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A thiol proteinase inhibitor has been isolated frcm human plasm by ion 
exchange, salt-mediated hydrophobic and ion chelation chramtcgraphy. It 
was found to be electrophoretically heterogeneous (in both its native state 
and after isolation) giving a birrcdal arc with and.1 amloC2 peak in bidimen- 
sional immnoelectrophoresis. It was a good inhibitor of papain but only 
partially inhibited human kidney cathepsin Bl and did not inhibit the 
bacterial thiol proteinase, clostripain. Its mean protein concentration in 
adults sera was 42.5 2 6.8 mg per dl. 

INCRODUZION 

Therle are seven well-characterised plaza proteinase inhibitors in 

IIBll: antithrmbin III, Cl inactivator,dl chymtrypsin inhibitor, inter- 

Oc -trypsin inhibitor,M2 macroglobulin,~l trypsin inhibitor (1) arid 

d 2 plasnin inhibitor (2). Preliminary descriptions of two further inhibit- 

ors have :&en reported,@ 1 collagenase inhibitor (3) and plasninogen 

activator inhibitor (4). Recently Sasaki et al. (5) have reported the 

presence in serum of an inhibitor (d2 thiol proteinase inhibitor) that 

appears to be specific for the thiol proteinases ard which is immnologic- 

ally distinct frcm (x2 macrcqlobulin or any other inhibitor described 

above. However, they did not isolate the inhibitor z-d most of the characteri- 

sation was carried out on partially purified material. I wish to report 

the isolation and partial characterisation of a serum thiol proteinase in- 

hibitor which is probably identical to that described by Sasaki and his 

group. 
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MATEBIAISANDMEl'HODS 

Materials. 
Out-of-date titrated plasma , individual serum specimens fran 120 adult 

blood donors aged between 19-40 years and 20 cord serum specimens fran healthy 
full-term infants were all obtained frcxn the Department of Haenatology, 
University Hospital of Wales. 

Sepharose 4B-kphenylalanine was prepared as described by Doellgast and 
Fisl-man (6) and Sepharose 6B-bis carboxymethylamiIle by the methcxd of Porath 
et al. (7). Cellulose DE52 was obtained frcm Whatman, Maidstone, Kent, Ultra- 
gel AcA44 frcxn LKB, Brcmma, Sweden and all other chrcrnatcgraphy media used 
fran Pharmacia (UK) London. 

Bovine chymotrypsin Type II, bovine trypsin Type III, clostripain and 
papain Type III were obtained fran Sigma Chemicals, Poole, Dxset, and hm 
kidney cathepsin Bl was a gift frcxn Dr. M. Davies, KRUF Institute, Cardiff Royal 
Infirmary. Azocasein was prepared as described by Starkey (8). 

Polyvalent antiserum to human serum and monospecific antisera to&l 
chymotqpsin inhibitor,oL2 macroblobulin, 3~2 plasnin inhibitor, thiol 
proteinase inhibitor and&l trypsin inhibitor were raised in rabbits (9) fran 
proteins isolated in this laboratory. Other monospecific antisera were 
obtained frcm Hoechst Pharmaceuticals, Hounslow, Middlesex. 

Analytical Methods. 
Amino acids and hexosamines were determined on a Technicon AA1 Analyser 

after hydrolysis of the sample at llO°C for 20 h in either 3N mercaptoethane- 
sulphonic acid (Pierce and Warriner, Chester, Cheshire) (lo), or 6M HCl. 
Hexoses and fucose were determined by a procedure of Lee (11) and sialic acid 
determined by the method of Aminoff (12). 

SDS polyacrylamide gel electrophoresis with 7.5% gels was carried in an 
LKB Multiphor 2117 Tank (13) ard estimation of molecular weight was made with 
the aid of BDH molecular weight markers. Isoelectric focusing in polyacryla- 
mide gels containing IXB Ampholines 4-6 was carried out in the LKB mltiphor 
2117 (14). 

Imnunodiffusion, electro~oassay, 'fused rocket' electroinmunoassay 
and bidimens ional imnunoelectrophoresis were carried out as previously des- 
cribed (9, 15). Conditions for agarose electrophoresis were identical to that 
used to run the first dimension of the bidimensional imnunoelectrophoresis. 
Assay of Proteinase Inhibition. 

Papain inhibition was assayed bv a procedure similar to that described 
by Sasaki et al. (5), except th& a i.2%-az-ein solution replaced casein 
as the substrate. Cathepsin Bl activity and inhibition me measured at 
pH 6.0 with 6% azocasein as substrate. Inhibitions of clostripain,chymotrypsin 
and trypsin were measured by the same procedure except that the appropriate 
buffers for these enzymes were substituted for the buffer used in the papain 
assay and a 3% azocasein solution was used. 
Isolation of Thiol Proteinase Inhibitor. 

All chranatcgraphy procedures were carried out at ambient temperature 
and the inhibitor located in fractions by 'fused rocket' imnunoassay with 
monospecific antiserum. 

The protein precipitated between 1.2 to 2.4 M (NH4)2SO4 frun a litre of 
plasma was taken up in about 200 ml of water and dialysed against 25 mM Tris 
Cl buffer containing 4.0 mM EDTA and 25 mM NaCl pH 7.8. After rexnova1 of the 
precipitate, the dialysed solution was loaded onto a cobmm of Cellulose DE52 
(3.2 x 45an) previously equilibrated with the T&s-Cl-EDTA buffer containing 
25 mM NaCl. Afterwashing, the columnwas develop&with a 2 litregradient 
to a finalbufferof 25mMTrisClcontaining 4.Or@lEDTAand ma-$lNa~l 
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Fig. 1 DFAE cellulose chrcxnatography of a plasm protein fraction that 
precipitated between 1.2 M to 2.4 M (NH4) S04. Flaw rate was 
7cml per h and the fraction volume was 1 2mL 
l---l indicates fractions that were collected. 

pH 7.8. The inhibitor, partially resolved into two canponents, was eluted 
between a Na+ concentration of 35 RM to 150 n@l and all fractions in this range 
were collected and bulked. (Fig. 1). 

The pi!I of bulked fractions was adjusted to 6.5 with 1 M H3P04 and 
(NH4)2SO4 was added to 1.2 M. After standing overnight, the precipitate was 

removed and the supernatant was loaded onto a column of Sepharose-kphenyl- 
alanine (2.2 x 6Oa-n) in 100 mM potassium phosphate buffer pH 6.5, with 1.2 M 
(NH4)2SO . 

f 
The colmwaswashedwith starting buffer untiltheblue cerulc- 

plasnin raction had been eluted and then developed with a 600 ml linear 
gradient to a final buffer of 50 mM potassium phosphate pH 6.8. The inhibitor 
was eluted as a single peak between 1.0 M to 0.6 M (NH4)2SO4 (Fig. 2). The 
inhibitor fractions were bulked, made 2.5 M to 
at 4OC overnight, the precipitate was collected. 

(NH4)2S04 and after standing 
It was taken up in 50 ml of 

distilled water and dialysed against 25 IW Tris Cl pH 8.2 containing 100 n-&l 
NaCl. 

The solution was loaded onto a column of Sepharose-bis carboxymethylamine 
(2.2 x 40 tm); the upper 75% contained chelated copper (about 20 p per ml). 
Prior to chrmatcgraphy the column had been washed with 25 m&l Tris Cl pH 8.1 
containing 100 rt&l NaCl. It was found that the inhibitor was either unabsorbed 
or partially retarded; the retarded fraction represented 20% of the total 
inhibitor added to the column and contained serum proteins that were difficult 
to remove by other procedures. Thus only the unabsorbed inhibitor was collected 
(Fig. 3). 

The pH of the collected fractions was adjusted to pH 6.5 with 1 M H3PO 
ti K Cl added to 1.2 M and the sample was loaded onto a Phehyl-Sepharose C 4 - 
4B aAmn l(1.5 x 15 an) which had been equilibrated with 50 mMTris PO4 buffer 
J$ 6.5 containing 1.2 M KCl. Afterwashinguntilnofurtherproteinwas 
eluted, the cxolmmwas developedwith a 4ooml gradient to a final buffer of 
25 mM Tris Cl pH 8.2 containing 25% ethylene glycol. The inhibitor was eluted 
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Fig. 2 Salt-mediated hydrophobic chrcmatcqraphy on Sepharose 4B-L 
phenylalanine of the thiol proteinase inhibitor fraction collected 
after ion exchange chrcmatqraphy. Flow rate was 24ml per h axd 
the fraction volume was 8.0 ml. 
l-- 1 indicates fractions collected. 

IO 20 30 

Fraction Numbers 

46 50 60 

Fig. 3 Ion chelation chrmatcgraphy on copper chelate of Sepharose 6B- 
bis-carkwxymsthylamine of inhibitor fraction isolated after chrma- 
tography on Sepharose IB-L-phenylalanine. Flaw rate was 24.2 ml 
per h and the fraction volume was 8.4 ml. Arrow indicates change 
frcm wash buffer (25 mM Tris Cl pH 8.1 with 100 nM NaCl) to 50 mM 
EDTA @I 7.1. 
l-----l indicates fractions collected. 
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TABLFal 

AMINoACIDANDCARKkM3RATEcaMposITIONOF PLASMA 
THIOLPFUKGt%SEINHIBL'I0R 

pg per nq Protein pM per Ml of Protein (*I 

Asprtic Acid 104.8 47.2 
Threonine 68.4 34.4 
Serine 53.6 30.6 
Glutmic Acid 120.5 49.1 
Proline 45.3 23.6 
Glycine 24.8 19.8 

gy-2 (1) 26.5 7.6 17.8 1.9 
Valine 34.9 17.9 
IMZhi0Ilil-E 4.8 1.9 
Isoleucine 47.8 21.9 
Leucine 55.8 25.5 
TyroSine 59.8 19.8 
Phenylalanine 45.6 16.6 
Lysine 66.9 21.4 
Histidine 9.9 3.8 
Tryptophan 17.3 5.1 
Aryinine 37.0 12.7 
Gluamnni.ne 13.6 4.1 
Galactosamim 2.2 0.7 
Galactose 51.7 15.5 
Mannose 31.3 9.4 
Fu0x.e < 1.0 
Sialic Acid 30.7 6.0 

-(l) Estimated after 20 h hydrolysis witi 6M H Cl 
(2) Asmning a mlecular might of 60,ooO 

free of amtaminants over most of the gradient. A stepvise elution instead of 
a gradient always resulted in either a poor yield or the presence of contamin- 
ants depending on the conditions used. The yield of the inhibitor fran plasm, 
was between 2C-25%. 

RESULTS AND DISCDSSION 

The isolated thiol proteinase inhibitor was a glycoprotein containing 

about 10% carbohydrate and was also characterised by its high acicic amino acid 

content (Table 1). It had an E2g of 5.9 and a pl of between 4.7 - 4.9 with 

5 bands resolved. The protein had pronounced electrophoretic arad n-olecmlar 

size heterogeneity. In agarose electrophoresis it separated into anti1 

and anti2 band; the latter being the major ccxnponent, (Fig. 4B) d this 

separation was reflected in the bimdal precipitation arc that developed with 

bidimensional electrophoresis (Fig. 4A). Tm inhibitor peaks were resolved 

with estimated molecular weights of 90,OCO and 170,ooO when either plasma or 
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Fig. 4 Electrophoretcgrams of thiol proteinase inhibitor and whole plasma. 
A) Bidimensional electrophoresis of 4 ~1 of inhibitor solution 
(4 mq per ml) against 0.5 mls of antihuman serum. B) Agarose 
electrophoresis of inhibitor (4mq pe.r ml) and plasma. C) Bi- 
dimensional electrophoresis of 4 ~1 of plasna (1 in 4 dilution) 
against 0.5 ml antihman serum. At-row indicates inhibitor arc 
inpolyvalentpattern. Aqarose electrophoretogram was fixed with 
1.2% picric acid in 16% acetic acid. After drying, plates were 
stained with 0.2% cmmassie blue in methanol: water: acetic acid 
(4: 6: 1 by volume). 

purified inhibitor was separated by gel chrmatography on Ultra-qelAcA44. 

Bothccmponents inhibitedpapainandappearedtobe immunologically identical. 

The molecular weight was also estimated with SDS polyacrylamide electrophoresis. 

A sinqleproteinbandwas seenwith anestir~t~mlecularweightof 60,ooOor 

64,OCO if pretreatnwt with 1% rrmcaptoethanolwas anitted. No small peptide 

was seen in the SDS electrophoretoqram of the reduced inhibitor and it seems 

likely that the difference in n-olecular weight was due to a omfonmtion 

chanqe caused by cleavage of an internal cystine bridge. The reason for the 

difference in molecular weiqht when n-caasured by SIX polyacrylamide ekctro- 

phoresis and gel chrmtoqraphy is not knmn. In view of this promunced 

heterogeneity which was not reported by Sasaki et al. (5), I suggest that the 

inhibitor should be termed~thiol proteinase inhibitor rather thand2 thiol 

proteinase inhibitor (5). 

Papain was canpletely inhibited by the inhibitor but the activity of the 

cathepsin Bl preparation was only reduced by 50% by a tmnmlar excess of the 
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inhibitor (assuming a molecular weight of 60,ooO) aud only 70% inhibition was 

achievedwithaten-rmlarexcess. The enzyme was imnunochenically pure and 

its activity was not inhibited by pepstatin (personal mmnmication, M.Davies). 

Consequently this muld suggest that it was a poor inhibitor of cathepsin Bl 

and raises questions con cerning the inhibitor's physiological role. The in- 

hibitor's major function may be to inhibit the neutral thiol proteinases that 

play sane role in the inflamnatory response (16). Alternatively, its inhibition 

specificity may be analagous to kl collagenase inhibitor which inhibits 

collagenase to varied degrees depending on the tissue source of the enzyme (3). 

There was no inhibition by the inhibitor of the bacterial thiol proteinase 

clostripain, or of bovine chymotrypsin and bovine trypsin. 

The serum concentration in adults was 42.5 _ + 6.8 q/d1 with no significant 

difference betmen the sexes and the cord serum concentration was 24.1 T 3.%3/ 

dl. In view of its relatively high serum concentration (see also Fig. 4C), 

it is surprising that it has not been isolated before. Thepurifiedinhibitor 

did not crossreact with monospecific antiserum to antithrmbin III,dlB glyco- 

protein,OLl chyrmtrypsin inhibitor, Cl inactivator, ceruloplamin Gc globulin, 

haptoglobin,oC2HS glycoprotein, inter-&-trypsin inhibitor,cL2 rmxcglobulin, 

oC2 plasmin inhibitor,&1 trypsin inhibitor ord2 Znglycoprotein. Its 

electrophoretic heterogeneity resembled 3.8 S histidine-rich glycoprotein (17) 

but its properties were different. It had a different wrrposition, pl and did 

not bird heparin. 
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