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ABSTRACT 
The cleavage of factor B, a protein of the alternative 
pathway-of complement, by kallikrein was studied. I*ike 
factor D, kallikrein can cl.eave B to generate the 
alternative pathway C3 convertase C3bBb. r!hen this 
convertase was formed on erythrocytes previousl> 
coated with C3h, lysis was observed indicating that a 
functionally active C3 convertase was formed. B was 
also cleaved by kal1ikrei.n in the presence of f1ui.d 
phase C3b, and this resulted in R fragments comparable 
in size to those generated in the presence of D. The 
capacity of kallikrein to cleave F is localised in the 
light chain of the kalli.krein molecule, which is the 
same chain of kallikrein that is responsible for its 
other enzymatic act.ivities. Since on a molar basis i? 
is much m.ore active then kallikrein i.n cleaving B, a 
physiological role for B activati.on by kallikrein is 
on1.y likely under certain conditions, and still has to 
be established. 

INTRODUCTION 

Plasma kallikrein is A serine protease that participates in 
haenostatic and inflammatory reactions. In addition to its 
primary role in the contact activation mechanism of the coagula- 
tion system, it releases bradykinin from high molecular weight 
kininogen which in turn increases permeability of blood vessels 
and causes other features of the inflammatory reaction (1,2). 
Plasma kallikrein is also responsible for the generation of 
fibrinolytic activity (3) a.nd interrelates with the renin- 
angiotensin system (4). Interaction of plasma kallikrein and 
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complement components might contribute to generation of the 
inflammatory reaction, since activation of the complement svstem 
is an important event in the inflammatory process. 

Plasma kallikrein is present in human plasma in an enzyma- 
tically inactive form, prekallikrein. Prekallikrein can be 
converted to kallikrein by the activated form of Factor XII 
generated by limited proteolysis (5,6). Kallikrein consists of 
one heavy chain (MW = 43,000) and one light chain (MW = either 
33,000 or 36,000). The light chain contains the enzymatically 
active site (7). The chains, linked by one or more disulfide 
bonds, can he isolated and their functional properties have been 
described (8). 
It has been reported that kallikrein is capable of cleaving 
factor B of the alternative pathway of complement (9,lO). The 
cleavage of factor B occurs both in the presence and in the 
absence of activated C3 (namely C3b) of the complement system 
(9). Cleavage of factor B has also been reported for other 
proteolytic enzymes such as trypsin (1) and plasmin (10). 
In this paper we have investigated whether cel.l-bound C3b is 
also involved in the cleavage of factor B by kallikrein, because 
this would suggest a role for kallikrein in complement activa- 
tion at sites of tissue injurv. In addition we investigated 
which chain of kallikrein is involved in activation of B, since 
it has been reported that the light chain of kallikrein contains 
the enzymatic active site (7). 

MATERIALS AND METHODS 

Reagents and antisera. Isotonic Veronal-buffered saline, pH Jr5, 
containing 0.1% g$.Jatin, 0.5 mM MgC12 and Q+15 mM CaC12 (GVR 1, 
half+isotonic GVB with 3% dextrose (DGVB ) and half-isotonic 
GVB from which 
(GVB-- 

cations were omitted and containing 0.04M EDTA 
-EDTA) were used as diluents for haemolytic assays. 

Complement components B (121, D (131, C3b (14) and kalli- 
krein (8) and its light chain were purified to homogenity, and 
the amidolytic activities, assayed as described (81, were 
comparable. The heavy chain of kallikrein was also prepared from 
purified kallikrein (8), but it contained 5% contamination of 
light chain on a molar basis. F (15) was functionally purified. 
F(ab') anti human C3 was prepared from goat anti human C3 serum 
as presiously described (14). Human antithrombin III was puri- 
fied as described (16) and soybean trypsin inhibitor (type 1-S) 
was purchased from Sigma Chemical Company, St. Louis, MO. 
Protein concentration was determined by the Folin method (17). 

Rat serum was obtained from Wistar rats, bred in-the 
Laboratory of Pathological Chemistry, Leiden. Factor D depleted 
rat serum reagent was prepared essentially as described (18) by 
gelfiltration of 2 ml normal rat serum on a Sephadex G-75 column 
(1.5 x 90 cm) using Verona1 buffered saline with 0.002 M EDTA as 
e_lution buffer. The fall-through of the column, devoid of factor 
D haemolytic activity, was pooled. Sheep erythrocytes were from 
the National Institute of Public Health (Bilthoven, The Nether- 
lands). 

G was radiolabeled with 125 I to a speci.fic activity of 
0.058 uCi/ug protein with the solid phase lactoperoxidase method 
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(19) and separated from free iodine by gelfiltration on Sephadex 
G-100. 

Sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS- 
PAGE). Cleavage of factor J$2y as studied using SDS-PAGE. Reaction 
sres containing 62 ng I-B, constant concentrations of C3b 
and P, and varying amounts of 5, kallikrein, light or heavy 
chain, were applied to 7.5% polyacrylamide gels containing 0.1% 
SDS. Electrophoresis was carried out at 8 mA/gel and 30°C 
according to Weber & Osborn (7.0). After electrophoresis the gels 
were sliced and the 3 mm slices wer f2!? ounted for radioactivity. 
Reaction mixtures-containing 31 ng I-B, constant concentra- 
tions of C3b and P, and varying amounts of 5, kallikrein, light 
or heavy chain, were applied also to a 9% polyacrylamide slabgel 
cont.aining 0.07% SDS. Rlectrophoresis of the 1.5 mm thick gels 
was carried out at 200 V (21). The eels were stained, destained 
and dried, before a Fuji X-ray film was applied. After exposure 
at. -7OOC the film was developed. 

E F(ab'), C3b cells. 43 pg F(ab') 
human C3"was added to 400 ~1 packzd 

fragment of goat IgG2 anti 
sheep erythrocytes in 0.85% 

MaCl. After dropwise addition of CrC13 to a final concentration 
of 24 ~J.M in a buffer containing 0.02M sodium acetate, pH 5.5, in 
0.85% NaCl the mixture was kept at room temperature for 10 min. 
The cells were washed twice with 0.9% NaCl and 350 pg human C3b 
was added to the packed cells. These were incubated for 30 min 
at 37'C followed by 30 min at O'C. 
with 0.9% NaCI. and twice with DGVB 

+$fter washing the cel.ls twice 

ready for use (14). 
, the E F(ab')2 C3b were 

Haemolytic assays. To assess formation of7cell-bound convertases 
dilutions_of B we_re incubated with 1 x 10 E F(ab')2 C3b, excess 
@.5+yg) P, and D for 30 min at 30°C in a final volume of 0.2 ml 
DGVB . Excess p was defined as that amount of F which under 
conditions of limiting additions of B in the presence of 5 
induced optimal haemolysis of E F(ab'), C3b upon further incuba- 
tion with excess rat serum as developing reagent. The convertase 
sites generated were developed by further incubation with 0.3 ml 
rat serum diluted 1:15 in GVB-- -EDTA for another 60 min at 37OC. 
The number of convertase sites (Z) generated were calculated 
using a reagent blank without B and otherwise identical condi- 
tions. There was formation of C3bBb sites in a dose-dependent 
fashion and directly related to the amount of B added. 

To detect the capacity of kallikrein or its light and heavy 
chain to replace 5, E F(ab')2 C3b were incubated with excess p 
and known amounts of B. 

RESULTS 

Detection of B activation with haemolytic titrations: 
Capacity of D, kallikrein or buffer to activate different 
concen$rations of B and cause the lysis of E F(ab'), C3b. 
1 x 10' E F(ab'), C3b were incubated wi.th excess P.-various 
concentrations of p+and 25 ng (1.1 pmol) 5, 900 ng'(11.3 pmol) 
kallikrein or DGVB 
of rat serum in GVB-- 

in a final volume of 0.2 ml. Upon addition 
-EDTA a dose-dependent lysis of the E 
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F(ab') C3b bearing convertases was observed (fig. 1). Under the 
conditzons used !! wa s 380 times more effective then kallikrein 
on a weight basis. 1,ysis also occurred wi.thout kallikrein or 5, 
dependent on the dose of B. When we used factor fi depleted rat 
reagent to develop the convertase sites generated, this effect 
was also observed. Using either normal or factor D depleted rat 
reagent, about 60-100 times more B was required to observe the 
same amount of lysis that occurred in the presence of 5. 
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FIG. 1 

Dose-response curve for the concentration of B for generation of 
C3 convertase sites on E F(yb') C3b with D (A), kallikrein (0) 
or buffer alone (0). 1 x 10 E $(ab') C3b were incubated with 
excess P, various amounts of B and 252ng g, 900 ng kallikrein or 
buffer alone. 

Formation of cell-bound C3 convertase sites in the presence 
of kallikrein and its light and heavy chains. Generation of 
EC3bBb by kallikrein,and its light and heavy chains was studied 
by incubating 1 x 10' E Flab') C3b with excess P, a constant 
concentration of 19 ng B and vgrious concentrations of kalli- 
krein or its light and heavy chains in a final volume of 0.2 ml 



Vo1.38, No.5 B CLEAVAGE BY KALLIKREIN 495 

DCVB++. The number of C3bBb convertase sites generated with each 
of the reagents is depicted in fig. 7. There was a dose-depen- 
dent increase in the number of convertase sites with kallikrein 
and its light chain. However on a molar hasis the light chain 
was 35% less active then the intact molecule. The heavy chain of 
kallikrein was only marginally7 active. In the same experiment D 
was about 220 times as effective as kalli.krein on a molar basis. 
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FIG. 2 

Formation of cell-bound C3 convertase sites in the presence of 
kallikrein (0) and its light (A) and heavy (0) chains. 1 x 10 E 

F(ab')z 
C3b were incubated with excess ?!, 19 ng B and various 

concen rations of kallikrein, light chain and heavy chain. 

Consumption of B in the presence of fluid phase C3b hv 
kallikrein and its light and heavv chain. C3b (2.5 pg), B (0.14 
pg), kallikrein (O-40 pmolegi, light chain (O-40 pmoles), heavy 
chain (O-40 pmoles) or DGVB were incubated for 30 min at 37'C 
in various combinations, diluted at least 40 fold, and assessed 
for residual haemolytic B activity essentially as described 
(2%). After calculating 2 values, the percentage B consumption 
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was determined. A dose-dependent consumption of B by kallikrein 
a~nd its light chain was observed, whereas the heavy chain was 
much less effective (fig. 3). There was no detectable difference 
between the activities of kallikrein and the light chain. In 
this experiment 5 was 300 times more effective then kallikrein 
on a molar basis. 
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FIG. 3 
Consumption of B in the presence of fluid phase C3b by kalli- 
krein (0) and its light (A) and heavy (0) chains. The reaction 
mixtures contained 0.14 ug B, 2.5 pg C3b and various concentra- 
tions of kallikrein, light chain and heavy chain. 

Inhibition of the consumption of B by kallikrein and its 
light chain. In order to investigate the effect of soybean 
trypsin i.nhibitor and human antithrombin III on the consumption 
of B by kallikrein and its light chain in the presence of fluid 
phase C3b, we preincubated 10 pmol kallikrein and its light 
chain with the inhibitors for 30 minutes at 37OC. Then we added 
2.5 ug C3b and 0.14 pg B and incubated the mixtures for another 
30 minutes at 37'C and residual haemolvtic B activity was 
assessed in the 100 fold diluted mixtures as described above. 
The inhibition of the consumption of B by soybean trypsin 
inhibitor and-human antithrombin. III is shown in table I. 
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TABLE I 

The effect of preincubation of kallikrein and its light chain 
with soybean trypsin inhibitor (SBTI) or human antithrombin III 
(AT III) on the consumption of B in the presence of fluid phase 
C3b. 

2.5 pg C3b and 
0.14 pg B was 
incubated with: 

preincuba.tion with 
(times molar excess 
over kallikrein or 
light chain) 

inhibition of 
B consumption 

(%I 

kallikrein 

li.qht chain 

buffer 0 
SBTI 100 x 88 
AT III 1n x 41 
buffer 0 
SBTI 100 x 40 
AT III 10 x 100 

Analysis of fragments of 125 I-B generated by 5, kallikrein and 
its light and heavy chains. 

In order to investigate whether t.he size of the fragments 
of B, generated by kallikrsin and its lj_gPts~"~i~,~e~",,~~~~ara- 
ble to those generated193 D, cleavage of 
using SDS-PAGE. 93 ng I-B, 32 ug C3b, excess F and 5, kalli- 
kreip+ its light and heavy chains or buffer were incubated in 
DGVB in a final. volume of 75 ~1 for 30 min at 37'C. Then 50 ~1 
of the different mixtures was analysed on 7.5% SDS-PAGE gels. 

TABLE II 

B fragments generated by E, kallikrein and its light and heavy 
chains as analysed on sliced gels. 

125 I-B was incubated 
with C3b, P and: pm01 125I-B cleavage (%) 

E 
kallikrein 
kallikrein 
light chain 
light chain 
heavy chain 
heavy chain 
buffer 

23 
113 
16 
81 
14 
72 

95 
79 
97 
55 
93 
5 

10 
0 

* The reaction mixture contained 93 ng 125 I-B, excess F, 32 pq 
C3b and the indicated amounts of the other agents. These were- 
incubated for 30 min at 37OC and assessed for % B cleavage by 
SDS-PAGE analysis. 
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- B 90,000 

,Bb 60,000 

,Ba 30,000 

B fragments qenerated in reaction mixtures containing C3b, f; and 
D, kallikrein and its light and heavy chains. B fragments 
general?+ in reaction mixtures containing 32 ug C3b, excess F, 
93 ng I-B and D (38 pmol), kallikrei~n (o : 23 pmol, ??o : 113 
pmol), its light chain (LCh) (o : 16 pmol, ??o : 81 pmol) and 
heavy chain (HCh) (o : 14 pmol, ??o : 72 pmol) or buffer alone, 
were applied to a 9% SDS-PAGE gel and an autoradiogram was made. 

The percentagel5t eavage was calculated and corrected for the 
percentaqe of I-B cleavage in a reaction mixture containing 
C3b, P and buffer alone (table II). 25 ~1 of the different 
reaction mixtures were also applied to a 9% SDS-PAGE slabgel. 
After staining, destaining and drying the gels, an autoradiogram 
was made (fig. 4). The fragments of B generated by D, kallikrcin 
and its light chai.n were identical in size (fig. 4). The da%a in 
Table II confirm the results shown in fig. 2 and 3: 5 was the 
most effective in cleaving factor B, kallikrein and its light 
chain were almost equally effective and no or little cleavage by 
the hgavy chain was observed. In the reaction mixture containing 
C3b, P and buffer alone some B fragments are detectable (fig. 
4). This is due to the fact that some cleavage of factor B 
occurred during the labeling procedure. 
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DISCUSSION 

In this study we demonstrate that kallikrein is capable of 
cleaving factor B in the presence of fluid phase C3b (fig. 3,4 
and table II). These results are at variance with those reported 
by DiScipio (9). Be found cleavage of factor B in the absence of 
fluid phase C3b. In experiments in which we used up to 14,4 pmol 
kallikrein to cleave 0.19 ug B we could not d.emonstrate any 
cleavage of B by kallikrein in the absence of C3b. Kallikrein is 
also capable of cleaving factor B in the presence of erythrocyte 
(E)-bound C3b (fig. 1,2). Lysis of the EC3bBb that were formed 
indicated that a functionally active C3/C5 convertase was 
generated. An additional possibility is that kallikrcin inacti- 
vates cell-bound C3h and by that mechanism may affect the 
assessment of B hemolytic activity. This is unlikely because 
others have reported that C3bi is inactivated very slowly bv 
kallikrein (23). The fraqments that were found after cleavage of 
B by kallikrein were indistinguishable in size from those 
generated by 6, i.e. a Bb fragment of 60,000 and a Ba fragment 
of 30,000 (fig.4). The capacity of kallikrein to cleave B 
appeared to be localised in the light chain of the molecule 
(fig. 2,3,4). The lower activity of the light chain compared to 
the intact molecule in the presence of E F(ab') 

l? 
C3b (fig.2) 

suggests that the heavy chain plays a role in t e adherence of 
kallikrein to the erythrocyte, comparable to its function in 
surface-dependent coagulation (8). Addition of high molecular 
weight kininogen had no enhancing effect on the cleavaqe of B bv 
kallikrein (unpublished observations). The minor activity of the 
heavy chain preparation (fiq. 2,3) is probably due to contamina- 
t-ion with light chain. 

In the absence of 5 or kallikrein, functionally active C3 
convertase sites were generated with E F(ah') C3b, B, p and 
buffer alone (fig. 1). This occurred in a dosg-dependent. fashi.on 
upon addition of B. In our hands we found, in contradistinction 
with Lesavre and Iliiller-Eberhard (18) a similar effect usinq 
factor D depleted rat reagent to develop the convertase sites 
that were formed. As a matter of fact we cannot exclude minor 
contamination with I?J of the D-deficient reaqent. On the other 
hand it i,s possible that other trypsin-like enzymes mav have 
mimicked D-like activity. These observations are compatible with 
previous findings (22,24,25) and indicate that upon incubation 
of C3, B, and P or C3NeF an active C3bB complex can he formed 
containing an uncleaved form of B that is capable of cleavinq 
C3. 

In all our experiments we found that 5 is much more effect- 
ive in cl.eaving B than kallikrein. DiScipio (9) concluded that 5 
is about ten-fold more effective on a molar basis in the 
qeneration of C3 convertase sites than kallikrein. Our experi- 
ments indicate that at least 200-300 times more kallikrein than 
5 is needed to generate the same number of functionallv active 
C3 convertases. Several pieces of data indicate that these 
observations are not due to a contamination of kallikrein by 5. 
DiScipio (9) showed that the effect of kallikrein is inhibitable 
by soybean trypsin inhibitor and human antithrombin III, as we 
have also observed (Table I). In the purification procedure of 
prekallikrein we used a highly specific affinity chromatoqraphy 
step on high molecular weight kininoqen (III!VTK) Sepharose. Alse 
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the isolated light chain of kallikrein, which does not bind to 
HAWK Sepharose showed the same effect. 

In plasma the concentration of D (approx-2ug/ml) (26) is 
much lower than that of prekallikrein (55 vg/ml) (5) but even if 
this is ta.ken into account, there is much less C3 convertase 
generating potential present in prekallikrein then in b in 
plasma. Therefore it is likely that only under those conditions 
where a high kallikrein concentration is reached, the B cleavage 
by kallikrein will be of physiological importance. This may 
occur when a damaged bloodvessel wall causes activation of the 
contact activation mechanism. Prekallikrein-high molecular 
weight kininogen complexes then bind to the exposed basal 
membrane and their subsequent activation by factor XIIa results 
in the generation of kallikrein. Although the kallikrein concen- 
tration rapidly decreases by diffusion and inactivation-by 
inhibitors such as Cl inhibitor (27,28), it might help D to 
generate sufficient numbers of convertase sites to escape 
inactivation by H and I (29-31). 

It has been noted before that other proteins from the 
contact activation and fihrinolytic systems are able to activate 
certain complement components. Activated factor XII, RXIIa, was 
shown to activate the classical pathway of complement in a way 
similar to immune complexes (32). Pla.smin was shown to activate 
Cl (33) and to cleave B (10). Besides its action on B, plasma 
kallikrein has been reported to inactivate Cl (33). The interac- 
tion of the complement system and the contact activation system 
may be of physiological importance. Activation of the contact 
system leads to the activation of the complement system by the 
action of factor XII kallikrein and indirectly by plasmin. As 
a result anaphylatox?!As are released which attract leukocytes to 
the site of activation. There the infiltration of the leukocytes 
into the damaged tissue is facilitated by hradykinin. Bradyklnin 
which increases the vascular permeability is released from high 
molecular weight kininogen by kallikrein. The infiltrated 
leukocytes may be important for the clearance of deposited 
fibrin. 

In conclusion kallikrein cleaves R and generates a functio- 
nally active C3 convertase. This activity is localised in the 
light chain of the kallikrein molecule. We therefore conclude 
that the enzymatic site responsible for the previously described 
activities is probably also responsible for the cleavage of B. 
However, whether or not the cleavage of B by kallikrein is of 
importance for the inflammatory process requires further inves- 
tigation. 
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