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When normal plasma comes in contact with negatively charged surfaces suc, 
glass, kaolin, and connective tissue, a group of plasma proteolytic enzymes is activated. 
The proteins that have been identified as being involved in this contact reaction are: 
Hageman factor (factor XII), Fletcher factor (prekallikrein), and Fitzgerald factor 
(high molecular weight kininogen, HMWK).a The interaction of these plasma proteins 
on a negatively charged surface results in the activation of factor XI, prekallikrein, 
and plasminogen (1-11). Congenital deficiencies in any of these proteins result in 
abnormalities of the intrinsic clotting and fibrinolytic pathways and in the formation 
of kinins (5-11). 

Until the Fitzgerald trait (HMWK deficiency) (8) was discovered, the only known 
role of HMWK was as a substrate for plasma kallikrein. Now it is also recognized as 
a necessary component for the activation by contact of the above-mentioned proteo- 
lytic pathways. Data from our laboratory (12) and from others (13) have shown that 
purified bovine high molecular weight kininogen (bHMWK) partially corrects the 
prolonged activated plasma thromboplastin time (aPTT) and the kaolin-activated 
euglobulin-lysis time of Fitzgerald-trait plasma. Several investigators have found that, 
while hydrolysis of human HMWK (hHMWK) by human plasma kallikrein results 
in kinin release, the ability of kinin-free HMWK to correct the abnormalities of 
Fitzgerald-trait plasma is not affected (11, 14-16). Hydrolysis of bHMWK by bovine 
plasma kallikrein results in the release of a large peptide (fragment 1-2) as well as 
bradykinin. The bradykinin-fragment 1-2-free bHMWK had almost no correcting 
activity when tested on Fitzgerald-trait plasma (12, 13). These differences in the 
correcting activity of both human and bovine kininogens after hydrolysis may be due 
to a lack of fragment 1-2 cleavage from the hHMWK by plasma kallikrein. 

To determine whether fragment 1-2 is necessary for bHMWK correcting activity, 
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kinin-free b H M W K  with intact fragment 1-2 was tested for its correcting activity 
upon the a P T T  of  Fitzgerald-trait  plasma. Also to examine whether bovine plasma 
kallikrein decreases the correcting activity of  h H M W K ,  these two proteins were 
incubated and  the correcting activity of  the mixture was determined. 

To  clarify the relationship between the structure and the function of  H M W K ,  the 
correcting activity o f  various isolated fragments of  b H M W K  was studied. Because we 
previously reported that  fragment 2 (histidin-rich fragment) has an inhibitory effect 
upon  the clotting time of  normal  h u m a n  plasma, the inhibitory activity of  fragment 
1-2 was also studied. 

M a t e r i a l s  a n d  M e t h o d s  
Reagents and Chemicals. Sodium barbital, NaCI, acid-washed kaolin (Fisher Scientific Co., 

Pittsburgh, Pa.), CaCI2 anhydrous (J. T. Baker Chemical Co., Phillipsburg, N.J.) were com- 
mercially obtained. HMWK-deficient plasma was obtained directly from Mr. Fitzgerald. Nine 
parts of blood were mixed with one part of 3.8% sodium citrate. Plasma was separated by 
centrifugation, distributed in 3-mi aliquots in polystyrene tubes, and kept frozen at -70°C. 

Purified Bovine Proteins. bHMWK was purified and characterized as described elsewhere (17, 
18). Prolonged incubation with bovine plasma kallikrein releases bradykinin, fragment 1-2, 
and, later on, fragments 1 and 2. These fragments have been characterized (18-20). Heavy 
chain and light chain were further obtained by reduction and alkylation of the bradykinin- 
fragment 1-2-free-bHMWK (21). Lys-bradykinin-free-bHMWK was obtained by treatment of 
bHMWK with human urinary kallikrein as previously published (22). Fragment 1-2-light 
chain was obtained by reduction and alkylation of the lys-bradykinin-free-bHMWK and 
characterized as described (22). Purified bHMWK was obtained by the method of Guimaraes 
et al. (23). 1 mg of lyophilized kininogen has 8.5 times more correcting activity on the 
Fitzgerald-trait plasma aPTT than 1 ml of a pool of normal human plasma. Assessed by 
polyacrylamide gel electrophoresis (20 #g), it revealed three major bands and two faint bands. 
When eluted from one unstained gel and tested on Fitzgerald-trait plasma aPTT, all three 
major bands revealed clotting activity. This hHMWK contained no detectable Hageman 
factor, prekallikrein, factor XI, plasminogen, or a2-macroglobulin. 

Kaolin aPT'F The correcting activity of HMWK and its fragments on the aPTT of 
Fitzgerald plasma was tested by adding the following in a polystyrene tube: 0.1 ml of Fitzgerald 
plasma, 0.1 ml of the test substance in Owren's buffer, and 0.1 ml of cephalin-kaolin suspension 
(10 mg of acid-washed kaolin suspended in 1.0 ml of cephalin). This mixtue was preincubated 
at 37°C for 8 min, and then 0.1 ml of 0.2 M CaCI2 was added and the clotting time determined. 

Inhibition of the aPTT  of Normal Plasma by Fragment 1-2 and Fragment 2. Cephalin-kaolin 
suspension (0.1 ml) was incubated for 1 min with an Owren's buffer solution of the fragment 
to be tested (0.1 ml). Normal plasma (0.1 ml) was added and the mixture incubated for 3 min. 
After the addition of 0.02 M CaCI2 (0.I ml), the clotting time was determined. 

Comparison of the Correcting Activity of bHMWK and its Fragments on the a P T T  of Fitzgerald- Trait 
Plasma on a Molar and on a Weight Basis. Intact bHMWK (mol wt 76,000); lys-bradykinin-free 
bHMWK (mol wt 75,000); bradykinin-fragment 1-2-free bHMWK (tool wt 66,000); and 
fragment l-2-1ight chain (mol wt 48,500) were dissolved in Owren's buffer at concentrations of 
1.32, 0.26, and 0.13 nmol/ml. The correcting activity of 0.1 ml of each solution was tested upon 
Fitzgerald-trait plasma aPTT. Simultaneously, the correcting activity of serial dilutions of a 
pool of normal human plasma and its fragments was determined. This curve was then used to 
calculate the correcting activity of bHMWK and its fragments in U/nmol. 1 U of correction is 
defined as the correcting activity of 200 #1 of normal human plasma. 

For comparison of the correcting activity of bHMWK and its fragments on a weight basis, 
100 #g of each of the prelyophilized test materials were dissolved in 1.0 ml of Owren's buffer, 
and 0.1 ml was used to determine their correcting activity upon Fitzgerald plasma aPTT. 

Effects of Bovine Plasma Kallikrein on the Correcting Activity of Human and Bovine HMWK. Purified 
bovine plasma kallikrein (0.28 #g) and hHMWK (95 #g) were dissolved in 1.0 ml of Owren's 
buffer (pH 7.5) and incubatedat 37°C for 30 and 60 min. At these times, two aliquots of 20 
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TABLE I 
Comparison on a Molar Basis of the Correcting Activity of Bovine HMWK and its 

Fragments on Fitzgerald- Trait Plasma aPTT 

849 

Protein Normal plasma 

% U/nmol 
HMWK 2.5 0.10 
Lys-hradykinin-free HMWK 5.6 0.22 
Bradykinin and fragment 1-2-free HMWK 0.8 0.03 
Fragment 1-2-light chain 2.5 0.10 
Light chain 0.1 0.004 
Heavy chain No activity 0 

All proteins were tested at 0.26 nmol/ml. 

TABLE II 
Comparison on a Weight Basis of the Correcting Activity of Bovine HMWK 

and Fragments on Fitzgerald- Trait Plasma aPTT 

Protein 
U/mg 

HMWK 1.2 
Lys-bradykinin-free HMWK 1.7 
Bradykinin and fragment 1-2-free HMWK 0.3 
Fragment 1-2-light chain 2.6 
Light chain 0.1 
Heavy chain 0 
Fragment 1-2 Inhibits 
Fragment 2 Inhibits 

All proteins were tested at 100 ~g/ml. 

gl each of the incubation mixture were taken. One of the atiquots was diluted by mixing it with 
80 #1 of Owren's buffer. The correction upon the aPTI" of Fitzgerald-trait plasma was tested 
immediately. The second aliquot was mixed with 1.980 #1 of a solution of 0.1 M SBTI in 0.1 M 
Tris-HCl buffer (pH 7.4). This mixture was immersed in a boiling water bath for 10 min, 
centrifuged, and the kinins measured. The same procedure was used with bHMWK (50 ~tg) 
except that 100 #1 of undiluted incubation mixture was used for testing its Fitzgerald correcting 
activity. When human and bovine HMWK were incubated with trypsin (24), they released 8.7 
and 8.0/~g of kinins/mg of protein, respectively. Kinins were tested by a radioimmunoassay 
(25). 

Resu l t s  

T he  correcting activity of  the different purified bovine proteins, when expressed in 
U / nm ol ,  was not affected by the three different concentrat ions tested. The  exception 
to this result was lys-bradykinin-free b H M W K ,  in which the specific activity doubled 
with a 10-fold dilution. 

Table  I shows the correcting activity of  intact b H M W K  and its different fragments 
expressed in U / n m o l  of  proteins, when tested at a concentrat ion of  0.26 nmol /ml .  
Table  II  shows the correcting activity expressed as U / m g  of  proteins. Table  I I I  shows 
the effect o f  fragment 1-2 and fragment 2 on the a P T T  of normal  h u m a n  plasma. 
Table  IV shows the effects o f  bovine plasma kallikrein on the Fitzgerald correcting 
activity of  h u m a n  and bovine H M W K .  
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TAaLE III 
Inhibitory Effects of Fragment 1-2 and of Fragment 2 on Normal Human 

Plasma aPTT 

a P T T  

nmol/ml 

Fragment 2 (tool wt 4,600) 21.7 320 
Fragment 1-2 (mol wt 12,600) 19.8 139 

Normal plasma a P T T  was 45 s. 

TABLE IV  

Effect of Bovine Plasma Kallikrein on the Correcting Activity of Human and Bovine HMWK on 
Fitzgerald-Trait Plasma aPTT 

H u m a n  H M W K  Bovine H M W K  Time of incuba- H u m a n  H M W K  Bovine H M W K  
and bovine kalli- and  bovine kalli- 

tion - -  
krein krein 

rain 

0 73 71 91 103 
30 72 74 (240) - -  149 (265) 
60 76 72 (300) 98 200 (375) 

Number  indicates a P T T  in seconds. Numbers  in parentheses indicate ng of kinins released by bovine 
plasma kallikrein. 

Discussion 

High molecular weight kininogen seems to be essential for the contact activation of 
the intrinsic coagulation pathway (26). We have tried to determine which region of 
the H M W K  molecule is responsible for the correction of Fitzgerald trait plasma 
aPTT. For this we have used bHMWK, which is known to partially correct the 
abnormalities in the aPTT of HMWK-deficient human plasma (12, 13). 

Intact b H M W K  has a mol wt of ~76,000 daltons. Of  these, 48,500 are contributed 
by the heavy chain; 1,000 by bradykinin; 12,600 by fragment 1-2; and 16,000 by the 
light chain (I 7). Because the fragments of b H M W K  are present in the intact molecule 
in equimolar concentration, their activity must be expressed on a molar base to 
compare their relative correcting activity. Fig. 1 shows a schematic representation of 
the structure of b H M W K  and its fragments and the relative correcting activity of 
equimolar concentration of each protein. Intact b H M W K  was arbitrarily assigned a 
correcting activity of 100%. 

Our findings indicate that a peptide formed by fragment 1-2-light chain is 
responsible for the Fitzgerald correcting activity of bHMWK. Fragment 1-2-light 
chain is as active as intact b H M W K  on a molar basis, and virtually more than twice 
as active on a weight basis. 

As expected, we found that the heavy chain of b H M W K  has little or no correcting 
activity, because it is chemically and immunologically common to both low and high 
molecular weight kininogen; and low molecular weight kininogen lacks correcting 
activity (12). Although the heavy chain is not essential for the expression of the 
coagulant activity of bHMWK, it may play a permissive role, because lys-bradykinin- 
free b H M W K  (which includes both the heavy chain and the fragment 1-2-light 
chain) is more active on a molar basis than fragment 1-2-light chain (Table I). It is 
also more active than intact bHMWK. Lys-bradykinin-free b H M W K  may have a 
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Fio. 1. Relative correcting activity of equimolar concentration of bovine HMW kininogen and its 
fragments. The correcting activity of intact bovine HMWK was arbitrarily assigned 100%. 

better steric relationship with Hageman factor and/or  prekallikrein and factor XI, 
than fragment l-2-1ight chain or bHMWK.  This would favor a more effective 
interaction on the surface. 

We have observed an increase in the specific activity of lys-bradykinin-free 
b H M W K  with higher dilutions. This increase may be due to the presence of trace 
amounts of a contaminant with inhibiting capacity, such as fragment 1-2 or fragment 
2, in the preparation. 

Fragment 1-2-light chain was obtained by reduction of the disulfide bonds of the 
lys-bradykinin-free bHMWK,  followed by alkylation of the thiol groups. It retains 
full activity in the coagulation assay, which suggests that intact disulfide bonds are 
not necessary for the Fitzgerald correcting activity of bHMWK. 

The light chain without fragment 1-2 lacks functional activity, indicating that the 
fragment 1-2 peptide, or part of it (fragment 2), plays a crucial role in the initiation 
of the intrinsic coagulation system. It was also observed that fragment 1-2 and, to a 
greater degree, fragment 2 have a marked capacity to inhibit the surface activation of 
the coagulation pathways of normal human plasma, but only if the fragment 1-2 or 
fragment 2 was added before or during the incubation of normal plasma with kaolin. 
This observation suggests that when fragment 1-2 and fragment 2 bind to the 
negatively charged surface, they competitively inhibit the binding and activation of 
the proteins involved in the intrinsic coagulation pathway. 

Considering these results, we propose that the fragment 1-2 portion serves to bind 
H M W K  to the negatively charged surfaces, and that the light chain, or part of it, 
interacts with Hageman factor and/or  prekallikrein and factor XI. Furthermore, 
because Wiggins et al. (27) have clearly shown that the activation of factor XI occurs 
only on the surface, we propose that the light chain without fragment 1-2 (binding 
site) lacks activity because it will remain in the fluid phase. It may be speculated that 
H M W K  complexed with prekallikrein and factor XI in the fluid phase (28, 29) can 
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carry these proteins to negatively charged surfaces. On the surface, the interaction 
between Hageman factor, HMWK,  prekallikrein, and factor XI will activate all the 
Hageman-dependent pathways, such as intrinsic coagulation, fibrinolytic, kallikrein- 
kinin, and complement systems. 

There are some differences as well as similarities between bovine and human 
HMWK. Bovine plasma kallikrein destroys the correcting activity of bHMWK,  while 
human plasma kallikrein does not affect the activity of hHMWK.  This difference 
could be due to an enzymatic contamination in the bovine plasma kallikrein prepa- 
ration. When h H M W K  was incubated with bovine kallikrein, kinins were released 
although there was no loss of functional activity. It is therefore unlikely that a 
contaminating enzyme is present in the bovine plasma kallikrein preparation, unless 
the hypothetical contaminating enzyme has species specificity. It is more probable 
that the reason for the different behavior of b H M W K  and h H M W K  after hydrolysis 
with homologous plasma kallikrein can be explained by structural variations between 
both substrates. The fact that the bovine plasma has only 7-12% (12, 30) of the 
correcting activity of human plasma also points to partial structural differences 
between b H M W K  and hHMWK. Furthermore, we have found that if fragment 1-2 
remains attached to the light chain of bHMWK,  the Fitzgerald correcting activity is 
also retained. Because h H M W K  retains full correcting activity after hydrolysis with 
bovine or human plasma kallikrein, we conclude that neither enzyme is able to 
separate the basic peptide, equivalent to fragment 1-2, from hHMWK. 

Recent evidence indicates that human kininogen shares the same basic structures 
with its bovine counterpart. Nagasawa et al. (31) have reported that h H M W K  is a 
linear glycoprotein in which the bradykinin moiety is included in the inner portions. 
Human kallikrein acts upon hHMWK,  releasing bradykinin and leaving a kinin-free 
H M W K  which has a heavy and a light chain linked by a disulfide loop as in 
bHMWK.  It has been shown that antibodies against human low molecular weight 
kininogen cross-react with human high molecular weight kininogen (28-32). Similarly, 
antibodies against bovine low molecular weight kininogen (bLMWK) cross-react with 
b H M W K  (21). 

It is known that both b L M W K  and human L M W K  (hLMWK) lack correcting 
activity upon Fitzgerald-trait plasma a P T T  (10-13). Antibodies against hHMWK,  
after adsorption with Fitzgerald-trait plasma (which has LMWK), no longer cross- 
react with hLMWK. When tested against hHMWK,  a precipitation line is observed 
(14, 33). This suggests the presence of antigenic determinants in the H M W K  molecule, 
which are not present in the LMWK. It is logical to assume that the antigenic 
determinants of the H M W K  not present in the L M W K  are responsible for the 
h H M W K  coagulating activity. 

Komiya et al. (17) and Kato et al. (21) have reported that the b L M W K  and 
b H M W K  differ in their light chains, and we have shown that the correcting activity 
of the b H M W K  resides precisely in the fragment 1-2 light chain. To complete the 
resemblance between the bovine and human kininogen, it has been reported (33) that 
the light chain enables the h H M W K  to correct the a P T T  of Fitzgerald-trait plasma. 
However, a positively charged peptide similar to the bovine fragment 1-2 has yet to 
be identified in the light chain of the hHMWK. 

It is interesting that plasma of patients such as Flaujeac and Williams (10, 11) lacks 
both L M W K  and HMWK,  functionally and immunologically, although Fitzgerald 
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plasma lacks only HMWK. It seems unlikely that the first group is deficient in more 
than one gene. It is more likely that both kininogens are synthesized by the expression 
of different but closely related genes. We speculate that the heavy chain, which is 
probably common to both forms of kininogen, might be synthesized through a gene 
(A) which might be linked to a regulatory gene in a lae operon. The addition of the 
fragment 1-2 light chain may be regulated by a gene (B), whereas the addition of the 
light chain of L M W K  may be regulated by a gene (C). Genes (A), (B), and (C) might 
be structural genes. Within this context, a lack of expression of gene (A) will produce 
a deficiency in both L M W K  and HMWK. A deficiency in the structural gene (B) 
might still allow the synthesis of L M W K  (Fitzgerald-trait). Therefore, it can be 
predicted that a deficiency of LMWK, but not of HMWK, will eventually be found. 

S u m m a r y  

Bovine high molecular weight kininogen (bHMWK) partially corrects the activated 
plasma thromboplastin time (aPTT) of Fitzgerald trait plasma which is congenitally 
deficient in HMWK. The relationship between the structure and activity of H M W K  
was clarified by studying the effects of different fragments of b H M W K  on the aPTT 
of Fitzgerald-trait plasma. The peptides studied were lys-bradykinin-free HMWK, 
bradykinin-fragment 1-2-free HMWK, heavy chain, fragment 1-2-light chain, and 
light chain. All fragments were tested in equimolar concentrations. Bradykinin- 
fragment 1-2-free HMWK, heavy chain, and light chain have little or no correcting 
activity upon Fitzgerald-trait plasma a P T r .  Fragment 1-2 light chain has the same 
correcting activity as intact bHMWK,  while that of lys-bradykinin-free H M W K  
appears to be higher. Both fragment 1-2 and fragment 2 inhibit the clotting time of 
normal human plasma. When compared on a molar basis, fragment 2 is a more active 
inhibitor than fragment 1-2. When the effects of bovine plasma kallikrein upon 
b H M W K  and h H M W K  were studied, it was found that it released kinins from both 
kininogens. However, while the correcting activity of b H M W K  was completely 
destroyed after 60 min of incubation, that of h H M W K  was fully retained. These data 
suggest that: (a) the active part of b H M W K  is comprised of the fragment 1-2 light 
chain portion; (b) fragment 1-2 or fragment 2 is the binding site to negatively charged 
surfaces, while the light chain interacts with other components of the surface-mediated 
reactions; and (c) bovine plasma kallikrein releases kinins, but probably does not 
cause the release of fragment 1-2 from human HMWK. 

Received for publication 18 September 1978. 

References 
1. Cochrane, C. G., S. D. Revak, B. S. Aikin, and K. D. Wuepper. 1972. The structural 

characteristics and activation of Hageman factor. In Inflammation: Mechanisms and 
Control. I. H. Lepow and P. A. Ward, editors. Academic Press, Inc., New York. 119. 

2. Cochrane, C. G., S. D. Revak, and K. D. Wuepper. 1973. Activation of Hageman factor in 
solid and fluid phases. A critical role of kallikrein, dr. Exp. Med. 138:1564. 

3. Revak, S. D., C. G. Cochrane, A. R. Johnston, and T. E. Hugh. 1974. Structural changes 
accompanying enzymatic activation of human Hageman factor, d r. Clm. Invest. 54:619. 

4. Wuepper, K. D. 1972. Biochemistry and biology of components of the plasma kinin- 
forming system. In Inflammation: Mechanisms and Control. I. H. Lepow and P. A. Ward, 
editors, Academic Press, Inc., New York. 93. 



854 BOVINE HIGH MOLECULAR WEIGHT KININOGEN 

5. Weiss, A. S., J. I. Gallin, and A. P. Kaplan. 1974. Fletcher factor deficiency. A diminished 
rate of Hageman factor activation caused by absence of prekallikrein with abnormalities of 
coagulation, fibrinolysis, chemotactic activity and kinin generation. J. Clin. Invest. 53:622. 

6. Hathaway, W. E., L. P. Belhasen, and H. S. Hathaway. 1965. Evidence for a new plasma 
thromboplastin factor. I. Case report, coagulation studies and physioehemical properties. 
Blood. 26:521. 

7. Schiffman, S., and P. Lee. 1974. Preparation, characterization and activation of a highly 
purified factor XI: evidence that a hitherto unrecognized plasma activity participates in 
the interaction of factors XI and XII. Br. J. Haematol. 27:101. 

8. Waldmann, R., and J. P. Abraham. 1974. Fitzgerald factor: a heretofore unrecognized 
coagulation factor. Blood. 44:134 (Abstr.). 

9. Saito, H., O. D. Ratnoff, R. Waldmann, and J. P. Abraham. 1975. Fitzgerald trait. 
Deficiency of a hitherto unrecognized agent, Fitzgerald factor, participating in surface- 
mediated reactions of clotting, fibrinolysis, generation of kinins, and property of diluted 
plasma enhancing vascular permeability (PF/dil). J. Clin. Invest. 55:1082. 

10. Wuepper, K. D., D. R. Miller, and M. J. Lacombe. 1975. Flaujeac trait: deficiency of 
kininogen in man. Fed. Proc. 34:859 (Abstr.). 

11. Colman, R. W., A. Bagdasarian, R. C. Talamo, C. F. Scott, M. Seavey, J. A. Guimaraes, 
J. V. Pierce, and A. P. Kaplan. 1975. Williams trait. Human kininogen deficiency with 
diminished levels of plasminogen proactivator and prekallikrein associated with abnormal- 
ities of the Hageman factor-dependent pathways. J. Clin. Invest. 56.-1650. 

12. Waldmann, R., A. G. Scicli, R. K. McGregor, O. A. Carretero, J. P. Abraham, H. Kato, 
Y. N. Han, and S. Iwanaga. 1976. Effects of bovine high molecular weight kininogen and 
its fragments on Fitzgerald trait plasma. Thromb. Res. 8:785. 

13. Matheson, R. T., D. R. Miller, M. J. Lacombe, Y. N. Han, S. Iwanaga, H. Kato, and K. 
D. Wuepper. 1976. Flaujeac factor deficiency. Reconstitution with highly purified bovine 
high molecular weight kininogen and delineation of a new permeability-enhancing peptide 
released by plasma kallikrein from bovine high molecular weight kininogen. J. Clin. Invest. 
58:1395. 

14. Schiffman, S., P. Lee, D. I. Feinstein, and R. Pecci. 1977. Relationship of contact activation 
cofactor (CAC) procoagulant activity to kininogen. Blood. 49:935. 

15. Saito, H. 1977. Purification of high molecular weight kininogen and the role of this agent 
in blood coagulation.J. Clm. Invest. 60:584. 

16. Webster, M. E.,J. A. Guimaraes, A. P. Kaplan, R. W. Colman, andJ.  V. Pierce. 1976. In 
Kinins: Pharmacodynamics and Biological Roles. Advances in Experimental Medicine and 
Biology. F. Sicuteri, N. Back, and G. L. Haberland, editors. Plenum Press, New York. 285. 

17. Komiya, M., H. Kato, and T. Suzuki. 1974. Bovine plasma kininogens. III. Structural 
comparisons of high molecular weight and low molecular weight kininogens. J. Biochem. 
(Tokyo). 96:833. 

18. Han, Y. N., M. Komiya, S. Iwanaga, and T. Suzuki. 1975. Studies on the primary structure 
of bovine high molecular weight kininogen. Amino acid sequence of a fragment ("histidine- 
rich peptide") released by plasma kallikrein.J. Biochem. 77:55. 

19. Han, Y. N., M. Komiya, H. Kato, S. Iwanaga, and T. Suzuki. 1975. Primary structure of 
bovine high molecular weight kininogen: chemical compositions of kinin-free kininogen 
and peptide fragments released by plasma kallikrein. FEBS (Fed. Eur. Biochem. Soc.) Lett. 57: 
254. 

20. Han, Y. N., H. Kato, S. Iwanaga, and T. Suzuki. 1976. Primary structure of bovine plasma 
high-molecular-weight kininogen. The amino acid sequence of a glycopeptide portion 
(fragment 1) following the C-terminus of the bradykinin moiety. J. Biochem. 79:1201. 

21. Kato, H., Y. N. Han, S. Iwanaga, T. Suzuki, and M. Komiya. 1976. Bovine plasma HMW 
and LMW kininogens. Structural differences between heavy and light chains derived from 
the kinin-free proteins. J. Biochem. 80.1299. 



SCICLI ET AL. 855 

22. Han, Y. N., H. Kato, S. Iwanaga, and M. Komiya. 1978. Actions of urinary kallikrein, 
plasmin, and other kininogenases on bovine plasma high-molecular-weight kininogen. J. 
Biochem. 83:223. 

23. Guimaraes, J. A., R. Waldmann, G. M. Seicli, A. G. Scicli, and O. A. Carretero. 1978. 
Functional properties of Fitzgerald factor (HMWK). Proceedings of International Sym- 
posium on Kinins. Advances in Experimental Medicine and Biology. T. Suzuki and H. 
Moriya, editors. Plenum Press, New York. In press. 

24. Fasciolo, J. C. 1962. Bradykininogen. Acta Physiol. Lat. Am. 12:360. 
25. Carretero, O. A., N. B. Oza, A. Piwonska, T. Ocholik, and A. G. Scicli. 1976. Measurement 

of urinary kallikrein by kinin radioimmunoassay. Biochem. Pharmacol. 25:2265. 
26. Wuepper, K. D., D. R. Miller, and M. J. LaCombe. 1975. Flaujeac trait: deficiency of 

human plasma kininogen. J. Clin. Invest. 56" 1663. 
27. Wiggins, R. C., B. N. Bouma, C. G. Cochrane, and J. H. Griffin. 1977. Role of high 

molecular weight kininogen in surface-binding activation of coagulation Factor XI and 
prekallikrein. Proc. Natl. Acad. Sci. U. S. A. 74:4636. 

28. Mandle, R., Jr., R. W. Colman, and A. P. Kaplan. 1976. Identification of prekallikrein 
and HMW kininogen as a circulating complex in human plasma. Proc. Natl. Acad. Scg 
U. S. A. 73:4179. 

29. Thompson, R. E., R. Mandle, Jr., and A. P. Kaplan. 1977. Association of factor XI and 
high molecular weight kininogen in human plasma.J. Clin. Invest. 60:1376. 

30. Saito, H., G. Goldsmith, and R. Waldmann. 1976. Fitzgerald factor (high molecular weight 
kininogen) clotting activity in human plasma in health and disease in various animal 
plasmas. Blood. 48:941. 

31. Nagasawa, S., and O. Nakayasu. 1974. Enzymatic and chemical cleavages of human 
kininogens. In Chemistry and Biology of the Kallikrein-Kinin System in Health and 
Disease. J. J. Pisano and K. F. Austen, editors. Fogarty International Center Proceedings. 
U.S. Government Printing Office, Washington, D.C. 27:139. 

32. Habal, F. M., and H. Z. Movat. 1974. Some physiochemical and functional differences 
between low and high molecular weight kininogens of human plasma. In Chemistry and 
Biology of the Kallikrein-Kinin System in Health and Disease. J. J. Pisano and K. F. 
Austen, editors. Fogarty International Center Proceedings. U.S. Government Printing 
Office, Washington, D.C. 27:129. 

33. Thompson, R. E., R. Mandle, Jr., and A. P. Kaplan. 1978. Characterization of human 
high molecular weight kininogen procoagulant activity associated with the light chain of 
kinin-free high molecular weight kininogen.J. Exp. Med. 147:488. 


