMc Tm amC cmC AT CC occm CC CAmMVrC Am Am CCm MC CIA MI GMG
173 G GCTQK I L LFAVF D S S Q BBBLN V NGYVN

CCI OGGMACA AMG ACG TII GMC AMG GMM m CIM CIA TI GCI GMC T CAT GM AC AMG AC TM MGC TMITA I TM CI AMC TM MA CCMCAT CWA AT CGM MT CCM

213 T N P C IT V C A H C H I SW H L L G N S S G P E LF S I H F N GOQ V L EQ N HMAc AM Oc CAT ATA MA CII Tar CCC CAT GMc GMc Mc MC Tm CAT cmcCbCC CAGMcM Tm amC Cam GMA TIA Tc Tm MT CAT TIC A M CCC GMCCVCC GMG GM AMC CAT
0253 H K V S A I T L V S AT S T T AN N T V G P EG K W I I S S L T P K H L Q A C NCAT AMG GCV TCA CCC MVC MCCI CCVT CCIAGM A TCMIMCrACIGM T AMCAI GMC (COCR GMG WA AM Tm M ATR TCI TM CC AMC CMA AM CAT TICCG CCIGCrOXAC

293Q&A Y I D I1K N C P K K T R N L K K IT R E Q R R H N K R W E Y F I A A E E V IGM C TMC MT GMC MT AMA AMICTOCA AMG AMA MC CMGT CII AMG AM ATKAMI CCIGGAGM MC CCGM MCAMG MCA TM GM TMC TIC MT CCI GCC GM GM CC MTT
40333 W D Y A P V I P AN N D K K Y RB 0 H L C N F S N 0 ICG K H Y K K V N Y TC Y E=C GMC TAT cCA OCTI Cam Am ccA CC MT Am GM AMA AMA TMk AMC TCr CAT TIC GAT MAT TIC ITA AMC CM MT CIA AMAT TATM AMG AM OII AM TM AMA GM TMC GM

373 D E S F T K H T V N P N N K E D C I L C P I I R A Q V R D T L K I V F K N N A SCAT GMG TM TmC MC AM CAT MACCCGM T CCC MAT AM AMA GM CAT OMC MT TCC =C OCTI MTr A MAGCCCGM CMV MA GM MACKCTC AM MVC CM TT AMA MT AM CCC MGC

413 R P Y S I Y P H C V T F S P Y E D E V N S S F T S C R N N T N I R A V CA P C E TCCC CCC hT AMC MT TMe cCI CAT CA CCC MC TIC Tm CCI TAT GMh CAT GM CC AMc ICr I Tic MCc ITA mCC MC AcMAMccMC AcM ACCA CII GM CCA CCC GM AM

453 Y T Y K N N I L E F D E P T E N D A OC LT R P Y Y S D V D I N R D I A S C L IUTAT TAT AMG TM AM MV TIA GMG 7TI CAT Gm ocC MAc Gm MT CAT Cam GMI TIM A AMA C TMC TM AMT GMC CCC GMC MVC MGAh GMC MVCCTOC CCCG CIkA MA

493 C L L L I C K S R S L D R R CG R A A D I EOOC&A V F A V F D E N K S W Y L KCWA CIA CII CIAMVITCM AMG C MA TICC CTC GMC AM CCA CIaMA AGM GMCAI GMC AIV GM G GMCCI CCC TII CCI CCC TII CAT GMG AM AM M IC TM C CII GMG
533 DNI N K F C E N P D E V K R D D P K F Y E S N I N S T I N C Y V P E S I T T LGMC AMC MV AMC AM TII MrI GM MAT CCI CAT GMGCCC AM CCI GAT GMC OOC AMTI TATC GM ITA AMC MVC MAC AMT AMV MT CCC TAT CCC CCI GMG MC AMAMT MCT CII
573 C F C F D C T V Q W H F C S V C T, ON9E I L T I N F T C N B F I Y C K R H E D TIA TmCCTMTITIGAT GAMCACr GM TmM CTmICI7WMrTGM GCCMC ARTGMTmMMGMM ACjcCTmC AMT GMCCTM TmC MV TAT CIA AMG AC CAT GMG GM AMC

613 L T L F P N R C E S V T V T N D N V C T W N L T S N N S B P R S K K L R L K F RTM MCC CCC Tm Cm AMCCCI CIA GM TCI CCCM CCVGM A AMC CfATT CIIG~ACrAM Tm MC TIACMT TmC MC MT TMr MT OM MGA AC AMA AMG CCC MC CCC AMA TmC AM

653 D V K C I P D D D E D B Y E I F E P P E S T V N A T R K N H D R L E P E D K E SCAT CII AMAACMVACACMAT CAT CAT GMA GMC TCA TAT GMG MT TII GMA CCI CM GMATCI MACCCOMCCIOMACCCO AM AMC CAT CAT CCI TIA GM OCCI GM CAT GM GMG AMT

693 D AD Y DY N R LA A AAL C IRS F R LN C ETFNT A LA E NCAT CCI GMC TAT CAT TC AMCAhCG =ORO TMIA CAMT AMC ITM TmC C& AMC TCA TM Tm AM CGM GM GM GM GMG TmC MT CII AMT CCC CIA CCI CCC GM MT

733 C T E T D I V C B N YB B P S N I B K F TV NNL E P Q KA P B HGCC MT GMA TmCIIMT TmAM MACACAT AMAMT CIIGOTMICAMT TAT TMr Tm OCR MT An MT AMT AM TM AMT CCC MT AM C CIA GM CCI CGMAAA OX OCr TCI GMC
0

773 C? GAAG R I K NBS V L N SBS T A ENHS S PY B ED P I ED P LGMGMCC MCC MACCICCITmr CCA CCC MAGMCRC C MTr CCC AMG AM TCA CIICC MAT TCI Tm MAK CIA GMG CAT Tm C OCIA TAT TC GMA GMACIM=AA WGMAT CCI CIA

813 0 P D V T C I R L LBS L C ACGE F R B C E H A K R K C P K V E R D C A A K H R FGMCIA CAT GCI MCA CG MAR CCI CIA CIT TCA CII CC CCI CIa GM Tm MGA AM GMGMCAT OCCI AMG CCI AMG CA OCm AM CIA GM MGA CAT GMCIA CIA AMGMMkC TmC

853 S W N K L L ANHK V C R H LBS D T C B P B C N R P W ED L P S Q CT C B P B RTm TmG MC AMA TI CIA CIA CAT AMA CII GCC MAh GM CIKAMC GMGM MT G CCIrCC TmOCIAM AMC CCC TmM GMGGA CII CCI MC CMA GMC MTCIGTCIc CCI TM MA
0

893 N R P W E D P P B D L L L L K Q~ B N B B K I L V C R W H L A B E K C B Y E I I C0MCG MC CmC TmG GM GMC CI CCI MTr CAT CIG TIA CCC TI AMARAGMM AMC TCA IC AMG MT TmG CII CC MAG Tm CA TM CCI TC GM AMA GI MC TAT GM MAh AM GM
0

933 C T C E C T A V N N W L I B P Q N A B R A W C E B T P L A N K P C K QOBCGH P KCAT MTr CAT GMA GM MAC CCI CII AMC MT Tm CCCMVMIWCCmG AMT OX TCA CCI CCI Tm CIA GMA AC MCC CCI CII GCm AM AMG OI CIA AAGMGrGOMC CGMCR AAG

973 F P R V R H KBS L Q V R QD C C K B R L K KB C F L I1K T R K K K K E K H THTII CCI MAh CII MA CAT AMATC CIA GMIA MGA CM CAT CIA CIa AM AMTAhCTMACC M AM C CGM TII CCC MTr AMG MAh OA AMA AM AMA AMA GM AM GM MAGM CATC
-----------0

1013 A P L S P R* T F H P L R S E A Y N T F B E R R L K H B L V L H K B N E T S L P TGCC OCTC ITA CT COGAG ACMC TII GMC CCI CIA MAh AM GM GCm TMC AM MA TI TMA GM MAk MA CII AMG CAT TmC TM CCC CII CAT AMA =C MT GAA MA TMTCIICm MAh

1053 C L N Q T L P 5 N C F C W I A S L P C H NC N S S N C T C & A S C P P C L Y Q T
GMC CCC MAT CGM MA TmG OCm AWC CAT TI CCC Tm MAT Cm TCA CII CCI GMC CAT MAT ?GM MT TmC ITA MAT GMC~M GTCI GMCI AMC Mr3 CCI OCA CCI CIITTWCOG MAC

1093 V P P E E H Y T F P I C? C P CD N H B T S C P B H R S B B P E L B E N L E Y C
GM OCm OCA GMG GMA GM TAT GMCM TmC DCm MTG GMCICLAT GMMC GM IC MT ITAMWOCm AM CAGM A TmIC IC= CCA GMG CCC MT GMA MCCII GMGTAT GMC

1133 RBS H K S F P T D I SC N B PS B E H E V W CT VI B P D L BC& V T LBS P E L S
CrA MTr GM AMG Tm TmC C MAh CAT MA AMT GMA MC Tm CI TM ITM GA CAT GM CCC TM GMMACCCMVITCTCr A GMC CCC MC GM Am C CCC IC? CCA GM CCC MC

* 0
1173 C T N L S P C L B H T T L B P E L I Q R N L S P A L CG N P I B P C L B H T T LGM A AMC CCC TC OCA GMC CCC MGC GM AOG MT CrC CrI CA GMA CIT MTT AGMM AMC CII Tm CIA GCm CICGrCCI GMM Cm MT TCI CCA GMC CCC MC aT MA AMC CII

* 0
1213 B P C L S H T T L B L C L S C T N L S P E L B C T N L S P A LCQ&N P L S P C LICCI GMC CCC MC CAT MCA MCC CII IC? TIA GMC CCC MC CGM MA AMC CCC TCI OCA GMA CCC AM AMAAC CII Tm CCA Cm CdC GCGMMC CmC CII IC OCA GMC CCC

0 0
1253 B H T T L S L C F B Q T N L S P K L S H N T L B P E L S C T N L B P A L C & M PMbC cAT MAc MCCI IT=cIA GMc Tmc Ac GMd MA AMc mCC Idr oA GMA cCC A tAT MCMIcCCICITCIA GMA C Aar cGM MA AMc CI Tm och CmCIx C GMMCM Cm

1293 I S P C L S H T T L S L C F 5 Q T N L S P E L B 0 T N L S P A LC N P L B P CMTr IC? OCA GMC CCC MGC CAT MCA MCC CII ITT CIA GM TmC MC GM MA AM CCC IT CIA GMA CCC AMT ACA AMC CII TmC CCA CmOCCCrC GMTCK MC OCm CII ITT OCR GM
0 0

1333 P 5 H T T L S L C L 5 & T N L S P K L S C T N L S P C L B E N P L F A C L 5SCmC MC CAT MCA MCC CII ITT CrA GMC CIT MGC ACM A AMC CCC TCT CIh GMA CC MT AMM AMC CII Tm CCA GMC CCC AM GMG MC OCm CCC IT CIA CAT CCC MTGr ATr

1373 P L T P C L C C? M T L B P C L C E T C L S P N F C M S L S P C L 5 Q V T L S POCm CII MCC CC GMC CrC GMC CM MC MA CII IT OCA GMCIC= GMTMAA CAT CII TmC CM AMC nTII CC ATGM TM CII TM OEA GMC CIT MC CMGCC MIT CICTIC? CIA

1413 C I S C T T L L P C L S Q I B P P P C L CD I F Y P 5 E 5 5 Q S L L L Q E F N EGM MV AMT GMC MC MCIACCCITC mCOAT CIT MGC CM MTA TCA CCI CCI CCA GMC CII CAT Ga AMA TmC TM CCI ITT GM ITT AarC TCA Tm CI CI CMA GM TITT MT GM

0
1453 B F P Y P DCLCG Ni P B P B B P T L N C T F L B K E F N P L V I V C L B K C C T

ICrITT CCI TATC MCICCG CCTCCIrIIr ITT CCI MICCCT CAT MtI TII CIA TCAkAMrGM TII MT TIA CCC C.IM mCCCCM MCTCIM

FIG. 2. (Figure continues on the opposite page.)
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1493 D Y I E I I P K E E V Q S S E D D Y A E I D Y V P Y D D P Y K T D V R T N I N 4GAT IC AT GAG ATC ATIaX AQ GMA GIG GM CAG AGT GM GAT GQC T GGAGM ATT GAT TAT GMG OX TAT GAT GM O TAC MA ACT GAT CXT AV A AM MV AMCiTM
1533 S R D P D N I A A W Y L R S N N G N R R N Y Y I A A E E' I S W D Y S E F V Q R ETOC AGA GAT OCT GMC AAC ATT GaM GA TGO VW CIC 0 AGCM AM MT GA AM AGAMA AT TAT TAC MT GOT aM GA GMA ATA To TM GAT TAT M GMA amTAM AGG GM

1573 T D I E D S D D I P E D T T Y K K V V F R K Y L D S T F T K R D P R G E Y E E HACA GAT M7T GAA GAC AA AT GAT AMT Oa GM GAT V MA TATTAMMA am TTT1GA AM mC CIC GM AVCT 1
TIT MA Mr GAT OCT (GA GATAT GM GAG CAT

1613 L G I L G P I I R A E V D D V I Q V R F K N L A S R P Y S L H A H G L S Y E K SCIvC GA AMT Crr GOT OCr AT AMC MA OGCT GAGM GGAT GAT GMT AGGMIT r l MAM Tm GM I= A OM TAT TOc CAT OX CAT (GA CIT TC TAT GAA MA Tm
1653 S E G K T Y E D D S P E W F K E D N A V P N S S Y T Y V N N A T E R S G P E STmA GAG GA AG ACMTTAT GMA GAT GAC TAT oCr G:M 7lW AAM GMOACT MT aMr GIT CM C MT MVC AT MVAC AmG 0T CAT GOM GAGGA Tm aGOCR GM T

1693 P G S A C R A W A Y Y S A V N P E K D I H S G L I G P L L I C Q K G I L H K D SOCT G TOCTr 11TM OCT;GM mcTAC TmC GCT GTG AAM OCR GM AAA GOAT AMT MC Tm aO GT TA l OOC C AM W
M A

AAA GaG ATA CM CATAM GM AMC
1733 N N P V D N R E F V L L F N T F D E K K S W Y Y E X K S R S S N R L T S S E N KA AMTG OCr M GM MG A GAM TGT AGA TGAmCm TTl MG AM m GAT GM AM AO M C TAT GM AM AM TMOOA AGT TM TM AGA CTC A IM TM GM AG MA_________........................... _________________.___________........................ . . --------------------------........................G..............I..._1773 K S H E F H A I N G N I Y S L P G L K Y E Q E W V R L H L L NI G GSIQ DIAAA TC CAT GAGnT GO ATT AAT OGMAGMC TV AGC TTG O = CI AAAANTR AA TG GGMGAM GM GG GGAMCATAAM OXc I= GA GM ATT G
1813 V V H F H G Q T L L E N G N K Q H Q L G V W P L L P G S F K T L E KX A S K P GGG GIT GMC ClG GOmC ACC TTG CMGGMA T O MT MA CAA TI(GG OTCAA00 OC CIT CIG OCT aO TM TIT AMAMT CIT GM AM AM OM T MA TCT AGO
1853 W W L L N T E V G E N O R A G N Q T P F L I N D R D C R N P N G L S T G I I S DT&GT0 CTC CmA AC AC GAG GOTT A GAA AA CM A GCA GO MG GA AM AO TmCIT MAC MG GM AGA GM 1 AMV MG AM MG MA CA AVCTAMT MVATATCT GAT
1893 S Q I K A S E F L G Y W E P R L A R L N N G G S Y N A V S V E K L A A E F A S K'Tm CM AC AAG Cr Tm GAG T7l CG TAC T&G GAG oC MA Tm OCA AGA Tm,AM AAT GOT aM TCr AT MAT OCTM amGMG AM CT GCA OM GAAMm lCT AM

1933 P W I Q V D N Q K E V I I T G I Q T Q G A K H Y L K S C Y T T E F Y V A Y S S NOCT TOG0MVCAGOMMG GM AGMG1VATAMAGCAIM CM AVGMA aAGG MmcAMC CM AM T 0 TAT MCV ACA GAG TAC TAT Am Cr mc AM TCTAAC
1973 Q I N W Q I F K G N S T R N V N Y F N G N S D A S T I K E N Q F D P P I V A R YCMATMCA 0 CMG AM TIC AAAMAG AM AGC AMA M MT GMG TAT TITAMT GOC AAT Tm GAT x TCr AA ATAMA GAG AAT TIT Ga COCRT MAT GG OCTMAG TAT

2013 I R I S P T R A Y N R P T L R L E L G C E V N G C S T P L G N E N G K I E N KATT AGG MV = a AMT ACA Ga TAT AM MA O ACM CIT OM TG GM GIG CTA G lT GAG CM AAT GA Mr TTMA OX CIG GGT ATG GMA AAT GA AM ATA GMA AAC AAG

2053 O I T A S S F K K S W W G D Y W E P F R A R L N A Q G R V N A W Q A K A N N N KAMCACVA cr Tr TOG TIT AAGAAA Wr 100M am OAT mTc TOG GAM OX TO GGAx OTxMT GC W GMT x TOGAGMC AAG OM AAC AAC AAT AMG

2093 Q W L E I D L L K I K K I T A I I T Q G C K S L S S E N Y V K S Y T I H Y S ECM GcA GMA AMT GT CIACImC AAG AMCAAGM ATMAMOM AT AAT A CM OGC 10 AAM Tr Ox TOC TCM GAA MG TAT am AM MC TAT M MVGM cMAT GG

2133 G V E W K P Y R L K S S N V D K I F E G N T N T K G H V K N F F N P P I I S R FGGA GIG GM 10 MA a mc AO Ox MA TM M GIG GMC AMG AM T GM Ga MT MT MT m MAA GA CAT GIG AA AAMC TlTI MC OOa MV MT TM M
0

2173 I R V I P K T N N Q 5 I T L R L E L F G c D I Y STOP
A oCr a AMT ocr MA AA T0 AAITMMT AM A CMT MCO OG A CC =TT GOC r OT MT mhc TWMI At ~~~~~~~~~~~~~~~~~~~~~38

FIG. 2. Complete cDNA sequence and deduced amino acid sequence of human factor V. Sequence is numbered by amino acids with position
1 corresponding to the amino-terminal residue of the plasma protein. Heavy vertical arrow, leader peptide cleavage site; filled circles, potential
N-linked glycosylation sites; curved arrows, thrombin cleavage sites. Amino acid sequence determined by amino acid sequencing is indicated
by the solid overbar for sequence obtained from human factor V and by a dashed overbar for sequence obtained from bovine factor V. The region
containing the 44 semiconserved repeats of nine amino acids is bordered by the solid triangles at the right.

contrast to an -40%o identity shared by the other domains
(Fig. 4). A search of the National Biomedical Research
Foundation protein sequence data bank revealed significant
homologies with only factor VIII, ceruloplasmin, and discoi-
din I.
The B domain of factor V is structurally unique relative to

the rest of the molecule. Factor V contains 37 potential
N-glycosylation sites of the form Asn-Xaa-Ser/Thr of which
25 are located in the B domain (Fig. 1)-consistent with the
reports of heavily glycosylated activation products (5, 37-
39). Because of thrombin activation of factor V to factor Va,
two peptides of estimated Mr 71,000 and 120,000 are released
as activation peptides (3-5). From amino acid composition
we have determined the Mr (excluding carbohydrate) of these
peptides as -34,000 and 58,000, respectively. With the Mr
values estimated for these peptides, the data indicate a
carbohydrate composition of -50% by weight. Factor V
contains 19 cysteine residues, only one of which is located in
the B domain in the 120,000 fragment (Fig. 1). The products
from thrombin activation of factor V are not covalently
associated, thus indicating a free sulfhydryl group in the
120,000 fragment. The B domain of factor V contains a region
of 35 tandem and -9 additional semiconserved repeats of 9
amino acids of the form Asp-Leu-Ser-Gln-Thr-Thr/Asn-Leu-
Ser-Pro (D-L-S-Q-T-T/N-L-S-P) as shown in Fig. 2. This is
larger than the 20 repeats seen by Kane and Davie (21) and
may be due to a 297-bp in-frame deletion within this repetitive
region. In addition to these repeated sequences, the B domain
also contains two highly conserved repeats of 17 amino acids
upstream from the tandem repeat region.

A highly reactive free sulfhydryl group and the clustered
repeats that contain Glu/Asp residues may contribute to the
capability of the 120,000 fragment as a substrate for the

A B C D E F G

28 S -I

18S4m

FIG. 3. RNA blot analysis of factor V mRNA. The RNA blot
shown was hybridized with the 1614-bp EcoRI fragment of clone V1
as described. The 28S and 18S ribosomal RNA band positions are
included for reference. (Lane A) human liver total RNA (5 jug); (lane
B) human umbilical-vein endothelial cell total RNA (5 aig); (lane C)
human HepG2 cell total RNA (5 ,4g); (lane D) human liver poly(A)+
selected RNA (4 ug); (lane E) human liver poly(A)+ selected RNA
(2Ag); (lane F) human peripheral blood leukocyte total RNA (2 aIg);
and (lane G) human U297 (transformed monocyte) cell total RNA (2
pag).
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FIG. 4. Comparison of the homologous domains in factor V,
factor VIII, and ceruloplasmin. Values in the table represent the total
identical amino acid matches divided by the overlapping lengths
(including gaps) expressed as percentages,

transglutaminase activity of factor XIIIa seen by Francis et
al. (40). In addition, modification of these reactive groups
may produce effects that will elucidate the function of B
domain. The B domain of factor VIII has been mapped to a
single exon of '3000 bp (19). From current theories of gene
evolution and RNA processing, one would predict multiple
exons for the repeat regions of the factor V B domain.

Activation of factor V to factor Va involves three specific
enzymatic cleavages catalyzed by thrombin (3-5). Amino
acid sequence fromt a-thrombin cleavage products shows
thrombin cleavage sites at the following positions: Arg-
709/Ser-710, Arg-1018/Thr-1019, and Arg-1545/Ser-1546. A
schematic of the thrombin activation products is shown in
Fig. 1, and the cleavage sites are further illustrated in Fig. 2.
The primary structure of factor V will contribute to better

understanding the functions of regions in factor V and factor
VIII in membrane binding and interaction with serine prote-
ases factor Xa and factor IXa. By comparative analysis of
structural domains and site-directed mutagenesis, function-
ality of regions in factor V and factor VIII can be detailed. In
addition, much is to be learned about gene evolution within
the family of ceruloplasmin-related proteins.
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