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Abstract' Alcalase and savinase, produced by BacÍllus species, are proteolytic enzymes that are used in laun-
dry products and are known to cause respiratory allergy. Antigenic and allergenic characteristics of alcalase
and savinase and their potential cross-reactivity were €valuated using crossed immunoelectrophoresis and
crossed radioimmunoelectrophoresis. Alcalase exhibited two distinct antigens; one electropositive and one
electronegative. The electropositive antigen exhibited som€ retrograde anodic mobility when coupled with an-
tiserurn components. Savinase exhibited one electropositive and two electronegative àntigens. Thi antigens of
the two enzymes were clearly different from each other, the three savinase antigens exhib-iting greater electro-
phoretic mobility than the two alcalase antigens. In crossed radioimmunoelectrophoresis studiet only the elec-
tropositive antigen of alcalase, its retrograde complex, and the electropositive antigen ofsavinase bound IgE
from the sera ofindividuals who were skin test positive to one or both enzymes. No ividence of cross-reactivity
was observed in heterologous and tandem crossed immunoelectrophoresis studies and heterologous microim-
munodiffusion reactions.

Introduction

Alcalase (subtilopeptidase A) and savinase are
proteolytic enzymes derived from nonpathogenic
strains of Bacillus species. They are used in household
laundry products to enhance stain removal and gen-
eral cleaning performance. Shortly after introduction
into laundry products in the late 1960s, it was recog-
nized that many detergent workers developed IgE-
mediated allergy to alcalase following exposure to
high levels of airborne enzyme dust tl-51. Savinase
has been more recently used in laundry products.
Since both alcalase and savinase are proteases pro-
duced by the same bacterial genus, the question of im-
munologic cross-reactivity has been raised [6]. Using
the radioallergosorbent test (RAST), Dor et al. [6] re-
ported elevated levels of IgE to savinase in a small
number of detergent workers who had no known
prior industrial exposure to this enzyme. To explain
their findings they proposed allergenic cross-reactiv-
ity between test enzymes, since cross-contamination

of the enzymes was considered to be inappreciable. In
the present study, antigenic and allergenic character-
istics of alcalase and savinase, including their poten-
tial cross-reactivity, were evaluated by crossed immu-
noelectrophoresis (CIE) and crossed radioimmuno-
electrophoresis (C RI E).

Materials and Methods

Enzyme heparation
Specially purified savinase and alcalase were supplied by Novo

Industri (A/S Bagsvaerd, Denmark). Based on Kjeldahl nitrogen
analysis, alcalase and savinase contained 44.4 and 2r.zo/o protein,
respectively. Solutions of the enzymes were made by dissolving
2.4m9/ml of either the alcalase or savinase sample in grass-distilled
water. Though most of these enzyme solutions were used within
l-2 h, all were used within 24 h oî preparation. The stability of the
enzyme solutions was confirmed by CIE and sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis. Identical cIE and sodium
dodecyl sulfate-polyacrylamide gel electrophoresis profrles were
obtained when enzyme solutions refrigerated for 24 h and fresh en-
zyme solutions were compared.
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Rabbit Antisera
Antisera to alcalase and savinase were produced in New Zea-

land white rabbits. For immunization, alcalase or savinase was dis-
solved in 0.9% NaCl at a concentration oÎ 2 mg of enzyme protein
per milliliter. The enzyme solutions were emulsified with equal vol-
umes of Freund's complete adjuvant (Calbiochem@; Calbiochem,
La Jolla, Calif., USA).

Initially each rabbit received a 0.5-ml injection of the enzyme/
adjuvant emulsion in each shoulder. A l-ml intravenous booster
injection containing I mg protein/ml in saline was given to each
rabbit for 4 consecutive days, beginning 26 days after the initial in-
jections. Rabbits were exsanguinated 4l-44 days after the initial in-
jections. All sera were individually analyzed by microimmunodif-
fusion, and high-titer sera were pooled and frozen.

Human Sera
Six sera, designated A-F, from individuals who were skin-prick

test positive to alcalase, were used to perform CRIE. Five of these
sera, B-F, were from individuals who were also skin-prick test posi-
tive to savinase. Individual A was not skin-prick tested with savi-
nase. The 6 individuals from whom sera were obtained worked in a
detergent plant where alcalase was manufactured and were presum-
ably exposed to enzyme-containing dust. They had no known
industrial exposure to savinase, since this enzyme had not been
introduced into this plant. Three sera from plant workers who had
negative skin-prick tests to both alacalase and savinase served as
controls.

CIE and CRIE
CIE and CRIE were performed by methods similar to those

previously described [7-13], except that the antigen well was placed
in the center of the first-dimension gel strip (l x 5 cm) in order to
accommodate cathodic and anodic migration of antigens. For
homologous CIE, l0 pl of a solution containing 24 ttg of enzyme
was horizontally electrophoresed in the first dimension with Svend-
sen's buffer at 200 V for 20 min in I % agarose gel at l6'C. For sec-
ond-dimension electrophoresis, the homologous cathodic gels
(5 x 4.5 cm) required 3 ml of the agarose solution which contained
125-250 pl of rabbit antiserum raised to the enzyme used in the
first-dimension gel. The anodic gels (5 x 1.5 cm) required I ml of
agarose which contained 2l-66 pl of the same rabbit antiserum.
Following second-dimension electrophoresis, the gels were stained
with Coomassie brilliant blue R250.

Heterologous CIE gels were run in the same way, except that
the antiserum used in the second-dimension gel was produced to
the other enzyme being studied (e.g., alcalase versus antisavinase).
For tandem CIE, two separate wells were punched 4 mm apart in
the center of the first-dimensional agarose gel. Enzyme solutions
were placed in the wells, allowed to diffuse for 30 min, and then the
wells were filled with agarose. The gels were then electrophoresed
in the first and second dimensions as for regular CIE gels.

CRIE was performed by incubating unstained CIE gels over-
night in 15-20 ml of RAST A buffer containing 600-850 pl of hu-
man sera. The gels were then washed in RAST B buffer and incu-
bated overnight in RAST C buffer containing r2sl-radiolabeled

antihuman IgE (1.3-1.5 million cpm; Kallestad). The compositions
of RAST A, B, and C bulfers were as previously described [7, 8]. Af-
ter incubation, the gels were washed, pressed, and blown dry. This
was followed by autoradiography at -80'C using metal cassettes,
tungsten enhancement screens, and Kodak X-Omat RP film.

+
Fig. 1. CIE patterns. a Alcalase extract reacted with rabbit an-

tialcalase senrm. b Savinase reacted with rabbit antisavinase serum.

To estimate the relative amount of specific IgE for each enzyme
in each human serum, equal volumes of each serum were incubated
with identical individual, homologous CIE gels. The standard
CRIE procedure was then followed. The amounts of radiostaining
observed on the autoradiograms at the sites corresponding to the
precipitin lines of the CIE gels and their exposure times were used

to estimate the relative amount of alcalase- or savinase-specific IgE
in each human serum sample.

M i cr o immun o diffu s i o n,4 ssays
Radial immunodiffusion was performed on pattern B immuno-

plates (Hyland Laboratories, Costa Mesa, Calif., USA) with a cen-
tral well and 5 peripheral wells 7 mm from the central well. All
wells were 2.5 mm in diameter. Five microliters of rabbit antisavi-
nase or antialcalase hyperimmune serum and the enzyme prepara-

tions were used in the central and peripheral wells, respectively. Al-
calase and savinase preparations were placed in alternate wells (in

clockwise direction), starting with enzyme that matched the anti-

serum and reacted with either antisavinase or antialcalase.

Results

Detection of Antigens in Extracts of Alcalase and
Savinase by CIE
The CIE reaction of alcalase with antialcalase built

in rabbits resulted in the formation of one large,
prominently stained electropositive and one small,
weakly stained electronegative antigen-antibody pre-
cipitin complex (fig. 1a). In addition, under the elec-
troendosmotic and pH conditions used in these exper-
iments, once some of the cathodically migrating anti-
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Fig. 2. a, b Representative autoradiographs (4 days exposure) of
the CIE patterns of alcalase reacted with antialcalase for reference
sera A and C show intense and moderate radiostaining, respec-
tively. c, d Representative autoradiographs (14 days exposure) of
the CIE pattern of savinase reacted with antisavinase for reference
sera A and C showing very low or low radiostaining, respectively.

gen became bound in an antigen-antibody complex
and possibly with other antiserum components, a net
change in the charge resulted. These antigen com-
plexes then migrated toward the anode (retrograde
migration). As a result, stained gels exhibited a diffuse
antigen-antibody precipitate on the anodic side of the
gel opposite the large, well-defined cathodic antigen-
antibody precipitin peak. Similar retrograde mobility
was previously reported for components of subtilo-
peptidase A, the major component of alcalase [9].
Had a charge change not occurred, the antigen would
have migrated in the opposite direction during lst-di-
mension electrophoresis. CIE gels in which savinase

was reacted with antisavinase rabbit serum exhibited
one large, prominently stained electropositive and
two (one prominently stained and one weakly
stained) electronegative antigen-antibody precipitin
complexes (fig. lb). The three savinase antigens mi-
grated faster in the first dimension than the two alca-
lase antigens. Electrophoresis of either savinase or al-
calase into gels containing serum of nonimmunized
control rabbits resulted in no visible precipitates.

Detection of Alcalase and Savinase Allergens by
CRIE
CRIE studies were performed with six individual

human sera to determine if their IgE reacted with the
alcalase or savinase precipitin complexes. Autoradio,
grams of the homologous alcalase reaction exhibited
radiostaining only at the electropositive antigen-an-
tibody precipitate and the retrograde migrating, mod-
ified antigen complex (frg.2a, b). The relative inten-
sity of radiostaining was high in autoradiograms
made from gels reacted with serum A or B, moderate
when made from the gel reacted with serum C, and
low for autoradiograms made from gels reacted with
serum D, E, or F (table l).

Radiostaining was observed only at the electropos-
itive precipitin complex for savinase (fig.2c, d). Of
the 6 reference sera, 4 exhibited IgE binding to the
savinase antigen. Based on the intensity of radiostain-
ing on the autoradiograms, the savinase-specif-rc IgE
levels were generally lower than the alcalase-specific
IgE levels in the six sera (table l). Specifically, autora-
diograms made from gels reacted with serum C
(fig.2d) or serum F gave low reactions to savinase
compared to alcalase, while autoradiograms made
from gels reacted with serum A (fig. 2c) or serum B
had very low levels of radiostaining. Comparatively,
the radiostaining of the savinase precipitin complex
noted on the autoradiograms made from gels reacted
with serum D or with serum E was equivalent to that
of the controls. Control sera from 3 individuals who
were skin-prick test negative to both enzymes were
negative or gave only insignificant radiostaining after
more than 2l days of autoradiographic exposure in
CRIE studies with both alcalase and savinase.

Heterologous CIE and CRIE
To evaluate the potential cross-reactivity between

the alcalase and savinase used in this study, heterolo-
gous CIE and CRIE studies were also performed.
Heterologous CIE of savinase, electrophoresed into a
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Table 1. Relative levels of IgE
human sera

to alcalase and savinase in six

Human senrm lntensity of
radiostaining'

Skin-prick test
responsiveness

alcalase savinase alcalase savinase

A
B
C
D
E
F
Control  (n:3)

+ + + +
+ + + +
+ + +
+ +
+ +
+ +

+
+
+ +

positive not done
positive positive
positive positive
positive positive
positive positive
positive positive
negative negative

+ +

" Al l  CIE reactions were incubated in label led human anti-IgE
with the same activi ty ( ' t t l  -  1.4 mil l ion cpm) before autoradiogra-
p h y . + * * f  :  H i g h ( a t 4 d a y s ) ;  * f  * :  m o d e r a t e ( a t 4 d a y s ) ;  + +
: low (at I  I  days); + :  very low (at 14 days); - :  no radiostaining
(atl4-21 days).

;1

Fig. 3. a cIE pattern of savinase reacted with rabbit antialca-
lase. b Autoradiograph (cRIE) of the cIE pattern with reference
serum A.

Fig. 4. a Microimmunodiffu-
sion patterns of rabbit antialcalase
(center well) reacted with (clock-
wise) :  ( l )  0 .10% a lca lase;  (2)  0 .80%
savinase; (3) 0.10% alcalase; (4)
0.200/o savinase, and (5) 0.10% alca-
lase. b Rabbit antisavinase (center
well) reacted with (clockwise): (l)
0.13% savinase; (2) 0.80% alcalase;
(3) 0.13% savinase; (4) 0.20% alca-
lase, and (5) 0.13% savinase.

second-dimension gel containing antiserum produced
to alcalase, resulted in a clear area in the Coomassie
blue stained gel (fig. 3a). This clear area was similar in
shape and position to the electropositive precipitate
that resulted from reaction of savinase with antiserum
to savinase (see figure 1b). Therefore, to determine
that no weak nonstaining precipitate had formed,
CRIE was performed using the sera from the 6 skin
test positive individuals and 3 negative controls.
These gels gave no radiostaining following incuba-
tion with any of the six human sera (fig.3b) or the

three control sera. Each serum had been demon-
strated to be moderately or strongly positive to al-
calase in homologous CIE gels (table 1). Likewise,
human sera A-C and F previously showed that they
contained IgE directed against the electropositive
savinase antigen.

Microimmunodiffusion
Microimmunodiffusion was performed using ei-

ther antisavinase or antialcalase in the center well and
different quantities of both alcalase and savinase in
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Fig. 5. a Tandem cIE pattern of savinase in both wells reacted
with an antisavinase and antialcalase mixture. b randem cIE pat-
tern of an alcalase/savinase mixture in both wells reacted with a
mixture of antisavinase and antialcalase. c cIE pattern of an alca-
lase,/savinase mixture reacted with an antisavinase and antialcalase
mixture. d randem cIE pattern of alcalase and savinase in separate
wells reacted with an antiserum mixture containing both antialca-
lase and antisavinase.

the peripheral wells (fig.4). A single precipitin line
formed with the reaction of antialcalase and alcalase,
while two precipitin lines formed with the reaction of
antisavinase and savinase. The precipitates were com-
pletely fused when adjacent wells contained the same
enzyme preparation, indicating that the enzyme prep_
arations in these wells were antigenically identical.

No precipitate formed between an antiserum and
noncorresponding enzyme preparation, nor were the
precipitates of adjacent homologous reactions dis_
torted. This technique did not resolve all of the anti-
gens visualized by CIE.

A s s e s sment of Cros s- Re activity betw een
Alcalase and Savinase by Tandem CIE
To confirm the results of the heterologous CIE and

microimmunodiffusion studies, that the two enzymes
were not cross-reactive, a series of tandem reactions
using several combinations or mixtures of alcalase
and savinase was performed. Some were designed
to simulate cross-reactivity. In tandem CIE studies
crossing, fusion, or interference of antigen peaks are
the primary criteria used to assess if antigens are com-
pletely different, identical, or share some determi-
nants.

In one series of reactions, the first-dimension gels
contained either savinase or alcalase in both separate
tandem wells and were electrophoresed as usual. For
each enzyme two different antisera were used in the
second-dimension gels. In one case savinase was
reacted with an antiserum mixture containing both
antialcalase and antisavinase (fig.5a), and in a sec-
ond case it was reacted with only antisavinase. Both
of the savinase tandem gels resulted in only double
savinase precipitate peaks with adjacent overlapping
legs that were fused with no interference, as expected
(fig.5a). There was no evidence of an alcalase peak.
In a similar experiment, alcalase in tandem was
reacted with an antialcalase,/antisavinase mixture
and with antialcalase alone. Two alcalase precipitin
peaks were formed with both the antialcalase/anti-
savinase combination and antialcalase alone in the
second-dimension gels, with no evidence of a savi-
nase precipitate. The adjacent legs of the alcalase
peaks fused in both cases with no evidence of interfer-
ence.

In a second set of tandem reactions, a mixture of
alcalase and savinase was placed in both wells and
then electrophoresed into an antisavinase/antialca-
lase mixture. This combination resulted in double
precipitin peaks for both enzymes (fig.5b). The adja-
cent, overlapping legs of the precipitin peaks of the
same enzyme fused, while those of alcalase clearly
crossed without interference with those of savinase
(fig,5b), then a mixture of savinase and alcalase in
one well was reacted with a mixture of antialcalase
and antisavinase. This also resulted in clearly defined
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and unfused alcalase and savinase precipitin peaks
(f ig.5c).

In a final tandem experiment, alcalase and savi-
nase in separate wells were reacted with an antialca-
lase and antisavinase mixture. Normal alcalase and
savinase antigen-antibody peaks were formed. No fu-
sion of the alcalase and savinase peaks was observed
that would indicate cross-reactivity (fig. 5d).

Discussion

In this study, CIE and CRIE were used to investi-
gate the antigenic and allergenic properties of the pro-
teolytic enzymes alcalase and savinase because these
techniques allow clear visualization of individual
antigens in antigen mixtures. Homologous CIE
demonstrated that alcalase had one electropositive
(with a reverse migrating antigen-antibody complex)
and one electronegative antigenic component, while
savinase had one electropositive and two electroneg-
ative antigenic components. The respective compo-
nents for each enzyme are distinct from each other,
as indicated by the differences in their electrophoretic
mobility.

Our finding that the alcalase material contained
two clearly distinct, antigenically different compo-
nents was in contrast to a previous report [9] showing
that alcalase (subtilopeptidase A) was a multiple iso-
enzyme system in which different forms of the antigen
exhibited partial antigenic identity. In that previous
report, CIE analysis of subtilopeptidase A showed
that it contained one major and one minor electropos-
itive antigen, each consisting of three and two iso-
zymes, respectively. Interbatch heterogeneity and ret-
rograde antigen mobility had been noted also. Our
homologous CIE results did not show the different
isozyme forms for similar antigens as previously
noted (as evidenced by fused CIE peaks). It is not
likely that the antigens visualized by CIE in this study
were isozymes, since they exhibited opposite electro-
phoretic mobility, and homologous CIE gels did not
lead to precipitin peak fusion.

Some of the differences between the results of our
analysis and those of previous studies may be attri-
buted to interbatch heterogeneity in the enzyme that
had been previously reported [9], use of different buf-
fers for the CIE that gave different antigen mobility,
or the fact that the current bacterial strains produce a
more homogeneous product. We have confirmed the

heterogeneity in other batches of alcalase we have an-
alyzed by CIE which contained three distinct antigens
in contrast to the two for the batch used for this study.
CRIE analysis of the alcalase antigenic components
showed that only the electropositive antigen with its
retrograde migrating antigen complex bound signifi-
cant levels of human IgE and is thus allergenic. Like-
wise, only the electropositive antigen of savinase was
allergenic and bound IgE. For both enzymes, the elec-
tronegative antigens were nonallergenic or too
weakly allergenic to be detected by the reference sera
tested.

Heterologous and tandem CIE and microimmuno-
diffusion were used to determine if the two extracts
contain common or cross-reacting antigens. In partic-
ular, CIE was used because, unlike RAST, it allows
for the visualization of individual antigens and the
possible interaction of common antigenic determi-
nants in extracts containing multiple antigens. Heter-
ologous CIE reactions of each enzyme with antiserum
produced to the other enzyme resulted in no antigen-
antibody precipitates. When individual enzymes were
used in both wells of tandem gels and electrophoresed
against homologous antiserum, double antigen-anti-
body precipitates of identity with fused adjacent legs
were formed, as expected [0, 1l]. When mixtures of
the enzymes were used in both wells of a tandem gel
or in a single well and reacted with a single antiserum
or an antiserum mixture, double, fused peaks of the
individual enzymes were also formed. However, there
was no fusion or interference of overlapping adjacent
legs between precipitin peaks of the two different en-
zymes. Likewise, heterologous immunodiffusion
reactions resulted in no precipitates, and there was no
distortion of precipitates formed by adjacent homolo-
gous reactions. However, not all antigenic compo-
nents of both enzymes could be seen with this tech-
nique. The results of both CIE and immunodiffusion
indicated that the two extracts contained different
antigen molecules and that these molecules did not
share common antigenic determinants. Therefore,
alcalase and savinase are not immunologically cross-
reactive.

It appears likely that the positive skin-prick tests
and IgE-binding reactions to savinase observed in the
detergent plant workers used in this study and who
had no known exposure to the enzyme at the work-
place resulted from contamination of one enzyme
with another and/or sensitization to savinase outside
the workplace. If the alcalase used in detergents in the
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late 1960s and 1970s contained a low level of savi-
nase' workers could have become sensitized to both
enzymes during periods of high exposure. Though
bacterial selection and culture and manufacturing
processes are designed to keep commercial detergent
enzymes pure, it has been confirmed by enzyme pro-
ducers that some contamination may occur. In addi-
tion, Bacillus species are common soil bacteria, so it is
possible that individuals were exposed to savinase
outside the workplace.
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