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A.2 Structure and Function of Human Proteinase Inhibitors

Measurement of the Proteinase Inhibitors of the
Bovine Pancreas by Radioimmunoassay *

E. FINKt and L. J. GREENEf}t

BOVINE pancreas contains two different polypeptide trypsin inhibitors, Kunitz inhibitor(6.8)
anc Kazal inhibitor.(3:7) Some of their properties are summarized in Table 1. Both inhibitors
are found in the bovine pancreatic tissue in approximately equimolar concentrations,(2) yet
ony the Kazal inhibitor is detectable in pancreatic juice.

As the first step in the study of the physiological role of these two polypeptide inhibitors we
hae set up a radioimmunoassay for each inhibitor, because this analytical method provides
boh specificity and high sensitivity. In this communication we describe the labelling of Kazal
anc Kunitz inhibitors with 1251 using the lactoperoxidase method,(9:12) present a radio-
imnunoassay for each inhibitor and report the application of the assays in an in vitro secretion
stuly of bovine pancreas.

TABLE 1. BOVINE PANCREATIC TRYPSIN INHIBITORS

Kazal Kunitz

Trypsin inhibition + +
Acrosin inhibition + +
Plasmin inhibition - +
Chymotrypsin inhibition - +
Kallikrein inhibition - +
Amino acids/molecule 56 58
Molecular weight 6161 6518
Isoelectric point 4.8,52,59 10.5
Present in:

pancreatic tissue + (~1.5X) +(~1X)

pancreatic juice + -

RADIOIODINATION

Tie procedure described by Thorell and Johansson for the iodination of polypeptide
hornones using lactoperoxidase(12) was employed for the 125I1abelling of Kunitz and Kazal
intititors.(1) Jodination and purification procedures were identical for both inhibitors. Table 2
presats the experimental conditions by which the incorporation of 0.4 nmole 1251 per

*1esearch carried out at Brookhaven National Laboratory under the auspices of the U.S. Atomic Energy
Comnission.

tVisiting Biochemist at Brookhaven National Laboratory, 1972-1974. Supported by Deutsche
Fashungsgemeinschaft. Present address: Institut fir Klinische Chemie und Klinische Biochemie der
Urivasitat Miinchen, D-8 Miinchen 2, Nussbaumstr. 20, Germany.

1-Brookhaven National Laboratory, Upton, N.Y. 11973, USA.
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212 STRUCTURE AND FUNCTION OF HUMAN PROTEINASE INHIBITORS

TABLE 2. ENZYMATIC IODINATION OF BOVINE
PANCREATIC TRYPSIN INHIBITORS

(@ Nal25], 1 mCi, pH 8-10 10 pl
(b)  Potassium phosphate buffer, 0.4 M, pH 6.1 10 ul
(c) Inhibitor, 4 ug in H,O S ul

(d) Lactoperoxidase (Calbiochem) 1 ug in H,O 4 ul

() Hy09,1 ugin five 2 ul additions at 30
min intervals 10 ul

) Reaction stopped after 2.5 hr by addition of
20 ul NaNj (0.3%), 200 ul Nal (0.1%) and
600 ul G-50 elution buffer

48+
40

-3

32
24

cpm x 10

0 10 20 30 40 50
FRACTION NUMBER (0.8 m(/FRACTION)

FIG. 1. Isolation of 125[-Kazal inhibitor by gel filtration. The reaction mixture was applied to
a Sephadex G-50 fine column, 0.6 X 120 cm, equilibrated and developed at 4°C with 0.05 M
Tris-HC1 buffer, pH 8.6, containing 0.5% bovine serum albumin, 0.5 M KCl and 0.02% NaN3;.
The numbers indicate the percentage of recovered radioactivity in each effluent peak.

1 nmole inhibitor was achieved. The number of iodine atoms incorporated per molecule
inhibitor can be controlled by altering the amount of inhibitor in the reaction mixture while
keeping all other parameters unchanged.

The reaction mixture was immediately subjected to gel filtration on Sephadex G-50 fine
(Fig. 1). The iodinated inhibitor was eluted as a symmetrical peak in fractions 27—33, the same
volume in which unlabeled inhibitor was eluted. The gel filtration step effectively separated the
radioactive inhibitor from high molecular weight iodinated material (fractions 16-25),
presumably derived from the lactoperoxidase preparation, and from low molecular weight
radioactive material (fractions 41—46), which is probably free 1251. lodinated Kunitz and
Kazal inhibitor preparations were stored at 4°C in the Sephadex G-50 elution buffer. They were
generally rechromatographed on Sephadex G-50 prior to a radioimmunoassay experiment.
Upon rechromatography most of the iodinated material was eluted in the position of the
inhibitor, a small amount of the radioactivity appeared in the low molecular weight region. The
preparations were generally retained for up to eight weeks for use in radioimmunoassay.
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FIG. 2. Dose-response curve for the radioimmunoassay of Kazal inhibitor. Each tube contained
100 ul 125-inhibitor (25,000 cpm), 200 ul standard diluent (SD: 0.05 M potassium phosphate
buffer pH 7.6, 0.25% bovine serum albumin, 0.02% NaN3), 100 gl unlabeled inhibitor dissolved
in SD, 100 ul of antiserum at a dilution sufficient to bind 50% of the labeled inhibitor. After
48 hr at 21°C the bound inhibitor was separated by the addition of 100 pl goat antirabbit IgG
serum (1:30) and 100 gl rabbit serum (1:600) followed by incubation’at 4°C for 12 hr. The
radioactivity of the precipitate was counted after centrifugation.

RADIOIMMUNOASSAY PROCEDURE

Antiserum to Kunitz inhibitor was prepared from rabbits immunized with the antigen in
incomplete Freund’s adjuvant; antiserum to Kazal inhibitor was prepared from rabbits with
Kazal inhibitor coupled to human albumin; both antisera were used without any further
purification. The double antibody method was employed for the radioimmunoassays using goat
antirabbit IgG serum as the second antibody to separate bound inhibitor from free inhibitor.(4)

Studies of the binding of labeled inhibitor showed that 85—90% of the radioactivity in each
1251 inhibitor preparation was bound by the antibody. A standard curve for the radioimmuno-
assay of Kazal inhibitor is given in Fig. 2. Linearization of the dose—response curve was
achieved for either antigen—antibody system by plotting the logit transform of the response
versus log dose of antigen.(10:11) Both assays were sensitive to 0.04—0.08 ng inhibitor and
were generally used in the range of 0.1—5 ng inhibitor per tube with deviations of replicates
+10% or less. The experimental conditions for incubation and separation of bound antigen are
given in the legend to Fig. 2. We have not attempted to increase the sensitivity of the assay,
although it is probable that sensitivity could be increased by using inhibitor preparations of
higher specific radioactivity. The system described here is reasonably stable and provides high
sensitivity.

There is no cross-reactivity detectable between the Kunitz and the Kazal inhibitor—
antiserum systems. Neither iodinated inhibitor is bound by the antiserum to the other inhibitor
under the conditions of the double antibody radioimmunoassay. 800-fold molar excess of one
inhibitor had no effect on the quantitative determination of the second inhibitor. Trypsin
interfered with the assays of both inhibitors by reducing the amount of iodinated inhibitor
bound to the antibody. This suggests that the inhibitor—trypsin complex is less effectively
bound to the antibody than the inhibitor. For this reason, samples which might have contained
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FIG. 3. Kinetics of release of amylase (A——2), and of Kazal (0—o) and Kunitz inhibitors
(e——e) from bovine pancreatic slices in the presence (+ C) and absence (— C) of 10—6 M
carbamylcholine in the incubation medium.

trypsin were treated with 2.5% trichloroacetic acid (TCA) to precipitate the trypsin while the
inhibitors remain in solution.(7-8) The recovery of each iodinated inhibitor added to the
pancreatic juice or homogenates of pancreas was 70—80% after treatment with TCA.

IN VITRO SECRETION STUDY OF BOVINE PANCREAS

The RIAs of Kazal and Kunitz inhibitors were employed for the study of the secretion of
bovine pancreas.(3) Slices of fresh bovine pancreatic tissue were placed in Krebs-Ringer buffer
containing glucose and amino acids and washed repeatedly with the same solution. Two sets of
slices were incubated in the Krebs-Ringer buffer at 37°C; the medium of one set was 10-6 M in
carbamylcholine, a secretagogue which is a choline-esterase-resistant analog of acetylcholine. At
the times shown in Fig. 3 (abscissa), aliquots of the incubation media were removed and
replaced by fresh medium. After the incubation the tissue slices were homogenized in water. All
samples and the homogenates were assayed for their concentration in amylase by a photometric
method and for their concentrations in Kazal and Kunitz inhibitors by radioimmunoassay.
Figure 3 shows the kinetics of release of the three substances.

Two facts confirm the secretory nature of Kazal inhibitor. First, the secretagogue
carbamylcholine stimulates its release into the medium. Second, the kinetics of release of Kazal
inhibitor into the medium is identical with those of amylase, whose secretory nature is well
known.
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The release of Kunitz inhibitor into the medium is completely different from that of Kazal

inhibitor and is probably due to cell death. By contrast with Kazal inhibitor the release of
Kunitz inhibitor is not stimulated significantly by carbamylcholine, nor does it parallel that of
amylase, thus demonstrating the non-secretory nature of Kunitz inhibitor.
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Affinity chromatography 504 -699
automation 603, 609
large-scale 603
ligand

adenosine 5 monophosphate
arsalinic acid 623
concanavalin A 565, 575
ferritin 571
glycocholic acid 617
heparin 545, 581
immunoglobulin 559
organic compound 531
lysine 545
matrix 495, 513, 531
acrylamide bead 50,
agarose 517, 581, 639, 681
Sepharose 359, 495, 513, 525,
531, 551, 559, 565, 571,
575, 609, 613, 617, 623,
633, 651, 663, 671, 681,
687
trypsin-resin 255, 517
substitution 517, 531, 687
activation 517, 525

Albumin 295, 299, 435, 451, 455,
537, 681

Alpha-antitrypsin 44, 48, 79, 85,
119, 125, 151, 157, 163, 245, 249,
359, 371, 373, 377, 385, 445, 455,
phenotyping 373, 377, 385, 393,

397
deficiency 377, 385, 389, 393,
397

Alpha-fetoprotein 3, 313, 353, 565

Amino acid
composition 255
sequence 35, 184
sulphydryl group 35, 537

Animal
ascaris lumbricoides
baboon 245, 249
boar 255
bovine 93, 99, 202, 211, 235,

571, 623
guinea-pig 255, 571
monkey 249
mouse 405, 609
pig 235

513

279

T INDEX

rabbit 63, 405, 645

rat 195, 471, 481

snail 202, 271
Antibody - antigen 313, 589, 599,603

609
Bacteria 617
Carcino-embryonic antigen
Catalysis 505
Cell

blastocyst 63

endothelial cell

erythrocyte 73

fibroblast 217, 221

leucocyte 205

platelet 205

reticulo endothelial cell 44, 589
Cerebrospinal fluid 491, 499
Cervical mucus 177
Chromatography 48, 609, 691

affinity : see Affinity chromato-

graphy

cellulose 267, 651

covalent 537

hydrophobic : see Hydrophobic

chromatography

porous glass 691

Sephadex 227
Circular dichroism
Clinical diagnosis
Colostrum 571
Complement 69, 359, 397, 451, 455,551
Cord Serum 373

3, 313,565

221

129
319, 327, 335

Disease

Bence-Jones proteinemia
431

immune system disorders
431, 441

liver disease 3, 119, 249, 315,
333, 373, 393, 397, 441, 451,
581

multiple sclerosis 333, 499

myelomatosis 343, 409, 431

nephrotic syndrome 439, 445

paraproteinemia 405, 409

rheumatoid arthritis 33, 455, 461

359, 405,

405, 415,

697
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pulmonary disease
375, 377, 385
transplantation 343
tuberculosis 333
tumour 3, 313, 565, 589
Dye-binding 437

109, 249, 371,

Electrophoresis
affinity electrophoresis 645
cellulose acetate 48
crossed electrophoresis 39, 245,
393
electrofocusing 125, 565
immuno- 73, 115, 125, 385, 481,
485
SDS-Polyacrylamide 35, 39, 439,
485
starch 115, 125, 133, 245, 393
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alcaline phosphatase
amylase 547, 645
arginase 633
brunase 48
carboxypeptidase A 27
carcino-fetal enzyme 3
chymotrypsin 44, 53, 93, 99,
129, 139, 227, 267, 547
dehydrogenase 513, 639

3, 623

elastase 44, 157, 205
histidine decarboxylase 667
pepsin 541

phosphorylase 645, 671
plasmin 73, 133, 151

renin 79

stem bromelain 627

trypsin 44, 53, 93, 99, 119,

139,227, 267, 445, 517

urokinase 39
inhibitor interaction :

teinase inhibitors
ion binding 27
substrate 27, 633

see pro-

Hydrophobic chromatography 667,
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Hormone
corticosterone 471
androsterone 617
epi-androsterone

671,

617

Immunoglobulin 295, 359, 405, 431,
455, 499, 559, 603
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IgE 409
IgG 291, 499, 551, 609
IgM 291, 599
light chain 415
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Immunoprecipitation 3, 291, 295,
299, 313, 339, 415, 439, 455

automation 291, 295, 299

Immunosorbent 589, 599, 603, 609
enzyme-linked 613

Immunotherapy 587

Lipoproteins 33, 437, 581, 681

Matrix see Affinity chromatography

Membrane proteins 73, 575, 667

Mercaptalbumin 537

Nephelometry 291, 299

laser 295
NMR analysis 189, 202, 531
Pi-system : see Alpha-antitrypsin

Plasma 291, 445
Pregnancy 39, 63, 177, 313, 343,

353, 359
Proteins
- acute-phase reactant proteins 461,
471
albumin 295, 299, 439, 451, 455,
537, 681
alpha-fetoprotein 3, 313, 353,
565

alpha-2-macroglobulin 48, 133,
139, 151, 333, 485
alpha-l-glycoprotein 33, 151, 559,

575
beta-2-macroglobulin 343
CEA 3, 565
ceruloplasmin 333, 455
complement see Complement

glycogen 645
haptoglobin 333, 359
hemoglobin 687
immunoglobulin :
isoferritin 3
lactoferrin 571
lipoprotein 33, 437, 581, 681
membrane proteins 73, 575, 667

see Immunoglobulin

mercaptalbumin 537
myoglobin 687
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trace proteins 319

transferrin 299, 333, 681

insolubilization 599

- permeability 491

- profile 291, 295, 299, 319,
327, 333, 335, 339, 353, 359,
405, 441, 451, 455

- purification 319, 599, 603

- quantitation 333
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Proteinase inhibitors

albumin gland inhibitor 271

alpha-antitrypsin (see Alpha-anti-

trypsin)

alpha-2-macroglobulin 48, 133,
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alpha-l-proteinase inhibitor 35,
99, 109, 217, 221

alpha-2-antithrombin 145, 339

acrosin inhibitor 163, 171, 177,
255

carboxypeptidase inhibitor 279

CIl-esterase inhibitor 69, 151

hirudin 145

inter-alpha-inhibitor 79, 115

Kunitz inhibitor 53, 211

pancreatic basic trypsin inhibitor
184, 189, 195, 235, 285

soybean inhibitor 235

trypsin-kallikrein inhibitor 57,285

- enzyme association 39, 53, 57, 85, 93, 99,
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Reaction kinetics 57, 85, 99
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