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Figure 1. Human plasma samples depleted of 7 abundant proteins (HSA, 
transferrin, haptoglobin, IgA, IgG, anti-trypsin, and fibrinogen) were 
incubated alone or in the presence of rMASP-1 and analyzed by 
differential gel electrophoresis (DIGE). Green spots are present in the 
MASP-1 treated sample only. 
 
 

 
 
Figure 2. Major fragments of HMW kininogen produced by the action of 
plasma kallikrein (PK) and rMASP-1. rMASP-2 produced a 
fragmentation profile similar to PK. 
 
 

 
 
Figure 4. HPLC analysis of HMW kininogen (HK) samples treated with 
kallikrein or rMASP-1. BK denotes the peak eluting at the same position 
as synthetic bradykinin. MS analysis confirmed that the denoted peaks 
contained a species having the molecular weight of 1060 Da, which is 
identical to that of bradykinin. 
 

 

Background: 
 
Bradykinin (BK) is the mediator of tissue swelling during the attacks of 
patients suffering from hereditary angioedema (HAE), a disease caused 
by C1-inhibitor deficiency. BK is a nonapeptide released from kininogens 
by kallikreins. In HAE the action of plasma kallikrein (PK) on high 
molecular weight (HMW) kininogen is thought to be the main source of 
BK. C1-inhibitor is the major inhibitor of PK and also inhibits MASP-1 
and MASP-2. The severity of symptoms and the frequency of attacks in 
HAE vary greatly between individuals. The factors influencing them are 
largely unknown. 
 
Recombinant fragments of MASP-1 and MASP-2 have been expressed 
refolded and purified in our laboratory earlier. The fragments used in this 
study encompassed the first and second CCP modules and the catalytic 
domain of both proteases. The CCP1-CCP2-SP fragments are referred to 
as rMASP-1 and rMASP-2 in this study. 
 
 

Results: 
 
We have investigated the action of activated rMASP-1 on plasma proteins 
using human plasma depleted from 7 abundant proteins. Analysis by 
differential gel electrophoresis (DIGE) and protein identification by mass 
spectrometry revealed a kininogen cleavage product (Fig.1). Cleavage of 
high molecular weight kininogen (HK) was later confirmed by SDS-
PAGE analysis using purified proteins. 
 
The cleavage pattern of HK by rMASP-1 is similar to, but somewhat 
different from that of by plasma kallikrein (PK). The fastest cleavage 
seems to occur within the L chain portion of HK by rMASP-1 and the 
release of the H chain occurs slower, whereas PK cleaves HK producing 
the H and L chains rapidly then the L chain is slowly converted into 
smaller fragments (Fig. 2-3.). The final stable products seem to be the 
same by both proteases. The cleavage of HK by rMASP-1 is about 400 
times slower than that of HK by PK based on the kcat/KM values 
determined from densitometric analysis (Table 1). The reaction mixture 
of rMASP-1 and HK analyzed by HPLC produced a peak eluting at the 
same position as the bradykinin standard (Fig. 4). The peak contained a 
species having the molecular weight of 1060 Da, which is identical to that 
of bradykinin. Hence we conclude that rMASP-1 and possibly activated 
full length MASP-1 in blood can lead to the breakdown of HK and 
bradykinin formation. 
 
Later the activity of rMASP-2 on HK was also examined. Interestingly 
rMASP-2 also cleaved HK at a slow rate similar to but somewhat slower 
than that of MASP-1 (Fig.3, Table 1). The cleavage patter in the case of 
rMASP-2 was nearly the same as with PK.  
 
Low molecular weight kininogen (LK) is also slowly cleaved by rMASP-
1 (Fig 5.). Preliminary results indicate an about 5-fold lower rate of 
cleavage than in the case HK. The cleavage patterns of LK by the action 
rMASP-1 and PK are identical. 
 
 

Summary and conclusions: 
 
• We have demonstrated that both rMASP-1 and rMASP2 cleaves 

HMW kininogen (HK) at a slow rate. 
 
• MASP-1 was shown to release bradykinin from HK. (MASP-2 

probably produces the same.) 
 
• The physiological importance of HK cleavage by MASPs is 

unknown, but we can speculate that under certain conditions it may 
cause the worsening of the symptoms of HAE patients. 

 
 

 kobs 
(s-1) 

enzyme 
conc. [ET] 

kcat / KM 
(M-1 s-1) 

relative 
activity 

kallikrein 8.6 ± 0.8 × 
10-4 5.7 × 10-9 M 1.5 ± 0.1 

× 105 1 

rMASP-1 4. 5 ± 0.2 
× 10-4 1.1 × 10-6 M 4.0 ± 0.2 

× 102 1/375 

rMASP-2 1.9 ± 0.1 × 
10-4 

1.15 × 10 -6 
M 

1.6 ± 0.1 
× 102 1/938 

 
Table 1. The observed rate constants and the calculated catalytic 
efficiencies (kcat / KM) of the cleavage reactions between HMW 
kininogen (HK) and the indicated proteases. Data were obtained by 
densitometric analysis and fitting the density of the intact HK band as 
indicated on Fig. 3. 
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Figure 3. HMW kininogen (HK) (200 µg/ml) was incubated with plasma 
kallikrein (PK) (0.5 µg/ml), rMASP-1 (50 µg/ml), or rMASP-2 (50 
µg/ml) in 150 mM NaCl, 50 mM HEPES, 0.1 mM EDTA, pH7.4 buffer. 
Samples were taken periodically and run on SDS-PA gels under reducing 
conditions. Densitometric intensity the intact HK band was fitted using 
the I = Io × e-kobs × t equation, where kobs = [ET] × kcat / KM. The second 
part of the figure shows an example of the fitted curve and the data points 
of a HK + PK reaction. Averages from triplicate measurements are found 
in Table 1. 
 
 

 
 
Figure 5. LMW kininogen (LK) (200 µg/ml) was incubated with 
rMASP-1 (50 µg/ml) in 150 mM NaCl, 50 mM HEPES, 0.1 mM EDTA, 
pH7.4 buffer. Samples were taken periodically and run on SDS-PA gels 
under reducing conditions. These preliminary data indicate that the 
cleavage rate of rMASP-1 on LK is about 5 times lower than that on HK. 
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