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Characterization of a cDNA Coding for Human Factor XI1 (Hageman Factor)? 
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ABSTRACT: Affinity-purified antibody against human factor XI1 (Hageman factor) has been radiolabeled 
with lZ5I and employed as a probe to screen a human liver cDNA expression library prepared in Xgtl 1. 
Approximately 3.5 X lo6 recombinant phages were screened for factor XII, and two positive clones were 
identified and plaque purified. The largest cDNA coding for factor XI1 was 157 1 base pairs in length and 
coded for amino acid residues 127-596 in the mature protein, a termination codon of TGA, a 3' noncoding 
sequence of 147 nucleotides, and a poly(A) tail of 11 nucleotides. The second clone contained an insert 
of 1334 base pairs and coded for amino acid residues 200-596. The amino acid sequence predicted by the 
cDNAs was in excellent agreement with that previously determined by amino acid sequence analysis. The 
amino acid and DNA sequences in human factor XI1 showed considerable homology with the corresponding 
domains in other serine proteases, including prothrombin, plasminogen, tissue plasminogen activator, and 
urokinase. 

F a c t o r  XTI (Hageman factor) (Ratnoff & Colopy, 1955) 
is a single-chain glycoprotein ( M ,  76 000) that is present in 
plasma as a zymogen form of a serine protease (Fujikawa & 
Davie, 1981). When the contact phase of coagulation or 
fibrinolysis is initiated, factor XI1 is converted to factor XII, 
by the cleavage of a single internal Arg-Val peptide bond. 
This reaction occurs in the presence of kallikrein, an ionic 
surface, and high molecular weight kininogen (Griffin & 
Cochrane, 1979; Heimark et al., 1980). Human factor XII, 
is a serine protease containing a heavy chain (350 residues) 
and a light chain (243 residues), and these two chains are held 
together by a disulfide bond (Fujikawa & McMullen, 1983; 
McMullen & Fujikawa, 1985). The heavy chain contains 
several potential domains (McMullen & Fujikawa, 1985), 
including type I and type I1 finger structures as reported in 
fibronectin (Petersen et al., 1983; Skorstengaard et al., 1984), 
two potential growth factor domains (Gregory & Preston, 
1977), and a kringle structure (Magnusson et al., 1975). The 
heavy chain is responsible for the binding of factor XI1 (or 
factor XII,) to an anionic surface, such as kaolin (Revak et 
al., 1974). The light chain of factor XII, contains the serine 
protease portion of the molecule and is responsible for the 
catalytic function of the enzyme (Dum et al., 1982; Fujikawa 
& McMullen, 1983). Factor XII, activates several plasma 
proteins, such as prekallikrein, factor XI, and factor VII, by 
limited proteolysis. In these reactions, specific internal ar- 
ginine-containing peptide bonds are cleaved. 

In order to gain further understanding of the biosynthesis, 
regulation, and structure of the gene for factor XII, a cDNA 
coding for the human protein has been isolated and charac- 
terized. This clone was isolated from a cDNA expression 
library prepared in Xgtl 1 from human liver poly(A) RNA. 

MATERIALS AND METHODS 

Restriction endonucleases, M13mpll RF-DNA, T4 DNA 
ligase, calf intestinal phosphatase, the Klenow fragment of 
DNA polymerase I, and Bal-3 1 nuclease were purchased from 
either Bethesda Research Laboratory or New England Biolab. 
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FIGURE 1 : Restriction map and sequencing strategy for the cDNA 
inserts in hHFXI11.6 and hHFXI11.3 that code for human factor 
XII. The extent of sequencing is shown by the length of each arrow, 
and the direction of the arrow indicates the strand that was sequenced. 

Deoxynucleoside and dideoxynucleoside triphosphates were 
supplied by P-L Biochemicals, and NalZ5 I was purchased from 
New England Nuclear. The Xgtl 1 cDNA library prepared 
from human liver was kindly provided by Dr. Savio L. C. Woo 
(Kwok et al., 1985) and was screened with 1251-labeled anti- 
body by the method of Young and Davis (1983a,b). 

Affinity-purified rabbit antibody against human factor XI1 
was generously provided by Dr. Kazuo Fujikawa and Lee 
Hendrickson. It was raised by injection of 0.5 mg of the 
purified protein into rabbits, and blood was withdrawn 5 weeks 
after the first injection. The IgG fraction was prepared by 
the method of Harboe and Ingild (1973) and dialyzed against 
0.05 M Tris-HC1 [tris(hydroxymethyl)aminomethane hydro- 
chloride] buffer, pH 8, containing 0.15 M NaCl (TBS). The 
rabbit antibody was then passed through a column containing 
2 mL of human IgG-Sepharose, and the unadsorbed fraction 
was applied to a 4-mL column containing human factor 
XII-Sepharose previously equilibrated with TBS. After the 
column was washed extensively wth 1 L of TBS, the adsorbed 
antibody was eluted with 0.2 M glycine-HC1 buffer, pH 2.5, 
and the eluate mixed immediately with 1 M Tris-HC1 buffer, 
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127 130 140 150 
5, L y s  A s n  G l u  I le  T r p  Tyr A r g  T h r  G l u  G l n  A l a  A l a  V a l  A l a  A r g  C y s  G l n  C y s  L y s  G l y  P ro  A s p  A l a  H i s  

AAG AAT GAG ATA TGG TAT AGA ACT GAG CAA GCA GCT GTG GCC AGA TGC CAG TGC AAG GGT CCT GAT GCC CAC 
10 20 30 40 50 60 70 

160 170 180 
cys  ~ l i i  Arg L e u  A l a  Ser G l n  Ala C y s  A r g  T h r  A s n  P r o  C y s  L e u  H i s  G l y  G l y  A r g  cys  L e u  G l u  V a l  G l u  G l y  H i s  A r g  L e u  C y s  H i s  
TGC CAG CGG CTG GCC AGC CAG GCC TGC CGA ACC AAC CCG TGC CTC CAT GGG GGT CGC TGC CTA GAG GTG GAG GGC CAC CGC CTG TGC CAT 

80 90 1 0 0  1 1 0  120 130 140 150 160 

190 200 210 
C y s  Pro V a l  G l y  T y r  Thr G l y  Pro P h e  C y s  A s p  V a l  A s p  T h r  L y s  A l a  Ser C y s  Tyr A s p  G l y  A r g  G l y  L e u  Ser T y r  A r g  G l y  L e u  A l a  
TGC CCG GTG GGC TAC ACC GGA CCC TTC TGC GAC GTG GAC ACC AAG GCA AGC TGC TAT GAT GGC CGC GGG CTC AGC TAC CGC GGC TTG GCC 

170 180 190 200 210 220 230 240 250 

220 + 240 
Arg T h r  T h r  L e u  Ser G l y  A l a  Pro C y S  G l n  P r o  T r p  A l a  Ser G l u  A l a  T h r  T y r  A r g  A s n  V a l  T h r  A l a  G l u  G l n  A l a  A r g  A s n  T r p  G l y  
AGG ACC ACG CTC TCG GGT GCG CCC TGT CAG CCG TGG GCC TCG GAG GCC ACC TAC CGG AAC GTG ACT GCC GAG CAA GCG CGG AAC TGG GGA 

260 270 280 290 300 310 320 330 340 

250 260 270 
L e u  G l y  G l y  H i s  A l a  Phe C y s  Arg A s n  P r o  A s p  A s n  A s p  I le  A r g  P r o  T r p  C y s  P h e  V a l  L e u  A s n  A r g  A s p  A r g  L e u  Ser T r p  G l u  T y r  
CTG GGC GGC CAC GCC T T C  TGC CGG AAC CCG GAC AAC GAC ATC CGC CCG TGG TGC TTC GTG CTG AAC CGC GAC CGG CTG AGC TGG GAG TAC 

350 360 370 380 390 400 410 420 430 

0 0 0 290 300 
C y s  A s p  L e u  A l a  G l n  C y s  G l n  T h r  P r o  T h r  G l n  A l a  A l a  P r o  Pro T h r  P r o  V a l  Ser P r o  A r g  L e u  His V a l  P r o  L e u  M e t  P r o  A l a  G l n  
TGC GAC CTG GCA CAG TGC CAG ACC CCT ACC CAG GCG GCG CCT CCG ACC CCG GTG TCC CCT AGG CTT CAT GTC CCA CTC ATG CCC GCG CAG 

0 0  0 320 330 
Pro A l a  Pro P r o  L y s  Pro G l n  P r o  T h r  T h r  A r g  T h r  Pro P r o  G l n  Ser G l n  T h r  P r o  G l y  A l a  L e u  P r o  A l a  L y s  A r g  G l u  G l n  P r o  Pro 
CCG GCA CCG CCG AAG CCT CAG CCC ACG ACC CGG ACC CCG CCT CAG TCC CAG ACC CCG GGA GCC TTG CCG GCG AAG CGG GAG CAG CCG CCT 

440 450 460 470 480 490 500 510 520 

600 610 

360 

690 700 

Ser L e u  T h r  A r g  A s n  G l y  P r o  L e u  S e r  C y s  G l y  G l n  A r g  L e u  A r g  L y s  Ser L e u  Ser Ser M e t  T h r  A r g  V a l  V a l  G l y  G l y  L e u  V a l  G l y  
TCC CTG ACC AGG AAC GGC CCA CTG AGC TGC GGG CAG CGG CTC CGC AAG AGT CTG TCT TCG ATG ACC CGC GTC GTT GGC GGG CTG GTG GGC 

590 4 
530 540 550 560 570 580 

34 0 350 

620 630 640 650 660 670 680 

370 380 390 
L e u  A r g  G l y  A l a  H i s  Pro T y r  I l e  A l a  A l a  L e u  T y r  T r p  G l y  H1s Ser P h e  C y s  A l a  G l y  S e r  L e u  I l e  A l a  P r o  cys T r p  V a l  L e u  Thr  
CTA CGC GGG GCG CAC CCC TAC ATC GCC GCG CTG TAC TGG GGC CAC AGT TTC TGC GCC GGC AGC CTC ATC GCC CCC TGC TGG GTG CTG ACG 

710 720 730 740 750 760 770 780 790 

400 410 + 420 
A l a  A l a  H i s  cys L e u  G l n  A s p  A r g  Pro A l a  P r o  G l u  A s p  L e u  T h r  V a l  V a l  L e u  G l y  G l n  G l u  A r g  Arg A s n  H i s  Ser c y s  G l u  Pro cys 
GCC GCT CAC TGC CTG CAG GAC CGG CCC GCA CCC GAG GAT CTG ACG GTG GTG CTC GGC CAG GAA CGC CGT AAC CAC AGC TGT GAG CCG TGC 

800 810 820 830 840 850 860 870 880 

430 440 450 
G l n  T h r  L e u  A l a  V a l  A r g  S e r  T y r  A r g  L e u  His G l u  A l a  P h e  S e r  P r o  V a l  Ser T y r  G l n  H i s  A s p  L e u  A l a  L e u  L e u  A r g  L e u  G l n  G l u  
CAG ACG TTG GCC GTC CGC TCC TAC CGC TTG CAC GAG GCC TTC TCG CCC GTC AGC TAC CAG CAC GAC CTG GCT CTG TTG CGC CTT CAG GAG 

890 900 910 920 930 940 950 960 970 

460 470 480 
A s p  A l a  A s p  G l y  S e r  C y s  A l a  L e u  L e u  Ser P r o  T y r  V a l  G l n  P r o  V a l  C y s  L e u  P r o  Ser G l y  A l a  A l a  A r g  Pro S e r  G l u  T h r  T h r  L e u  
GAT GCG GAC GGC AGC TGC GCG CTC CTG TCG CCT TAC GTT CAG CCG GTG TGC CTG CCA AGC GGC GCC GCG CGA CCC TCC GAG ACC ACG CTC 

980 990 1000 1010 1020 1030 1040 1050 1060 

490 500 510 
C y s  G l n  V a l  A l a  G l y  T r p  G l y  H i s  G l n  P h e  G l u  G l y  A l a  G l u  G l u  T y r  A l a  S e r  P h e  L e u  G l n  G l u  A l a  G l n  V a l  Pro P h e  L e u  Ser L e u  
TGC CAA GTG GCC GGC TGG GGC CAC CAG TTC GAG GGG GCG GAG GAA TAT GCC AGC TTC CTG CAG GAG GCG CAG GTA CCG TTC CTC TCC CTG 

1070 1080 1090 1 1 0 0  1110 1120 1130 1140 1150 

520 530 540 
G l u  A r g  C y s  S e r  A l a  Pro A s p  V a l  H l S  G l y  S e r  Ser I le  L e u  P ro  G l y  M e t  L e u  C y s  A l a  G l y  P h e  L e u  G l u  G l y  G l y  T h r  A s p  A l a  C y s  
GAG CGC TGC TCA GCC CCG GAC GTG CAC GGA TCC TCC ATC CTC CCC GGC ATG CTC TGC GCA GGG TTC CTC GAG GGC GGC ACC GAT GCG TGC 

1160 1170 1180 1190 1200 1210 1220 1230 1240 

550 560 570 
G l n  G l y  A s p  Ser G l y  G l y  P r o  L e u  V a l  C y s  G l u  A s p  G l n  A l a  A l a  G l u  A r g  A r g  L e u  T h r  L e u  G l n  G l y  I l e  I le  S e i  T r p  G l y  S e r  G l y  
CAG GGT GAT TCC GGA GGC CCG CTG GTG TGT GAG GAC CAA GCT GCA GAG CGC CGG CTC ACC CTG CAA GGC ATC ATC AGC TGG GGA TCG GGC 

1250 1260 1270 1280 1290 1300 1310 1320 1330 

580 590 596 
C y s  G l y  A s p  A r g  A s n  Lys Pro G l y  V a l  T y r  T h r  A s p  V a l  A l a  T y r  T y r  L e u  A l a  T r p  I l e  A r g  G l u  H i s  T h r  V a l  S e r S T O P  
TGT GGT GAC CGC AAC AAG CCA GGC GTC TAC ACC GAT GTG GCC TAC TAC CTG GCC TGG ATC CGG GAG CAC ACC GTT TCC TGA TTG CTC AGG 

1340 1350 1360 1370 1380 1390 1400 1410 1420 

GAC TCA TCT TTC CCT CCT TGG TGA TTC CGC AGT GAG AGA GTG GCT GGG GCA TGG AAG GCA AGA TTG TGT CCC ATT CCC CCA GTG CGG CCA 
1430 1440 1450 1460 1470 1480 1490 1500 1510 

GCT CCC GCC AGG ATG GCG CAG GAA CTC -1 GTG CTT TGA AAA TGC AAA AAA AAA AA 3 ,  
1520 1530 1540 1550 1560 1570 

FIGURE 2: Complete nucleotide sequence for the cDNA insert in XHFXI11.6 coding for human factor XII. The predicted amino acid sequence 
is also shown starting with amino acid residue 127 in the single polypeptide chain. The solid diamonds indicate the N-glycosylation sites, and 
the open diamonds represent the proposed 0-glycosylation sites (McMullen & Fujikawa, 1985). The solid arrows indicate the site of cleavage 
in the molecule when factor XI1 is converted to factor XII, by plasma kallikrein. The processing or polyadenylation sequence of AATAAA 
is shown in boxes. 

pH 8.0. Fractions that contained protein were pooled, dialyzed, 
and concentrated against TBS by employing a MicroProDiCon 
concentrator. The human IgG-Sepharose and human factor 
XII-Sepharose were prepared by coupling 0.5 g of activated 
CH-Sepharose (Pharmacia) and 2 mL of Sepharose 4B to 4 

mg of each purified protein, as described in the instructions 
provided by Pharmacia. The affinity-purified antibody to 
human factor XI1 was radiolabeled with 1251, as described by 
Fraker and Speck (1 978). Positive clones were isolated and 
plaque purified, and phage DNA was prepared by the plate- 
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FIGURE 3: Comparison of a portion of the amino acid and DNA 
sequence of the kringle in factor XI1 with the analogous sequences 
in prothrombin, tissue plasminogen activator, plasminogen, and 
urokinase. Five or more amino acids or nucleotides that are identical 
in each of the domains are shown in boxes. 

V O L .  2 5 ,  N O .  7 ,  1 9 8 6  1527 

lysis method (Maniatis et al., 1982). Restriction enzyme 
mapping, Bal-3 1 deletion experiments, and subcloning of 
cDNA fragments into M13mpll were carried out as described 
in the Amersham cloning and sequencing manual. Dideoxy 
sequencing reactions were performed with [~~-~%]-thio-dATP 
purchased from Amersham and run on buffered gradient gels 
as described (Biggin et al., 1983). More than 90% of each 
strand of the cDNA insert was sequenced twice. RNA was 
prepared by the procedure of Chirgwin et al. (1979). RNA 
and DNA gel electrophoresis and Southern blotting were 
carried out according to published methods (Southern, 1975). 
Peripheral blood DNA was kindly provided by Dr. Barbara 
Schach. 

RESULTS AND DISCUSSION 

Two positive clones were identified from a human liver 
Xgtl 1 cDNA expression library of approximately 3.5 X lo6 
recombinant phages when it was screened with an affinity- 
purified antibody against human factor XI1 by the method 
of Young and Davis (1983a,b). The two positive phages 
(XHFXIIl.6 and XHFXI11.3) were isolated and plaque pu- 
rified, and their DNA was isolated. The cDNA inserts from 
XHFXI11.6 and XHFXI11.3 were then subcloned into the 
replicative form of M13mpl1, and a partial restriction map 
was prepared (Figure 1). The nucleotide sequences of the 
inserts were then determined by the dideoxy method using the 
strategy shown in the bottom of Figure 1. The cDNA insert 
from XHFXII 1.6 was found to contain 157 1 nucleotides and 
coded for amino acid residues 127-596 of the mature protein 
present in plasma (Figure 2). The carboxyl-terminal serine 
coded by nucleotides 1408-1410 was followed by a termination 
codon of TGA, 147 nucleotides of 3’ noncoding sequence, and 
a poly(A) tail of 11 nucleotides. The polyadenylation or 
processing signal AATAAA (Proudfoot & Brownlee, 1976) 
was present 15 nucleotides upstream from the poly(A) tail. 
The cDNA insert in XHFXII 1.3 contained 1344 nucleotides 
and coded for amino acids 200-596 of the mature protein. It 
differed slightly from the cDNA insert in XHFXI11.6 at the 
3‘ end of the noncoding region, in that it contained two extra 
nucleotides (TG) following nucleotide 1560 (C) just prior to 
the poly(A) tail. 

The amino acid sequence of factor XI1 deduced from the 
cDNA sequences in XHFXI11.6 and XHFXI11.3 was in com- 
plete agreement with that found by amino acid sequence 

analysis (Fujikawa & McMullen, 1983; McMullen & Fuji- 
kawa, 1985) except for glycine-360. This residue was shown 
to be an alanine by protein sequence analysis. It seems unlikely 
that this minor difference is due to a cloning artifact, since 
glycine-360 was predicted by both XHFXI11.6 and 
XHFXI11.3. Accordingly, it appears probable that a true 
polymorphism exists in the gene for human factor XI1 at this 
site. 

Human factor XI1 is a multifunctional protein. Starting 
from the N-terminal end, it contains a potential type I1 finger 
domain, a growth factor domain, a type I finger domain, a 
second growth factor domain, a kringle domain, and a serine 
protease or catalytic domain (McMullen & Fujikawa, 1985). 
The finger domains were originally identified in fibronectin 
(Petersen et al., 1983). The largest cDNA clone isolated in 
this investigation is a partial clone starting with amino acid 
127 in the type I finger domain. This cDNA spans about 80% 
of the total amino acid sequence of factor XII. Accordingly, 
it lacks the leader sequence that is typical of secreted proteins 
(Blobel et al., 1979), as well as the coding region for the type 
I1 finger domain and the first growth factor domain. When 
preparations of mRNA isolated from human liver, baboon 
kidney, and pancreatic carcinoma cell lines were subjected to 
gel electrophoresis, transferred, blotted onto nitrocellulose, and 
hybridized with a nick-translated cDNA insert from 
XHFXI11.6, a single distinct band equivalent to about 2100 
nucleotides was detected in human liver (data not shown). 
Accordingly, the largest clone isolated for factor XI1 lacks 
about 500 nucleotides on its 5’ end. 

The domain structures and catalytic region of factor XI1 
show considerable amino acid sequence homology with the 
analogous structures present in prothrombin (Magnusson et 
al., 1975; Degen et al., 1983), tissue plasminogen activator 
(Pennica et al., 1983; Pohl et al., 1984), urokinase (Gunzler 
et al., 1982; Steffens et al., 1982; Verde et al., 1984), and 
plasminogen (Magnusson et al., 1976) (Figure 3). Conse- 
quently, considerable DNA sequence identity was also noted 
in the domains for these proteins, as shown in Figure 3 where 
the same portions of the kringle structures are compared. 

The gene for factor XI1 is at least 20 kilobases in size, as 
shown by Southern blotting. In these studies, restriction en- 
zyme digestion of human DNA was carried out with EcoRI, 
BamHI, or KpnI, and the cDNA insert in XHFXI11.6 was 
employed as a probe. This probe, however, may not detect 
all of the 5’ end of the gene since it starts with amino acid 127 
in human factor XII. Accordingly, the gene for factor XI1 
may be considerably larger than 20 kilobases. Whether introns 
are located between the coding regions for the various potential 
domains in factor XI1 remains to be determined. In the vi- 
tamin K dependent proteins that participate in blood coagu- 
lation, the introns separate some of the protein sequences into 
well-defined domains. For instance, the coding regions for the 
Gla domains and the kringle or the growth factor domains in 
the vitamin K dependent plasma proteins are separated by 
introns (Degen et al., 1983, 1985; Anson et al., 1984; Yoshitake 
et al., 1985; Foster et al., 1985). Also, introns separate the 
first and second growth factor domains in factor IX and protein 
C .  In prothrombin, an intron separates kringle 1 and kringle 
2. Kringle 1, however, contains an additional intron within 
its coding structure. A similar situation has been reported for 
the genes for other proteins, such as the LDL receptor (Sudhof 
et al., 1985). The gene for this protein contains 18 exons, and 
13 of the exons code for protein sequences that are homologous 
to sequences in other proteins, including the growth factor 
domains. Accordingly, it seems probable that a similar situ- 
ation may exist for the gene for human factor XII. 
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ADDED I N  PROOF 

reported the isolation of a cDNA for human factor XII. 
After the manuscript was submitted, Cool et al. (1985) 
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