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The serine proteinase chain of human complement component Cls

Cyanogen bromide cleavage and N-terminal sequences of the fragments

Philip E. CARTER, Bryan DUNBAR and John E. FOTHERGILL

(Received 26 April 1983/Accepted 5 August 1983)

Human complement component Cls was purified from fresh blood by conventional
methods of precipitation and chromatography. The single-chain zymogen form was
activated by treatment with CIr. Reduction and carboxymethylation then allowed the
light chain and heavy chain to be separated on DEAE-Sepharose CL-6B in 8 M-urea.
Liquid-phase sequencing of the light chain determined 50 residues from the N-terminus.
CNBr-cleavage fragments of the light chain were separated by high-pressure liquid
chromatography on gel-permeation and reverse-phase columns. N-Terminal sequencing
of these fragments determined the order of a further 138 residues, giving a total of 188
residues or about 75% of the light chain. Seven of these eight sequences could be readily
aligned with the amino acid sequences of other serine proteinases. The typical serine
proteinase active-site residues are clearly conserved in C{s, and the specificity-related
side chain of the substrate-binding pocket is aspartic acid, as in trypsin, consistent with
the proteolytic action of CIs on C4 at an arginine residue. Somewhat surprisingly, when
the CTs sequence is compared with that of complement subcomponent CTr, the
percentage difference (59%) is approximately the same as that found between the other
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mammalian serine proteinases (56—71%).

The complement system consists of more than a
dozen plasma proteins than can be activated by
either the classical pathway or the alternative
pathway to produce cell lysis as well as inflam-
matory and other reactions important in the body’s
defence mechanisms (for review see Fothergill &
Anderson, 1978; Reid & Porter, 1981). Activation
of the classical pathway is initiated when antigen—
antibody complexes or antibodies bound to cell-
surface antigens interact with the first component of
complement, C1. The first component consists of
three subcomponents Clq, Clr and Cls that in
plasma exist as a Ca?*-dependent complex (Lepow
et al., 1963). Binding takes place between the
globular heads of the six-headed Clq sub-
component and the C,2 domain of the immuno-
globulin. C1q contains more than 30% collagen-like
sequence arranged in a ‘bunch of tulips’ structure
(Reid & Porter, 1976). Binding of C1q to immuno-
globulin leads to the conversion from zymogen into

Abbreviations used: the nomenclature of complement
components and subcomponents is that reccommended by
the World Health Organisation (1968); activated compo-
nents are indicated by a bar, e.g. Cls. SDS, sodium
dodecyl sulphate; h.p.l.c., high-pressure liquid chromato-
graphy; iPr,P-F, di-isopropyl phosphorofluoridate.
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active enzyme of the two other subcomponents C1r
and Cls, that are thought to be located near the
collagen-fibril-like or ‘flower pot’ end of the Clq
structure. The proteinase activity of Cls then leads
to proteolytic activation of C4 and C2, giving rise to
the C3 convertase of the classical pathway.

Activation of the C1 complex is not well under-
stood. Both Clr and Cls must be present with Clq
for activation to occur, although Clr is activated
even if the Cls component is in an inactivated form
(Dodds et al, 1978). Both Clr and Cls are
single-chain zymogen molecules (M, approx. 85 000)
that are split on activation to disulphide-linked heavy
(M, approx. 58000) and light (M, approx. 27000)
chains. The active serine proteinase site that can be
inhibited by iPr,P-F (Becker, 1956) is located on the
light chain (Barkas et al, 1973; Sim & Porter,
1976).

The N-terminal sequences of the CNBr-cleavage
fragments of the light chain of human CIr have been
reported by Arlaud et al. (1982), and show that Clr
contains a classical serine proteinase of the trypsin
type with an active-site sequence similar to that of
Cls (Carter et al., 1982). We now report here the
N-terminal sequences of the light chain of human
C1s and its CNBr-cleavage fragments.
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Materials and methods

Materials

The sources of materials have been described
previously (Scott & Fothergill, 1982; Smith et al,
1982; Campbell et al., 1979a,b; Booth et al., 1979).

Purification of Cls

A combination of euglobulin precipitation and
chromatography on DEAE-cellulose, Ultrogel AcA-
34 and DEAE-Sephadex was used to purify Cls
(Barkas et al., 1973; Campbell et al, 1979b:
Ziccardi & Cooper, 1976). The purification schedule
is shown in Scheme 1. Euglobulin precipitation by
dialysis of fresh serum (3 litres ) at pH6.1, was
followed by gradient elution (2x4 litres, 40—
200mM-NaCl) from a column (5cmx40cm) of
DEAE-cellulose in 50mM-sodium phosphate buffer
(pH7.4)/1mM-EDTA/40mM-NaCl,  conductivity
9.3mS/cm. Fractions containing Cls, located by
immunodiffusion, were pooled and concentrated
before application to an Ultrogel AcA-34 column
(2.5cm x 140cm) in 10 mM-sodium phosphate buffer
(pH6.6)/1 mM-EDTA, conductivity 11mS/cm. Af-
ter location by immunodiffusion, Cls-containing
fractions were applied to a DEAE-Sephadex A-50
column (2.5cmx30cm) in 10mMm-sodium phos-
phate buffer (pH6.6)/1 mM-EDTA/100mm-NacCl,
conductivity 11mS/cm. A linear gradient (2x0.5
litres, 100—500mM-NaCl) in the same buffer was
used to elute the Cls.

Purification of C1r

Clr was purified by the method of Ziccardi &
Cooper (1976), except that Ultrogel AcA-34 was
used as above for the gel-filtration step.

Activation of Cls

Cls (4.5mg/ml) was activated by incubation with
Clr (which is autoactivated to Clr under the

Serum

Dialyse against 13.5mM-sodium phosphate buffer (pH 6.1)/8.5 mm-NaCl.
conductivity 1.8mS/cm: two changes of 15 volumes. strictly at 0°C

Euglobulin precipitate

Dissolve in 50mMm-sodium phosphate buffer (pH 7.4)/40 mm NaCl/1 mm-
EDTA. conductivity 9.3mS/cm: apply to DEAE-cellulose column
(Scm x40cm) in this buffer and elute with 40-200mm NaCl gradient
(2~ 4 litres). Identifv Cls- and Clr-containing fractions by immuno-
diffusion

DEAE-cellulose pools of Clr and Cls

Concentrate. dialyse against 10mM-sodium phosphate buffer (pH 6.6)/
I mM-EDTA. conductivity 11 mS/cm: apply to Ultrogel AcA-34 column
(2.5cm x 140cm) in this buffer: identify Cls- and Clr-containing
L fractions by immunodiffusion

Ultrogel AcA-34 pools of Clr and Cls

C1s pool only: apply to DEAE-Sephadex A-50 column (2.5¢m x 30cm)
in same buffer and elute with 100-500mm-NaCl gradient (2 x 500 ml);
identifv C Is-containing fractions by immunodiffusion

Pure Cls

Scheme 1. Schedule for the purification of Cls
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incubation conditions used) at 37°C for 3h in
10mM-sodium phosphate buffer, pH6.6. The Clr
was added in four equal amounts at intervals of
30min to give a final Clr:Cls ratio of 1:25 (w/w).
The degree of activation was checked by SDS/
polyacrylamide-gel electrophoresis under reducing
conditions (Campbell et al., 1979b).

Treatment of CIs with iPr,P-F

A 1mCi portion of [1,3-*HIiPr,P-F (3 Ci/mmol)
was incubated with 78 mg of Cls in 10 mM-sodium
phosphate buffer, pH6.6, at 37°C for 1h. A 5-fold
molar excess of iPr,P-F was then added, and the
reaction mixture was incubated for a further 2h. The
labelled Cls was then exhaustively dialysed against
1% NaCl followed by 1% NHMHCO,, and subse-
quently freeze-dried.

Reduction and carboxymethylation

This was carried out with the use of iodo-
[2-14Clacetic acid as previously described (Campbell
etal., 1979b).

Separation of heavy chain _and light chain of
reduced carboxymethylated Cls

This was carried out by ion-exchange chromato-
graphy in 8M-urea on DEAE-Sepharose CL-6B
(Campbell et al., 1979b), and checked by SDS/
polyacrylamide-gel electrophoresis.

Digestion with CNBr

Reduced carboxymethylated Cls light chain
(160nmol) was dissolved in 70% (v/v) formic acid
containing 1 mmol of CNBr and kept in the dark for
24h at 4°C. The solution was diluted 1:10 with
water and freeze-dried.

Separation of CNBr-cleavage fragments

This was carried out initially by h.p.l.c. on TSK
SW-3000 and SW-2000 columns in 0.1% (v/v)
trifluoroacetic acid as previously described (Smith
et al., 1982). Separation of fragments was monitored
by SDS/polyacrylamide-(15%)-gel electrophoresis.
Unresolved mixtures of fragments were subjected to
reverse-phase h.p.l.c. on a Waters C-18 uBondapak
column (0.39cm x 30cm) in 0.1% (v/v) trifluoro-
acetic acid with a gradient (0—60%) of propan-2-ol
(Mahoney & Hermodson, 1980) or a gradient
(0-30%) of  acetonitrile/methanol/propan-2-ol
(1:1:1, by vol.) (Arlaud et al., 1982). Eluted peptides
were detected by 4,,, and checked for purity by
SDS/polyacrylamide-gel electrophoresis as above.

Amino acid analysis

This was done as previously described (Campbell
et al., 1979a), with a ninhydrin detection system, or
by h.p.l.c. elution followed by hypochlorite treatment
and detection by fluorescence after reaction with
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o-phthalaldehyde with the use of the Waters amino
acid analysis accessory.

N-Terminal sequencing

This was carried out in a Beckman 890C
liquid-phase sequencer fitted with the Beckman
cold-trap accessory, by using a 0.25M-Quadrol
programme with Polybrene; identification of phenyl-
thiohydantoin derivatives was done by reverse-phase
h.p.l.c. on a C-18 uBondapak column with a pH 3.4
acetate/methanol buffer system (Smith et al., 1982),
or on a Waters 5u Spherical C18 Resolve column
(0.39cm x 15¢m) with a pH 5.0 acetate/acetonitrile
buffer system.

Results

Purification of Cls

The purification schedule outlined in Scheme 1
gave about 50mg of pure Cls from 3 litres of fresh
serum. The purified material showed only a single
band of M, approx. 85000 in SDS/polyacryl-
amide-gel electrophoresis with or without reduction,
indicating that it was in its single-chain zymogen
form.

Activation of Cls

Incubation of Cls with CIr converted the
zymogen Cls into the active form, which showed
two bands (M, approx. 57000 and approx. 28 000)

in SDS/polyacrylamide-gel
under reducing conditions.

Treatment of CIs with iPr,P-F

C1s incubated with [1,3-*HJiPr,P-F was found to
contain tritium, which was subsequently located in
the light chain, as shown previously (Barkas et al.,
1973).

Separation of heavy chain and light chain of CIs

The reduced carboxymethylated chains of iPr,P-
F-treated Cls were separated on DEAE-Sepharose
CL-6B. The light chain was eluted with the starting
buffer, and the heavy chain was eluted about half
way up the gradient, in a manner very similar to that
observed with bovine Cls (Campbell et al., 1979b).
Both heavy chain and light chain were found to be
labelled with !C, but only the light chain contained
3H. Amino acid analysis of the light chain is shown
in Table 1.

Separation of CNBr-cleavage fragments of CI's light
chain

Gel-permeation h.p.l.c. separation of CNBr-
cleavage fragments of CTs light chain is shown in
Fig. 1. Fractions were pooled as indicated. Fractions
CN-1, CN-2 and CN3 were found to be homo-
geneous by SDS/polyacrylamide-gel electrophoresis
and were sequenced without further purification.
Fractions CN-4 and CN-5 required further
purification and were concentrated by freeze-drying

electrophoresis run

Table 1. Amino acid composition of CIs light chain and its CNBr-cleavage fragments
The results shown are those for 24h hydrolysis time and have not been corrected. Cysteine was measured as
S-carboxymethylcysteine. + represents detection of an amino acid corresponding to approximately one residue that
could not be accurately measured.

Amino acid composition (residues/molecule)
A

r N
Sum Cls
CN-1 CN-2 CN-3 CN-4a CN4b CN-5a CN-5b CN-6 CN-1-CN-6 light chain
Cys — 1.2 — — 0.9 — 1.0 1.2 4.3 6.5
Asx 6.8 5.3 5.4 — 54 1.6 0.8 2.3 27.6 217.5
Thr 2.1 2.5 2.2 1.8 2.3 0.9 — 2.1 13.9 12.3
Ser 2.0 1.1 0.7 3.8 31 0.9 2.5 14.1 12.5
Glx 4.3 4.1 33 1.1 5.7 3.0 1.3 1.1 23.9 24.3
Pro 33 4.2 3.8 — 2.6 1.0 — 2.5 17.4 15.5
Gly 4.9 4.5 2.5 1.2 8.6 0.8 2.1 27.3 25.2
Ala 4.1 6.5 1.4 1.1 33 — 1.2 — 17.6 16.4
Val 3.5 4.3 3.2 1.7 2.2 — — 1.2 16.1 14.5
Met —_ — — — — — — — — 6.2
Ile 2.2 0.9 1.6 — 1.1 — 0.8 0.9 7.5 7.9
Leu 2.4 4.3 4.1 1.0 2.1 — — 1.5 154 12.9
Tyr 1.7 0.9 — 1.0 1.3 — — 0.8 5.7 7.8
Phe 2.4 1.0 1.6 — 1.3 — — — 6.3 8.1
His 2.6 — 1.6 — — — — — 4.2 4.1
Lys 1.9 5.0 2.7 1.5 2.1 — — — 13.2 15.4
Arg 1.4 5.6 1.9 + 1.3 + — — 12.2 12.2
Hse + + + + + — + + 7
Total 46.6 52.4 37.0 16.2 44.3 9.2 8.8 19.2 233.7 229.3
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Fig. 1. Separation of the CNBr-cleavage fragments o,
the light chain of reduced carboxymethylated human Cls
by gel-permeation h.p.l.c.

A CNBr digest of Cls light chain (160nmol) was
dissolved in 3.0ml of 0.1% trifluoroacetic acid.
Samples (150ul) were applied to columns
(0.37cm x 60cm) of TSK SW-3000 and SW-2000
used together in order of decreasing pore size. Flow
rate was 1.0ml/min from a Waters 6000A pump.
Detection was at 214nm, with a Waters 441
monitor fitted with a cadmium lamp source. Six

pools (CN-1to CN-6) were collected as indicated.

before being subjected to reverse-phase h.p.l.c. Two
fragments CN-4a and CN-4b were obtained from
fraction CN-4 (Fig. 2); fragments CN-5a and
CN-5b were obtained from fraction CN-5. Sequen-
cing of fraction CN-6 gave a single sequence so it
was not purified further.

Amino acid analyses of CNBr-cleavage fragments

These are shown in_Table 1 together with the
analysis of whole Cls light chain. The sum of
analyses for the CNBr-cleavage fragments is quite
similar to the analysis of the whole CIs light chain,
suggesting that all the CNBr-cleavage fragments
have been found, or that any remaining fragment is
very small. The number of fragments is also
consistent with the methionine content of the whole
chain.

N-Terminal sequencing of CNBr-cleavage fragments

The results of sequencer experiments on the
purified CNBr-cleavage fragments are shown in Fig.
3, together with the results of sequencing the whole
Cls light chain. The amino acid sequences of seven
of the eight fragments are sufficiently homologous
with the sequences of other serine proteinases to
allow alignment of the fragments in an obvious order
within the molecule. The remaining fragment, CN-
5a, gave the sequence GIn-Glu-Asn-Ser-Thr-Pro-

P. E. Carter, B. Dunbar and J. E. Fothergill
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Fig. 2. Separation of fragments of CN-4a and CN-4b by
reverse-phase h.p.l.c.

The CN-4 pool from the gel-permeation separation
was freeze-dried and dissolved in 0.1% tri-
fluoroacetic acid. A sample (13nmol in 100 ul) was
applied to a Waters C-18 uBondapak column
(0.39cm x 30cm) equilibrated in 0.19% trifluoro-
acetic acid. A gradient of 0-60% propan-2-ol was
applied over 60min at 1.0ml/min. Fragments
CN-4a and CN-4b were pooled as indicated. ,
Ay - , concn. of propan-2-ol.

Arg-Glu-Asp-, which is not obviously homologous
with other serine proteinases but probably fits in the
C-terminal region, where variability among the
homologous sequences is quite large. The absence of
homoserine from the analysis of fragment CN-5a
further supports the C-terminal location of the
fragment.

Discussion

We have determined the amino acid sequence of
188 residues of the Cls light chain, representing
about three-quarters of the complete chain. Nearly
all the CNBr-cleavage fragments were sequenced to
within a few residues of their C-termini. Most of the
residues not so far sequenced are in the C-terminal
part of the largest fragment CN-4b located between
the sequence containing the active-site serine residue
and the C-terminal fragment CN-5a. '

The active-site residue was identified by the
detection of radioactivity in the seventh cycle of
Edman _degradation of fragment CN-4b obtained
from Cls treated with [3H]iPr,P-F. This residue was
characterized as a serine residue by sequencing an
unlabelled sample of fragment CN-4b,

Our N-terminal sequence for CTs is identical with
results obtained by sequencer runs on the intact light
chain (Sim et al., 1977; Arlaud & Gagnon, 1981).

The obvious homology of the sequences of the
C1s CNBr-cleavage fragments with the sequences of
the established serine proteinases allows the align-
ment of sequences shown in Fig. 3. The con-
servation of the active-site residues His-57, Asp-102
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and Ser-195, as well as the N-terminal hydrophobic
residue Ile-16 generated during activation from the
single-chain zymogen, is obvious (chymotryp-
sinogen numbering system of Hartley, 1964). There
is also clear conservation of a large number of other
amino acid residues, that can be interpreted more
easily in the context of the tertiary structure of the
molecule. We have built a model of the Cls
light-chain sequence by using the co-ordinates
established for chymotrypsin by Birktoft & Blow
(1972). Identical residues in the homologous
sequences have been assumed to occupy identical
co-ordinates, and rotational angles of the poly-
peptide backbone have been retained as closely as
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possible. In almost all cases the CIs sequence fitted
the chymotrypsin structure quite satisfactorily, the
major discrepancies being the insertion or deletion of
external loops of residues, or in several cases the
replacement of proline. The final structure shows
retention of many of the internal residues, or in some
cases conservative replacements. The disulphide
bridge at residues 168—182 (chymotrypsin num-
bering) is conserved, and probably the bridge at
191-220. The cysteine residue at position 122,
which is connected to the A-chain in chymotrypsin,
probably forms the disulphide link to the heavy
chain in CTs, as its analogue in prothrombin and
plasminogen does. The disulphide bridge at residues

F—C1s L
F—en n 21 3 i

Cﬁlightchain(human)IIGGSDADIKNFPNQVFFDNP --------- WAGGALINEYWVLTAAHVVE
Clr light chain (human) TI GGQKAKMGNFPWQVFTNIHGR--=---~--- GGGALLGDRWILTAAHTLY
t-PA (human) IKGGLFADIASHPNQAAIFAKHRRSPGERFLCGGILISSCNILSAAHCFQ
Plasmin (human) VYGGCVAHPHSWPWQVSLRTRFG----- MHFCGGTLISPEWVLTAAHCLE
Factor X (bovine) IVGGRDCAEGECPWQALLVNEEN----- EGFCGGTILNEFYVLTAAHCLH
Thrombin (bovine) IVEGQDAEVGLSPWQVMLFRKSPQ----ELLCGASLISDRNVLTAAHCLL
Kallikrein (pig) IITGGRECEKNSHPWQVAIYHYS-=----- SFQCGGVLVNPKWVLTAAHCKN
Elastase (pig) VVGGTEAQRNSWPSOISLQYRSGSS--HAHTCGGTLIRQNHVMTAAHCVD
Trypsin (bovine) IVGGYTCGANTVPYQVSLN--SG6G=----- YHFCGGSLINSQWVVSAAHCYK

i i DKTG---- - FHFCGGSLINENWVVTAAHCGVY
ChymotrypsmA(bovjme)(]é)VNGEEAVPGSNPNQ(\;SLQ @) (51) *

f——CN-4a I CN-3
_ 51 61 n 81 91
Cls light chain (human) GNREP X - === ===~ - - MYVGSTSVQTSRLAKS LT-PEHVFIHPGWKLL
Cir light chain (human) PKEHEAQSN=---ASLDVFLGHTNV-===«==--«-- EE-LMKLGNHPIRRVS
t-PA (human) ERFPPHH=-=LT=-==-~- VILGRTYRVVPGEEEQ-KFE-VEKYIVHKEF-=-- -
Plasmin (human) KSPRPSS--YK==-=--- VILGAHQEVNLEPHVQEIEV-SRLFLEPTRKS=-~--
Factor X (bovine) QAKR=-=-=--- FT----- VRVG--DRNTQEGDEEMAHE-VEMTVKHSRF-- -
Thrombin (bovine) --YPPWBKNFTVDDLLVRIGKHSRTRYERKVEKISM-LDKIYIHPRY---
Kallikrein (pig) DNYE-=-=-===-occeoonean- VGWLRHNLFENENTAQFFGVTADFPHPGF - - -
Elastase (pig) RELT=-=---- FR-=-=--- VYVGEHNLNQNNGTEQYVG--VQKIVVHPYW---
Trypsin (bovine) SGIQ-===="cc--e-ca- VRLGQDNINVVEGNQQFIS--ASKSIVHPSY---
Chymotrypsin A (bovine) = = = = = = = = - - TTSD-VVVAGEFDQGSSSEKI%KLK--IAKVF,KNSKY---
(61) (m) (81) (91)

Fig. 3. Alignment of the amino acid sequences of the CNBr-cleavage fragments of human CIs light chain with sequences
of other serine proteinases

The initial and repetitive yields for the sequencer runs were: C1s light chain, 40% (20nmol), 95% (Ala-7 to Ala-36);
fragment CN-1, 7% (1nmol), 99% (linear-regression analysis); fragment CN-2, 25% (2.5nmol), 95% (Leu-4 to
Leu-27); fragment CN-3, 28% (5.5nmol), 96% (Leu-1 to Leu-14); fragment CN-4a, 17% (4.3nmol), 97% (Val-2 to
Val-7); fragment CN-4b, 13% (12nmol), 97% (Gly-8 to Gly-31); fragment CN-5a, 33% (3.0nmol), 78% (Glu-2 to
Glu-8); fragment CN-5b, 23% (13nmol), 99% (linear-regression analysis); fragment CN-6, 36% (14 nmol), 96%
(linear-regression analysis). The human C1r light-chain sequence is from Arlaud ef al. (1982) and Arlaud & Gagnon
(1983), and the human tissue plasminogen activator (t-PA) sequence is from Pennica et al. (1983). All other
sequences are from Young et al. (1978). Gaps introduced to increase homology are represented by —. Active-site
residues His-57, Asp-102 and Ser-195, and side-chain-specificity-determining residue 189, are marked by %. The
chymotrypsinogen numbering system (Hartley, 1964) is shown in parentheses. The single-letter code of amino acid
residues has been used: A, Ala, B, Asx; C, Cys; D, Asp; E, Glu; F, Phe; G, Gly; H, His; I, Ile; K, Lys; L, Leu; M,
Met; N, Asn; P, Pro; Q, Gln; R, Arg; S, Ser; T, Thr; V, Val; W, Trp; X, unknown; Y, Tyr; Z, Glx.
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Fig. 3—continued

CN-3 ———CN-6
_ 101 m 121 131 141
Cls light chain (human) EVPEGRTNFD----NDIALVR G----PTVSPICLPGTSSDYN
CTr light chain (human) VHP DYRQDESYNFEGDIALLELENSYTLG=----PNLLPICLP----- DND
t-PA (human) === === - - DDDTYDNDIALLQLKSDSSRCAQESSVVRTVCLPPADL---Q
Plasmin (human) == == = - == ===« DIALLKLSSPAVI-=---TDKVIPACLPSPNY---V
Factor X (bovine) == =------~- VKETYDFDIAVLRLKTPIRF-=---- RNVAPACLPEKDWAAET
Thrombin (bovine) - = - ~- - - - NWKENLDRDIALLKLKRPIEL----SDYIHPVCLPDKQTAAKL
Kallikrein (pig) ----NLSADGKDYSHDLMLLRLQSPAKI----TDAVKVLELPTQEP--EL
Elastase (pig) = == - - - - NTDDVAAGYDIALLRLAQSVTL----NSYVQLGVLPRAGT-=--1
Trypsin (boyine) - - - - - - - NSNTLNNDIMLIKLKSAASL----NSRVASISLPTSCA----
Chymotrypsin A (bovine) = = = = = = - - NSLTINNDITLLKLSTAASF----SQTVSAVCLPSASD---0D
(95) * (1) (121)
t CN-2

151 181 7 181 191
CTs 1ight chain (human) DGDLGL---TSGWGR-===--- AEKRDRAVRLKAARLPVAPLRKCKEYV
CTr light chain (human) TFY -DLGLMGYVSGFGY - =~ = =~ MEEK-TAHDLRFVRLPVANPQACENW
t-PA (human) LPDWTECEL---SGYGK==-==- HEALSPFYSERLKEAHVRLYPSSRCTSQ
Plasmin (human) VADRTECFI---TGWGE-~-~-~- TQ--GTFGAGLLKEAQLPVIENKVCNRY
Factor X (bovine) LQTKT--=--GIVSGFGR=-=-=-~- TH-EKGRLSSTLKMLEVPYVDRSTCKLS
Thrombin (bovine) LHAGFK---GRVTGWGNRRETWTTSVAEVQPSVLQVVNLPLVERPVCKAS
Kallikrein (pig) ---GSTCQA---SGWG
Elastase (pig) LANNSPCYI-=--TGWGL-~-~--- TR-TNGQLAQTLQQAYLPTVDYAICSSS
Trypsin (bovine) -SAGTQCLI-=--SGWGN----- TKSSGTSYPDVLKCLKAPILSNSSCKSA
Chymotrypsin A (bovine) FAAGT TCV---TTGWGL - -~~~ TRYTNANTPDRLQQASLPLLSNTNCKK-

(131) (141) (151) (161)

— F—CN-5b —> ———CN-4b

201 221 231 241
CTs light chain (human) K V E ICAG---6GEK DSCKGDSGGAFAVQDPNDKG
CTr light chain (human) LRGKNRMDVFSQNMFCAGH-PSLK===---= QDACQGDSGGVFAVRDPNTDR
t-PA (human) ---HLLNRTVTONMLCAGDTRSGGPQANLHDACQGDSGGPLYV--CLND-G
Plasmin (human) - - -EFLNGRVQSTELCAGHLAGGT -=---- DSCQGDSGGPLV--CFEK-D
Factor X (bovine) ----SSF-TITPNMFCAGY-DTQPE----- DACQGDSGGPHV--TRFK-D
Thrombin (bovine) ----TRI-RITNDMFCAGYKPGEGKRG---DACEGDSGGPFVMKSPYN-N
Kallikrein (pig) === - - - - - KVTESMLCAGYLPGGK ===~~~ DTCMGDSGGPLI--CNGM- -
Elastase (pig) - - -SYWGSTVKNSMVCAG---GNGVR----SGCQGDSGGPLH--CLVN-G
Trypsin (bovine) ~---YPG-QITSNMFCAGYLEGGK === -~ - DSCQGDSGGPVYV--CSGK- -
Chymotrypsin A (bovine) - = - - YW GTKIKDAMICAG=---ASGV=-~--- SSCMGDSGGPLYV--CKKN-6G

171) (181) x9S (201)
_ 251 261 n 281 291
CTs light chain (human) RFYAAGL XSWG
CTr light chain (human) - W VATGIVSWG=--T1GCSR--GYGFYTKVLNYVDWIKKEMEEED
t-PA (human) RMTLVGIISWG--LGCGQKDVPGVYTKVTNYLDWIRDNMRP
Plasmin (human) KYITLQGVTSWG--LGCARPNKPGVYVRVSRFVTWIEGVMRNN
Factor X (bovine) TYFVTGIVSWG--EGCARKGKFGVYTKVSNFLKWIDKIMKARAG
Thrombin (bovine) RWYQMGIVSWG--EGCDRNGKYGFYTHVFRLKKWIQKVIDRLGS
Kallikrein (pig) - --WQGITSWG-HTPCGSANKPSIYTKLIFYLDWIBBTITENP
Elastase (pig) QYAVHGVTSFYSRLGCNVTRKPTVFTRVSAYISWINNVIASN
Trypsin (bovine) - - -LQGIVSWG--SGCAQKNKPGVYTKVCNYVSWIKQTIASN
ChymotrypsinA(bovine)AHTLVGIVSwG-SSTCS-TSTPGVVARVTALVNNVQO}TLAAN
(211) (221) (231) (241)

136201 of chymotrypsin is not foundin Cl1s, Clror histidine 57, is found in all the serine proteinases
enzymes like plasmin and thrombin. More signifi- except Cls and Clr (Arlaud & Gagnon, 1981,
cantly, the disulphide bridge at residues 42-58, 1983). _ -
which stabilizes the position of the active-site When the aligned sequence of Cls and Clr are
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compared, the differences are found to be 59%,
which is within the range (56-71%) found when
comparing the other mammalian serine proteinases
(Young et al., 1978). This suggests that C1s and Clr
are more different than might have been expected in
view of their closely related functions. It is notice-
able from the alignment that Cls shows strong
similarities over short sequences with many of the
other serine proteinases, but overall only the ‘core’ of
conserved residues is retained in all sequences. Both
Cls and Clr lack the proline residue at 198 that is
found in all the other serine proteinases. The residue
at position 189 is thought to contribute to the
specificity of side-chain binding in the substrate
pocket. In trypsin and a number of other serine
proteinases this residue is aspartic acid, giving these
enzymes their specificity for the positively charged
lysine or arginine residues. In C1s this residue is also
aspartic acid, consistent with the action of CTs in
splitting C4 on the carboxy side of the arginine resi-
due found at the C-terminus of C4a (Moon et al.,
1981; Smith et al., 1982). Why CTs cleaves C4 (and
C2), but not C3 and C5, which also have arginine
residues in this position (Hugli & Miiller-Eberhard,
1978), is less obvious. When the amino acid
sequences of C3a, C4a and C5a are aligned (Smith
et al., 1982), the conserved residues in the C-
terminal regions are found to show a different
distribution of positively charged side chains. It is
noteworthy that CTs has a number of carboxy
groups, residues Glu-170, Glu-174 and Glu-186,
near the active site in a position that could interact
with the positive charges of the substrate, helping to
distinguish between C4, C3 and CS5.
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and the Medical Research Council and the Science and
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