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Stephen J. Perkinst, Kathryn F . Smith 

Depa,rtments of Biochemistry and Chemistry 
and Protein and .NJ olec1.tla1· B1;ology 

Royal Free H ospital School of J.l1 edicine 
R owland Hill Street, London N W3 2PF, U.K. 

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

Glycobiology Unit. Department of B iochem:ist1·y 
University of O:>.;jm·d, South Parks Road, Oxford OXJ 3QU. U. K . 

Peter J. Lachmann and Richard A. Harrison 

MRC Molecular I mmunopathology Unit , MRC Centre 
Hills Road. Cambridge CB 2 2QH , U.K. 

( Received 14 N ovembe1· 1989; ar.cepled 20 April 1990) 

The <..:T in hibitor component of huma n complement is a mem ber of the serpin superfamily, 
and controls Cl activation. Carbohydrate analyses showed that there are seven 0-linked 
oligosaccharides in CT inhibitor . Together with six N-l i"nked complex-type oligosaccharides, 
t~e carbohydrate con tent is t-herefore 26 % by weight, and t-he molecular weight (M,) is 
calculated as 71,100. Neutron scattering gives an M, of 76,000 ( ± 4000) and a match point of 
41·8 to 42·3% 2H 20 , in agreement with t his carbohydrate and am ino acid composition . 
Ouinier plots to determine the radius of gyration R0 were biphasic. Neutron contrast 
variation of CT inhibitor in H 20 - 2H 20 mixt ures gave an overall radius of gyration R0 at 
infinite contrast of 4·85 nm, from analyses at low Q, and a cross-sectional Ra of 1·43 nm. The 
reactive centre cleaved form of CI inhibitor has the same i'Vl., and structure as the nat ive 
molecule. The length of CI inhibitor . 16 to 19 nm, is far greater than that of t he putative 
serpin domain . This is attributed to a.n elongated structure for the carbohydrate-rich 
11 3-residue N-termina.l domain. The radial i11homogeneity of scattering density, a, is large 
at 59 x I0 - 5 from the R0 data and 28 x 10- 5 from t he cross-sectional analysis, and this is 
accounted for by the high oligosaccharide content of CT inhibitor. The scattering data were 
modelled using small spheres. A two-domain structure of length 18 nm based on two distinct 
scatter·ing densities accounted for all the contrast variation data. One domain is based on 
the crystal str-uctttre of a 1 antit1·ypsin (7 nm x 3 nm x 3 nm). The other· con esponds to an 
extended heavily glycosylated N-terminal domain of length 15 nm, whose long axis is close 
to th~ longest ax-is of t he ser·pin domain. Calculat ion of t he sedimentation coeffi cient s~o. w 
for C1 inhibitor using t he hydrodynamic sphere approach showed t hat a two-domain head­
and-tail structure with an M, of 71,000 and longest axis of 16 to 19 nm successfull y 
reproduced the s~o. w of 3·7 S. Possible roles of the N-termina l domain in t he function of CT 
inhibitor are discussed. 

t Author to whom con espondence 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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752 S. J . Perkins et a l. 

l. Introduction 

The comple men t system comprises a fa mily of' 
plasma a nd cell-surface g lycop roteins Lha.t, ope rate 
as a casc·ade a nd play a majo r r ole in immune 
defe nce mechanisms. The classical pathway of 
compleme nt a<'t.ivatio n is initiated by t.he first com­
po nent. C I., whi ch reacts largely with immune 
complexes of lg~I or TgC immunoglobulins bound to 
foreign ma teria l (Coope r, 1985: Reid , 1986; 
~chumaker el at .. 1987). The unrestrained a ctivatio n 
of Cl would cause exeesi':ive eons umpt io n of C2 a.nd 
C4 . tim::; C l is regula t.ecl by CT inhibitor (H a rpel, 
1976; f;im & R e boul. 198 1; Coope r 1985: D av is , 
1988). This protea se inhibi tor , presen t a t about 
0·20 mg/ ml in plas ma, forms stable l: I complexes 
\\'ith Lhe CTr a nd CTs !'mbeompo ne nts of CT to 
preven t. fu r·t.her comple ment activa tio n . Complex 
fo rm a tio n is characterized by the in·ever·sible 
d eavarft- o f t.he peptide bond at Arg 444-Thr445 in e -
t.he reactive centre of C l inhibi tor (Salvesen et at. , 
1985). C'onfm·ma.Lional cha nges after cleav age lead 
lo a mu t'h more s t.a ble protein str ucture (Bmch el 
al. , 1988; Pe mberton PI al. , 1989 ). While CT inhibitor 
is t he only k11o wn inhibitor ofC'Tr and CTs, it. is a lso 
a cri t ica.l. regula.tory component o f t he t·oa.gulat.ion , 
fib ri noly tiC' a nd kinin-rt>leasing systems, and its 
absence o r ina<' liva.tio n by " non-productive" 
cleavage o f the Arg444-Thr445 peptide bond is 
importa nt in certain disPase s t a tes (Davis. 198R) . 

('omposit io na l s tudies o f' CT inhibito r· a re reqt1ired 
to undersLand the meeha nis m of eon t ro l of Cl 
a.ctivatio n in semm. cT inhibitor· is a member of t he 
serpin superfamily (serine prOte.itse inhibitor ) of 
ser·um inhibitor·s (Dav is el nl .. 1986 : Boek et a!., 
I ~tit)). Its M, has been estimaLecl as 98,000 to 
11 6,000 by gel e lectr·ophoresis a nd ul t racent ri­
fugatio n a na lyses (P en sky et a.l. , 196 1: H a upt et a.l. , 
1970; R e houl et al. , 1977; Nilsson & \Nima n , 1982; 
H a rrison . 1983). tl owe ve r, the sequence sho ws t hai 
the m a ture pi'Otein M, is only 52.300 and it has been 
suggested that t his implies a carbohyd ra te content 
as high as 49 % (BocJ, et al ., 1986). T his is not 
s upported by previous carbo hydra.te a.na.lyses, 
which found a t.ota.l of33 % Lo 35 % by mass (H a upt 
et n.l. , I 970; H a n·iRon , 1983). The structur·e of t he 
N-linked and 0-linked oligosaccha rides have been 
determined , bu t not t,he ir tot.a.l a mo unts (Rt.recker et 
a.l .. 1985). Accordingly, fur·t her carbohyclra.te ana ly ­
seR were performed in order to cl £•fine t he t•omposi­
t io n of CT inhibitor. 

RLructura l dala a re required a lso to understand 
the fun ct.io n of CT inhihit.or. :'3edimen tat.io n d a t.a for 
CT inhibitor f(ive sgo, w values mostly at 3·7 S 
(~chul tze el. al.. 19()2; H a upt et al., 1970; Reboul et 
al., 1977 ; Chesne PI rd., 1982) fro m which hig hly 
e longated stl'llcturE>s h~wc been d eduf'ed (Odermatt 
et al. , 1981; Perkins, l !l85). Electron microscopy 
suggested that CT inhibitor ha~ an e longated two­
d o main " hea d -and -La il " sLructtu·e (Odermatt et 111 .. 
198 1 ). a ncl mitTO<:alorimPt.ry e xper·iments supported 
t his t wo-d oma in s tructure (Le nniek et nl., 1985). 
T he er·yst.al st ruet ure of t he ho mo logous serpin 

a 1-an t it ry psin can be used to model t he C'- termina l 
365 a mino acid residues (Lo ber ma nn et al.. 198-i; 
Bock el al. , 1986 ; H a rrison , 1989 ). whi l'h probably 
corresponds to t he " head " of CT inhi bitor . The 
··tail" is t he refore t he heavily g lyeosy la Lecl 
N-termina l 113 a mino acid r·esid ue::; . with a 
presumed length of a ny where between 26 nm a nd 
53 nm . The structure of Lhe N-tennina l d oma in is 
poorly tmde rsLond : indeed . the funet.iona l consP­
quences of this do main ar·e wholly unknown (Davis. 
1988). 

Nen t r·on scattering is an effective multipa rameter 
tool fo r structura l s tudies of g lyeoprot eins (Pe r·kins 
et al. , 1985; S mit h et rtf ., 1990). Contr·ast. varia t ion in 
H1 0 - 2H 10 mixt ures will iden t ify t.he oYe rall struc­
t.nre under condit.ions close to physiological, in 
wh ich t he in terna l a rra ngement of protein a nd 
carbohydra te can be a.llowed fM ( Pe r·kins , 1988a, b). 
The conformational t ra nsition between t he native 
and reactive cen t re cleavf:'d pro te ins can be moni ­
torecl. The I wo-d oma in model for CT inhibito r can 
be compared qua n t it atively wit h t he erysta.l struc­
t ure of a 1-a nt i t rypsin (Lobermann el al., 198-i_! 
~mith et al .. 1990), whe re molecula r mode ls fo r Cl 
inh ibi tor can be de ve loped . P ossihle roles for l he 
heavily g lyeosylat.ed N-t e rminal d oma in for the 
fun ction of c T inhibito r a rf' discussed . 

2. Materials and Methods 

(a) Pre.pnral ion.~ of the native and rPacliN' cenlrP dPfLrPd 
form.s of(' r inhib·ilor 

r T inhibit.m· was pr·epa red from human plasma 
according to t he method of Ha rrison & Lachmann ( 1986) 
and citlw r used fresh or stor·ed frozen at - 70°C unt il 
requirt>d . Tf frozen. samplt>s wer·e p reJ.la rt>d for· toca t t1•ring 
:;tud ies by gel fi lt ration on ~epharose 6B in 12 mM -sodiurn 
p hosphate. 200 mlii · NaCI. I mM-EDTA . pH 7·0. ThE' peak 
fra.ction(s) a t about 10 nlfl/ ml were then dia lysed against 
the same buffe r , filte rE-d through a 0·2 Jllll filte r (GE.' Iman) 
into ster·ile g la.ss o r plastie v ia ls. a nci held a t 4 oc unt il 
requir·E.>d fo r ana lysis. Two forms of CT inhibitor wt> re u~ed 
in ana lysis. Tht> na tive form showed a ~< ingle band on 
SDSfpolyac·r·ylamide gel electrophor"t'si!; (Laemrnli , 1970), 
and was fully aetive against Cis and plasrnirr . ThE' spli t 
fo rm of CT inhib itor wns genemted s ubsequent to isolation 
by the act ion of an unident.ified protease(s). Cel e lectro­
phoresis (l..aemnlli . 1970;) and high-pressure liquid 
chroma.togrttphy a.na lyses o f this s howed it to haxe been 
spli t a t 2 s it.e>;, unt> a t or close to tlw rt>.aetive centre 
exposed loop, and t be other close to t he a mino terrniuus of 
the protein , gt>nc rating fragments indistinguis ha ble fi·om 
those gt>ne rat.f'd by Pseudomcrna.~ aeruf!inn~a elastase 
(PE>mherton PI al., 1989). The sites o f clenvage wer·e 
confirmE'd by a rnino-tennina l sequeneE.' a na lysis (pel·­
fnrrn ed by Dr L. Packman at tlw l'rott'in Sequt>ncing 
Facili ty. Depa r t ment of Biochemistry , U niverRity of 
Cambridge) o f t he clt>a vt>u ma teria l both before and after 
dia lysis agains t scattering buffers. This ind ica ted t hat 
clea vage had oc-eurred bet ween Ser44 1 and Va l442 in the 
rt>activ t> cent,r•e and. in appi'Oximatt>ly eq uimola r amounts. 
either betwt•m ~leta ! a nd Leu32 or bet.ween Leu32 and 
Phe:33 in th(' amino-termina l region. Whitt> t he C-termina l 
peptid~. oonla ining the l't>lwtiv t> {'f'nt.re residue:;, was fully 
retained in the clialysed clf'aved molecule, pa rt ia l (up to 
:30 %) loss nf t.he amino-termina l 3 1/ 32 resitlut>s may have 
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occurred, although t he nat.ure of the residues at t he 
amino terminus of the protein (N-P-N(CHO)-A-T-S-S-R-8) 
make thi$ diffiC'ult to quantify precisely. Samples we re 
reanalysed by gel electrophoresis subseq uent to solution 
scattering studies. a nd JH) differences before or a fte•· t he 
scattering experiment~ were detected. Tn addition, native 
CT inhibi to1· after the scattering expe riments had an una l­
tered specific act ivity a.gainst ac tive-site titrated pla-smin. 

(h ) Carbohydralf analy"i" of C 7 inhibitor 

The methods fo r t he re ll'ase o f ~-linked oligo­
saet·ha•·ides b.v hydrazino lysis a nd tht>ir subseque nt analy­
sis htwe been described (As hford el al ., 1987). Enzyme 
digestion of oligosacc·ha rides with neura rninida><e 
(Arlhrobarler ureajacif-n.~) and fJ-... V-ac·etylhexosarninidase 
(J ack bean) ha ve a lso been descri bed (P a rekh PIn/ .. 19~7). 

0-linked o ligo;;accharides wPre relea:;cd and r·educed by 
alkaline sodium borohydride treatme nt using a modifi ra­
t.ion o f t he method desC'rihed b.\' Mizuochi el al . (1980). 
T y pically . 2·5 111~ of f'T inhibitor was t reated with 2150111 
of 0·6 M-8odium [3 H ]borohydride (360 mCi/ mmo l, New 
1-':ngland Nucleat·) in 0·05 M-sodiurn hydroxide for 20 h at 
50 °(.; with shaking. Tlw mixt ure was r·ooled to ~ 0 (' and 
12 Jll of acetir a nhyd ride was added. Afte1· lO min , a n 
addit iona l l 2Jtl of aeetic a nhydride was added a nd the 
1'1'-<tction a llowed to proeeed at room tempe rat ur•p for a 
furt her 10 min . This addit ion and incubation was 
1·epeated t.wit·e more. 'l'lw reaC't ion mixturE" Will'; adjust.f'd 
to appmxima te ly p H 6 hy dropwise a ddi t ion of I i\HWf'tir· 
a.e id. a nd then a pplied to a l ml eolum n of Dowex 
AUfiO x 12 (H + form , Bio-RRd). The c·olumn was e lu tt•d 
with 5 column volumes of dist.illcd water. The cl uatt' wa:s 
filtert>d throug h a 0·5Jtrn T efi un tiJ ter and evaporated tu 
dryness. Borat!' was remO\'Pd by repeated evaporation 
(5 x) with methanol (300 Jl] ). The sample was t lw n 
s ubjected to de~cending paper chromatography for +8 h 
with butun- 1-olfetha nolfwater (+ : I : I . by vol). 

F or q uantification of the number of 0-linked cha ins on 
t'T inhibi tor . lac·to~e was added prior to the a lka line.> 
borohydride t rratmcn t. After isolation of the r·ed ueed, 
rad io-labe lled o ligosaeeharides from paper chromato· 
graph~r , t hey were t r·eated with neuraminidase and 
subjected to hig h-vo ltage e lectrophoresis in j)yridint>/ 
acetic acidjwater (3: I : 378, by vol.) buffer, pH 5·4 at 
80 V em - • fo r 45 min. The neutral oligosaccharides 
re maining at the o rig in WE're e luted wi t h water ancl 
applied to a Bio-Gel P-+ high -resolutio n gel filtmt inn 
syste m . Radioaet.ive fractions e lut ing from I to 5 glucose 
units. by compa rison with t h e internal isomalto­
oligosaccharide standards. we re pooled together. LaC'titol 
was separated from redur-ed 0-glycans by hig h-voltage 
electrophoresis in borate buffer (Ashfor·d et at.. 1987). The 
radioactive areas were e luted from t hE" electrophoreto­
g ram and quant ified by liquid scintillation count ing. 
A portion of t he Bio-Gel P-4 pool was a lso s ubjeC'ted to 
the ]Jroc.:edure lor reducing-terminal monosaeeharide 
determination (Ashford et al. , 1987). The radioac:tive a r·cas 
of the result ing electrophorc>togram C'orresponding to 
glucitol and N-aretylgalactosam initol wer-e quantified hy 
integmtion of t he radioactive peaks detec-t ed by the linear 
a na lyt<<:> r. t'oneetions in t ht> q unnt ifiC'ation wc>re madf' for 
traP!' contamina nt,<;; in the lactit.ol and for background . 

(~') Ne11fron du/11 f'ollerlion mul anoly.SP8 

Neut r·on du.ta Wt't't> r·ul iPded 0 11 Tn><t.rumcnt Dl7 at tlw 
Tns t.il'ut-Laue-T.angt'v in . Gr't'nohiP. Cuinif'J' radius o f 
jtyrat,inn RG d ata Wl'I'P bas(•rl on a sample' to clPtf'c·tor 

d istance of 3·46 m a nd neut.ron wavelt>ngths of 1·38fi to 
1·395 nm or 1·600 nm, corresponding to a Q range 
(Q = ~tr s in 0/A. where 20 is the sc-attering angle) of 0·0:33 
to 0·4-86 nm - •. Data a t. larger Q were obtained with a 
sample to d etector distance of l ·~O m. wavt-lengths of 
1·001 to 1·004 nm . and main beam to detector angle:> of0° 
and 19·89° to g ive Q ranges of 0· 1::! to 1·60 nm - t a nd 0·8 to 
3·6 nm- •. Instrument Dll with a sample to detector 
distan ce of I 0·5 m and wavelength of I ·00 nm was used to 
obtain a lowm· Q ranue of 0·0019 to 0·220 nm - •. Sa mplrs 
were dialysed at 6°C with stirring into 12 mlJ ·sodium 
phosphate, 200 mM -NaCI, I mM- EDTA (JJH 7·0 in 0 %, 
80 % o r 100 % 2H 2 0 solutions wit.h 4 changc>s over· :!6 to 
48 h ). All neut ron data were recorded at zo•c. Concen­
trations were measm·ed using a n absorption coefficient. 
A : ·~",.280 of 3·6 (Hanison , 1983; Salvesen el a/., 1985). 
Data reduetion was based on standard Grenoble software 
(Ghosh . 1981 ), and the final analyses in London were 
based on SCTPL (Pe rkins & S im, 1986). Statistical analy­
ses were pe1formed using MTNTTAB (ve•·sion 6.1) on a 
microcomputer (Ryan et al. , 1985). 

At small Q, the CuiniPr equation gives t he radius of 
gyration Rc a.nd the fonvard scattering at zero st·<tttel'ing 
a ng le 1(0) (Guinier & F o urnpt .. 1955): 

In / (Q) = In f (O)- R~Q2f3. 

In a given solute-solvent con t rast, Rc measures t he 
d egree of e longation of a g lyc-oprotein . If t his struetu•·e is 
sufficiently e longated , the Rc of the cross-sectiona l stru C'­
ture Rxs and the cross-ser·tiona.l intensity at zero angle 
f f(Q) X Q]Q-0 are obtained from : 

In (i(Q) x Q] =In (J (Q) x Q]Q_,0 -RfcsCif2. 

Tlw mat<:hpoint is obtained from a g mph of J I (O)fc7~1 
against % 2 H 2 0 (7', is sample transmission . l is sample 
t hickness, c is concentration), llcnd from tbe cross-sec-tional 
analy»es usi ng Jf / (Q) x Q]Q-olc'I'. t. Experirnt> ntal matc·h ­
point:s can be compared with the amino a.cid sequen ce on 
the basi~ of t he unhyrlratc>d Rhape of a 1-AT. t he use of 
crystallogra phic· volumt>s (unhyd ra.ted ). a nd t ht' 10 °,{1 

no n-excha ngt> of t he main -cha in a mide proto n,.; (Pe rkins. 
198() ). The contrast \'ariation analysis of t he arrangenwnt 
of ca.rbohydrate a nd protein is based on t he Htuhnnann 
equation ( fbel & 1-ltuhnnann. 1975): 

H}; = Rb-e+ac x llp - • - Pc x llp- z 

Ris = Rh.c+«xs x llp - •-Pxs x !lp - z , 

where RG.c and Rxs.c a re t he radii o f gyration of the 
macromolPcule a nd its cross-sectio n at infini te con t rast, 
aG a nd axs measure t he corrt>spondi rw radial inho mo­
geneity of scattering densit ies, and llp - ? is t he J'flCi proC'al 
solvent- solute !'ontra.st diffe re nce. The te rms in Pc and 
flxs m('asure the displacemc.>nt of the centre of srattering 
density as t he cont rast is varied . From t he term in p, t he 
d istance /l betwc.>en the centre:; of 2 tomponen t!:l of 
distinct SNlttering densities p 1 a nd p 2 nnd volumes 1'1 a nd 
1'2 , respectively. c·an be calculated; however , :3 pammc.>t.er­
weighted least;-squa res fitting of t he.> d ata in Fig . 3(b) 
showed t hat t his was not measurable. 

The neu tron-sca ttering curve T(Q) in reciprocal space 
(•an be t ransfor·med into real spaee P(r) by use of thE' 
indir-ect t ra nsfonnation p r·oced ure (T'l'P) met hod (Clatter, 
1982). Th i,; r·equired the full sc:attering cmve to 3·6 nm - •. 
It. offe rs a n alternative r·alculation of t he Rc and the 
length L for r.T inhibitor . The 7fi experimental I (Q) duta 
points (in 3 subdoma ins to C'Orrespond to t he 3 Dl7 
config urat.ions) were bt>st fitted us ing 10 t.o 15 C'ubic 
><p linE"~. whil'h were tmnsiorrned into 10 1 points of t he 
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P(r) fund inn hu><t•d on n nu1ximum lt'ngth of :!0 nm . 
Dt>~<lllf'Arin~ nf t lw rwnt ron t·urvl' wa" pt'rfnrnwrl on thf' 
basis of u Dl i \\tl\f'lt'ngth ~prvnd of 10° 0 full -width to 
half-maJ>imum. Tht> -.lit wid th and lt-nj!th corrections werf' 
~•'t tn hr Pqual 1\ll d ha~·rl on a bPam din•rgenre of 
11·011:? r·ad nt l n .. trunwnt l>li. 

(.I ) .1/udtllilr!J"f t/11 11/l'ltl'lttre of('[ inhibitor 

(llodf'lling of tlw m•utron·:>l'IHterm~ l'urn'l! \\at! ba.!t'<J 
nn tlw dr.'' \·olunw of the ~ly"op1·otein (Chothia. 1975; 
Pt>r·kms. I!) '(i). and U~>t<cl DPinf' ~irnulations baSt>d on 
sphl•n•..; uf :! di!ltim·t "'l·alte;ing densities to follow 
dl'!Wr ihed pr-oct>dure" (P Prki rls & Weis;~, 19 3; Per·kins. 
1985; Smith PIal., l!l!)O). ~lnd t>lling of the sedimentation 
l'O(' n! ('it' nt .-r~o. w \l'll'i lm,;!'d on tht' h,vdmted volume. whic·h 
Porresponcl~ t o t lu• ~'""' nf thP ,·olnrnf'R nf the dry g lyco­
protl'in oncl I he hydmt io n t~ht<ll (as~:<uming a hydration of 
o-:J g HlO/~ g lyt·oprot:t•in ll lld 1\11 Plcctt'08tricted water 
molet·ult' volumt• of 0 .11:!-! fi nml) , and t.his !Pads to a 
partial s peritil- ,.nJunw ;; o f 0·721 rnlfg for cT inhibitor 
(T'Prkins . IHR!I). Wlwn h,vdnulyuamil' sph1•1'('~ arP usN!. 
rhiK h.vtlratiull is illl'l't:ll~ed tu O·:J9!!; in o rd t'r to ~·urnvc·n­
sal!• for thl' void ~Jint·es l!etw~n th£> nun-overlapping 
Flpht>rPs (PNkiniS. 198Hli). ( 'al t·ulations wPre performed 
us i n~ tlw pmgram OJ•; :-< I) I A (C:arria de Ia Torre & 
Blonmfir ld. I !)77,. h). 

3. Results and Discussion 

(a) I 'nrbo!lydrnll' nnn/y.~l'8 of ('J inhibitor 

Ca rbohydrate nnalyl'\es WE' rP carried out to 
confirm the stnwtu rl.' (s) of the :'\-linked oligo­
sncc:'haridci! and lo quantify the number· of O-lin ked 
oligosacchal'idt•s bound to C'T i11hibito r . 'While the 
pro tein sequence ( ijol·k e/ al., 1986) indicate s ix 
occupied N-lin kcd g lycosylation siles, the s ituation 
for the 0-linked c·hains is less c lea r. 
H igh - \·olta~t' (' )ertroJ!hOI't>Ris of the N-linked 

oligosacc-harides of C' l inhibitor. rt>leased by 
hydt·azino l.v:~i s and rcdutl'd wit.h Nai33H4 . indicated 
that 9(;·6 % of the ol i go~me{\harides catTied at least 
one negn t ivl' rha r·gp (Fig. I (a)). T he distribution o f 
charged Rpt>rif's was conRist.ent with a mixtu re of 
mono- and cl i-::Jia ly lal~:d hitLnl~:nnary oligo­
saccharidi's (A- 1 and A-2) a nd mono- , di- and t ri­
sial~· lah:-d lriantennar·y o ligosac·c·haridcs (A'-1 , A'-2 
and .-\ -3). The rcla tt\'e proportiOns of these com­
JKmt'nts wt'n:: A- I , 14·9 ° 0 ; A-2, 58· 1 ° 0 ; A'-1 , 2·1 °0 : 

A'-2. 5· 1 °0 : A-3, 16·4°0 . E lectrophoresis of the 
charged ~-linked oligostL<·chnrides afte r treatment 
with neun\minida!l(' showed t hnt all the charged 
components wPrc• c·cmvprted to nt>utral speciP~ and 
remained at tht' o r igin . Therefore the only charged 
moiety was :.iulit• atid. Bio-Gel P-4 gel filtration 
chrom a togrophy of thE' neura minidase-treated 
oligosacchal'idcs ga,·e tht> elution pr·ofile sho"n in 
Figure I (b). ThC' ma jor peak eluted a.l 13·5 gluco~e 
un its and minor t·om ponents e luted at 14·5. 16·5, 
17·3 and HHi glm·osc unit:;. These peaks were pooled 
as shown in Figure I (b). The relati,·e proportions of 
Pal'h pool wer·<· as fo llowa: I , 2·0 %; II . 6·5 %; I II , 
9·3 1}0 ; IV, 20·fl 0

0 ; V. 6Hi %. Tht> <•ha.racteristi{l 
e lution pro fi le poRitions 1111 Bio-Grl P -4 (Yamashita 

e/ n/. , 1982) indic·atNI that peak a w all a t etra­
antennary oligofl!lcdnuidC' , p<·a ks I; anrl r were t ri ­
an t Pnnn r_y o ligo><arrha ridr. (pPa k {J rorf' fuco­
sylated), and pt>aks rJ and I' Wt:l't' ui-antennary 
oligosat·rharidC's (peak d <'Ore fucosylated). These 
oligusat•charide a:-.signm<"nts w('r•C' c·onfirml:'d using 
sequent ial exoglycosicln!Se ~((llf' llf'ing (data not 
shown). 
Hi~ lt - ,·oltagt• ell'<' trnphorel'iS of a port ion of t ht> 

radioa<'tivl' o l i~o:mc·cha rirl<•t; ol>tllined l>~· t rl:latment 
of C' l inhibitor with nlka lirw ~;orl ium [3 RJhoro­
hydrid<· in t hC' pn•sr1wc of lactose'. s howed nC'ga­
Li\' c ly chargt>d material '' illt u ~im ilar mo bility to 
sial.vl-ladose and 1.\Uthc-nt ic r\eu~Ac2-3(6 )Gai/Jl -
3Ga iNAc in ndditiun lo l~wiitu l. WhPn the charged 
mater1al was l t'Pail·d with neum m inirlase and t•esub­
jec-ted to C' I E•rt r·ophur·Psi~ . the radioactivit y remained 
al the nrig in 1\nd wa~ Lhcref(Jrt: neu t ral, confirm ing 
that on ly s iu.ly l1tLed t'l lf.u·ged species were prPsent 
(d atil not. shown). 'l'hf• hulk or tlw rndioar-tive o ligo­
saecharill£•s wcrr then 11'\'ntf'<l with neuraminidase. 
subjreted l o l'it'c'l rophol'l's i:< and the resulting 
ncutml o ligosa<·chnridrs Wt'rt' ~; uujel· t{'d to Bio-Gel 
P-~ gel filtra tion . 'l'he <·hrnma.toJ(I'Ilm showed a 
;;eri <>s of peak:;; Pluting 1\1 3·5 and 2·5 glucose units 
and a minor peak l'lutin~ at ~-4 glucose uni ls (data 
not shown). T he (Wak at 2·5 glucose units corres­
ponds to la.t•titol nnd that at 3·5 to Ga l/JI · 
3GaiX Ac01 . I n>:ignifirant a mounts of X-linkcd ol igo­
saccharides were pn'scnt. Aeid h~·drolysis of t ht' 
pooled fnu·t ions from OIIC' to tivc g lucose units 
confirmed that t h<' only reducing-terminal mono-
accharides p rest•nl wer•f' N -aeetylgalactosaminitol 

a nd glucito l. The ·e da ta taken together are con­
· i~;tent with Lhc· finding of Htrecker P/ at. ( 1985) thrLl 
the 0-linked oligosaccha r·idcs of CT inhibitor ar·t:' 
predominantly Neu:'\Ar2-3(6)Uai{J l -3GaJNAc. 

l nf'itts ion of lar t mw in the ~tll<al ine borohyd ride 
t reatment a llowt>d ml'asurcmeat of the raLio of t.his 
standard to the re l oa~t·d 0-linked sugars (see Table 
I ). 'l 'wo methods of quantific·a Lion both gave a vaJue 
of approximHtely il€'Vl~n 0-linked oligosaccharid es 
pe r molecule of CT in h ibitOI'. 

'l 'he addit.io n of ~o~ ix N-linked and seven 0-linked 
o ligosa.ccharides with th~ s t r·uctures determined 
above to the peptide M, of 52, 00 lt>ads to an AI, of 
7 1,000 {Table 2), of which 26 ° 0 is carbohydrate. 
This eon t t>nL is less than, ltul is comparable with. 
the determinations of 33 % to 35% by Haupt et al. 
(1970) and Ha rrison (19 3). The presenc-e of seven 
0-linked oligosaceha rides is consis tent with the 
se\1en g lycosylation si tes reported at ~er42, Thr26. 
Thr-1-9 , Thr61, T hrOO. Thr70 and T hr74 durin g 
sequencing (Bock et al .. 19 6). It is also clear that 
the total M, is 32 ° 0 less than the generally accepted 
value of 104,000 . Most M, determinations have been 
based on S Dl-1/ polya<·r·_vlamide gel Plel· t rophoresis. 
and values ra nging from 9 ,000 to 11 6,000 have 
IJeen re por ted (Pensky et at.. 1961 : H aupt et at .. 
1970: H Mp<>l & Cooper, 1975; R cbou l et al. , 1977 ; 
~ilsson & Wiman , 1982 : Harr·ison , 1983). It is well 
known I hat the prcs(' rwc of carbohydrate causes 
glycoproteins Lo mi~r·aLe ltbnor mally in SDS/ 
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F igure 1. N -linked oligosaccharide analysis of CT inhibitor. (a ) High -voltage paper electrophoresis of C'T inhibitor 
N-linked oligol!acchn.rides. Tritium-labelled oligosaccharides were subjertt'd to high -•mltage paper electrophoresis 
( 0 V em - •) in pyridinefac:etic acid/water (3: 1 : 387. by vol.) buffer (pH 1>-4 ). The arrows indicate the positions of lactitol 
(L). sialyl-lactitol ( L) and bromophenol blue (BPB) markers. Peaks A- 1 and A-2 represent mono- and di-sia.lyla ted bi­
antennary oligo~>accharidt'B Peaks A' - I . A' -'l. and A-3 !'{'present the mono-. di - and tri-silylated oligosaccharides. 
respectively. 0. ori~in . (b) Gel filtration of CT inh ibitor des ialy lated N-linked oligo::~accharides. Negatively charged 
t ritium-labelled oligosaccharidt'B from high-voltage electrophoresis were exhaust i\•ely digest(}d with neuraminidase then 
separated by high-resolution gel filtration on Bio-Gel P-·k T he arrows indicate the elu t ion position of isomalto­
oligosa('charidcs cont~ining t he corresponding number of glucose units. The numbers over ea ch peak indicate the elution 
position of t ht\t peak in glucose uni tR. The time ax.is is marked at 100 min intervals and the bars indicat~ the areas that 
were pooled . Pools I. Ill ~tnd V l'Or respond to the elution positions of tetra-an tennary, t ri-antennary and bi-antennary 
oligosaccharidc11 re::~pecti vely. Pools 1T and I V correspond to the elution pm~itions of fucosylated t ri-a ntennary a nd bi­
antennary oligosaccharide11 respecti\rely. 

polyacrylamide gpl electrophoresis and therefore 
give apparently higher Af, values (Cordon, 1975). 
T lus could account for the discrepancy with the 
SDSjpolyac•·ylo.midc gel resu lts. However, SDS/ 

polyacry lam ide gel electrophoresis of deglyro­
sylated CI inhibitor (H a rrison , 1983) or the p roduct 
of celJ-free-t r·ansla tion of CT inhibi to r· m RNA (Tosi 
et al. , 1986; Reboul et al., I!) 7) gives a pparent M, 
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Table 1 
Quanlijiration (/! lite nwnbPr cif 0-linked 

oliyo,.;rll"dwrides rPleaxcd from (' I inhibitor b.'f 
an·afille HOOittm borohydride 

HA<IJoadJvJtyt Hadioac:ti,·ity, 
(t·t:</ rnin) mole (rts/ ruin) Molar n11io 

UligoMo•e!harul.,~ 9·5:! x to• :!·74 X 1012§ 6·03 (72.000) 
t·9x l012 6·36 (i6.000) 
3{)5 X 1012 H·70 ( 0.000) 

L:wtii ul :!·Rfi x 10 1 4·55 X 1011 1·00 

1\r~a Art' a / moll' 
(pV x minlt (p\ ' X 111iu ) Mular mt io 

~ 1\0lei YifZIIII'alos· R·H:l X 101 ::!·31 X J0' 0§ fl·35 (72,000) 
ttmin it o l 2·44 X 1()10 6·74 (76,000) 

2·i;7 )( 1010 HO (80,000) 
Ultwitol 1·13 X 103 1·81 X 1()9 1·00 

t Aftr•r· ~t·parR.tinn nf till' Clligo~at•choridPs by borate electro· 
phurel!is. !lot• t·utlionl'lil•to !LI'\'IIb wt•t'l' ~ l ut.-rlllnd the radiollctivity 
rnea,;uml hy liquid ~c·i nt ilht t iun t'tlttnt ing. 

! Afkr ltl'id hydl'OI.y~is Hllll ;;<' IJ"l'aliun or t ho> reducing 
terminal mouo)<:wc·hAridr~ hy horat~ eiN·trophort>.sis. t.he raitio· 
!let in~ J•C:Llk ar~m• "''!'(• ol!t ai rwd h_y iut~gralicm . 

§ 'l'hl' numhrr uf enol of O-lin ked ~lycan/mol of CT inhibit<~r 
ar!' ealculatl'd fM differen t molt'Cu l<tr weight~! of C'T iohibit<lr and 
Rl't' gh·~n in JlftN'III lw,...,., 

\'alnf'l' o f 71-! ,000, ti4- ,UUO a11d {i5,0UO in th:~t order. 
Thesf' a r·r higher tlultl thl' protein ma&; of 52.RIKI 
ealntlnt<>d fro m 1 he sequence. and may refiet:t 
t'f'lit ric t<'d t-~Dl-i binding and unfolding of the unus ual 

o·s 

0·0 

;::; -0·5 -

-1·0 

• 0 

repeating tet rapeptidt· Sl'(jltt' tH·I.:' Clx -Pro-Th r-Thr in 
the K-ter·mina.l domain o f the protein . 

(b) Neutron Rc Ouinier mwlyses of CT inhibitor 

~entron Sl'at INing w~ts applied to both nati\' e 
and split T inhibit or. The s pJjt form is inacti"e· 
and d iffcr8 fro m the untivc form by two rnajn·cbajn 
breaks, either hetwccn Met3 1 and Leu:32 or Leu32 
and Phe:l3, and .. 'er-l41 nnd \'al44~ : the las t pair is 
in the react ivl' sit.e loop, d ose to the physiological 
clpavage s ite at Arg444-'fhr445 (Pemberton et al. , 
1989). W h ile l he C-Ll•rrn inal peplide (M, 4400) 
rt' rntt ins associl.tk'd with th(• major CT inhibitor frag­
ment , a parLial JosH of u p lo 30 % of l hose at the N 
lerm inns (M, 3200) hail pmbably occtured (see 
Mall:'riu.ls nnd Methodto~). 

T hl:' neut ron Cuinier· analyses on CT inhibitor 
were based on t hree independent p reparations of 
ea.r h of the native a.ncl l:l pli t forms s tudied between 
concentrations of 2 and J4 mg/ ml. All experiments 
showed bi phnsit• Guinit•r H0 plot.s (Fi[!. 2(a)). T he 
R0 could be a na lysed in the lowest linea.r Q2 range 
in F igure 2(a) bet weeu Q values 0·08 and 0·22 mn - t 

on I nstrumcnt D 17, and the data were confirmed 
using Instrument O il a t lower Q (see ~1aterials and 
AlethorlH). T heo H0 a nd / (0)/r Yalues increase by 
approximately 15 ° 0 and 30°0 , in that order, on 
tlilutiou from 14 rng/ml in all cuutrat<t , and thi:; i;,: 
similar to that oL:It'rved for anut ht-r serpin. cr1-an t i­
try psin (Fig. 2 of Smith el (1/., 1990). A concen-

C) 
>< 

- 5 C) 

~ 
c: -

-6 

~ 

~ 
-7 

0% 

0·00 0 ·04 0·08 0·12 0 ·16 0·0 0·8 

(a) (b) 

Figu re 2. X!'ut rnn C:uinil'r unaly.s<'~:> for n:1tivc CT inhibitor. (a) A dilution :wries in 1()()0
0 

1 1-1 20 buflcfl! i~ dt•pirtcd. At 
low (). t ltr• t•onr·Pnt rat ion dt•pt•fld!'IIC'P oft hi' t:uinier RG cur1·ps is shown. From top t n bottom , t lw sam piP 1'01111'111 r·atio ns 
are 7·9 m~/rnl. !i·O rnl(/ 1111. -!· I rn~/rnl and 2·~ mg/ml , with R0 \'alues of -t·:J nrn, 4·4 nm, -1 ll rrrn and 4·7 nm (ermrs between 
±0·1 and ± 0 ·4 11111 : (:ho~h . lORI). T he condi t ion QRG = I i~:~ a r·rowcd in !'Itch c urvt•. (b) ('rot<S·s<•dionul Rxs annly;;es are 
~huwn in O"ln. so u~ and HHI0 o l t-[ 2() bufft>rs. Tht> samplt> ronrt•ntmtinn~ 1\rC' S·fi rng/1111. 1:.!·7 mg/rn l and 14 ·0 mg/m l. in 
that order. Rxs f' rrun• un• ± 0 ·1 nut and th t' ('Ondition QRxs = I arrO\I'f'd . 
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F ig ure 3. C'on trast variation analy~·~ for uaLivt> a nd 
sp lit t'T inh ibitor. (a) The matehpoint deter·mination of 
CT inhibitor, using the 1 (0)/tl'l: data I'Xtropolatrd t{) zero 
conc·entmtion, gives 42:·3% 21-1 20 . ' l' lw ('O I't'C'-~ponding 
matdl point dc~tprminatinn ll:<in!( tlw IH('an r I ((/) X Ola-o 
vulue:; cnea:lured in 0% . 70<}0 , 80~0 und 1 00~0 buffer~ 
(not shown) ~i,•es -12·2 1}0 

2H 20 . (b) Tlw !oltuhrma nn plot 
of R~ uguin~t 6p 1 gives. an R G.c of-!· 5( ± ll·U I ) nm and a 
slope <Xc of .">!)( ± 3) X w-S On lhl~ bll:~i:! of a weightffi 
2-paranwtl'r lenst-squares lit. 'rhl:' 1?0 data had been 
Pxtrapolatrd w zero conrentration. Analysis of the mean 
H~s Vtlhll'S in ~ <'On trusts givt>s an ffxs.c of 1·43( ± 0·02) nm 
and An CXxs of 29(±2) x 10- 5. grror han• tn (u) and (b) an> 
tshowu only wlwn large enou~h to hl' sl:'en. 

traLinn dependence was a lso reported for CT 
inhibit or bv Rcdimentation (H aupt el al .. 1970). 
,'in ct· llw s~·rpiu d oma in nf cT inhibitor has a net 
chur~t· of + 6, while ll.he N-terminnl domu.in has 11 

net chAI'gc of -20. it is lik{')y that t ht' molt'culP 
c·ontninsa dipoli' and t hat thi' eonc·en tration depen­
dence is the result of inter partide interference 
)Jhenom<'na (Uuinier & Fournet , l!)!l5). 

/ (0)/r prov icles eomposit ionul information on M, 
and i ~ tl c·ont i'OI oft he measurem{'nts. For t he native 
and spli t forms. their values were the sn,mc wit h in 
error in all eontrast:~. F or the split form, it is 
inferred t hat both t he C-terminal cleaved peptide 
and th<• bulk of theN-terminal peptides (up to 9 ~0 
of the tol!d J11,) remain associated with th{' parent 
s tru<.'ture. in agreement with sequence analyses (see 
M1~tcriahs anti Mt'llJUU:s). Rim:t: tlcc C'-lt:rrnimd 
peptide coni a ins a T rp res idue, s ignificnn t ly alt~rcd 
cal t•ulnt ions or c from optical den;;it ie:; would have 
resuft,ed had t.his pept;ide been lost rlnring dialysis. 
Absolute M, calculatilons batwd uu / (0)/c data in 
H 20 t~xLnt polateu to zero c gave ~;~, 11 M, of 7(),00() 
(±4000) (.Jacrot & Zaccai, 198 1). 'l'hiR is consistent 
with a n iH, of 71 , 1001 from tht• 1-lf'<IU(' I\Ce. T he 111, 
calculation is based on an ah8o1·plion 1·oetticient 
A::':n. 2 ao of 3·6 (Har-rison. 19 '3: ~ah·esen et al .. 
l98G). '' hich is supported by a eah·ulated A 280 of 
3·86 from t he com position (\\'(•!Iaufer , 1962: 
P e,·kins. 1986). An a lternative .1280 value of 4·5 
(Hau pt el (1/., 1970; Bmch et af., 10 ) would han 
giveu un .lf, of 95,000 ( ± 5000). Fi~ure :l(a) shows 
the lin<'ar dependence· of J 1(0)/t on the contra t. 

The mulchpoint is 42·3 ±0·5°0 
2 H20. which is 

compatible with the value of 41 ·0 ° 0 
211 20 ralc·u ­

latcd frorn the composition (P erkin:;, 1086). 
R0 prov ides O\•e rall structUJ·a l data. fl'or t h!' two 

forms of CT inhibitor, thf' Rc valuPR WE're Rim ilar 
(and also for the Rxs data, see below). This shows 
that the strucLural rearrangeme-nt hl'l we<'n I he Lwo 
fonns is relatively localized , as a lready discussed fo,· 
ex 1-a,ntilrypsin (Smith et nf., HlHO). even though 
crystallographic studies ~how that a significant 
confonnalional change must have on·urred on 
clNI.\'age of the reactive centre ( Lo hcrmann el a/~ 
19 .J ). Evidence that this change occun; too in Cl 
inhibitor was demonstrated by cireu la r· rlichroiRm 
( Bruch et af. , 19 H) and heat stability (Pc-mherton et 
al. , Hl80). 

The St uhrmann dcpend{'nce ul' He:; on tlw ton trust 
(F ig. 3(b)} provides information o n tht' E> Xte1'11al and 
intomnl s tructur·o of CT inhibitor. At infinite 
contrast the R o.c of 4·85( ± 0·0 I ) n m c·orresponds to 
an t>longation ratio Rc.cf R0 of 2·27, where H0 is t he 
Rc; or t he sphere \Vith thl' same dry \"Oiumc as CT 
inhibitor. 'l'hf' valuf> or this ra t io is 1·35 for the 
homologous serpin cx1-antitQ-psin (Sm ith et al.. 
1990). CT inh ibitor is therefore rnuch more elon­
gated than :x 1-antitry psin. T he di fference i~; att ri_: 
buted to the large ~-termjnal d oma in of Cl 
inhibiLor. the analogue of which is not found in thP 
sequenee o f cx 1-antitryp sin. T he positive :;lope cxc of 
the Stuh rmann plot shows Lhat the inle rnal ~Muc­
turc of C'T in hibitor is dominated by tl higher scut.­
tering densi ty on its su rface than in its inner co•·e. 
Calculations show l haL this ro•·reRpond. to hydro­
philic t~urface regions of pt·otein and (·a rl.>ohytl rate 
and a hydrophobic tore of protein (Prrkins et a/ .. 
19 I : Perkins, 1986). Even though cxc; is less 
ac·curately drl~>rmined than R c.c · the CXc of 
.5!l(±:J)x l0 5 is com parable with those measured 
for cx 1 add glycoprotein (P erkins et af., 198fi) and 
oc 1-antit.rypsin (Smith et al., 1990) ttfter rescaling 
those da,t,n on thc- basis t hat ex is proportional LoR~. 

(c) NPulron analyses of C T inhibitor fl f large Q 
'- incc CT inhibitor is elongated, c ross-sectional 

Rxs an a lyseR eould be performed (Pilz. I 0 2). Linear 
plots of In (/(Q) X Q) t•ersus Q2 wert' founcl in the Q 
range 0·67 to 1·30 nm 1 (F ig. 2(b)). X u concen ­
tration dependence or t he Rxs or ll (Q) X QlQ ·0 para­
met-ers was obsen1cd , nor was a n y difference seen 
b{'tween the nati\'e and sp lit for.,;s of ('T inh ibitor 
(data not. shown). Con trast variation gnve a match­
point of 42·2(±0·5)% 2R 20, which is consis tent 
with lhl' preuicled value of •:ll·0 °,{1 

2H 20 (Table 2). 
The Nt uhrmann plot of R?a, ver.m.s llp - 1 g1we a Rxs.c 
of 1·43( ± 0·02) nm and an CXxs uf 29( ± 2) x 10- 5 

(Fi~ . 3(h)). 'J'hP p~d icted value ofcxxs is in the range 
3 x 10 5 to 13 x 10- 5

, whkh is considerably less 
than l he ob~erved ocxs of 29x 10 '· (1\c,te th~t the 
contl'at<t deptmdcne{' of R'/Cs is dearly "~ible in 
Fig. 2(b).) Th{l c ross-sectional s tl·u<·ture ofC I inhibi­
tor i ~; thus s trongly domina ted by t he carbohydra te 
com poncnt . 
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Table 2 
Prupr·rtit'-< of flit· IWiit·t and split form.~ of human 

(' r inhibitor 

A . Comp(Htllronol 
.11, (J>rotein) 

(ca rbuhydr,ltt') 
(tots I) 

J/, (nt>ul ron ~··ntl<'nn~t) 
Or) volumP (nrn 1 ) 

I b, .II, in H1 0 (fml 
~lal<·hponll (0 ,1 

1H 20) 
(predll'tetl ) 
(C'xpt•rum·rtlod) 

A :·;· • . 180 
(Nd t• ulut<•d) 
(t•x pt>riru~rtliLI) 

H. 8 /rwlum/ 
Rc;~ (IHII ) 
Rxs.c (nrn) 
"'o ( >< 10 'I 
ilxs ( x 10 5) 

flo(xiO 1•11111 l) 
L (nm) 

RG~!Ro 
Rxs.c:/ Ro 

r . .1/ndef• 
Ra.c (ruu ) 
~X<;(x iO j) 

r.:!.SOO 
1 .:mo (:m o u we1ght) 
71.100 
71i 1Ml0±40UII 

88·2 
O·l!l!tl 

(478 residue>) 
(90 residue.) 

(568 residues) 

~ 1·0 (protein 39·5; l'H O -17· 1 I 
4:!·3 -l-2·::! 

H!fi ±O·OI 
1·4:1 ±0·03 

59±3 
29 ±2 

3ij()±30 
1/l'l:i ±O·I> (fi'c; "nu 1(0) dllla) 
1(1 I !J (JTP analysis) 
2·2i 
1·52 

4-87 
54 

Thf" dry ''olume i• ~akulatl'd from the crystallographit' residuP 
'•olumes of(.'hothia (1975) and Perki ns (19 6). The matcbpoint is 
caleul11ted nssumin~t J0 0 0 of uon~xchauge of t be pt-ptide ;t.;H 
protonh (P!'rkm-, , I !JI!ti). The :\-hnkt'<l curbohydratl' rom position 
i• ""l<'ulated as NeuXi\t' 11Cal,f:ai:-IA~HMan 1 eFuc 1 • and that of 
the 0-linkrd oligu.;a(•thuridl's u• NeuNA!'1Gai1 GaiNA<'1 . 

The scattering data lead to estimates of tht­
lenglh L of thr pari icle. From the Guinier analyses 
(Per·kins et al. , 1900). thl' intensities ratio n xI (0)/ 
f / (Q) x QJa- o in t•uch of0 ~0 • 0 ~0 and 100% 2H 20 
leads to IJ v1dues of 15·7nrn , 16· 1 nm and 15·0 nm , 
in that 01·dcr·. f~ rom the R0 and Rxs values, L values 
of f(i'f} nrn , l !l·4 nm aw l 15·1:! nrn were obtained from 
J} = 12 (Rb - Ris). The mean value of L is 
15·8( ± 0·5) nm (T nhle :.!). Tbe indirect transforma­
tion of thC' sc·ltl l·ering <.'UI'Ve I (Q) into tho distan c(' 
distribution function fJ (r) in real spa<'e also gives L, 
since P(r) lwc:ome:~ z.ero at thr maximum distance 
within the mal·romolcn·ule (Clatter, 1982). This hus 
the advantage that the full <·urve to Q = 3·1 nm - I is 
used , evt>n thOUj:(h intensity errors a re greater at 
large Q when I (Q) is :;mall. Da ta for both the native 
and t.he s plit forms in 100° 0 l H 20 were analysed . 
The most satisfactory P(r) ca lculations showed a 
strong pellk a t r of 2·~ nm ( Fig ~). a nd L was 
dete rmint'd as 16 to 19 nm. whi<'h is compatible 
wilh the Guinier (•:,timate o f Las 15·8(±0·5) um . 

The SCtlt tcring t·urvt>s l:wtwpen the RG and Rxs 
regions (Q nf 0·22 lo 0·67 nrn - 1

) ha.,·e not yet been 
considered. J<;ven though Fig ure 2(a) suggests that 
linear Guinicr plol:. co uld be obtained in lhis range, 
this part of lh<· Hcati('ring cu rve consists of three 
contributiom~. onE.' from the !lerpin domain , one fi'Om 
the N-tcl'minttl domtLin, and one from the scattering 
intt'rferf'IWt• Lenn or hoth dom ains. E ven though 

pututivt> ( !uini•'r l'lllltly:;c-:~ sugge:;t tha t the mean 
/ (0)/r vH lue in H 20 c·tm •p:-;ponds t o an J/, of ~6.00(1 
(± 600il) (whit h il'l do~ to the .ll, of 47.700 for tlw 
:;erpin domain uf ('f inhibitor) and the Ra.c of 
2·7 (±O·O:l) nm i:~ du,;e to the HG.c of2·6 1 ±0·02 nm 
for oc 1 -anlitryp:~in (Smith f f nl .• 1990). the decun· 
\'Oiution of the differrnt <·ontributiom.; is not 
:;t raightfonmrcl and l't'qui res in formation about. the 
:;pat in I a rmng('niC'nt of th<> two domains. which is 
not a \•aihlbll• n priori. 

(d ) f)plJyp 8pherr 1/l(l({l'lliny uf (. r inhibitor 

) 'lol('<'ttlar· modeiR wer'l' <.'O n>~l ru<'ied to intPrpret 
the sPalLPring c·urvr analyses. Tlw crystal strurtur·p 
of split a 1-anlitrypsin was retJresented l>y Debye 
spheres (Lobermn.nn et fll., 1984; Smith et al .. 1990). 
The seconda ry st t·udur(l of oc 1-u.ntit rypsin can be 
fully matehr d with the cf inhibitor ~quem·e if 
Asn83 to l le92 in a 1-antitry psin are deleted 
(Harri,UII , 1989). ']'),j ~ I:VITt';:,pv nd;:, tu par·L or hefi " 
D and a ~;nrfut·e loop betw£>en heliPes C and D. ;tnd 
inc·lurlc;;; I h(' oligo~a.c·1·har·ide i'l ite at Asn83. Afte r· 
remov ing these residues. the t rystal struC'ture was 
('Onvcrtcd into 237 s phl•r(·S of diameter 0·754- nm 
ba. ed on cubes of sidt• 0·(i08 nm. 

Gly l to Asv t9 in the a 1-antilrypsin crystal st ru('­
ture are repla<·ed hy the N-terminal domain (As11 I 
to er l 13) in CT inhibitor. The ~-terminal domain 
was mod Piled a.'l an extended protein st rueture of 69 
spheres, initially with a total length of 23 spheres 
and 14·0 nm, for four reMons. 

( I ) , ·cattel'ing show!! that the overall length of 
a 1-anlitryp!!in of 7·0 to 7·8 run (i:;milh et ul., 1990) is 
increased to 16 to 19 nrn in CT inhibitor. 

(2) A Robson :~econdlu·y struclure prediction 
(Garnier et al. , 1978) of the N-terminal 113 residues 
indicates relatively low amounts of ex-helix ( 17 ° 0 ) 

and /1-she<.' L (16%), and high a mounts of P-turn 
(21l % ) and coi l (41 o/o). 

(3) Of thl' It:~ l'f'Sidues, 6 1% a re hydrophilie and 
there are ten glycosylution sites, which is comvat­
ible with a high exposur(' Lo solvent. 

(4) Of the I 13 residut>s, 15 ure proline, mostly 
between P•·oti2 to Pr·o l04, whieh is high compared 
to an average of 5·2 % in proteins (Dayhoff, 1978). 

T he ix N-linkrd olircosarcharide.s were modelled 
as extended bi-ant.ennary structures ( trecker el al., 
19 5) of II sphr l'f'S each, Pven though Figure I 
shows that one-sixth of the structures are tri­
antennary oligosMrharides, and that possibly one 
site is oe('upied uniquely with this t ri-antt>nnary 
dass. The seven 0-linked oligosa<·charides were 
represented by three spher-es each. In the 
N-terminal domain the oligosa ccharides wer·e arbi­
trarily positioned a long t,he prott>in core according 
lo t.heir orcurren<.'e in l ht' prima ry sequence (Fig. 5). 

I nforrnation on the relative orientation or the 
serpin and N-terminal uo mains in CT inhibitor was 
p!:_ovided by the position o f Cys4~06 and Cys l 83 of 
Cl inhibitor in the crystal strurture of oc 1-anti­
Lrypsin . These for·m dit:mlphide bridges with Cys iOJ 
and Cys108 in the N-t.enninal domain. Cys406 and 



Page 13 of 17

Solution Structure of(' T lnllibilor 759 

7 ~------------------------------------------------. 

l r =2 4 Experimental 

18·0 

5 --- -~--~--~-~L 
~ 2·5 

Models 

4 -

34 X 2 

22·8 

~ 

25 )( 3 
17·8 

l 

13·2 

~ 

0 5 10 15 20 25 

r (nm) 

F igure 4. lndin·1·t tran~furrnntion (Oiatte r, 1982) of the scattering curve>s T(Q) fo r CT inhiuitm. Tht' experimental P(r) 
em·ve cnrrt>spond~ to data on nntive C'T inhibitor at l..J mg/m1 in 1()() 0

0 
2 H 20 , hu~t·d on (j{) / (Q) point~ ext.('nding to 

(i = :!· I nm- •. fittf'd w~ing Hl B·>~ plin es. t~nd transformed using an assumed nmxirnum lc•ng th nf :!0·:! nm . The l'rror· 
rnarg insofthP trnnRfnnnutiun are shown for the experimental curve. The 2fi x :lmodt·l l'nrve is lll181'd ontht• rnodcl shown 
in Fig. fl. u" rnlr·ulatcd for t he J()() 0 

0 
2 H 20 C'ontrMt , ba.'*'d on 90 / (Q) points !'xh•nding to Q = l ·{i nm - •. fitted using 10 

H·splinP~ . am! t rnn,fnrmf'd 1111inK !L maximum length of 25·2ilnm. T he r values corn>spond ing t<> tlw posit ions of the main 
peak in P(r) and "her\' /'(r) bl'C'Ome>! ~ro art' a rrowt>d . The 34 x 2 a nd I 7 X 4· 1110tlt>ls tll't' illlll' L. 

C'ys i R3 are lo r a tRd on th t> -:: fac'e of the erYs ta l 
s truc· turc. on lwlix J) and on the loop conne~ting 
helix I a nd 111 ra nd A5. and c•on~>train the ~ terminus 
domain to lif' along tlw + .1· di r·el'lion of the c rys ta l 
s tructure 111ar ting from His20 (the + .r model). ThP 
long axes of the L \1 o domains lie in s imilar 
direc tions. 

The c·ontras t dependenre of the scattering was 
incorpora ted by suhdi viding t he moclel into 2·H 
surful'e hyc.Jru philic 8pher'('S and 152 ror·e hydro­
phobic· spht•rc•s, whi ch were assigned match points of 
60 % a nd :m00 

211 20 . rt's pet' ti,rely (~mith et al .. 
HIOO). Fig ure• f\ !<howl' ttml. p:ood ag rr>t> ments with 

the experimentAl c·urves in three r•on t rasts were 
obta ined . The residual R (defined by Rmith et al. 
(1990), by analogy with <Tyst a llography) is low at 
0·0:20 (0 ° 0 

2H 20). 0·0 11 ( 0°0 ) a nd 0·012 (100 ° 0 ). 

T he RG in tlw t iH't'l' c•c)ntrasts ar·c> 5{J3 nm. 4·6 1 nm 
and 4·7 I nrn, in good agret> ment "i th 1 he experi­
ment a l va lues of 5·05 nm , 4·60 nm a ncl 4·71 nm 
(Fig. 3(b)). The modellt>d RG.c and aG of 4· 7 nm 
and M x 10 s agrt'<' wt>ll with th t> Pxpe rinlPntal 
values of ·HI5 nm and 5!) x J0 - 5 . Transformation of 
l (Q) into P (r) gavt' a ma ximum dimension of 
17· nm for lhl' 100° 0 

2 H 20 mod t-1. toge ther with a 
major pt>a l< at Z·!l nm . in good fLgrE'ernent with the 
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Figure 5. l'un·t• liHin~ ftH' the lkby(· tip lwre motlel:< of<:T inhi llitc>~::_ 'l'hr :J!lli->~plll'n' +.r mod;•( (~hown un the ri~h t) 
lend" tu ~im u(oti;lns !hut 1\l'l'OIIIlt for the !lt'llttP rin~ t·urves of nllti vt• (' I infliliitnr iu ()On • ~!() 00 and ((10°(> 2H 2U (SPe the 
t PX t ). :-;tntistio·all'r'l'ill'~'< in tlw nl'utrorr data are illllit·at~d hy full (80 ° 0 , 100'\0 

2 H 20 ) or hulf (OC}0 
2 H 20 ) error u1u·s. The 

X-t ;•nniuul clwnuin iK :!:~ !<plll'l'l'l> in length and :~ spht'r't's in t•rl)~~-,;owt inn . i'\im·•• H ~'<plwr•t•,., in the> ~-tl'rminal domain 
onrlappP<I 11 ith t lw sc•rpin dnmu1n in tho~'< m·ientation . ami hnd to b(· dC' It'IPrl . I lw :X-tf•rminal rliHnain wa.'l in<·retl~d in 
lcn)!th f'ru ru 2:1 to :!.i ~plwr'('K 111 ronsrrve the total volume. The spher't' moclt·l i~ ~huwn in tlw ::saml· orientation as that of 
thl' ;·r.\'stlll ~trU<•tUI't' und th;• Dt•hyt• !!('littering model for x 1 -antitr·~1J>'in in i'\mith d rll (1!11-10). 

exper·inwntnl / '(r) t·un·p (Fig:. -i). A two-domain 
:-trul'lu r·t' for ('( inhihi tor tlwrefvre at·cuunts for its 
s('Rt l<'rin~ pr·u1wrtil'S. 

Otht•r rnndt•l,- for (' I inhibitor were tested . FirstlY. 
four altemn.t in• +.1· mod1•ls fo r tlw protein eore wP;'t' 
ron-.tr uett'l I. hu!-.rd on spht•rr length ami tross­
:it't'l ion" of {iH x I. :14 x ~ . 17 x 4 and x 9. and 
IL•n,gthil ~I run. 21 nn1. 10 nm and fi nm. Their RG 
ntltll'" \\' PI'(' 12·1 nm. H·2 nm. :!·7 11111 anJ 2·9 nm , in 
that nrdr r. 1111d tti'P dt>HI'I.v cliffPI'ent from the ex peri­
menta l Hc;.c n tlue of 4·Mfi nm. The P (r ) calculated 
for I hP :J..J. x 2 ~tn<i 17 x 4 rnod f' ls resulted in maxi­
mum leng1lu; of t:Ni nm and 1:3·2 nm, respecti,·ely, 
whi(·h dra•·ly ditl't•r fm111 t he error margin o f the 
i"XJWI'imelltill /~(r) in Pig ure 4 . a nd show that thPilf' 
rnod,•ls ;·un lw exdudL•tl. 'fhP ll'11gth of CT inhibito r 
in 1-1olut ion iK t ht' rPfiH'e well identified hy scaLI•l' l'ing. 
Fina lly, in ot ht•t• nwdl'l><, the N-Ler·minal domain 
waK rl'pn>~ it in1wd I'PlnlivP to tlw 1-lt'rpin domain in the 
- .r, - .11 11ncl - :: rlit·ec· tions. ~\'en when the RG wa~ 

adju:o;lt'd lo lw dose to ·Hl:i nn1. s lightly worse l'UI'\' e 

fits c•omiHirNI t o thosl' o f Figur·e !l werE' obtained. 
\\'h iiC' I lw + .r dirPdion is Ia voureci bv thP 
moclPIIing. t h iil i~ not unambi~uous . · 

(c·) 11,1Jdrodyllfonir .o;inut[nlion . ., of ('l inhibitor 

For cT inhibitor·. t ht> sediml'ntation coefficient 
·1~o ... has ht·t>n rt•port~d us :l·67 . :{·7. a· and 4·3 X 
(Xc·hul tze PI a/ .. 1Hil2: Ha upt 1'1 (1[ .• 1970: Rt'bou l el 
nl .. Hl77 : Ch!'!!ll l' tl al .. 19H2). 'f'hi!< IPacls to a rnoder­
atel.v high frittionnl ra tio f i fo nf I·:H. whic·h s hows 
thut cT inhibitor i~ l'longatt·d in xulutinn. as alrt:'ady 
i nfe n w l fr·om <' lt•(· l•·nn m inui!t•opy (Ode rmatt et a/., 
HlHI) 11nd lhc• pr<•flrnt n('utron data. 

Uivf'n llw M, and t lw 8go.w· tllf' lrng th lJ oflht> 
sl rul'lnn· is d t•h•rnlinPd as lht> o nl .v unknown if this 

tan he approxi mated hy a rod·like <'yl inder· 
(eqn (77 ) of G1Lr<'i1L tiP i<L Torre & Bloomfield . 19 1 ). 
For an .llr o f 71 ,100 and un .ygo,w of 3·7 S. 1" was 
found to lK' :W nm . . \ n alternativE' le ngth calculation 
using Pight hydrod~·namic :-phrres of diameter 
3·1 nm arrangrd in l l :.tmight lint' ga\'e ~5 nm 
(Oarcia dr Ia 'f'Mrl' & Bloomtield. 1981: Perkins , 
I HS!lb). Both a re substan tially less than the first 
Pstima.tes u f 5!} to 60 nm and 38 to -!4 nm from 
h~·cl rodynam it· data also us ing thP cylinde r 
approaeh (Oderml\tl PI rtl.. I !)HI: P erkins. I 985). 
This results fr-om the d t>tTea:>f' in ,1/r to 71.100 from 
t he prf'vio us ly t\t·t·Ppl('d vulut> of 98.000 to llH.OOO. 
HowevPr, th1• l'l'V i:;NI l<' ngt.h of :Zi'i to 2() nm is s til l 
sig nifil'llntly g1'Nltl.'l' thttrt the ne utt·o n le ngth o f 16 
to I !) n m . Thill 1-lii J!:gcstK liJU.t Lhe use of hydro ­
d y na mic ;·yliude rs i;; not su lisfuctory. 

T he hydrody na r11 it· s tnwlu t't' o f oc1-autitrypsin has 
bePn ~U C'C'Psfl fully mndi'IIPd (:-imi t h /II a/., Hl90) u::;ing 
32 pherf's of dinmt'tf'l' Hi9 nm for the protein and 
24 ~pheres o f diamt>tt'r 0 ·95 n m fur tlw oligo­
Stl('dlal·idl' chain :-1. ThiH modt'l was adapted to the cT 
inhibi tor st r uetur·t> hy ( I ) t•Piol'al ing t lw extended 
~-linked oligosaC'\·haridf'x fo und at A:m·Hi and 
Asn :3 in cx 1-antitr.\psi n tu Glu132 and Gly l.tl to 
rorre:!pond to tlw po11itions of A::m216 a nd A>m23 I in 
C'T inhibitor: (2) remo,· insr one ..,pher't' to currel"pond 
to thP Asn 3 llt•93 loop in cx 1-nntitrypsin that is 
delet(•d in c·T inhibitor: (:3) adding St'\' ('n s pheres of 
diametf'r Hi9 nm to llw ~ -ll'rminal :!phere of 
cx 1-anti trypsin to gi'' l' n I x I x 8 t\rrny a ligneJ in the 
+ .r clirettion to l'('prc•st'nt t lw prott:>in rorP o f the 
~-terminal dumnin: (4 ) adding three extended 
~-linkNI and :;('vPn U-linkrd oligosa~:ch al'idcs to the 
~-terminal d o n1nin usin~ s pher't's o f diameter 
O·!)fi nm . T h(• 107 ::;pltt'r-cs (Fig. o(a)) are of overall 
leng t,h lfi nm, and givl' a t•tLic·u lalt>u H~o. w of 3·5 1-i. 
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Figure 6. Hydrmlynurnic mniiPI>< fo r CT inhibitor. Tht> oligo:<n.rrharidP~ art· ~h rmn Pitlwr (>l ) in an t' \ l t>udt•rl or (h ) in" 
eumtJtU't (·onli1rnmtio n. Both ~in• "~o ... l' aluPS tha t agrPp with t-xperimt'nt. Proh'in spht·rl·>~: !·tin nru tlinrm•tt-r: 
c·arboh,l·rlra l<> sph!'I'P" ' IHI:l nm dia nw tt>r. 

Anoth t> r model 11 ith fi() ~> plwn·H o f diamt> ter l·ti!J nm 
(Fig. 6(b)) and l<'nFrth IH nm in whil•h tht> oligo­
;.a<·('ha ride' a re nwrg£><1 with the protein j.!a n • a n 
x~0 . .. of 3· ~. Hnth mod els agrt'e with the exper·i­
mental n mws of :Hn to :3· ~ und the neut mn 
modelling. :-;itH'l' t'X perirnenta l 8go. ,. ,-alut•s are 
u!"ua lly knm1 n tn within ± 0·2 K and thP ,.jmula­
t ion;. n:-<ua lly n~rw to 11 it hin ± 0·2 , · (Perkin::.. 1 989). 
tlw nli~o!';H·c·h •Hicl <' c·onform at ion c·annot bf' ident i­
ficd. Tn ('OIH·Iusinn. tlw h~ dr(ld~·rH1 1l1il' pro pPrties of 
C'T inhibitor ll l't• w<·ll t•xpla ined in lt·nn~ o f a two­
domain ht'ad -and t nil ~tl'lldlll't'. hut not hy a 
c·~· l illCier. 

4. Conclusions 

The c·nm hi n:tt ion of t ht• llf'll t l'fm and h~rd ro­
tlynamic solution tla.tn on c·T inhibito r with the 
cr.\'t-; lal st ruC'ltll't' of !X 1 -antitry p~in (Li:ihermann et 
al .. I !lH+) a nd l laP t•nr·l·e~pond in~ solution ;;tud il'~ on 
!X 1-a ntitryv!lin (~mith 1'/ a/ ., 1!100) has IPd to a n 
im pr·m·NI f' IHII'U 1'1Pri'l.:1 linn nf its twn-clnmn in st l'liC·­

tun•. Strul'lma I t' l' idcnN' for t hP dbt inet exiRtcnee 
of I hl' ~><· rpin doma in " "" obta irwd from thl' 
~ucc·et-s ful l' UIT~ fittinl! of Figtu•t• .). the h~·tl ro­
d~·namic moch•lling. and po,;;.ihly also from Rc in 
tlw bip ha:-il' (:uinil·r Rc; ana l~·s<•s of F'igurt> 2. Tlw 
st r lH·hrr<· of l ht• :\-tl'l'minnl domnin i~ hra\' il~· glyt·o­
'>\' lalt'd and t'~ tPnd 1•d , a." dc-'<luc·<·d from the I)Vera ll 
l ~· ngth of l(i to I!) nm of ('J inhibitor in rr lat ion t o 
a1 -aJ r t i tl·~· pt-in .us \l t> ll a.-c tht• ('Ontrast \'a riat ion da ta 
(Figs 2(h) :1nd 3(h)). Elrctron mic·rosc·opy had 
su~~t·slt'd thnl ('I inhihiior is lllllt·h longPr at 33 t n 
3(i nm (Odr rmall 1'/ nl., I !181 ): howc•\'C•r . il i,; p ossihh· 
tha t artifa1·ls 11'1'1'1 ' i1rl rodut·c·d in the t'Ourse o f tha t 
s tudy. for ~xampiP , thmu~h ;.;amplt• d enaturalinn or 
mag nitiPntinn rrmrs. l' rt•vionsly , lt·n~l hs of 55 t·o 
(j() 11111 ami :JR to 4·4 11111 had bt'l' ll psfinrutPd from 

J.,•drod vmunit· 1lutu (Odt•rrntllt 1/ rtl .. I!) 1: Perkins. 
I !I .5). ·H tc" rc· it hn:- hc·c·n :-hown 1 ha t th t.o:w larg t.o 
,·alues a re the 1'<'!-llll of :111 t•rronc·ou" J/, and the 
unjul'tilif'd tt.'<l-llllllfll 1011 thnt l'T inhihitor ha;. a eylin­
dril'a l st ruttur'e. Figur<' 7 -.hows tha t the final length 
of 16 to 19 nm for cT inhibitor is nnw similar to 
)pngt hs of J7 to :W nm det<· rmirwd for it ~ subl-ltrat('S 
Clr nnrl ('1 ,.. ( \ ' illieN td rtf .. 1!'18!): \\'ei ~" l'f a/., H) 6: 
Perkins & :'\Ndis. 1 !IH!l). 

C I is a c.:OrnJllt•x of I \\' CJ HLI bn11n pont'nl s Cllj and 
Clr2l' l:;1 . Clq rc.:C'OI-(nizts the F'r do mains of agg-re­
gated IgG and bind>< t o tht-om. (' l q ha ~:~ a hexameri r 
:>trurturE' formrd from . ix part -r (JIIaw· IWIIR, parl·­
globular· subunit s with t.hr a ppearance uf a ' ' bunch 
of tu lips" (Fig. 7). T lw c' I1ZJ'lnir aeti vit,r of C'l 
I'E>s idPs in l lw tel nuntw (' I r 2(' l t~ 2 . T t is thought that 
C'lt·2 ( '1 ~2 has 1111 PIOnKH ll•d asym mel rir X -shape 
st.ruetnre (Wt'is~-; ef al., 198(;; Perkins & Nealis, 
I 989). ~Ht•ml mod Pis for t hrir 11ssoeia lion t o form 
C l hn\·t' hl:'t' ll p1·oposNI (1:-i r humnkr r el nl., 19 7: 
Perkins. 1989n), wlwn• ('lr2('1 s2 l'ill!f'r is inter­
twinNI hc>fWf'f' ll thf' ~ix ~tulks of lhl' ( ' ICJ s trlJ I'tnrP 
or is phtt·ed fully l lll the o uts ide of thr s ix ('lq 
,;t alk:<. For reaRon o f th t> requirement of steric 
at•ees8ibili t~· of thP ;.c•r·int> proteina<;e a nd short 
t•onRE' nsus n>J>t>at (Fig. 7 . ~l'R ) domuins in Cis and 
(' I r to ('4. thP suln,t rull• of (.' 1. tlw lit'eond mod el has 
been p rt' ferred (( 'oopt•r. I!), .): P€'rkinR, 19 5: Perkins 
Pi nl., I !)!)0) The t•omparisons in Pigun· 7 ,;how tha t 
the interat•tion of tlw ;.t>rpin doma in with tht> seri ne 
pmtcase rlomain i t~ mo!.t rl'Jldily under"R toud in 
models where t' lr2(' ) !;2 is pllw t•d outside the six Clq 
stalks. s twh ~~ ~ in t hr' W-mndrl (PC'rkins, 198:1, 
198911). Oncr ( ' lq is att Jtl'lwd rin its heacis to 
immune a~gr"Pp;a tt·~. it i,; likl'ly tha t t lw ;.. iz(• of up to 
four Rcrpin dCimains wnulcl hr ton hulky In fX>netrntt' 
within th(' t·tnw of(' l q s1alkfl . Thi ..: IH•t·r,.;~; i;. required 
b.v the inter·t wined !-;. n nd H-moclrl ..: for the l' I 
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F igure 7. Molecular modrls of sev!:'ra l !:'a rl.l' component~< of ('O rnpiPmf'lll derived from «olution ~cattt>rin,g. Tlw ('I q 
~trudure (Perkins. 1985) i;. h!:'Xt:lllll"rie and binds a t!:'tramer of ( ' I r a nd Cis, of which a monomer is s hown {Perkin!" & 
~ealis . I !)89). The t'T inhihit~w model from ~'ig. r, is aiRo shmm . Thi" ('I c-omplt>x il" a h it> to arti1•ate t '-I- of romplement. for 
1\ hirh a :selat•rnatic modt'l of it:,; 2-domain ~trueture il:l shmm, to indi1·atP I he ~Size of l'+ (PPrkins 1•1 nl .. 1990). The domain 
~trut'turPs of these components art• indit'at.ed: ( :1 q. (i eollagf'nous stalks and globular heads: l' I r·, (' I ,;: ttw (.'domain~ I to 
\"1 are tlw interaction domain ( 1. 11 a nd TTl ). 2 "short c·nn;;pnflu~; repeat" (t>CR) domains (1\' and \'). anrl a st·rint• 
prnteina:<,.. domain ( \ ' 1): ('T inhihitoOr: st>rpin domain and :'\-tt'l'lllillal domai11: ('-J. can he repn.'t~eiiLt'u hy tht• ,iuxHIJJOSition 
nf tlw C-1-t• and C-J.d domains.l"pherP diarnf'ter-s: ('lq, 1·1!) nn1: l'll'. ('1 ~. I·OOnm ; t'T inhibitor, O·HOS 11111 : ('I. O·SOr1111. 

c·om plc..:c s i nee these postulate tiH~t. t lw four 
pmt.N\:>t> domains in l' l res ide within the Cl q cone 
(Colomh PI at .. Hl8-l-; Nrhumnk~>r· Pf nl. , 19!:W). 

One possible funtt.ion for the X -lermina.J tlo mu.in 
ufCT inhibitor is that this la lUl·ks the al'l:essibilit.y of 
the norqu·oteolytic dom~lins I toY in CTr and 'cT::~ 
after the serpin domain of ci inhibitor· has bound to 
ti1P proteinase doma.in VI. Hyrlrt)dynamif' ('alr-ula ­
tiom; (K. ,J. Perkins. unpublished results) show that. 
in the tumplt>xe:> of CT inhibitor with CT r and CTs. 
the :1'\-termimtl domain ofl'T inhibitor is close to the 
two SCH d omains of Clr and CTs (Pig. 7). lt is 
pn::~sible from the \t\' -modPl for C l (01' in thr ot her 
ruodell-l proposed fur Cl) that tlw two ~CR domain,; 
1\' andY in eaeh of C i t· and Ci s and/or t.be inter­
artion domains 1 to II I in temet. wi t h the collage· 
nous ~talks of C' l fl in the ('Jq <·om pl«:>x with 
(' l r2C'Is2 . Om·e Cl inhibi tor· haH r'l:'ii.!'I:Rd with l'lr 
and l'l :-, il, is reasonablE> to propose that the 
~-terrnirml domain m~diatel:l tht:> red uet.ion in llw 
binding affillit.y of inhibited CTr nnd t'Ts for Cl q. 
1'his frees Clq for readion wit·h tht> C l q receptor 
(Reid. 19!)6). It is also possible that. the short, 
cun:>f'II::>Ul:l rept>at domains in l' l l:l i rlltl ratt also \dth 

l'4. Since it \l·ould be necesRary to reduce the a ffi ­
ni ly of l '4 for CT s after r eaetion o f t.he la t ler with l'T 
inbibit.o r. steric hindrance offered by t·.he :'\-tt'rminal 
domain of C'T inhibitor would prm·ide a requisitt' 
mechani;;;m. 
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