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Two-domain Structure of the Native and
Reactive Centre Cleaved Forms of C1 Inhibitor of
Human Complement by Neutron Scattering

Stephen J. Perkinst, Kathryn F. Smith

Departments of Biochemistry and Chemisiry
and Protein and Molecular Biology
Royal Free Hospital School of Medicine
Rowland Hill Street, London NW32PF, U K.

Supavadee Amatayakul, David Ashford, Thomas W. Rademacher
Raymond A. Dwek

(lycobiology Unit, Department of Biochemistry
University of Oxford, South Parks Road, Oxford OX13QU, U.K.

Peter J. Lachmann and Richard A. Harrison

MRC Molecular Immunopathology Unit, M RC' Centre
Hills Road, Cambridge CB2 2QH. U.K.

( Received 14 November 1989: accepted 20 April 1990)

The (T inhibitor component of human complement is a member of the serpin superfamily,
and controls Cl activation. Carbohydrate analyses showed that there are seven O-linked
oligosaccharides in C'1 inhibitor. Together with six N-linked complex-type uhgﬂsacvhandes
the carbohydrate content is therefore 269, by weight and the molecular weight (M) is
calculated as 71,100. Neutron scattering gives an M, of 76,000 (+4000) and a matchpoint uf
41-8 to 42:39, *H,0, in agreement with this carbohy{lrate and amino acid composition.
Guinier plots to determine the radius of gyration Rg were biphasic. Neutron contrast
variation of CT inhibitor in H,0-?H,0 mixtures gave an overall radius of gyration Rg at
infinite contrast of 4-85 nm, from analyses at low @, and a cross-sectional Rg of 143 nm. The
reactive centre cleaved form of CT inhibitor has the same M, and structure as the native
molecule. The length of CT inhibitor, 16 to 19 nm, is far greater than that of the putative
serpin domain. This is attributed to an elongated structure for the carbohydrate-rich
113-residue N-terminal domain. The radial inhomogeneity of scattering density, «, is ]a.rge
at 59 x 1073 from the Rg data and 28 x 10~ % from the cross-sectional analvms and this is
accounted for by the high oligosaccharide content of C1 inhibitor. The scattering data were
modelled using small spheres. A two-domain structure of length 18 nm based on two distinet
scattering densities accounted for all the contrast variation data. One domain is based on
the crystal structure of ; antitrypsin (7nm x 3 nm x 3 nm). The other corresponds to an
extended heavily glycosylated N-terminal domain of length 15 nm, whose long axis is elose
to the longest axis of the serpin domain. Caleulation of the sedimentation coefficient sm 5
for CT inhibitor using the hydrodynamic sphere approach showed that a two-domain head-
and-tail structure with an M, of 71,000 and longest axis of 16 to 19 nm successfully
reproduced the s, ,, of 3-7 S. Possib]e roles of the N-terminal domain in the function of CT
inhibitor are discussed.

T Author to whom correspondence should be addressed, in the Department of Biochemistry and Chemistry, Royal
Free Hospital School of Medicine, Rowland Hill Street, London NW3 2PF. U.K.
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1. Introduction

The complement system comprises a family of
plasma and cell-surface glycoproteins that operate
as a cascade and play a major role in immune
defence mechanisms. The classical pathway of
complement activation is initiated by the first com-
ponent, Cl, which reacts largely with immune
complexes of IgM or IgG immunoglobulins bound to
foreign  material (Cooper, 1985: Reid, 1986;
Schumaker ef al.. 1987). The unrestrained activation
of (1 would cause excessive consumption of €2 and
(4, thus C1 is regulated by CT inhibitor (Harpel,
1976: Sim & Reboul, 1981; Cooper 1985: Davis,
1088). This protease inhibitor, present at about
020 mg/ml in plasma, forms stable 1:1 complexes
with the CTr and CTs subcomponents of CT to
prevent further complement activation. Complex
formation 1s characterized by the irreversible
cleavage of the peptide bond at Argd444-Thrd45 in
the reactive centre of (T inhibitor (Salvesen ef al..
1985). Conformational changes after cleavage lead
to a much more stable protein structure (Bruch ef
al., 1988; Pemberton ef al., 1989). While CT inhibitor
is the only known inhibitor of CTrand (s, it is also
a critical regulatory component of the coagulation,
fibrinolytic and kinin-releasing systems, and its
absence or inactivation by “non-productive”
cleavage of the Arg444-Thrd45 peptide bond is
important in certain disease states (Davis, 1988).

Compositional studies of CT inhibitor are required
to understand the mechanism of control of (1
activation in serum. CT inhibitor is a member of the
serpin superfamily (serine protease inhibitor) of
serum inhibitors (Davis ef al.. 1986; Bock el al.,
1986). Its M, has been estimated as 98,000 to
116.000 by gel electrophoresis and ultracentri-
fugation analyses (Pensky ef al., 1961: Haupt et al..
1970; Reboul et al., 1977: Nilsson & Wiman, 1982;
Harrison, 1983). However. the sequence shows that
the mature protein M, is only 52,300 and it has been
snggested that this implies a carbohydrate content
as high as 499, (Bock el al., 1986). This is not
supported by previous carbohydrate analyses,
which found a total of 339, to 3569, by mass (Haupt
et al., 1970; Harrison, 1983). The structure of the
N-linked and O-linked oligosaccharides have been
determined, but not their total amounts (Strecker et
al., 1985). Accordingly, further carbohydrate analy-
ses were performed in order to define the composi-
tion of CT inhibitor.

Structural data are required also to understand
the function of CT inhibitor. Sedimentation data for
(T inhibitor give &3, , values mostly at 378
(Schultze et al., 1962; Haupt ef al., 1970; Reboul et
al., 1977; Chesne ¢ al., 1982) from which highly
elongated structures have been deduced (Odermatt
et al.. 1981: Perkins, 1985). Electron microscopy
suggested that ('T inhibitor has an elongated two-
domain “head-and-tail” structure (Odermatt et al.,
1981). and microcalorimetry experiments supported
this two-domain structure (Lennick ef al., 1985).
The erystal structure of the homologous serpin
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oy-antitrypsin can be used to model the C-terminal
365 amino acid residues (Lobermann ef al.. 1984;
Bock et al.. 1986; Harrison, 1989), which probably
corresponds to the “head” of CT inhibitor. The
“tail”  is  therefore the heavily glycosylated
N-terminal 113 amino acid residues, with a
presumed length of anywhere between 26 nm and
53 nm. The structure of the N-terminal domain is
poorly understood: indeed, the functional conse-
quences of this domain are wholly unknown (Davis.
1988).

Neutron scattering is an effective multiparameter
tool for structural studies of glycoproteins (Perkins
et al., 1985; Smith et al., 1990). Contrast variation in
H,0-?H,0 mixtures will identify the overall struc-
ture under conditions close to physiological. in
which the internal arrangement of protein and
carbohydrate can be allowed for (Perkins, 1988a, b).
The conformational transition between the native
and reactive centre cleaved proteins can be moni-
tored. The two-domain model for CT inhibitor can
be compared quantitatively with the crystal struc-
ture of o -antitrypsin (Lobermann ef al.. 1984:
Smith et al., 1990), where molecular models for C1
mmhibitor can be developed. Possible roles for the
heavily glycosylated N-terminal domain for the
function of CT inhibitor are discussed.

2. Materials and Methods

(a) Preparations of the native and reactive centre cleaved
Sforms of C'1 inhibitor

CT inhibitor was prepared from human plasma
according to the method of Harrison & Lachmann (1986)
and either used fresh or stored frozen at —70°C" until
required. I frozen, samples were prepared for scattering
studies by gel filtration on Sepharose 6B in 12 mym-sodinm
phosphate, 200 my-NaCl, 1 mm-EDTA. pH 7-0. The peak
fraction(s) at about 10 mg/ml were then dialysed against
the same buffer, filtered through a 0-2 gm filter (Gelman)
into sterile glass or plastic vials, and held at 4°C' until
required for analysis. Two forms of CT inhibitor were used
in analysis. The native form showed a single band on
SDS/polyacrylamide gel electrophoresis (Laemmli, 1970),
and was fully active against Cls and plasmin. The split
form of C'T inhibitor was generated subsequent to isolation
by the action of an unidentified protease(s), Gel electro-
phoresis  (Laemmli, 1970;) and high-pressure liguid
chromatography analyses of this showed it to have been
split at 2 sites, one at or close to the reactive centre
exposed loop, and the other close to the amino terminus of
the protein, generating fragments indistinguishable from
those generated by Pseudomonas aeruginosa  elastase
(Pemberton et al., 1989). The sites of cleavage were
confirmed by amino-terminal sequence analysis (per-
formed by Dr L. Packman at the Protein Sequencing
Facility., Department of Biochemistry., University of
Cambridge) of the cleaved material both before and after
dialysis against scattering buffers. This indicated that
cleavage had occurred between Serd41 and Val442 in the
reactive centre and, in approximately equimolar amounts,
either between Met31 and Leu32 or between Leu32 and
Phe3d in the amino-terminal region. While the C-terminal
peptide, containing the reactive centre residues, was fully
retained in the dialysed cleaved molecule, partial (up to
309,) loss of the amino-terminal 31/32 residues may have



Solution Structure of C'I Inhibitor 753

occurred, although the nature of the residues at the
amino terminus of the protein (N-P-N(CHO)-A-T-8-58-8-8)
make this difficult to quantify precisely. Samples were
reanalysed by gel electrophoresis subsequent to solution
scattering studies, and no differences before or after the
scattering experiments were detected. In addition, native
CT inhibitor after the scattering experiments had an unal-
tered specific activity against active-site titrated plasmin.

(b) Carbohydrate analysis of €'7 inhibitor

The methods for the release of N-linked oligo-
saccharides by hydrazinolysis and their subsequent analy-
sis have been described (Ashford ef al.. 1987). Enzyme
digestion  of  oligosaccharides  with  neuraminidase
(Arthrobacter wreafaciens) and f-N-acetylhexosaminidase
(Jack bean) have also been described (Parekh ef al., 1987).

O-linked oligosaccharides were released and reduced by
alkaline sodium borohydride treatment using a modifica-
tion of the method deseribed by Mizuochi et al. (1980).
Typically, 2:5 mg of C1 inhibitor was treated with 250 ul
of 0:6 M-sodium  [*H |borohydride (360 mCi/mmol. New
England Nuclear) in 0:05 m-sodium hydroxide for 20 h at
50°C" with shaking. The mixture was cooled to 4°(" and
12 pl of acetic anhydride was added. After 10 min, an
additional 12 ul of acetic anhydride was added and the
reaction allowed to proceed at room temperature for a
further 10 min. This addition and incubation was
repeated twice more. The reaction mixture was adjusted
to approximately pH 6 by dropwise addition of 1 m-acetic
acid. and then applied to a 1 ml column of Dowex
AGHOx 12 (H' form. Bio-Rad). The column was eluted
with 5 column volumes of distilled water, The eluate was
filtered through a 0-5 gm Teflon filter and evaporated to
dryness. Borate was removed by repeated evaporation
(hx) with methanol (300 ul). The sample was then
subjected to descending paper chromatography for 48 h
with butan-l1-ol/ethanol/water (4:1:1, by vol).

For quantification of the number of O-linked chains on
(T inhibitor, lactose was added prior to the alkaline
borohydride treatment. After isolation of the reduced,
radio-labelled oligosaccharides from paper chromato-
graphy, they were treated with neuraminidase and
subjected to high-voltage electrophoresis in pyridine)
acetic acid/water (3:1:378, by vol.) buffer, pH 54 at
80 Vem™' for 45min. The neutral oligosaccharides
remaining at the origin were eluted with water and
applied to a Bio-Gel P-4 high-resolution gel filtration
system. Radioactive fractions eluting from 1 to 5 glucose
units, by comparison with the internal isomalto-
olignsaccharide standards, were pooled together. Lactitol
was separated from reduced O-glycans by high-voltage
electrophoresis in borate buffer (Ashford et al.. 1987). The
radioactive areas were eluted from the electrophoreto-
gram and quantified by liguid scintillation counting.
A portion of the Bio-Gel P-4 pool was also subjected to
the procedure for reducing-terminal monosaccharide
determination (Ashford ef al., 1987). The radioactive areas
of the resulting electrophoretogram corresponding to
glucitol and N-acetylgalactosaminitol were quantified hy
integration of the radioactive peaks detected by the linear
analyser. Corrections in the quantification were made for
trace contaminants in the lactitol and for background.

(¢) Neutron data collection and analyses

Neutron data were collected on Instrument D17 at the
Institut-Laue-Langevin.  Grenoble.  Guinier radius  of
gyvration K data were based on a sample to detector
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distance of 346 m and neutron wavelengths of 1-385 to
1385 nm or 1'600 nm, corresponding to a ¢ range
() =4m sin 0/4, where 20 is the scattering angle) of 0-033
to 0-486 nm~'. Data at larger @ were obtained with a
sample to detector distance of 140 m, wavelengths of
1:001 to 1-004 nm, and main beam to detector angles of (°
and 19-897 to give @ ranges of 0-13 to 1'60 nm~" and 08 to
36 nm~ ' Instrument D11 with a sample to detector
distance of 10-5 m and wavelength of 100 nm was used to
obtain a lower ¢ range of 0-:0019 to 0-220 nm~"'. Samples
were dialysed at 6°C with stirring into 12 my-sodium
phosphate, 200 mm-NaCl, 1 mm-EDTA (pH 70 in 09,
809, or 1009, *H,0 solutions with 4 changes over 36 to
48 h). All neutron data were recorded at 20°C. Concen-
trations were measured using an absorption coefficient
Al sgo of 36 (Harrison, 1983; Salvesen ef al., 1985).
Data reduction was based on standard Grenoble software
(Ghosh, 1981), and the final analyses in London were
based on SCTPL (Perkins & Sim, 1986). Statistical analy-
ses were performed using MINITAB (version 6.1) on a
microcomputer (Ryan ef al., 1985).

At small @, the Guinier equation gives the radius of
gyration Rg and the forward scattering at zero scattering
angle [(0) (Guinier & Fournet, 1955):

In 1{@)) =In I{U}—Ré{‘){;g_

In a given solute-solvent contrast, R; measures the
degree of elongation of a glycoprotein. If this structure is
sufficiently elongated, the Kg of the cross-sectional strue-
ture Ryg and the cross-sectional intensity at zero angle
[1(Q) % Q]g.p are obtained from:

In (7(Q) % @] = In [1(Q) X Qlg .o — Rxs@*/2-

The matchpoint is obtained from a graph of /1(0)/eT,1
against 9, H,0 (7, is sample transmission. [ is sample
thickness, ¢ is concentration), and from the cross-sectional
analyses using /[ 1(Q) ¥ Q]g ,o/cT,t. Experimental match-
points can be compared with the amino acid sequence on
the basis of the unhydrated shape of o,-AT, the use of
crystallographic volumes (unhydrated), and the 109,
non-exchange of the main-chain amide protons (Perkins,
1986). The contrast variation analysis of the arrangement
of carbohydrate and protein is based on the Stuhrmann
equation (Ibel & Stuhrmann, 1975):

RE = RictogxAp ' —PsxAp~?
Ris = Risctoxs x Ap ™' —fixs x Ap ™2,

where R and Ryg. are the radii of gyration of the
macromolecule and its cross-section at infinite contrast,
o and oyg measure the I‘,‘Dl"l‘f‘RpOn{Iirl}% radial inhomo-
geneity of scattering densities, and Ap ™" is the reciprocal
solvent-solute contrast difference. The terms in fig and
fixs measure the displacement of the centre of scattering
density as the contrast is varied. From the term in f. the
distance A between the centres of 2 components of
distinet scattering densities p, and p, and volumes 1", and
V,, respectively, can be calculated; however, 3 parameter-
weighted least-squares fitting of the data in Fig. 3(b)
showed that this was not measurable,

The neutron-scattering curve /() in reciprocal space
can be transformed into real space P(r) by use of the
indirect transformation procedure (ITP) method (Glatter,
1982). This required the full scattering curve to 36 nm ',
It offers an alternative calculation of the Rg and the
length L for T inhibitor, The 75 experimental /(@) data
points (in 3 subdomains to correspond to the 3 DI7
configurations) were best fitted using 10 to 15 cubic
splines, which were transformed into 101 points of the
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P(r) function based on a4 maximum length of 20 nm,
Desmearing of the neatron curve was performed on the
basis of a DI7 wavelength spread of 109, full-width to
half-maximum. The slit width and length corrections were
set to he equal and based on a beam divergence of
00112 rad wt Instrument D17,

(d) Modelling of the structure of C'T inkibitor

Modelling of the neutron-scattering curves was based
on the dry volume of the glycoprotein (Chothia, 1975;
Perkins. 1986), and wsed Debye simulations based on
spheres of 2 distinet  scattering  densities to  follow
deseribed procedures (Perkins & Weiss, 1983; Perkins.
1985: Smith ¢f al.. 1990). Modelling of the sedimentation
coeflicient #9, , was based on the hydrated volume. which
carresponds to the sum of the volumes of the dry glyveo-
protein and the hydration shell (assuming a hydration of
03 g H,0/g glycoprotein and an electrostricted water
molecule volume of 0.0245 nm?*), and rthis leads to a
partial specitic volume @ of 0721 ml/g for €T inhibitor
(Perking, 1986). When hydrodynamic spheres are used,
this hydration is increased to 0039 g in order to compen-
sate for the void spaces between the non-overlapping
-.phl*rf*s (Perkins, 19806). Caleulations were performed
using the program GENDIA (Garcia de la Torre &
Bloomfield, 1977a. b).

3. Results and Discussion
(a) Carbohydrate analyses of CT inhibitor

Carbohydrate analyses were carried out to
confirm the structure(s) of the N-linked oligo
saccharides and to guantify the number of O-linked
oligosaccharides bound to (T inhibitor. While the
protein sequence (Bock ef al., 1986) indicates six
oceupied N-linked glycosylation sites, the situation
for the O-linked chains is less clear.

High-voltage electrophoresis of the N-linked
oligosaccharides  of (1 inhibitor, released by
hydrazinolysis and reduced with NaB*H,, indicated
that 96-69, of the oligosaccharides carried at least
one negative charge (Fig. 1(a)). The distribution of
charged species was consistent with a mixture of
mono-  and  di-sialylated  biantennary  oligo-
saccharides (A-1 and A-2) and mono-, di- and tri-
sialylated triantennary oligosaccharides (A'-1, A'-2
and A-3). The relative proportions of these com-
ponents were: A-1, 1499, A-2, 5819%:; A-1, 2'19%,:
A-2, 51%: A-3, 1649,. Electrophoresis of the
charged N-linked oligosaccharides after treatment
with neuraminidase showed that all the charged
components were converted to nentral species and
remained at the origin. Therefore the only charged
moiety was sialic acid. Bio-Gel P-4 gel filtration
chromatography of the neuraminidase-treated
oligosaccharides gave the elution profile shown in
Figure 1(b). The major peak eluted at 13-5 glucose
units and minor components eluted at 14-5. 165,
17-3 and 185 glucose units. These peaks were pooled
as shown in Figure 1(b). The relative proportions of
each pool were as follows: 1, 209, 11, 6:5%,: I1I,
939 IV, 20:69,;: V., 61:69,. The characteristic
elution profile positions on Bio-Gel P-4 (Yamashita
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et al., 1982) indicated that peak a was a tetra-
antennary oligosaccharide, peaks b and ¢ were tri-
antennary oligosacchandes (peak 5 core fuco-
svlated), and peaks 4 and ¢ were bi-antennary
oligosaccharides (peak d core fucosylated). These
oligosaccharide assignments were confirmed using
sequential exoglycosidase sequencing (data not
shown).

High-voltage electrophoresis of a portion of the
radioactive oligosaccharides obtained by treatment
of CT inhibitor with alkaline sodium [*H]horo-
hydride in the presence of lactose, showed nega-
tively charged material with a similar mobility to
smhllattnsc and authentic NeuNAe2 .i{ii}(.alﬁl
3GalNAc in addition to lactitol. When the charged
material was treated with nenraminidase and resub-
jeeted to electrophoresis, the radioactivity remained
at the origin and was therefore neutral, confirming
that only sialylated charged species were present
(data not shown). The hulk of the radioactive oligo-
saccharides were then treated with nenraminidase,
subjected  to  electrophoresis and  the resulting
nentral oligosaccharides were subjected to Bio-Gel
P-4 gel filtration. The chromatogram showed a
series of peaks eluting at 35 and 25 glucose units
and a minor peak eluting at 44 glucose units (data
not shown). The peak at 25 glucose units corres-
ponds to lactitol and that at 35 to Galfl-
3GalNAc,,. Insignificant amounts of N-linked oligo-
:sat.'(.'haridt's were present. Acid hydrolysis of the
pooled fractions from one to five glucose units
confirmed that the only reducing-terminal mono-
saccharides present were N-acetylgalactosaminitol
and glueitol. These data taken together are con-
sistent with the finding of Strecker ef al. (1985) that
the O-linked oligosaccharides of Cl inhibitor are
predominantly NeuNAe2-3(6)Galf1-3GalNAc.

Inclusion of lactose in the alkaline borohydride
treatment allowed measurement of the ratio of this
standard to the released O-linked sugars (see Table
1). Two methods of quantification both gave a value
of approximately seven O-linked oligosaccharides
per molecule of CT inhibitor.

The addition of six N-linked and seven O-linked
oligosaccharides with the structures determined
above to the peptide M, of 52,800 leads to an M, of
71,000 (Table 2), of which 269, is carbohydrate,
This content is less than, but is comparable with,
the determinations of 339, to 35%, by Haupt et al.
(1970) and Harrison (1983). The presence of seven
O-linked oligosaccharides is consistent with the
seven glyeosylation sites reported at Serd42, Thr26,
Thr49, Thr6l, Thr66, Thr70 and Thr74 during
sequencing {Bm k et al., 1986). It is also clear that
the total M, is 329, less than the generally accepted
value of 104,000, Most M, determinations have been
based on SDS/polyvacrylamide gel electrophoresis.
and values ranging from 98,000 to 116,000 have
been reported (Pensky ef al., 1961; Haupt ef al..
1970; Harpel & Cooper, 1975; Reboul et al.. 1977;
Nilsson & Wiman, 1982; Harrison, 1983). It is well
known that the presence of carbohydrate causes
glycoproteins  to  migrate abnormally in SDS/
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Figure 1. N-linked oligosaccharide analysis of CT inhibitor. (a) High-voltage paper electrophoresis of CT inhibitor
N-linked nligmm-rharidm. Tritium-labelled oligosaccharides were subjected to high-voltage paper electrophoresis
(80 V em™') in pyridine/acetic acid/water (3 : 1:387. by vol.) buffer (pH 54). The arrows indicate the positions of lactitol
(L). sialyl-lactitol (SL) and bromophenol blue (BPB) markers. Peaks A-1 and A-2 represent mono- and di-sialylated bi-
anu-nnar_v oligosaccharides. Peaks A’-1, A2 and A-3 represent the mono-, di- and tri-silylated ullgusat charides.
respectively. 0, origin. (b) Gel filtration of CT inhibitor desialylated N-linked t}llg{muh&l‘id&‘s Negatively charged
tritium-labelled oligosaccharides from high-voltage electrophoresis were exhaustively digested with neuraminidase then
separated by high-resolution gel filtration on Bio-Gel P-4. The arrows indicate the elution position of isomalto-
oligosaccharides containing the corresponding number of glucose units, The numbers over each peak indicate the elution
position of that peak in glucose units. The time axis is marked at 100 min intervals and the bars indicate the areas that
were pooled. Pools 1. TT1 and V correspond to the elution positions of tetra-antennary, tri-antennary and bi-antennary
oligosaccharides respectively. Pools 1T and IV correspond to the elution positions of fucosylated tri-antennary and bi-
antennary oligosaccharides respectively.

polyacrylamide gel electrophoresis and therefore  polyacrylamide gel electrophoresis of deglyco-
give apparently higher M, values (Gordon, 1975). sylated CT inhibitor (Harrison, 1983) or the product
This could account for the discrepancy with the of cell-free-translation of CT inhibitor mRNA (Tosi
SDS/polyacrylamide gel results. However, SDS/ et al., 1986; Reboul el al., 1987) gives apparent M,
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Table 1
Quantification of the number of O-linked
oligosaccharides released from C'1 inhibitor by
alkaline sodium borohydride

Radioactivityt Radioactivity,

(¢ts/min) mole (ets/min)  Molar ratio

Oligosacchandes 852 x 10* 274x 10§ 603 (72.000)

280 % 10°7 636 (76.000)
305 % 10M 670 (80.000)
455 x 10" 1-00

Lactitol 285 % 10*

Arva/mole
(uV * min)

Area

(uV % min)} Molar ratio

Noacetylgaleatos- 802 % 10 231 x 10'%  6:35 (72,000)

aminitol 244 = 10" 674 (76.000)
2:57 % 10'° 10 (BO000)
Glueitol 113 10 1-81 = 107 10Ky

t Alter separation of the oligosaccharides by borate electro-
phoresis, the radionctive areas were eluted and the radioactivity
measured by liquid seintillation counting.

{ After acid hydrolysis and separation of the reducing
terminal monosaccharides by borate electrophoresis, the radio-
active peak areas were obtained by integration.

§ The number of mol of Olinked glyean/mol of CT inhibitor
are calculated for different molecular weights of CT inhibitor and
are given in parentheses,

values of 78,000, 64,000 and 65,000 in that order.
These are higher than the protein mass of 52,800
caleulated from the sequence, and may reflect
restricted SDS binding and unfolding of the unusual

repeating tetrapeptide sequence Glx-Pro-Thr-Thr in
the N-terminal domain of the protein.

(b) Neutron Rg Guinier analyses of CT inhibitor

Neutron scattering was applied to both native
and split C1 inhibitor. The split form is nactive.
and differs from the native form by two main-chain
breaks, either between Met31l and Leu32 or Leu32
and Phe33, and Serd41 and Val442: the last pair is
in the reactive site loop, close to the physiological
cleavage site at Arg444-Thrdd5 (Pemberton et al..
1989). While the C-terminal peptide (M. 4400)
remains associated with the major CT inhibitor frag-
ment, a partial loss of up to 309, of those at the N
terminus (M, 3200) has probably oceurred (see
Materials and Methods). =

The neutron Guinier analyses on (1 inhibitor
were based on three independent preparations of
each of the native and split forms studied between
concentrations of 2 and 14 mg/ml. All experiments
showed biphasic Guinier Hg plots (Fig. 2(a)). The
Rg could be analysed in the lowest linear ¢* range
in Figure 2(a) between ¢ values 0008 and 022 nm "'
on Instrument DI7, and the data were confirmed
using Instrument D11 at lower @ (see Materials and
Methods). The Rg and /(0)/e values increase by
approximately 159, and 309, in that order, on
dilution from 14 mg/ml in all contrasts, and this is
similar to that observed for another serpin, x;-anti-
trypsin (Fig. 2 of Smith et al., 1990). A concen-
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Figure 2. Neutron Guinier analyses for native CT inhibitor. (a) A dilution series in 1009, ?H,0 buffers is depicted. At
low ). the coneentration dependence of the Guinier Rq curves is shown. From top to bottom, the sumplt- concentrations
are 70 mg/ml. 5% mg/ml, 41 mg/ml and 2:2 mg/ml, with Rg values of 3 nm, 44 nm, 4 5 nm and 4-7 nm (errors between
+ 01 and 404 nm: Ghosh, IDHII The condition @Rg =1 is arrowed in vach curve. (b) Cross-sectional Ry analyses are

shown in 0%, 809, and 1009, *H,0 buffers. The sample concentrations are 8

5 mg/ml, 1227 mg/ml and 14:0 mg;‘rnl in

that order. Ryg errors are (01 nm and the condition @Ry =1 arrowed.
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Figure 3. Contrast variation analyses for native and
split (T inhibitor, (a) The matchpoint determination of
C1 inhibitor, using the (0)/etT, data extrapolated to zero
concentration, gives 4239, 5}[211 The ecorresponding
matchpoint determination using the mean [/(Q) x @], o
values measured in 09,, 709,, 809, and 1009, buffers
(not shown) gives 4).-2 1, H,0. (b) The Stuhrmann plot
of B against Ap "' gives an Kg o of 4-85(+001) nm and a
slope ag of 59(£3)x 1075 on the basis of a weighted
2.parameter least-squares fit. The R data had been
extrapolated to zero concentration. Analysis of the mean
Ri values in 4 contrasts gives an Ayge of 1-43(+0:02) nm
and an otyg of 20(+2) % 1073, Error bars in (a) and (b) are
shown only when large enough to be seen,

tration dependence was also reported for CI
inhibitor by sedimentation (Haupt et al., 1970).
Since the serpin domain of CT inhibitor has a net
charge of +6, while the N-terminal domain has a
net charge of —20, it is likely that the molecule
contains a dipole and that the concentration depen-
dence is the result of interparticle interference
phenomena (Guinier & Fournet, 1955).

1(0)/e provides compositional information on M,
and is a control of the measurements. For the native
and split forms, their values were the same within
error in all contrasts. For the split form, it is
inferred that both the (terminal cleaved peptide
and the bulk of the N-terminal peptides (up to 99,
of the total M,) remain associated with the parent
structure, in agreement with sequence analyses (see
Mitterials and Methods)., Sinee the C-terminal
peptide contains a Trp residue, significantly altered
calculations of ¢ from optical densities would have
resulted had this peptide been lost during dialysis.
Absolute M, calculations based on [(0)/e data in
H,0 extrapolated to zero ¢ gave an M, of 76,000
(+4000) (Jacrot & Zaccai, 1981). This is consistent
with an M, of 71,100 from the sequence. The M,
calculation is based on an absorption coefticient
A, 2g0 of 36 (Harrison. 1983; Salvesen ¢ al.,
1985). which is supported by a caleulated A,g, of
386 from the composition (Wetlaufer, 1962:
Perkins, 1986). An alternative d,g; value of 45
(Haupt et al., 1970; Bruch et al., 1988) would have
given an M, of 95,000 (£5000). Figure 3(a) shows
the linear dependence of \/I1{0)/e on the contrast,
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The matchpoint is 42:3+059, ?H,0. which is
compatible with the value of 4109, *H,0 calcu-
lated from the composition (Perkins, 1986).

R provides overall structural data. For the two
forms of CT inhibitor, the Rg values were similar
(and also for the Ryg data, see below), This shows
that the structural rearrangement between the two
forms is relatively localized, as already discussed for
o -antitrypsin (Smith et al., 1990), even though
erystallographic studies show that a significant
conformational change must have oceurred on
cleavage of the reactive centre (Lobermann et al..
1984). Evidence that this change oceurs too in C1
inhibitor was demonstrated by circular dichroism
(Bruch et al., 1988) and heat f-:tahalltv (Pemberton et
al., 1989).

The Stuhrmann dependence of R on the contrast
(Fig. 3(b)) provides information on the external and
internal structure of C1 inhibitor. At infinite
contrast the Rg.c of 485(+001) nm currespunds to
an elongation ratio Rg /Ry of 227, where H is the
R of the sphere with the same dry volume as C1
inhibitor. The value of this ratio is 1-35 for the
homologous serpin oy -antitrypsin  (Smith et al.,
1990). T inhibitor is therefore much more elon-
gated than x,-antitrypsin. The difference is attri-
buted to the large N-terminal domain of (T
inhibitor, the analogue of which is not found in the
sequence of o -antitrypsin. The positive slope ag of
the Stuhrmann plot shows that the internal struc-
ture of CT inhibitor is dominated by a highﬂ' seat-
tering density on its surface than in its inner core.
Caleulations show that this corresponds to hydro-
philic surface regions of protein and Lurlmh_\,drate
and a hydrophobic core of protein (Perkins ef al.,
1981; Perkins, 1986). Even though o is less
accurately determined than Rge. the ug of
59(+3)%x 10 % is comparable with those measured
for a, acid glycoprotein (Perkins et al., 1985) and
2 -antitrypsin (Smith et al., 1990) after remaling
these data on the basis that a is proportional to RE.

(¢) Neutron analyses of C'T inkibitor at large Q

Since (1 inhibitor is elongated, ecross-sectional
Ry analyses could be performed (Pilz, 1982). Linear
plots of In (1(Q) X Q) versus Q* were found in the @
range (067 to 1:30nm ' (Fig. 2(b)). No concen-
tration dependence of the Ryg or [1(Q) x @]p ..o para-
meters was observed, nor was any difference seen
hetween the native and split forms of CI inhibitor
(data not shown). Contrast variation gave a match-
point. of 42:2(4+05)Y, 2H,0. which is consistent
with the predicted value of 41:09, *H,0 (Table 2).
The Stuhrmann plot of Ryg versus Ap- y gave a ng
of 1-43(£002)nm and an ayxg of 29(+2)x10°
(Fig. 3(b)). The predicted value of ayg is in the range
3x10°% 1o 13x10 *, which is considerably less
than the observed sy of 20 x 10 °. (Note that the
contrast dependence of Ryg is clearly visible in
Fig. 2(b).) The cross-sectional structure ‘of (T inhibi-
tor is thus strongly dominated by the carbohydrate
component,
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Table 2
Properties of the native and split forms of human

"1 inhibitor

A. Compositiemal

M, (protein) H2.800 (478 residues)
(earbohydrate) 18,300 (269, weight) (90 residues)
(rotal) 71,100 (568 residues)

M, (neutron scattering) TN 4 4000

[)r_\ volume (nm?) 882

Ih/ M, in Hy0 (fm) 02102

Matchpoint (%,2H,0)

{predicted) 414} (protein 39-5; CHO 47 1)
(experimental) 42-3 429
Al 2m0
(ealeulated) SR6
{experimental) 36

B, Structiwral

Rec (nm) 4854001

Ry (mm) 143 4 003

gg (% 1077 5043

g X 10-%) 2042

B (107 nm-?) 260 4 30

L {nm) 158+ 05 (Hg and F{0) data)
16-19 (I'TP analysis)

Recl Ry 2:27

R*H.'Hg. 1:52

. Models

Re.c (nm) 487

2g (% 10°%) M

The dry volume is caleulated from the crystallographie residue
volumes of Chothia (1975) and Perkins (19586). The matchpoint is
caleulated sssuming 109, of non-exchange of the peptide NH
protons (Perkins, 1986). The N-linked carbohydrate composition
is ealeulated as NeuNAe, ,Gal, (GalNAe, Man, Fue,, and that of
the O-linked oligosaccharides as NeuNAe,Gal;GalNAe,.

The scattering data lead to estimates of the
length L of the particle. From the Guinier analyses
(Perkins et al., 1990), the intensities ratio m x /(0)/
[1(Q) x Qg0 in each of 09, 802, and 1009, *H,0
leads to L values of 157 nm, 16:1 nm and 150 nm,
in that order. From the R and Ryg values, L values
of 16:5 nm, 154 nm and 158 nm were obtained from
I} =12 (R%—R%s). The mean value of L is
15 8(+0-5) nm (Table 2). The indirect transforma-
tion of the seattering curve J()) into the distance
distribution function P(r) in real space also gives L,
since ’(r) becomes zero at the maximum distance
within the macromolecule (Glatter, 1982), This has
the advantage that the full curve to @ =31 nm ' is
used, even though intensity errors are greater at
large  when /(@) is small. Data for both the native
and the split forms in 1009, H,0 were analysed.
The most satisfactory P(r) calculations showed a
strong peak at r of 24 nm (Fig. 4), and L was
determined as 16 to 19 nm, which is compatible
with the Guinier estimate of L as 15-8(£0-5) nm.

The scattering curves between the Rg and Ry
regions (@ of 0:22 to (r67 nm ') have not vet been
considered. Even though Figure 2(a) suggests that
linear Guinier plots could be obtained in this range,
this part of the seattering curve consists of three
contributions, one from the serpin domain, one from
the N-terminal domain, and one from the scattering
interference term of both domains. Kven though
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putative Guinier analyses suggest that the mean
H{0)/e value in H ;0 corresponds to an M, of 46,000
( +6000) (which is close to the M, of 47.700 for the
serpin domain of C1 inhibitor) and the Rgc of
278( £ 0:03) nm 1s close to the B ¢ of 2261 +£002 nm
for 2 -antitrypsin (Smith ef al., 1990). the decon-
volution of the different contributions is not
straightforward and requires information about the
spatial arrangement of the two domains, which is
not available a priori.

(d) Debye sphere modelling of €1 inhibitor

Molecular models were constructed to interpret
the scattering curve analyses. The erystal structure
of split o -antitrypsin was represented by Debye
spheres (Lobermann ef al., 1984; Smith ef al., 1990),
The secondary structure of oy-antitrypsin can be
fully matched with the CT inhibitor sequence if
AsnB3 to 1e92 in o -antitrypsin - are deleted
(Harrison, 1989). This corresponds to pact of helix
D and a surface loop between helices (* and D, and
includes the oligosaccharide site at Asn83. After
removing these residues, the erystal structure was
converted into 237 spheres of diameter (754 nm
based on cubes of side (-608 nm.

Glyl to Aspl9 in the a;-antitrypsin crystal strue-
ture are replaced by the N-terminal domain (Asnl
to Ser113) in C1 inhibitor, The N-terminal domain
was modelled as an extended protein structure of 69
spheres, initially with a total length of 23 spheres
and 140 nm, for four reasons.

(1) Scattering shows that the overall length of
ay-antitrypsin of 70 to 78 nm (Smith et al., 1990) is
increased to 16 to 19 nm in CT inhibitor.

(2) A Robson secondary structure prediction
(Garnier et al., 1978) of the N-terminal 113 residues
indicates relatively low amounts of a-helix (179,)
and f-sheet (169,), and high amounts of f-turn
(269%,) and coil (41Y9;).

(3) Of the 113 residues, 619, are hydrophilic and
there are ten glycosylation sites, which is compat-
ible with a high exposure to solvent.

(4) Of the 113 residues, 15 are proline, mostly
between Pro62 to Prol04, which is high compared
to an average of 529, in proteins (Dayhoff, 1978).

The six N-linked oligosaccharides were modelled
as extended bi-antennary structures (Strecker ef al.,
1985) of 11 spheres each, even though Figure |
shows that one-sixth of the structures are tri-
antennary oligosaccharides, and that possibly one
site is occupied uniquely with this tri-antennary
class. The seven O-linked oligosaccharides were
represented by three spheres each. In  the
N-terminal domain the oligosaccharides were arbi-
trarily positioned along the protein core according
to their occurrence in the primary sequence (Fig. 5).

Information on the relative orientation of the
serpin and N-terminal domains in C1 inhibitor was
provided by the position of Cys406 and (ys183 of
CT inhibitor in the crystal structure of a-anti-
trypsin. These form disulphide bridges with Cysl01
and Cys108 in the N-terminal domain. Cys406 and

“
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Figure 4. Indirect transformation (Glatter, 1982) of the scattering curves 7(Q) for CT inhibitor, The experimental P(r)
curve corresponds to data on native CT inhibitor at 14 mg/ml in 1009, *H,0, based on 69 () points extending to
Q=31 nm ' fitted using 10 B-splines, and transformed using an assumed maximum length of 202 nm. The error
marging of the transformation are shown for the experimental curve. The 25 x 3 model curve is based on the model shown
in Fig. 5, as calculated for the 1009, *H,0 contrast, based on 99 1()) points extending to ¢ = 1'6 nm ~*, fitted using 10
B-splines, and transformed using a maximum length of 2525 nm. The r values corresponding to the positions of the main
peak in P(r) and where P(r) becomes zero are arrowed. The 34 x 2 and 17 x4 models are inset.

CysI83 are located on the —z face of the erystal
structure, on helix D and on the loop connecting
helix 1 and strand A5, and constrain the N terminus
domain to lie along the +x direction of the erystal
structure starting from His20 (the +r model). The
long axes of the two domains lie in similar
directions.

The contrast dependence of the scattering was
incorporated by subdividing the model into 243
surface hydrophilic spheres and 152 core hydro-
phobie spheres, which were assigned matchpoints of
609, and 309, *H,0, respectively (Smith ef al.,
1990). Figure 5 shows that good agreements with
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the experimental curves in three contrasts were
obtained. The residual R (defined by Smith ef al.
(1990), by analogy with crystallography) is low at
0-020 (09, *H,0), 0-011 (809,) and 0:012 (1009,).
The Rg in the three contrasts are 503 nm, 4-61 nm
and 471 nm, in good agreement with the experi-
mental values of 505nm, 460nm and 471 nm
(Fig. 3(b)). The modelled Ry and ag of 487 nm
and 54 x 10 * agree well with the experimental
values of 485 nm and 59 x 105, Transformation of
Q) into P(r) gave a maximum dimension of
17:8 nm for the 1009, *H,0 model, together with a
major peak at 25 nm, in good agreement with the
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Figure 5. Curve fitting for the Debye sphere models of CT inhibitor, The 385-sphere + ¢ model (shown on the right)
leads to simulations that account for the scattering curves of native CT inhibitor in 09,. 809, and 1009, 2H=“ (see the
text). Statistical errors in the neutron data are indicated by full (807, 100%, 2H,0) or half (09, *H,0) error bars, The
N-terminal domain is 23 spheres in length and 3 spheres in cross-section. Since 6 spheres in the N-téerminal domain
overlapped with the serpin domain in this orientation, and had to be deleted, the N-terminal domain was increased in
length from 23 to 25 spheres to conserve the total volume. The sphere model is shown in the same orientation as that of
the ervstal structure and the Debye scattering model for 2 -antitrypsin in Smith ef al. (1990),

experimental P(r) curve (Fig. 4). A two-domain
structure for CT inhibitor therefore accounts for its
seattering properties,

Other models for CT inhibitor were tested. Firstly.
four alternative 4+ models for the protein core were
constructed, based on sphere lengths and cross-
sections of 68x 1, 34x2, 17x4 and 8x0, and
lengths 41 nm. 21 nm, 10 nm and 5 nm. Their B,
values were 1241 nm, 62 nm, 37 nm and 229 nm, in
that order, and are clearly different from the experi-
mental Ko value of 485 nm. The P(r) calculated
for the 34 x 2 and 17 x4 models resulted in maxi-
mum lengths of 22:8 nm and 13:2 nm, respectively,
which clearly differ from the error margin of the
experimental P{r) in Figure 4, and show that these
models can be excluded, The length of CT inhibitor
in solution is therefore well identitied by scattering.
Finally, in other models, the N-terminal domain
wis repositioned relative to the serpin domain in the
—x, —y and —z directions. Even when the Bg was
adjusted to be close to 485 nm, slightly worse curve
fits compared to those of Figure 5 were obtained.
While the <+ direction is favoured by the
maodelling, this is not unambiguous.

(e) Hydrodynamic simulations of ( 'T inhibitor

For C1 inhibitor, the sedimentation coefficient
530, has been reported as 367, 37, 38 and 438
(Schultze et al., 1962: Haupt et al.. 1970; Reboul et
al., 1977: Chesne of al., 1982), This leads to a moder-
ately high frictional ratio f/f, of 1-54, which shows
that CT inhibitor is elongated in solution, as already
inferred from electron microscopy (Odermatt ef al.,
1981) and the present neatron data.

Given the M, and the %, . the length L of the
structure is determined as the only unknown if this
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can be approximated by a rod-like eylinder
(eqn (77) of Garcia de la Torre & Bloomfield, 1981).
For an M, of 71,100 and an 59, , of 378. L was
found to be 26 nm. An alternative length ealeulation
using eight hydrodynamic spheres of diameter
31 nm arranged in a straight line gave 25 nm
{Garcia de la Torre & Bloomfield. 1981; Perkins,
195896). Both are substantially less than the first
estimates of 55 to 60 nm and 38 to 44 nm from
hydrodynamic data also  using the eylinder
approach (Odermatt ef al., 1981; Perkins, 1985).
This results from the decrease in M_ to 71,100 from
the previously accepted value of 98,000 to 116.000,
However, the revised length of 25 to 26 nm is still
significantly greater than the neutron length of 16
to 19 nm. This suggests that the use of hydro-
dynamic eyvlinders is not satisfactory.

The hydrodynamie structure of o, -antitrypsin has
heen suceessfully modelled (Smith ef al | 1990) using
32 spheres of diameter 169 nm for the protein and
24 spheres of diameter 095 nm for the oligo-
saccharide chains. This model was adapted to the C1
inhibitor structure by (1) relocating the extended
N-linked oligosaccharides found at Asn46 and
Asn83 in ap-antitrypsin to Glul32 and Glyv147 to
correspond to the positions of Asn216 and Asn231 in
CT inhibitor; (2) removing one sphere to correspond
to the Asn83-1e93 loop in a,-antitrypsin that is
deleted in C1 inhibitor; (3) adding seven spheres of
diameter 169 nm to the N-terminal sphere of
xy-antitrypsin to give a | x 1 x 8 array aligned in the
+ . direction to represent the protein core of the
N-terminal domain; (4) adding three extended
N-linked and seven O-linked oligosaccharides to the
N-terminal domain  using spheres of diameter
098 nm. The 107 spheres (Fig. 6(a)) are of overall
length 15 nm, and give a caleulated xgn‘w of 358,
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Figure 6. Hydrodynamic models for CT inhibitor. The oligosaccharides are shown either (a) in an extended or (b) in a
compact conformation. Both give #5; . values that agree with experiment. Protein spheres: 1469 nm diameter;

carhohydrate spheres: (M5 nm diameter,

Another model with 50 spheres of diameter 1:69 nm
(Fig. 6(b)) and length 18 nm in which the oligo-
saccharides are merged with the protein gave an
530w Of 388, Both models agree with the experi-
mental values of 367 to 388 and the neutron
modelling. Since experimental 53, . values are
usually known to within +0-28, and the simula-
tions usually agree to within +0-2 8 (Perkins, 1989).
the oligosaccharide conformation cannot be identi-
fied. In conelusion, the hydrodvnamic properties of
(T inhibitor are well explained in terms of a two-
domain  head-and-tail structure, but not by a
evlinder.

4, Conclusions

The combination of the neatron and hydro-
dynamic solution data on ('T inhibitor with the
crystal structure of x;-antitrypsin (Lobermann e
al.. 1984) and the corresponding solution studies on
a,-antitrypsin (Smith et al., 1990) hag led to an
improved characterization of its two-domain stroe-
ture. Structural evidence for the distinet existence
of the serpin domain was obtained from the
suceessful curve fitting of Figure 5. the hyvdro-
dynamic modelling, and possibly also from Rg in
the biphasic Guinier g analyses of Figure 2. The
structure of the N-terminal domain is heavily glyco-
svlated and extended, as deduced from the overall
length of 16 to 19 nm of CT inhibitor in relation to
ay-antitrypsin, as well as the contrast variation data
(Figs 2(b) and 3(b)). Eleetron microscopy had
suggested that CT inhibitor is much longer at 33 to
36 nm (Odermatt ef al., 1981); however, it is possible
that artifacts were introduced in the course of that
study, for example, through sample denaturation or
magnification errors. Previously, lengths of 55 to
60 nm and 38 to 44 nm had been estimated from
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hyvdrodynamic data (Odermatt e al., 1981; Perkins,
1985). Here it has been shown that these large
values are the result of an erroneous M, and the
unjustified assumption that CT inhibitor has a eylin-
drical structure. Figure 7 shows that the final length
of 16 to 19 nm for C1 inhibitor is now similar to
lengths of 17 to 20 nm determined for its substrates
Clr and Cls (Villiers ef al.. 1985: Weiss of al., 1986;
Perkins & Nealis, 1989).

('l is a complex of two subcomponents Clg and
Clr,Cls,. Clg recognizes the Fe domains of aggre-
gated Igli and binds to them. ('lq has a hexameric
structure formed from six part-collagenous, part-
globular subunits with the appearance of a “bunch
of tulips” (Fig. 7). The enzymic activity of €1
resides in the tetramer ClrayCls,. Tt s thought that
Clr,C'ls; has an elongated asymmetrie X-shape
structure (Weiss ef al., 1986; Perkins & Nealis,
1989). Several models for their association to form
Cl have been proposed (Schumaker et al., 1987:
Perking, 1989a), where Clr,Cls, either is inter-
twined between the six stalks of the ('lqg structure
or is placed fully on the outside of the six Clg
stalks. For reason of the requirement of steric
accessibility of the serine proteinase and short
consensus repeat (Fig. 7. SCR) domains in Cls and
Clr to C4, the substrate of C1. the second model has
been preferred (Cooper, 1985; Perkins, 1985; Perkins
et al., 1990). The comparisons in Figure 7 show that
the interaction of the serpin domain with the serine
protease domain is most readily understood in
models where Clr,C1s; is placed outside the six Clg
stalks, such as in the W-model (Perkins. 1985,
1989a). Onee Clg is attached wvia its heads to
immune aggregates. it is likely that the size of up to
four serpin domains would be too bulky to penetrate
within the cone of C'lqg stalks, This aceess is required
by the intertwined 8 and 8-models for the C1
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C1 inhibitor

N—-terminal daomain

Cir,Cls

erine proteinase domain

Figure 7. Molecular models of several early components of complement devived from solution scattering. The (g
structure (Perkins, 1985) is hexameric and binds a tetramer of Cly and Clg, of which a monomer is shown (Perking &
Nealis. 1989). The CT mhibitor model from Fig. 5 is also shown. This C1 complex is able to activate (4 of complement. for
which a schematic model of its 2-domain structure is shown, to indicate the size of C4 (Perkins ¢f af,. 1990}, The domain
structures of these components are indicated: Clg, 6 collagenouns stalks and globular heads: Clr, Cls: the O domains T to
VI are the interaction domain (I. TT and TTT), 2 “short consensus repeat’” (SCR) domams (TV and V), and a serine
proteinase domain (V1) CT inhibitor: serpin domain and N-terminal domain; (4 can be represented by the juxtaposition
of the C4e and C4d domains, Sphere diameters: Clo, 119 nmg Cle, Cls, OO nm; CT inhibitor, 04608 nm; ("4, 0-80 nim.

complex. since these postulate that the four
protease domains in U1 reside within the Clq cone
(Colomb et al.. 1984: Schumaker et al_. 1986).

One possible function for the N-terminal domain
of CT inhibitor is that this blocks the accessibility of
the non-proteolytic domains I to Vin CTr and (s
after the serpin domain of ('1 inhibitor has bound to
the protemnase domamn VI Hydrodynamie caleula-
tions (N. JJ. Perkins. unpublished results) show that.
in the complexes of CT inhibitor with CTr and CTs,
the N-terminal domain of (1 inhibitor is close to the
two SCR domains of Clr and Cls (Fig. 7). It is
possible from the W-model for C'1 (or in the other
models proposed for C'1) that the two SCR domains
IV and V in each of Clr and ("ls and/or the inter-
action domains 1 to II1 interact with the collage-
nous stalks of Clq in the Clg complex with
ClryCls,. Onee Cloinhibitor has reacted with Clr
and CTs, it is reasonable to propose that the
N-terminal domain mediates the reduction in the
binding affinity of inhibited CTr and (s for C'lgq.
This frees Clg for reaction with the Clg receptor
(Reid, 1986). 1t is also possible that the short
consensus repeat domains in Cls interact also with
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(4. Since it would be necessary to reduce the affi-
nity of (4 for (s after reaction of the latter with (']
inhibitor. steric hindrance offered by the N-terminal

domain of Cl inhibitor would provide a requisite
mechanism.
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