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1. Introduction 

ci-Inactivator (ci In), a serum Q2-glycoprotein, 
blocks the activity of the subcomponents of Cl, Ci r 
and Cis. It also inhibits Factor XIIa and Factor XIa 

of the blood clotting system as well as plasmin and 
plasma kallikrein. In this paper a simplified procedure 
for the purification of C i In in high yield is presented. 
It consists of three major steps including PEG-precipi- 
tation followed by DEAE-cellulose and Con A-Sep- 
harose chromatography. The protocols described 

previously by Haupt et al. [l] , Nagaki et al. [2] , 
Harpel and Cooper [3], Anderson et al. [4] and 
Harpel [5] are all characterized by multiple steps not 
always compatible with the maintenance of maximum 
functional reactivity during purification of the Ci In. 
Ci In obtained by the procedure described here is 
homogeneous, of high specific activity and is thus 
suitable for studies of protease-inhibitor interactions. 
Aspects of the interactions of Ci In with Cir and Cis 
are reported. 

Abbreviations: EDTA, ethylene diamine tetracetic acid; TAME, 
p-toluene sulfonyl-L-arginine methyl ester; DFP, di-isopropyl 
phosphorofluoridate; SDS, sodium dodecyl sulphate; ZLNE, 
N-wcarbobenzoxy-L-lysine p-nitrophenyl ester; PEG, poly- 
ethylene glycol. The nomenclature of the components of com- 
plement is that recommended by World Health Organization 
(1968). Activation of a component is indicated by a bar. 
Enzymatic activities are expressed in nanokatals (nkat) as 
recommended by the IUPAC-IUB commission on Enzyme 
Nomenclature (1973). 

North-Holland Publishing Company - Amsterdam 

2. Materials and methods 

Human titrated plasma was obtained from the 

‘Centre de Transfusion Sanguine’, Grenoble. Cls and 
Cis were purified as described by Arlaud et al. [6], 

Clr and Cir according to Gigli et al. [7]. Cis esterase 
activity was measured with 1.5 mM TAME in 50 mM 

Tris-HCl, 150 mM NaCI, 2 mM EDTA (pH 7.6) at 
25”C, or with 0.1 mM ZLNE in 100 mM Na-phos- 

phate, 100 mM NaCl, 5 mM EDTA (pH 6.0) also at 
25’C. Protein was determined by the method of Lowry 
et al. [8]. Purified Ci In, Cir and Cis were quantified 
from their absorbance at 280 nm using E:y&, 4.5, 11.5 
and 9.4, respectively [5,7]. In plasma and impure 
fractions, Ci In was specifically estimated by radial 
immunodiffusion in M-Partigen plates for Ci In 
purchased from Behring. 

The inhibitory activity of Ci In on Cis was calcu- 
lated from the measurement of the residual TAME 
esterase activity following the incubation of Ci In 
with Cis for 15 min at 37°C. One unit of Ci In is 
defined as the amount of Ci In able to inhibit totally 
one nkat of Cis. The inhibition of Cir by Ci In was 
measured by monitoring the ability of Cir to activate 
proenzymic Cls. SDS-Polyacrylamide gel electro- 
phoresis was performed as described by Fairbanks 
et al. [9] . Samples were treated and molecular weights 
estimated as described elsewhere [6]. 

Double radial immunodiffusion was performed 
according to Ouchterlony and Nilsson [IO] in 1% 
agarose, 10 mM EDTA, 150 mM NaCl and 100 mM 
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Na-phosphate buffer (pH 7.0) using antisera from 

Behring. Sucrose density gradient ultracentrifugation 
was performed according to Martin and Ames [ 1 l] in 

a Beckman L2-6SB ultracentrifuge at 4°C. Beef liver 
catalase (11.6 S), yeast alcohol dehydrogenase (6.7 S) 
and ovalbumin (3.5 S) were used as markers. DEAE- 

cellulose (DE-52) was purchased from Whatman, Con 
A-Sepharose from Pharmacia, TAME was from Sigma, 

methyl+D-mannopyranoside from Calbiochem. PEG 
6000 from Fluka, polybrene from Aldrich, and ZLNE 

from Interchim, Montlucon (France). 

3. Results 

3.1. Purifkation of ci In 
Unless otherwise stated all steps were performed at 

4°C. DFP 0.2 M in propan-2-01 was added to titrated 
human plasma together with polybrene in 0.4 M 

EDTA (pH 7.0) to final concentration of 2 mM DFP, 
1.2 mg/ml polybrene and 20 mM EDTA. The plasma 
was incubated for 30 min at 25’C. 

PEG was then added to a final concentration of 6% 
(w/v) and the mixture was stirred for 30 min. The 

precipitate was harvested (15 min, 3000 X g) and dis- 
carded. 

The supernatant was dialysed overnight against 

20 mM sodium phosphate, 50 mM NaCl (pH 7.0) and 
applied to a column of DEAE-cellulose equilibrated 

in the same buffer. A large amount of protein was not 
adsorbed and the initial washing of the column was 
continued until the absorbance at 280 nm dropped 
below 0.03. The adsorbed proteins were eluted with a 
linear NaCl gradient from 50 mM to 200 mM in 20 mM 
sodium phosphate (pH 7.0). C] In, detected by inhi- 
bition of Cis esterase activity was eluted in the buffer 
containing 120-160 mM NaCl (fig.1). 

After concentration on Amicon PM 10 membrane 
and equilibration in 50 mM Tris-HCl, 100 mM NaCl 
(pH 8.0) the fraction containing Ci In was applied to 
a column of Con A-Sepharose equilibrated in the 
same buffer. The column was washed with the starting 
buffer until absorbance at 280 nm dropped to zero. 
This washing removed the last traces of albumin. Ci 
In was eluted with 2% methyl-o-D-mannopyranoside 
added to the starting buffer (fig.2) and detected as 
described for the DEAE-cellulose step. Before storage 
at -2O’C the final eluate was concentrated and 
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VOLUME (ml) 

Fig.1. Chromatography on DEAEcellulose. The dialysed 
supernatant from PEG precipitation of 110 ml plasma was 
applied to a DE-52 cellulose column (2.5 X 4 cm) and eluted 
as described in Results with a 400 ml linear gradient of NaCl. 
Fractions containing Ci In were pooled as indicated. 
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Fig.2. Chromatography on Con A-Sepharose. The pool from 
DE-52 chromatography was applied to a 2.5 X 4 cm column 
of Con A-Sepharose. Elution was carried out as described in 
Results. The arrow indicates the introduction of methyl+ 
D-mannopyranoside and corresponds to an increase in A,,, 
shown by the broken line. 
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equilibrated in 10 mM Tris-HCl, 50 mM NaCl (pH 8.0). 

Table 1 summarizes a typical purification. The 
yield of Ci In is higher than reported for other puriti- 

cation procedures [ 1,3] probably due to the small 
number of preparative steps. 

The Ci In activity of plasma is variable but always 
less than the activity of the PEG supernatant suggest- 
ing that a fraction of Ci In is not free in plasma, but 
may exist in loose complexes. 

The purification factor calculated either from the 
increase in specific activity of Ci In or from the 
increase in the specific antigen to total protein ratio 
is close to the theoretical maximum [l] . It may be 
concluded from the specific activity that the func- 
tional integrity of Ci In is maintained throughout the 

purification procedure. 
The final product is stable for several months at 

-20°C. Its purity was contirmed by the lack of pre- 
cipitation in double radial immunodiffusion against 
antisera to Cir, cis, Cit, C3, C4, C5, caeruloplasmin, 

IgG, IgM, albumin and plasminogen. 
On SDS-polyacrylamide gels (fig.3) reduction and 

alkylation of Ci In did not modify its mobility. The 
major component had apparent mol. wt 98 000 
(? 3000). No splitting of the major band as noted by 
Harpel and Cooper 131 was observed. However trace 

quantities of two minor bands of approx. apparent 
mol. wt 60 000 and 29 000 were detected. These may 
correspond to a specific split of Cj In by proteases 

and their quantity could be diminished by increasing 
the concentration of protease inhibitors during the 
purification. Attempts to remove these minor com- 
ponents by chromatography on antiCi In IgG- 
Sepharose 6B were unsuccessful probably because of 
the drastic conditions used to elute Ci In from the 
immuno-adsorbant (2 M sodium trichloroacetate 
(pH 7.0) or 1 M propionic acid or 0.2 M glycine-HCl 

(pH 2.2)). In all cases the functional properties of Ci 
In were destroyed by this procedure. 

3.2. Interaction Cis-Ci In and Cir-Ci In 
Cls was titrated with Cl In as shown in fig.4. Inhi- 

bition of Cis by Ci In was linear over the whole range. 
100% Inhibition corresponded to a 1 : 1 molar ratio of 

the two proteins and no difference was observed in 

the presence of EDTA rather than calcium. 
In agreement with previous results [2,3,5] it was 

found that Cis and Ci In form a complex which does 
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Fig.3. SDS-Polyacrylamide gel electrophoresis of purified 
Ci In and Cis-Ci In complex. Electrophoresis was carried 
out as described in Materials and methods. About 11 fig 
protein was applied to gel 1 (reduced Cl In) and to gel 2 
(unreducedci In). A mixture of 12 pg Cis and 5.5 fig Ci In 
preincubated as described in Materials and methods was 
applied to gel 3 (unreduced Cis-Ci In). 

not dissociate in 1% SDS, 4 M urea (Bg.3). The titra- 
tion of Cls esterase activity showed a 100% inhibition 
by an equimolar quantity of Ci In. However, with an 
excess of Cjs, a band corresponding to residual free 

C i In was always visible when Cis-Ci In complexes 
were separated from excess CG by SDS-polyacryl- 
amide gel electrophoresis. The same phenomenon was 
observed by Harpel and Cooper [3]. Loss of carbo- 
hydrates from Ci In during the purification or sequ- 
ence microheterogeneity could explain this apparent 
heterogeneity of Ci In affinity for Cis. The two minor 
bands (60 000 and 29 000 mol. wt) also appeared to 
be able to form complexes with Cis. 

Sedimentation coefficients measured by sucrose 
density gradient ultracentrifugation were 3.8 S for 
C 1 In, 4.8 S for C i s-C i In complex in EDTA and 
6.2 S for Cls-Ci In complex in calcium. No complex 
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Fig.4. Titration of Cl s by Ci In. Effect of calcium. Cis 
(35 pg) was incubated with increasing amounts of Ci In 
(O-50 gg) for 10 min at 30°C in 15 mM Tris-HCI, 90 mM 
NaCl, 2 mM EDTA or CaCl, (pH 7.6). Samples were cooled 
on ice and tested for Cis esterase activity as described in 
Materials and methods in a medium containing respectively 
1 mM EDTA or 1 mM CaCl,. (-o-) CaCl,, (-•-) EDTA. 

between Ci In and proenzymic Cls was detectable by 

this method. 
Titration of Cls esterase activity was used to 

examine the affinities of Cls, Clr and Cir for the 
inhibitor relative to that of Cis. As illustrated in fig.5, 
Cir does not compete effectively with Cis for the 
inhibitor in the range of concentrations tested. The 
same absence of competition of Cls and Clr with Cis 
for binding was also observed. As shown in fig.5 
(insert) puriiied Cir alone is able to interact with Ci 
In although in this case the inhibition is not linear 

over the full range. 

4. Discussion 

Ci In prepared by the procedure described here 
differs from preparations of Ci In previously described 

in that only one major component is observed on 
SDS-polyacrylamide gel electrophoresis. Its functional 
capacity is close to 100% and, in contrast to the results 
of Harpel [5], titration of Cis with the inhibitor is 
linear, demonstrating a very high affinity. An apparent 
functional heterogeneity of the preparation was 
observed on SDS-polyacrylamide gel electrophoresis 

% 

0.2 0.6 1.0 
A rn./cis (molar ratio) 
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Fig.5. Titration of Cis by Ci In. Effect of Cir. Cis (14.5 fig), 
or Cis together with Cir (24 fig) were incubated in the pre- 
sence of increasing amounts of Ci In (o-13.2 rg) for 10 min 
at 30°C in 20 mM Tris-HCI, 150 mM NaCl, 1 mM EDTA 
(pH 7.6). Samples were cooled in ice and tested for Cis esterase 
activity as described in Materials and methods. (-a-) Cis 
alone. (-o-) Cis + Cir. Insert: Titration of Cir by Ci In. 
Cir (3.4 rg) was preincubated for 15 min at 37°C with 
increasing amounts of Ci In (O-6.2 I.cg) in 25 mM Tris-HCI, 
125 mM NaCI, 1 mM EDTA (pH 7.5) and cooled at 0°C. Cls 
(25 fig) was added and the mixture incubated for 15 min at 
37°C in the same buffer. Cis generated was estimated with 
ZLNE as described in Materials and methods. Molar ratios 
were calculated assuming mol. wt 83 000 for Cir. 

of the Cis-Ci In complex which may be explained 

by the existence of complexes of high and low affinity, 
the latter being dissociated by SDS. It is noteworthy 
that Haupt et al. [l] described several isoelectric forms 
of Ci In, suggesting structural microheterogeneity. A 
probable heterogeneity of Cl In in plasma was observed, 
indicated by the increase in total inhibitory activity 

after PEG precipitation of the plasma. This suggests the 
coexistence of free and loosely complexed forms of 
Cl In in the plasma. 

Titrations of Cis in the presence of Cir indicate 
that the affinity of C i r for the inhibitor is much 
lower than that of Cj s, as has been suggested by 
Ziccardi and Cooper [ 121 . This is supported by the 
observation that inhibition of Cir, unlike Cis, is not 
linear. Proenzyme Clr and Cls may exhibit a weak 

49 



Volume 79. number 1 FEBS LETTERS July 1977 

affinity for the inhibitor, but do not compete effec-. 
tively with Ci s for binding. 

The affinity of Cis for the inhibitor is not grossly 

modified in the presence of calcium. Previous obser- 
vations [6] show that the access to the Cis active 
site for esters is not modified by calcium. However 

an increase in the sedimentation coefficient of Cis 
possibly due to a dimerization has been observed in 
some but not all studies [6,13,14]. In this study an 
increase in the sedimentation coefficient of the Cis- 

Ci In complex in calcium has been observed, which 
may support the conclusion that the complex in cal- 
cium is a highly asymmetric form cflfO 3) containing 
2 Cis and 2 Ci In molecules. Further studies of the 
kinetics and stoichiometry of complex formation 

between Cis, Cir and Ci In are in progress. 
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