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Two proteases, Esperase and Alcalase, derived from Bacillus licheniformis and B. subtilis, 
respectively, are used in laundry products. In testing for the prevalence of IgE antibodies to 
these enzymes in sera among 300 laundry product workers, we experienced two problems in the 
establishment of a reliable RAST for these antigens. The first problem was the propensity of 
the allergen, Esperase, to undergo autolysis, suggesting that solid-phase Esperase might also 
lose reactivity through degradation. Treatment of Esperase with phenylmethylsulfonyl fluoride 
stabilized the enzyme and permitted the synthesis of a stable solid-phase antigen. The second 
problem was the jmding that sera reactive with Esperase in the RAST were also reactive 
with Savinase, an enzyme from B. licheniformis to which the workers were not exposed. 
Immunochemical analyses of the three enzymes with specijc rabbit antisera by gel diffusion and 
by two-site immunoradiometric assay demonstrated that they were not cross contaminated to 
any appreciable extent. RAST inhibition demonstrated that solid-phase Esperase possessed unique 
allergenic determinants in that the reactivity of IgE antibodies was inhibited by low 
concentrations of Esperase and only by very high concentrations of Alcalase and Savinase. In 
contrast, the reactivity of solid-phase Alcalase was occasionally inhibited equally well by 
Esperase and Alcalase. Most strikingly, the reaction of IgE antibodies with solid-phase Savinase 
was always inhibited by comparable quantities of Esperase, Alcalase, and Savinase. Thus, 
the establishment of the RAST for these proteases appears to require the use of 
phenylmethylsulfonyl fluoride to retard autolysis, and the results must be interpreted with caution 
because IgE antibodies in certain sera demonstrate cross-reactivity with Alcalase and Savinase. 
(J ALLERGY CLIN~MMUNOL 78:877-86, 1986.) 

F’roteolytic enzymes used in laundry products to 
enhance stain removal may cause sensitization of 
workers with the development of allergic rhinitis and 
asthma. ‘-’ These patients demonstrate positive skin 
tests, the presence of serum IgE antibodies, and pos- 
itive challenge tests to the allergen. The health hazards 
caused by these bacterial enzymes have been reduced 
by encapsulation (marumerization) with an outer layer 
of inert ingredients that increases the size of the par- 
ticle and prevents the antigen from reaching the lower 
respiratory tract. This process and careful attention to 
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Abbreviations used 
PMSF: Phenylmethylsulfonyl fluoride 
KNPU: KiioNovo protease unit 

AU: Anson unit 
HSA: Human serum albumin 

SDS-Page: Sodium dodecyl suifate-polyacryl- 
amide gel eleetrophoresis 

PBS: Dulbecco’s phosphate-buffered saline 
(0.0027 mol/L KCI, 0.0015 mol/L 
KH,PO,, 0.008 mol/L Na,HPO,, 0.14 
mol/L NaCI, pH7.5) 

TSIRA: Two-site immunoradiometric assay 

adequate ventilation apparently have reduced sensiti- 
zation of workers to enzymes that at one point in the 
early 1970s threatened to become widespread.’ 

A recent investigation by the National institute for 
Occupational Safety and Health in a New Jersey fac- 
tory demonstrated that immunologic sensitization to 
bacterial enzymes was occurring among some workers 
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exposed to the enzyme Esperase derived from B. li- 
cheniformis, even though the enzyme had been en- 
capsulated.’ These workers developed cutaneous and 
respiratory symptoms, fatigue, generalized pains, a 
worsening of pulmonary function tests after work ex- 
posure, and the occurrence of IgE antibodies to Es- 
perase as detected by RAST. Similar evidence for 
sensitization was reported in Scandinavia.g 

Because of the need to identify sensitized workers, 
we established the RAST for Esperase and two other 
proteases, Alcalase from B. subtilis and Savinase from 
B. licheniformis. In the course of this work, we were 
confronted with two problems: (1) We found that cer- 
tain sera from workers with elevated levels of IgE 
antibodies to Esperase also had elevated levels of IgE 
antibodies to AlcaIase and Savinase, even though they 
had not been exposed to them in the workplace. (2) 
We found that the allergen, Esperase, could undergo 
autolysis, suggesting that solid-phase Esperase might 
also become degraded. Because of these problems, 
we investigated in detail the conditions for establish- 
ment of the RAST and the reactivity of sera from 
sensitized workers. In particular, we determined if 
inhibition of proteolytic activity of the enzymes by 
PMSF”-‘* might yield stable reagents and thus im- 
prove the sensitivity of the RAST. 

MATERIAL AND METHODS 
Enzymes 

Crude and purified preparations of Esperase, Alcalase, 
and Savinase were supplied by Novo Industri, A/S, Bags- 
vaerde, Denmark. Crude and purified solutions (1 ml of a 
1.0 mglml) of Esperase contained 48.6 KNPU/gm and 180 
KNPU/gm; Savinase contained 54.2 KNPU/gm and 180 
KNPU/gm; Alcalase contained 11 AU/gm and 30 AU/gm. 
One NPU is defined as amount of enzyme that under stan- 
dard conditions hydrolyses casein at a rate such that the 
initial rate of formation of peptides eliciting a color with 
trinitrobenzene sulfonic acid corresponds to the same col- 
orimetric change that is elicited by hydrolysis of 1 pmole 
of glycine per minute. One Anson unit is defined as the 
amount of enzyme that (at 25” C, pH 7.5, and 10 minutes 
reaction time) digests hemoglobin at an initial rate that re- 
sults in an amount of trichloroacetic acid soluble product 
liberated per minute that elicits the same color with phenol 
reagent as 1 mEq of tyrosine.” 

Rabbit immunization 
New Zealand white rabbits were immunized with crude 

and purified Esperase, Alcalase, and Savinase by dissolving 
400 pg in 1 ml of sterile saline, emulsifying the saline 
solution with an equal volume of complete Freund’s adju- 
vant (Difco Laboratories, Detroit, Mich.), and by injecting 
1 ml of the mixture into the footpads initially, and subse- 
quently at 4-week intervals intradermally. Six weeks after 
the last injection, an alum suspension with 400 pg/ml of 
each enzyme in sterile saline with 0.1% aluminum potas- 

sium sulfate was injected intradermally (0.25 ml) the first 
day and intravenously (0.50, 1.00, and 2.00 ml) on days 
2, 3, and 4. Rabbits were exsanguinated on day 10 after the 
final immunization by cardiopuncture under halothane gen- 
eral anesthesia, and the sera were stored at -20” C. 

Biuret assay 
The protein content of enzyme solutions was determined 

by biuret assayi standardized with human serum albumin 
(Sigma Chemical Co., St. Louis, MO.). The concentration 
of human serum albumin was determined by absorbance at 
277 nm, El:, = 5.3. 

Measurement and inhibition of protease 
activity 

The protease activities of Esperase, Alcalase, and Sav- 
inase were assessed by casein proteolysis as described by 
Arnon.‘5 Briefly, 1 ml samples of enzyme varying from 0.5 
mglml to 0.005 mg/ml in Tris buffer (hydroxymethy amino- 
methane, HCI, 0.05 mol/L, pH 8.0) were added to 1 ml of 
casein solutions of 1 mg/ml in the same buffer at timed 
intervals in Pyrex (Coming Glass, Corning, N.Y.) 1380 
tubes. After 10 minutes at 37” C, 3 ml of 5% trichloroacetic 
acid was added. After a brief vortex mixing, the tubes were 
incubated for 40 minutes at room temperature. The assay 
tubes were centrifuged in a Beckman 521 centrifuge (Beck- 
man Industries, Irvine, Calif.) at 40,000 X g for 20 min- 
utes, and nonprecipitable absorbance at 280 nm was mea- 
sured. For analysis of the effect of PMSF (Sigma Chemical 
Co.), 50 pl of PMSF solution in isopropanol was added to 
the enzyme solution for 10 minutes before adding casein. 
The PMSF inhibition experiments were performed at con- 
centrations ranging from 20 mmol/L to 0.004 mmol/L.‘* 

Gel filtration on Sephadex G-75 column 
chromatography analysis 

Esperase was dissolved in 0.01 mol/L PO.,, 0.3 mol/L 
NaCl, pH 7.7, at 25 mg/ml concentration and centrifuged 
at 40,000 x g and 4” C. The supematant was analyzed on 
a Sephadex G-75 column calibrated with marker proteins 
including ferritin, chymotrypsin, cytochrome C, and luI. 
Two milliliters of Esperase was applied, and 1.4 ml fractions 
were collected. Fractions from the first absorbance peak 
were pooled and reanalyzed on the same column. 

Spectrophotometric analysis 
Fresh solutions of pure Esperase and Alcalase (1 mg/ml) 

and crude Savinase and Alcalase (1 mg/ml) were examined 
in a Cary 219 (Varian Associates, Inc., Palo Alto, Calif.) 
spectrophotometer at 20” C; scan range was 330 to 
240 nm, 10 nmlseclcm. Elastase, 1 mg/ml, was used as a 
standard. 

SDS-PAGE 
Enzymes, 10 to 200 wg and with or without PMSF treat- 

ment, final concentration 0.2 mmol/L to 20 mmol/L, were 
analyzed by electrophoresis in 8% polyacrylamide gels, pH 
7.4, containing 1% SDS as described by Fairbanks et al. I6 
Samples were reduced by use of 40 mmol/L of dithio- 
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erythreitol, final concentration, and gels were stained with 
Coomassie brilliant blue. In one experiment, Esperase, Sav- 
inase, and Alcalase in 0.2 mmol/L of PMSF were mixed 
directly in 1% SDS at 56” Cl7 

lmmunodiffusion 
Ouchterlony double diffusion was performed in 4% aga- 

rose (Indubiose A45, Ind. bio. Fse 92, Clichy, France) in 
PBS with 100 ppm merthiolate (Thimerosal, crystalline, 
Sigma Chemical Co.) by use of varying concentrations 
of each enzyme with or without PMSF inactivation (20 
mmol/L, 2 mmol/L, or 0.2 mmol/L final concentration). 

Performance of RAST 
Esperase, Alcalase, and Savinase were coupled to CNBr- 

activated Avicel microcrystalline cellulose (Brinkman In- 
struments, Westbury, N.J.) to provide solid-phase antigens 
as described previously.‘8 The maxi-RAST procedure was 
used unless otherwise specified. To test the effect of inac- 
tivation with PMSF, active and inactivated enzymes were 
coupled to microcrystallii cellulose. The enzyme sam- 
ples inactivated by PMSF were incubated with a final con- 
centration of 0.2 mmol/L of PMSF in borate buffer (0.05 
mol/L, pH 8.0) (sodium borate, Fischer Scientific Co., 
Springfield, N.J., diluted in H,O) or Tris buffer (0.05 
mol/L, pH 8.0) for 1 hour at 37” C. To prepare solid-phase 
antigens at varying ratios of antigen to cellulose, PMSF, 2 
mmol/L, final concentration, was used, and various quan- 
tities of enzymes, from 1 .O mg to 100 mg were coupled to 
100 mg microcrystalline cellulose. 

The maxi-RAST procedure used 500 ~1 of enzyme-cel- 
lulose (1 mg/ml), 50 ~1 of serum, and 450 ~1 of RAST 
diluent (0.1 mol/L KH,Po,-K$IPo~, pH 7.4, containing 
0.2% bovine semm albumin [fraction V], 1% Tween 20, 
and 0.1% sodium azide); it was compared with the mini- 
RAST procedure” that used 100 Pl of enzyme-cellulose, 
50 p,l of serum, and 100 p,l of RAST diluent. In each test, 
at least three negative control sera were used, and results 
are expressed in percent of total counts added as well as 
percent of negative control (see below). After performance 
of these preliminary tests, sera of workers were analyzed 
for presence of specific IgE to the three enzymes by RAST 
with the optimal conditions established above. 

RAST-inhibition procedure 
The specificity of IgE antibodies in sera from patients 

with high levels of IgE antibodies to the enzymes was tested 
by RAST inhibitionm with the mini-RAST method. Purified 
Esperase, 180 KPNU/gm, Alcalase, 30 AU/gm, and Sav- 
inase, 180 KPNU/gm solutions containing 2 mmol/L of 
PMSF in borate buffer were tested for their inhibitory ac- 
tivities in concentrations from 0.1 p,g per tube to 1000 pg 
per tube (1 kg/ml to 104 p,g/ml). 

TSlflA for Esperase, Alcalase, aqd Savinase 
Purified rabbit antibodies to Esperase, Alcalase, and Sav- 

inase were prepared by affinity chromatography on columns 
of Esperase-Sepharose 4B-CL, Alcalase-Sepharose 4B- 
CL, or Savinase-Sepharose 4B-CL, respectively. To pre- 
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RG. 1. Spectra of purified and crude enzymes. Purified 
Esperase, 1 mg/ml in saline buffet (line 1); purified Alca- 
lase, 1 mg/ml in saline buf&r f/ine 2); crude Akalase, 1 
mg/ml in saline buffer f/&e 3); crude Savinasa, 1 mg/ml 
in saline buffer (line 4); and crude elastase, 1 mglml f20”) 
(line 5). 

pare these immunosorbent materials, we reacted CNBr- 
activated Sepharose with Esperase, 10 mg/ml, PMSF, 
2 mmol/L, final concentration, in 20 ml total volume. The 
same quantities of Alcalase and Savinase were used in sep- 
arate experiments. Rabbit antisera were applied to the col- 
umn, and the column was washed with borate, p#i 8.0,O. 1 
mol/L overnight. Bound antibody was desorbed with 0.05 
mol/L of glycine HCI buffer, pH 3.0; peak ahsotbance (280 
nm) fractions were pooled, dialyzed against PBS, and cen- 
trifuged. The supematants were concentrated with an Ami- 
con PM30 (Amicon Corp., Danvers, Mass.) membrane. 
Protein concentration was determined by absorbance with 
E’” 1 cm = 14.0 for IgG, and sampIes were stored at - 26“ C. 
Affinity-purified antibody was radioiaheted with the iodine 
monochloride method2 

TSIRA has been described in general terms elsewhem.21 
We used Immunlon 2 (Dynatech Corp., Alexandria, Va.) 
microtitration U-bottom plates that were coated with anti- 
body in 0.015 mol/L of phosphate, pH 8.1, overnight at 
4” C and washed three times with RAST wash solution (0.1 
mol/L KH,Po, - K,HPo,, pH 7.4, containing 1% Tween 
20). Samples diluted in RAST diluent were incubated over- 
night at 4” C. The plates were washed five times in RAST 
wash, and radiolabeled InI aftin@-purified antibody in 
RAST diluent solution was added to the well. After 18 hours 
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RG. 2. Ouchterlony immunodiffusion analysis followed by Coomassie blue staining. A, Rabbit 
anti-Esperass IX), Esperase 1 mg/ml (l/ and 0.5 mg/ml (2), Alcalase 1 mg/ml (3) and 0.5 mg/ml 
(4), Savinase 1 mg/ml (5J and 0.5 mg/ml (6J. B, Rabbit anti-Savinase (XJ, Experase 1 mg/ml 
(1J and 0.5 mg/ml (2/, Savinase 1 mg/ml (3) and 0.5 mg/ml (4) Alcalase 1 mg/ml (51 and 0.5 
mglml (6), C, Rabbit anti-Alcalase (Xl, Esperase 1 mg/ml (7J and 0.5 mg/ml (21, Savinase 1 
mg/ml (31 and 0.5 mg/ml (4), Alcalase 1 mg/ml (5) and 0.5 mg/ml (6J. 

the plates were washed 10 times in RAST wash and counted 
in a Packard gamma scintillation counter (Packard Instrn- 
ment Co., Downers Grove, Ill.). Standard curves were es- 
tablished with purified enzymes, and crude and purified 
enzyme preparations were tested for contamination and/or 
cross-reactivity. 

RESULTS 
Physicochemical properties of Esperase, 
Alcalase, and Savinase 

Initial analyses of Esperase, Alcalase, and Savinase 
by SDS-PAGE to determine the purity of the prepa- 
rations did not demonstrate bands, even though large 
amounts of enzyme, up to 375 pg, were applied. With 
most proteins, an application of 1 to 5 pg of protein 
is sufficient for visualizing the band after staining with 
Coomassie brilliant blue. In these experiments en- 
zymes were dissolved in borate or phosphate buffer, 
and the content of the enzyme was expressed as mass 

per volume. Biuret analysis of these enzyme solutions 
demonstrated protein concentrations varying from 5.6 
mg/ml for crude Savinase to 15 mg/ml for purified 
Esperase. In addition, no bands were observed by 
SDS-PAGE, even though Esperase was dissolved di- 
rectly in 1% SDS at room temperature, 37” or 56” C. 
Because the enzyme might degrade during the exper- 
iment, we treated enzyme solutions with PMSF, 2 
mmol/L, but we did not obtain a band, even when 
the gels were stained with silver nitrate.23 

Because of these findings, we suspected that the 
enzymes were either undergoing proteolysis and/or 
were present in lower concentrations than we antici- 
pated, on the basis of mass of powder dissolved. Fig. 
1 illustrates spectral analysis of Espefase solutions 
with the expected absorbance peak at 277 nm. Anal- 
ysis of enzymes by immunodiffusion (Fig. 2) illus- 
trates the presence of precipitin bands with the ho- 
mologous antisera and no evidence of cross-reactivity. 
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FIG. 3. Enzymatic activity of Esperase, Alcalase, and Sav- 
inase as measured by absorption at 280 nm of nonpre- 
cipiteble ( = denatured) casein after application of trichlo- 
roacetic acid to mixture of enzyme, casein, and PMSF. A, 
The variabk is the concentration of PMSF. Enzyme con- 
centration is 0.5 mg/ml (total volume 1 ml). For a con- 
centration of 0.2 mmol/L of PMSF and the above enzymes, 
activity is inhibited >80%. The remaining activity with 0.2 
mmol/L of PMSF is 17.8% for Esperase, 20% for Alcalase, 
and 12% for Savinase. 8, The variable is the concentration 
of each of the three enzymes in solutions containing 0.2 
mmol/L of PMSF (.e.) or containing no (-) PMSF. There is 
a dose-related response curve of proteolytic activity as a 
function of enzymatic content of the solution. For the high- 
est enzymatic concentration tested (0.5 mg/ml), PMSF in- 
hibition is again >86% (remaining activity 14% for Es- 
paraaa and 8% for Alcalaaa and Savinase). On both A and 
6, open triengles represent Esperase, dots for Alcalase, 
and open circles for Savinase. 

These results demonstrate that antigenically reactive 
material was contained in the enzyme preparations. 

Gel Wration of Esperase on G-75 Sephadexcolumn 
demonstrated two peaks, the first peak at the expected 
elution volume for Esperase and a second peak at a 
higher elution volume and hence lower molecular 
weight. When the first peak was pooled, concentrated, 

FIG. 4. Molecular weight determination by SDS-PAGE 
analysis of enzyme preparations. The /efi gel (gel 1) illus- 
trates the marker proteins that are, from the top: bovine 
serum albumin (69,000 daltons), ovalbumin (49,000 dal- 
tons), trypsinogen (24,000 daltons), p-lactoglobulin 
(18,000 daltons), and cytochrome C (12,400 daltons). From 
left to right: Alcalase preparations, Sigma Chemical Co., 
St. Louis, MO., 50 kg (gel 2), pure 50 kg (gel 3), crude 50 
bg (gel 4); Esperase preparations: pure 50 pg (gel 5), 
crude 50 pg (gel 6); Savinase preparations: pure 25 pg 
(gel 7), crude 50 pg (gel 8). All enzymes were treated with 
20 mmol/L of PMSF, reduced with dithiothreitol, and elec- 
trophoresed in 8% polyacrylamide gel. Relative migra- 
tion values were the ratio of the distance migrated for 
each protein relative to the distance migrated by the pyro- 
nin Y tracking dye (bottoml. Molecular weights were cal- 
culated by the least squares regression line (R* = 0.996). 

allowed to stand for 3 days, and rechromatographed 
on G-75, two peaks similar to the first gel filtration 
were observed (results not presented). These results 
suggested that the preparations of Esperase sponta- 
neously degraded when it was concentrated and re- 
chromatographed at pH 7.7. 

Therefore, we used a standard casein assay to de- 
termine the concentration of PMSF needed to inac- 
tivate the enzymes. Fig. 3, A illustrates that >80% 
enzyme activity was destroyed by 0.2 mmol/L of 
PMSF, and at this concentration a plateau of inacti- 
vation was reached. Increasing the PMSF concentra- 
tion to 2 mmol/L elicited only a slight additional re- 
duction of enzyme activity. Fig. 3, B illustrates the 
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TABLE 1. RAST results as function of enzyme solid-phase support ratio* 

Esperase (mgbellulose (mg) Alcalase (mg)/cellulose (mg) Savinase (mg)/cellulose (mg) 

l/loo loll00 50/100 1001100 11100 10/100 501100 100/100 11100 101100 50/100 100H00 

Negative 
controls 
1 0.7 1.3 2.0 2.5 1.2 1.2 0.7 0.8 1.0 1.8 2.5 2.6 
2 0.4 0.7 1.4 2.5 0.6 0.5 0.6 0.7 0.6 1.0 1.5 2.4 
Mean 0.55 1.0 1.7 2.5 0.9 0.85 0.65 0.75 0.8 1.4 2.0 2.5 

Positive 
controls 
1 2015 700 482 307 240 415 455 430 250 235 210 161 
2 1300 640 500 31s 245 255 240 250 200 227 188 165 
3 400 250 190 14s 150 145 120 125 180 140 115 115 
Mean 1238 530 391 256 212 212 272 268 210 201 171 147 

*In these experiments crude enzymes in the amounts presented were coupled to 100 mg of activated microcrystalline cellulose and tested 
in the maxi-RAST procedure. Results are expressed for the negative controls as percent of total counts added, and for positive controls 
as the ratio of counts bound by positive serum to counts bound by negative control sera X 100. Analyses were performed in duplicate. 

TABLE Il. Analyses of sera for IgE antibodies to enzymes* 

Test 
Sera 

Esperase 
results 

Alcalase 
results 

Savinase 
results 

1 30.28t(4912)$ 11.51(4612) 1.36(567) 
2 20.60(3341) 14.43(5783) 4.38(1825) 
3 17.41(2925) 15.97(6397) 0.57(238) 
4 19.68(3192) 9.63(3859) 4.95(2060) 
5 4.78(775) 12.00(4809) 9.20(3833) 
6 18.72(3037) 5.89(1424) 0.40(170) 
7 30.43(4936) 15.09(6045) 4.07(1696) 

*These sera were chosen because they display marked reactivity with enzymes and demonstrate the patterns of this reactivity. 
tResults expressed as percent of counts bound. 
$Results expressed as ratio of percent of counts bound by test serum to percent of counts bound by negative control serum times 100. 

Values <ZOO are regarded aS negative. 

control, demonstrating dose-dependent digestion of 
casein by enzymes and the effect of 0.2 mmol/L 
PMSF on proteolytic activity of different concentra- 
tions of the three enzymes. These results demonstrated 
that a small amount of enzyme activity survived treat- 
ment with 2 mmol/L of PMSF. Therefore, we tested 
whether a concentration of 20 mmol/L of PMSF could 
inactivate enzymes in order that bands could be vi- 
sualized by SDS-PAGE. Fig. 4 indicates that after 
treatment in 20 mmol/L of PMSF, protein bands could 
be visualized by SDS-PAGE. Each enzyme demon- 
strated a single major band with molecular weights of 
26,000 for Esperase and 28,000 for both Alcalase and 
Savinase. A series of less strongly staining bands was 
noted for each enzyme at low molecular weights. 
Therefore, the enzyme preparations indeed contained 
the protein, and the initial failure to observe bands in 
SDS-PAGE apparently was due to proteolytic diges- 
tion of enzyme denatured in SDS by small amounts 
of remaining active enzyme. 

Detection of IgE antibody by RAST 

Our initial RAST studies had demonstrated a loss 
of antigenic reactivity of Esperase solid-phase antigen 
during a 3- to 4-week period, and after we were aware 
of the capacities of the enzymes for autolysis in so- 
lution, we examined several different solid-phase Es- 
perase preparations by the mini-RAST. Comparison 
of three freshly prepared solid-phase Esperase sug- 
gested that Esperase treated with 2 mmol/L of PMSF 
was a better reagent than untreated solid-phase Es- 
perase. We did not use 20 mmol/L of PMSF inacti- 
vation because previous Ouchterlony studies demon- 
strated enzyme immunoreactivity was reduced with 
20 mmol/L of PMSF inactivation (data not presented). 

Next, we compared the maxi- and mini-RAST pro- 
cedure and found no difference between them; we used 
the maxi&UT subsequently, except for the RAST- 
inhibition experiments. We also determined the op- 
timal enzyme-cellulose ratio by coupling varying 
amounts of enzyme to the same quantity of cellulose. 
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% 
inhibition 

FIG. 6. RAST inhibition with serum from patient 1. A, In- 
hibition of solid-phase Esperase by fluid-phase enzymes 
in micrograms per tube. Symbols for fluid-phase enzymes 
are Eaparaae, open triangle; Alcslase, closed circie; Sav- 
inane, open ci&e. 6, Analogous inhibition experiment for 
solid-phase Alcalase. 

Table I presents the results. Note that the larger 
amounts of Esperase and Savinase increased binding 
of IgE by normal serum, whereas the opposite was 
observed for Alcalase. The experiment suggested that 
1 mg of Esperase or Savinase per 100 mg of cellulose 
and 10 mg of Alcalase per 100 mg of cellulose were 
optimal, and these ratios were used to make the solid- 
phase reagents for subsequent experiments. 

Table II demonstrates the results of analysis of sera 
from workers exposed to enzymes. More than 800 
sera from exposed individuals were tested for IgE 
antibodies to the enzymes, and Table II presents those 
sera with the highest levels. All seven sera had ele- 
vated IgE antibody levels for both Esperase and Al- 
cake, and six of the seven sera had elevated levels 
for Savinase as well. These workers were exposed to 
Esperase and Alcalase, but not Savinase. 

All of the specificity of antibodies to 
enzymes 

The cross-reactivity of IgE antibodies to enzymes 
was tested by RAST inhibition for sera 1 to 7 (pre- 
sented in Table II). Typical results are illustrated in 
Figs. 5 to 7, and Table III summarizes the results. 
Fig. 5 illustrates the reactivity patterns of serum No. 
1 with solid-phase Esperase and Alcalase. With solid- 
phase Esperase (Fig. 5, A), 50% inhibition was 
achieved with approximately 0.2 pg of fluid-phase 
Esperase. In contrast, 250 pg of fluid-phase Alcalase 
(I250-fold excess) and > 1000 pg of fluid-phase Sav- 
inase (>5000 excess) were required for 50% inhibi- 
tion. The reactivity of IgE antibodies with solid-phase 
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HO. 6. RAST inhibition with serum from patient 4. A, In- 
hibition of solid-phase Esperase by fluid-phase enzymes 
in microgrems per tube. Symbols for fluid-phess enzymes 
are the game as in Fig. 5. B, Inhibition of solid-phese Al- 
cafase. C, Inhibition of solid-phase Savinase by fluid- 
phase enzymes. 
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HG. 7. RAW inhibition with serum from patient 6. A, In- 
hibition of solid-phase Esperase by fluid-phess enzymes. 
Symbol5 for fluid-phase enzymes are the same as in Fig. 
5.8, InhWtion of solid-phase’ Alcalase by fluid-phase en- 
zymes. Solid-phase Savinese inhibition wss not presented 
because of the low amount of specific Igf in the serum 
from patient 6. 

Alcalase (Fig. 5, B) was inhibited by ail three en- 
zymes at more comparable quantities, ahhough fif- 
teenfold more kid-phase Savinaae and sixfold more 
fluid-phase Esperase were required for inhibition. Fig. 
6 illustrates the inhibition when serum No. 4 was 
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TABLE III. Reactivity of IgE antibodies to enzyme by RAST inhibition 

Solid-phase Esperase Solid-phase Alcalase Solid-phase Savinase 

Fluid-phase Fluid-phase Fluid-phase 

Serum Esperase* Alcalase Savinase Esperase Alcalase Savinase Esperase Alcalase Savinase 

1 0.2 250 >1OoOt 28 4.7 70 -$ - - 
2 0.7 300 >lOOO 40 0.3 300 16 28 4 
3 0.1 150 800 56 0.1 P-loo0 - - - 
4 0.1 100 300 60 0.1 100 15 5 56 
5 - - - 10 1.0 50 18 2 18 
6 0.3 >lOOO >lOOO 0.3 20 >lOOO - - - 
7 0.8 550 350 250 0.5 300 1 1 0.3 

*Quantity in micrograms per tube required for 508 inhibition interpolated from semilog plots of percent inhibition versus quantity of Buid- 
phase enzyme. Serum specimen Nos. 1, 4, and 6 are illustrated in Figs. 6 to 8. 

tNo inhibition observed at highest concentration tested. 
*Not done. 

tested with solid-phase Esperase (A), Alcalase (B), 
and Savinase (C). With solid-phase Esperase, the re- 
sults are comparable to those described above for pa- 
tient 1. With solid-phase Alcalase, approximately 
lOOO-fold more fluid-phase Esperase and Savinase 
were required for inhibition than was needed for fluid- 
phase Alcalase. With solid-phase Savinase, rather 
comparable quantities of all three enzymes were re- 
quired for 50% inhibition. Fig. 7 illustrates the in- 
hibition patterns when serum No. 6 was tested with 
solid-phase Esperase and Alcalase. Fig. 7, A illus- 
trates results with solid-phase Esperase; only fluid- 
phase Esperase was an effective inhibitor. Fig. 7, B 
illustrates inhibition of solid-phase Alcalase; the het- 
erologous fluid-phase Esperase produced more inhi- 
bition than the homologous fluid-phase Alcalase. 

These results suggested that either antibodies from 
certain patients were cross-reactive with the enzymes 
and/or the enzymes were cross contaminated. In all 
RAST-inhibition analyses, highly purified enzymes, 
Esperase, 180 KNPU/gm, Alcalase, 30 AU/gm, and 
Savinase, 180 KNPU/gm, were tested. These prep- 
arations (and also the crude enzymes; see Fig. 1) did 
not cross-react when they were tested with rabbit an- 
tisera by immunodiffusion. To investigate further the 
question of cross contamination, the cross-reactivity 
of the enzymes was investigated by the TSIRA. Fig. 
8, A illustrates that antigen cross contamination and 
cross-reactivity were extremely low when plates were 
coated with anti-Espcrase. The average background 
count was 386 cpm. With pure Alcalase and pure 
Savinase, only two points exceeded this: Alcalase, 
1.4 times background, and Savinase, 1.3 times back- 
ground. Therefore, even at lOO,OOO-fold excess levels 
of Alcalase and Savinase, very little antigenic cross- 
reactivity or cross contamination was detected with 

anti-Esperase. Fig. 8, B illustrates that antigenic cross- 
reactivity and cross contamination were low when 
plates were coated with anti-Alcalase. More than 500- 
fold excess of crude Savinase was needed to produce 
binding with the anti-Alcalase, and more than a 5000- 
fold excess of crude Esperase was needed to produce 
binding with the anti-Alcalase. Fig. 8, C illustrates 
that antigenic cross-reactivity and cross contamination 
were low when plates were coated with anti-Savinase. 
Esperase and Alcalase both failed to bind to anti- 
Savinase, and even at the highest concentrations 
tested, pure Alcalase had counts of only 1.5 times the 
average background binding level (265 cpm). 

DISCUSSJON 
Initial experiments suggested (1) that these enzymes 

spontaneously degraded and (2) that sera with IgE 
antibodies to Esperase also contained IgE antibody 
activity to Alcalase and Savinase. We suspected that 
the loss of potency with time of the solid-phase en- 
zyme preparations might be due to autolysis of en- 
zymes. The finding of serologic cross-reactivity might 
have been due to enzyme cross contamination or might 
be due to cross-reactivity among the enzymes. 

We investigated the autolysis of these enzymes by 
SDS gel electrophoresis and by gel filtration. We 
found that autolysis readily occurred and that auto- 
lysis could be limited by a final solution concentration 
of 20 mmol/L of PMSF. Because immunodiffusion 
studies demonstrated that 20 mmol/L of PMSF had 
an adverse effect on immunoreactivity, we selected 2 
mmol/L of PMSF as the final concentration in pre- 
paring enzyme solutions for RAST and TSIRA ex- 
periments. 

Table III summarizes our RAST-inhibition results 
to investigate allergenic cross-reactivity and cross 
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FIG. 8. TSIRA results. A, Plates coated with rabbit anti-Esperase. B, Coated with anti-Alcalase. 
C, Coated with anti-Savinase. A, The binding of pure Esperase (A), 180 KNPWgm; pure Alcalase 
(a), 28.8 AU/gm; and pure Savinase (o), NOVO kg 2413-83, 25.11.76. The background binding 
bv RAST diluent was 386 cpm. B, The binding of an Alcatase sample (a); Clorox (Oakland, C&if.), 
1.47 AU/gm; crude Alcalase (m), 11 AU/gm; crude Esperase (A), 52 KhtPUigm; and crude Sav- 
inase (o), 54.2 KNPUlgm. The background binding by RAST diluent was 470 cpm. C, The binding 
of Savinase (o), 4.02 KNPWgm; crude Esperase (A), pure Alcalase (e), and crude Alcalase (m). 
The background binding by RAST diluent was 265 cpm. 

contamination. The six sera tested with solid-phase 
Esperase demonstrated marked specificity for Esper- 
ase; comparison of enzyme quantities for 50% inhi- 
bition indicated that Alcalase and Savinase contained, 
at most, 0.3% Esperase. Thus, Esperase is quite pure 
and has unique allergenic determinants. The TSIRA 
studies confirmed the antigenic purity of Esperase. 
Fig. 8, B illustrates that Esperase contains <O.Ol% 
of Alcalase, and Fig. 8; C illustrates that Esperase 
contains < 1% of Savinase. 

The seven sera tested by RAST inhibition with 
solid-phase Alcalase demonstrated three patterns of 
reactivity with fluid-phase Esperase: (1) slight inhi- 
bition (sera 2, 3, 4, and 7) <0.8%, (2) moderate 
inhibition (sera 1 and 5) about 10% to 20%, and (3) 
marked inhibition (serum 6) in which fluid-phase Es- 
perase was a more potent inhibitor than the homolo- 
gous Alcalase. Fig. 8, A illustrates that Alcalase had 
<O.OOl% contamination with Esperase, and Fig. 8, 
C illustrates Alcalase contained < 1% of Savinase. 

Therefore, when the Alcalase RAST-inhibition results 
are considered together with the TSIRA results, we 
observed appreciable allergenic cross-reactivity for 
three of seven sera. 

The four sera tested by RAST inhibition with solid- 
phase Savinase demonstrated marked cross-reactivity 
with both Rsperase and Alcalase. Indeed, in patients 
4 and 5, heterologous fluid-phase Alcalase was a more 
potent inhibitor than homologous fluid-phase Savi- 
nase . The TSIRA results in Fig. 8, A demonstrate that 
Savinase has <O.oOl% contamination with Esperase, 
and results in Fig. 8, B demonstrate that Savinase 
contains 0.1% of Alcalase. Therefore, allergenic 
cross-reactivity rather than antigen cross contamina- 
tion appears to explain the results. 

We thank Dr. Jumj Hostynek of the Clorox Co. for sug- 
gesting the use of 20 mmol/L of PMSF in the experiments 
analyzing enzymes by SDS-PAGE, Dr. F. Prendergast for 
performing the spectrophotomemc analyses of the enzymes, 
and Mrs. Linda H. Ameson for secretarial assistance. 
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