
One of the rubber latex allergens 
is a lysozyme 
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Background: Type I hypersens#ivity reactions caused by latex products are ascribed to 
proteins eIuted from them, but little is known about the properties of these allergenic proteins. 
The reason for the cross-reaction between rubber latex and fruits is also not known. We have 
speculated that a series of defense-related proteins in plants is a cause of  latex allergy and the 
cross-reaction. 
Objective: To verify our hypothesis, we selected a lysozyme as a representative defense-related 
protein and examined its relationship to latex allergy. 
Methods: Lysozymes eluted from latex gloves were detected with a cell-suspension clearing 
test. A chromatographicaUy separated lysozyme was investigated for its physicochemicaI and 
enzymatic properties and allergenicity. 
Results: Lysozyme activity was detected in extracts from ammoniated Iatex and latex gloves. 
We separated a lysozyme (27 kd; isoelectlqc point, 9.5) using cation-exchange and gel 
filtration chromatography. This lysozyme was enzymatically Very similar to ~; i t  lysozymes and 
was demonstrated to be an allergen. 
Conelusions: One of  th e rubber latex allergens & a lysozyme that has similanties to fruit 
lysozymes. This suggests the relevance of  defense-related proteins to latex allergy and the cross- 
reaction. (J ALLERGg CLIN IMMUNOL 1995;96:677-86.) 
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defense-related protein, defense response 

A large  n u m b e r  of  ar t ic les  on  type  I hypersen-  
sitivity reac t ions  caused  by na tu r a l  r ubbe r  p roduc ts  
have b e e n  pub l i shed  since the  first r epo r t  by 
N u t t e r  in 1979.1 Severa l  p ro te ins  e lu t ed  f rom the 
p roduc t s  a re  cons ide red  to be respons ib le  for  this 
la tex allergy. 2-5 The  mo lecu l a r  weights  of  these 
a l le rgenic  p ro t e ins  have  been  d e t e r m i n e d  by sev- 
era l  groups ,  bu t  the i r  de t a i l ed  p rope r t i e s  have not  
b e e n  revea led  yet.  It is weil  known that  pa t ien t s  
who are  sensi t ive to na tu ra l  r ubbe r  produc ts  of ten 
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Abbreviations used 
BCA: Bicinchonimc acid 
CMC: Carboxymethyl cetlulose 

HPLC: High-performance liqu~d chroma- 
tography 

pI: Isoelectric point 
SDS-PAGE: Sodium dodecylsulfate-polyacryl- 

amide gel electrophoresis 

cross- react  to var ious  fruits such as banana ,  avo- 
cado,  tig, and pass ion fruit.  6-9 This  knowtedge  gave 
us some  hints for  fur ther  invest igat ion of  the  
al lergens.  

Na tu r a l  r ubbe r  products ,  some t imes  ca l led  ]atex 
products ,  are  p r e p a r e d  f rom the  la tex of  the  r u b b e r  
t ree  cHevea brasiliensis). The  la tex is c o m p o s e d  of  
the cy toplasmic  fluid of  spec ia l ized  rubbe r  t ree  
cells cal led laticifers.  W h e n  a rubber  t ree  is 
w o u n d e d  (e.g., by tapping) ,  the  cy top lasmic  con- 
tents  of  its lat icifers a re  expel led ,  and  the  w o u n d e d  
sites a re  sealed by coagula t ion  of  the expe l led  
latex. This p rocess  is cons ide red  to involve two 
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FIG. 1. Lysis of M. lysodeikticus cell walls by the three 
extracts. Each reaction contained 20 ixl of the extract, of 
which the total protein concentration was about 1.5 mg/ 
ml, and 0.4 mg of the cell walls in 2.0 ml of 20 mmol/L 
acetate buffer (pH 4.6). All reactions were conducted at 
room temperature, and the absorbance at 570 nm was 
measured every 30 seconds, in the control experiment, 20 
Ixl of water was added to the reaction mixture instead of 
the extract. 

successive events. One is bursting of lutoid bodies 
(vacuole origin) in the laticifers and release of 
their proteins. The other is interaction of the 
released cationic proteins with negatively charged 
rubber particles. It is known that repeated wound- 
ing increases the content of special proteins in the 
laticifers. Such a phenomenon is called a defense 
response, and the induced proteins are called 
defense-related proteins? °-12 One of the main 
rotes of defense-related proteins is protection of 
the plant f r o m  pathogen attacks. Hence, some 
defense-related proteins have antifungal, antimi- 
crobial, and insecticidal activities; others catalyze 
the biosynthesis of small antimicrobial compounds 
called phytoalexins. Defense-related proteins are 
also induced by treating a plant with plant growth 
regulators or phytohormones such as auxin, gib- 
berellin, cytokinin, and ethylene. It is reported that 
transcript Ievels of the genes involved in natural 
rubber biosynthesis and induced by wounding or 
ethylene treatment were significantly higher in 
laticifers than in leaves? 3 

We have speculated that defense-related pro- 
teins in rubber latex may form the major part of 
latex allergens. Some reports have described ly- 
s0zyme activity of avocado, 14 papaya, 15,16 tig,17 and 
H. brasiliens&. ! 8 Lysozymes (mucopeptide N-acetyl- 
muramoylhydrolase, EC3.2.1.17) are considered to 
be defense-related proteins in higher p!ants. 19 If 
simi!ar plant lysozymes are allergens, we may be 

able to explain the unaccountable cross-reaction 
between rubber latex and fruits. Accordingly, we 
noted the lysozyme activity of extracts from ammo- 
niated latex, surgical gloves, and household gloves. 
All of the extracts exhibited strong lysozyme activ- 
ity. Then we tried to separate the specific protein 
having lysozyme activity by means of cation-ex- 
change and gel filtration chromatography. The 
separated lysozyme was examined for molecular 
weight, isoelectric point (pI) and  allergenicity by 
using sodium dodecylsulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE), isoelectric focusing, 
and immunoblotting, respectively. The separated 
lysozyme was also compared with previously re- 
ported fruit lysozymes for enzymatic properties. 

METHODS 
Extract preparation 

Surgical gloves (Triflex, Baxter Healthcare Corp., 
Pharmaseal Div., McGaw Park, Ill.) and household 
gloves (DUNLOP Home Products, Japan), which had 
caused type I hypersensitivity reactions in patients, 2° 
were cut into small pieces (approximately 1 × 1 cm) for 
protein extraction. Each glove sample was extracted with 
the proper amount of 20 mmol/L phosphate buffer (pH 
7.4) at room temperature for 2 hours. After filtration, 
the dissolved protein was precipitated by addition of 
(NH4)2SO 4 to 70% saturation. The precipitate was 
collected and re-dissolved in 3% acetic acid. This solu- 
tion was applied to a Sephadex G-25 column (3.0 × 40 
cm; Pharmacia, Uppsala, Sweden) to remove low mo- 
lecular weight compounds. The fractions that corre- 
sponded to the void volume and constructed an intense 
peak when they were monitored by the Lowry method 21 
were combined. After lyophilizätion, the obtained pow- 
der was dissolved in 30 mmol/L phosphate buffer (pH 
6.5) to produce a protein concentration of about 1.5 
mg/ml. Thus prepared solutions were used as the ex- 
tracts of the gloves for each analytic purpose. Proteins 
from ammoniated latex were extracted as previously 
described. 2° For the prick test, aqueous extracts had 
been prepared separately. 2° 

Subjects 
The sera of two patients who were sensitive to latex 

products were used in immunoblotting. One subject was 
a 51-year-old housewife. She had experienced a gener- 
alized wheal after wearing household gloves and exhib- 
ited strong positive reactions, in the priek test, to the 
aqueous extracts from ammoniated latex and the two 
kinds of gloves. 2° The other subject was a 32-year-old 
surgeon. He had also exhibited positive reactions to the 
aqueous extracts in the prick test. The serum of a healthy 
person and commercially available normal plasma 
(George King Bio-Medical, Inc., Overland Park, Kan.) 
were used in the control experiment. 
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FIG. 2, A, Chromatography of the protein extracted from household g[oves on a CMC column. 
The fractions indicated by the sofid bar were combined, lyophilized, and separated further. B, 
Chromatography of the protein adsorbed on the CMC in a Sephadex G-50 column. The fractions 
indicated by the solid bar were combined and lyophilized to provide the separated lysozyme, 

Total protein measurement  
The total protein concentrations of the ex[racts were 

determined with the bicinchoninic acid (BCA) method  
according to the enhanced protocol. 22,a3 The Lowry 
method was used instead of the B C A  method  when the 
sample was a chromatographic fraction. This exchange 
did not produce any unfavorable results. In each 
method, bovine serum albumin was used as a standard 
protein. The  eluted total protein amounts from the two 
kinds of gloves had previously been determined with the 
BCA method as follows: surgical gloves. 584 -- 12 
Ixg/gm: household gloves, 1380 ~ 30 ~g/gm (mean 
SD, n = 3). 23 

Lysozyme aetivity test  
The ]ysozyme activity of a sample was determined 

according to the method  repor ted  by Shugar 24 with some 

modifications. Briefly, the proper  amount  of a sample 
solution was added to a buffer conta ining 0.2 mg/tal  of  
Micrococcus lysodeikticus cell walls (S]gma Chemica] 
Co.. St. Louis, Mo.) as a substrate.  Af te r  incubat ion at 
the t empera tu re  indicated in each case, the react ion 
was s topped by adding Na2CO 3 to a final concentra-  
t ion of  17 mmol/L.  T h e n  the absorbance of  the 
react ion mixture  at 570 nm was measured  to deter-  
mine the decrease in turbJdity. The lysozyme activity 
of a chromatographic fraction was expressed as the 
decrease in the absorbance relative to the maximum 
decrease. 

Separation of a lysozyme 
Fifty pairs of household gloves (about 800 gin) were 

cut into small pieces (approximately 3 × 3 cm) and 
extracted with 800 ml of 20 mmol/L phosphate buffer 
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FIG. 3. HPLC patterns of the protein extracted from household gloves (A) and the separated 
lysozyme {B). The protein was eluted with a linear gradient of CH3CN (10% to 90% during 40 
minutes) in 0.1% trifluoroacetic acid at a f low rate of 1 tal/min, and the absorbance at 280 nm was 
monitored. The vertical a r row  in the pattern (A) indicates the peak corresponding to the lysozyme. 

(pH 7.4) for 30 minutes at room temperature. After 
filtration, the dissolved protein was precipitated by ad- 
dition of (NH4)2SO 4 to 70% saturation, and the sample 
was allowed to stand overnight at room temperature. 
The precipitate was collected by filtration and re-dis- 
solved in 50 ml of water. This solution was applied to a 
Sephadex G-25 column (3.0 × 40 cm) and eluted with 20 
mmol/L acetate buffer (pH 5.0). Every 10 ml fraction 
was checked by measuring total protein concentration 
and lysozyme activity. The fractions (nos. 12 to 17) with 
lysozyme activity were collected, and the combined 
solution was applied to a carboxymethyl cellulose 
(CMC) column (1.6 x 25 cm), which was pre-equili- 
brated with 20 mmol/L acetate buffer (pH 5.0). The 
column was washed with 90 ml of the same buffer. The 
binding protein was then eluted with 350 ml of the same 
buffer by changing the NaC1 concentration from 0 to 0.5 
mol/L in an exponential gradient mode. Every 10 ml 
fraction was checked by measuring total protein concen- 
tration and lysozyme activity, and the fractions (nos. 
23 to 30) in which lysozyme activity was concentrated 
were combined and lyophilized. The obtained, par- 
tially purified lysozyme was dissolved in 5 ml of 3% 
acetic acid and purified further by passing it through a 
Sephadex G-50 column (2.6 × 65 cm). The elution was 
carried out with 3% acetic acid, and the fractions (10 
ml each, nos. 14 to 16) with lysozyme activity were 
combined. The solvent was removed by lyophilization 
to provide a fluffy powder of the separated lysozyme; 
yield was 5.2 mg. 

Reverse-phase high-performance liquid 
chromatography 

For high-performance liquid chromatography (HPLC) 
analysis of the extract from the household gloves and the 
separated lysozyme, a Wakosil-II 5C18 column (4.6 × 

150 mm; Wako Chemical, Osaka, Japan) was used in 
conjunction with an SP8800 HPLC pump (Spectra- 
Physics, San Jose, Calif.). The elution was performed 
with a linear gradient of CHsCN in 0.1% trifluoroacetic 
acid from 10% to 90% during 40 minutes. The flow rate 
was 1 ml/min, and the eluate was monitored at 280 nm. 

SDS-PAGE and immunoblotting 
SDS-PAGE was performed with an ATTO AE-6450 

type electrophoresis system (ATTO Corporation, To- 
kyo, Japan). By monitoring with HPLC, the extracts and 
solution of the separated lysozyme were properly con- 
centrated to obtain similar strength of the visible protein 
bands in every lane after staining. The total protein 
concentrations of the applied sample solutions were as 
follows: separated lysozyme, 0.19 mg/ml; household 
gloves, 11 mg/ml; surgical gloves, 5.9 mg/ml; and ammo- 
niated latex, 0.57 mg/ml. Each sample solution was 
diluted with an equal volume of electrophoresis sample 
buffer (pH 6.5) containing 2.5% SDS and 5% 2-mercap- 
toethanol or dithiothreitol. Reduction was carried out by 
keeping the diluted solution in a boiling water bath for 3 
minutes. Thereafter, 10 ~1 of each solution was applied 
to two sheets of SDS-polyacrylamide gel (10% acrylam- 
ide, 3% stacking gel). Electrophoresis was performed at 
a constant voltage of 120 V. The separated proteins were 
transferred onto nitrocellulose membranes (Bio-Rad 
Laboratories, Richmond, Calif.) by using a semi-dry type 
ATTO horizontal-Not system (ATTO Corporation) with 
an electroblotting buffer (25 mmol/L Tris, 150 mmol/L 
glycine, and 20% methanol; pH 8.3). For total protein 
detection, one membrane was stained with Amido Black 
10B. The other membrane was used for immunoblotting. 
It was washed three t imes for 5 minutes in 0.1% 
Tween-20 containing Tris-buffered saline (pH 7.6) and 
then incubated for 1 hour in blocking buffer. Thereafter, 
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FIG. 4. A, SDS-PAGE of the three extracts and the separated lysozyme~ M, Marker; L, 
separated lysozyme; H, household gloves; S, surgical gloves; A, ammoniated latex. All the 
samples were reduced in 2-mercaptoethanol. The separated protein was transferred onto a 
nitrocellulose membrane and stained with Amido Black 10 B for totaJ protein detection, B, 
Immunoblot t ing of the three extraets and the separated !ysozyme with a sensitized house~ 
wife's serum. The membrane was incubated with the patient's serum and then with mouse 
anti-human IgE. Membrane-binding mouse antibodies were visualized with enzyme immu- 
noassay. 

the membrane was incubated at room temperature 
overnight with the serum of a patient or a control 
subject, which had been diluted 5 times with the blocking 
buffer. It was further incubated at room temperature for 
20 minutes with the ascites form of mouse anti-human 
IgE (Zymed Laboratories, San Francisco, Calif.), which 
had been diluted 2000-fold with the blocking buffer. The 
membrane-binding mouse antibodies were visualized by 

using a btotting detection kit that utilizes biotin-strepta- 
vidin interaction (Amersham International Ltd,, Little 
Chalfont, Bucks, U.K.). 

Isoelectric focusing 
The pI of the separated lysozyme was determined with 

pH 3-10 Bio-Lyte (Bio-Rad Laboratories) and Protein 
Test Mixture for pI determination (Serva Feinbio- 
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FIG. 5. A, pH activity profiles of the separated lysozyme against M. lysodeikticus cell walls. In 
2.5 ml of 30 mmol/L acetate buffer, 0.2 Ixg of the lysozyme was reacted with 0.5 mg of the cell 
walls; and in 2.5 ml of 20 mmol/L citrate buffer, 0.4 Ixg of the lysozyme was reacted with 0.5 mg 
of the cell walls. All reactions were conducted at 60°C for 20 minutes. The decreases in 
absorbance at 570 nm were corrected by subtracting the control value and expressed as a 
percentage of the maximum decrease. B, Effect of ionic strength on activity of the separated 
lysozyme. In 2.5 ml of 20 mmol/L acetate buffer (pH 4.4), 0.2 ixg of the lysozyme was reacted with 
0.5 mg of the cell walls. The ionic strength of the reaction mixture was adjusted by adding NaCI. 
The lysozyme was omitted to obtain the control values at the respective ionic strength. All 
reactions were conducted at 60 ° C for 20 minutes. C, Effect of temperature on activity of the 
separated lysozyme. In 2.5 ml of 30 mmol/L acetate buffer (pH 4.4), 0.2 ixg of the lysozyme was 
reacted with 0.5 mg of the cell walls for 20 minutes. All data represent means _+ SD of three 
separate experiments. 

chemica GmbH & Co., Heidelberg, Germany) with an 
AE-3230 type isoelectric focusing system (ATTO Cor- 
poration). 

RESULTS 
Lysozyme activity of extracts 

The lysozyme activity of the extracts was exam- 
ined under the condition in which the total protein 

concentration of every extract was almost identical 
(approximately 1.5 mg/ml). All three extracts ex- 
hibited strong cell suspension clearing activity, that 
is, lysozyme activity. The rate of clearance was 
especially high when the extract from the examined 
lot of ammoniated latex was applied to the assay 
system (Fig. 1). The specific activities of the ex- 
tracts were different from each other. 
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Separation of a lysozyme eluted from 
household gloves 

A lysozyme eluted from household gloves was 
separated by measuring the cell suspension clear- 
ing activity. The protein in the extract from the 
household gloves was resolved into two major 
peaks when it was applied to a CMC cation- 
exchange column at pH 5.0 and eluted with an 
exponential gradient of NaC1 (Fig. 2, A). The 
acidic protein that did not adsorb on the CMC 
stationary phase occupied about 90% of the total 
protein in the extract, but it exhibited only weak 
lysozyme activity. In contrast, the adsorbed protein 
was only 10% of the total protein, but it repre- 
sented most of the lysozyme activity in the extract. 
The protein in the second peak was further re- 
solved int0 two major peaks by passing it through 
a Sephadex G-50 column (Fig, 2, B), Although 
each peak contained an approximately equal 
amount of protein, all the lyso~me actiVity was 
detected in the first peak. The purity of the ly- 
sozyme separated in this way was checked with 
reverse-phase HPLC. Fig. 3 indicates how well the 
lysozyme was purified from the original extract, 
though it still contained a very small amount of 
impurities. The relatively long retention time of 
the lysozyme could represent its hydrophobic na- 
ture. The pI of the separated lysozyme was esti- 
mated to be 9.5 with isoelectric focusing. 

SDS-PAGE of extracts and the separated 
lysozyme 

All the samples applied to the SDS-PAGE 
shown in Fig. 4, A were reduced in 2-mercapto- 
ethanol. Replacement of the reducing agent by 
dithiothreitol did not produce any appreciable 
changes regarding the patterns of protein bands in 
SDS-PAGE (data not shown). The proteins in the 
extracts from the surgical gloves and the household 
gloves emerged as strongly smeared patterns (Fig. 
4, A). Presumably, these are due to numerous 
fragmented or damaged proteins formed during 
the manufacturing processes Nevertheless, we 
could see strong common bands at 27 kd and 
around 12 kd in every lane to which an extract was 
applied. Besides these common bands, four clear 
bands (33, 34, 37, and 45 kd) were seen in the lane 
for the extract from ammoniated latex. These 
bands were also seen in the lane for the household 
gloves when a larger amount of the protein was 
applied to the gel. The separated lySozyme ap- 
peared as a single strong band at 27 kd. Strong 
lysozyme activity of the three extracts can be 
explained by this common 27 kd protein. 
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FIG. 6. Inhibitory effects of histamine and N-acetyl-D- 
glucosarnine (GIcNAc; on activity of the separated ly- 
sozyme against M, lysodeikticus ceil walls. In 3,0 ml of 30 
mmol/L acetate buffer (pH 4,4), 0,5 ,~g of the lysozyme 
was reacted with 0.6 mg of the cell walls (60 ° C, 20 
minutes). Each reaction contained the respective 
amounts of histamine, and the ionic strength was ad- 
justed by adding NaCl. In the case of GIcNAc, 0.2 p~g of the 
lysozyme was reacted with 0.4 mg of the celi walls in 30 
mmol/L acetate buffer 12.0 ml, pH 4.4) where the respec- 
t ive amounts of GIcNAc were included. The decreases m 
absorbance at 570 nm were corrected by subtracting each 
control value. All the data are means of three separate 
exper iments and are expressed as percentage of inhibi- 
tion. 

Imrnunobiotting of extracts and the 
separated lysozyme 

The proteins separated by SDS-PAGE were exam- 
ined for their allergenicity by immunoblotting. The 
IgE in the serum of a sensitized housewife bound to 
several proteins (12, 23, 27, 33. 34, 37. and 45 kd), 
and the separated lysozyme was also recognized by 
the IgE (Fig. 4, B). This fact indicated that multiple 
allergenic proteins existed in the extracts and that 
one of the rubber latex allergens was the 27 kd 
protein with lysozyme activity. Many of the allergenic 
protein bands were commonly observed in the lanes, 
but the densities of these bands were different from 
sample to sample. IgE antibodies in another patient's 
serum also recognlzed the 27 kd protein. None of the 
protein bands appeared when the control serum or  
the plasma was used instead of the patient's serum 
(data not shown). 

Enzymatic properties of the separated 
lysozyme 

The separated lysozyme showed its maximum 
activity at pH 4.4 and 70 ° C in acetate buffer of 0.03 
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TABLE I. Summary of the physical and enzymatic properties of lysozymes 

Separated Fig Papaya Hevamine Egg white 
lysozyme lysozyme * lysozymet At lysozyme 

Molecular weight (kd) 27 29 25 
pI 9.5 >7.1 10.5 
pH optimum for lysis 4.4 4.5 4.6 

of M. lysodeikticus 
Ionic strength optimum <0.02 0.015-0.025 0.04-0.07 

for lysis of 
M. lysodeilcticus 

Temperature optimum 70 ° C 70-80 ° C 
for lysis of 
M. lysodeikticus 

Percentage of inhibition 46 85 40 
of lysis of 
M. lysodeikticus 
in 10 mmol/L histamine 

Concentration of >0.4 >0.4 >0.35 
N-acetyl-D-glucosamine (23% inhibition (20% inhibition (40% inhibition 
(mol/L)to produce 50% at 0.4) at 0.4) at 0.35) 
inhibition of lysis of 
M. lysodeikticus 

29 14 
9.0 11.0 
4.0 9.2 

0 .15 0.10-0.30" 

50 ° C 55 ° C:I: 

30* 

0.007* 

*Data from Glazer et a l J  7 

tData from Howard and Glazer. 16 
SData from Tata et al? z 

ionic strength (Fig. 5, A and C). The lower the ionic 
strength of the reaction mixture was, the stronger 
was the activity (Fig. 5, B). Moreover, the activ- 
ity was effectively inhibited in histamine (60% 
inhibition at 0.02 mol/L, Fig. 6) but not inhibited in 
N-acetyl-D-glucosamine (20% inhibition at 0.4 
mol/L, Fig. 6). As shown in Table I, most of these 
enzymatic features coincided with those Of fruit 
lysozymes and a lysozyme ffom H. brasiliensis 
(hevamine A). In contrast, these features were 
meaningfully different from those of egg white 
lysozyme. 

DISCUSSION 

We demonstrated that orte of the rubber latex 
allergens was a 27 kd protein with lysozyme activity. 
All the examined samples (ammoniated latex, surgi- 
cal gloves, and household gloves) contained the 27 kd 
protein. This result may indicate general contamina- 
tion of latex products by the lysozyme. Many reports 
describe latex allergens of about 27 kd. 25-3° These 
previously mentioned allergens could be identical to 
the lysozyme separated in this study, although none 
of the reports presented until now have described 
enzymatic activities of the allergenic proteins. As 
seen in the reverse-phase HPLC pattern (Fig. 3) and 
the temperature dependence of the lysozyme activity 
(Fig. 5, C), the relatively hydrophobic and heat- 

resistant nature of this lysozyme could partly explain 
its persistent survival through the manufacturing 
processes of latex gloves. 

Lysozymes from H. brasiliens& were first isolated 
by Archer 31 and named hevamine A and B. He- 
vamines were studied in detail by Tata et al., is- 32 
and their primary structures were determined by 
Jekel et al. 33 They are basic proteins (pI, approxi- 
mately 9.0) with a molecular weight of 29 kd and 
homologues to a pathogenesis-related chitinase 
from cucumber. 34 Besides the hevamines, six kinds 
of chitinases/lysozymes have been isolated from H 
brasiliens& by Martin? » Precise structural analysis 
is necessary to ascertain whether the separated 
lysozyme corresponds to one of these previously 
isolated lysozymes. 

The properties of the separated lysozyme were 
very similar to those of tig,17 papayaJS. 16 and other 
plant lysozymes 14,19,36-39 (Table I). This finding 
might indicate their structural similarity. Provided 
that they have common antigenic determinants, 
lysozymes can be a cause of the cross-reaction 69 
between rubber latex and fruits. 

The separated protein is most likely to be a 
defense-related protein biosynthesized in a rubber 
tree. It had characteristic bacteriolytic activity. It is 
known that the amount of defense-related proteins 
in laticifers markedly increases when a rubber tree 
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faces phytohormone application, wounding, and 
other biotic or abiotic stresses. 13, 4o, 4~ For effective 
mass production of latex, genetically selected rub, 
ber trees have been repeatedly cut  and treated with 
phytohormones, We can imagine that the latex 
produced in this way may contain a large amount 
of defense-related proteins, including the ly- 
sozyme, and that these proteins or their fragments 
would remain in the  final latex products. 

At the International Latex Conference held in 
Baltimore in 1992, 4a Dr. Slater reviewed latex 
allergy and said that the total protein amounts of 
extracts from latex products might generally corre, 
late with their allergen contents as determined by 
R A S T  or ELISA. This suggests that reducing the 
total extractable protein of the products should be 
effective in decreasing the incidence of latex al- 
lergy, However, Turjanmaa e t al'4~ reported cases 
in which this idea was no t  applicable. Their pa- 
tients strongly reacted to a product with low pro- 
tein content rather than products with higher 
protein contents. This  dlscrepanc ~ m ay  be due to 
the conditionS that proteins eluted from individual 
latex prodttcts are not always of the same compo- 
sition and that allergens for individual patients are 
not always the same proteins. 44 In such circum- 
stances, the allergenicity o f  a latex p roduc t  for a 
sensitized patient should nõt necessarily correlate 
with its tòtal protein content. In his recént review 
article, Slater 45 also pointed out the ineffëctiveness 
of the total protein measurements for allergenicity 
estimation compared with immunologic measure- 
ments. We estimate that eve~  protein eluted from 
the latex products, which will have direct contact 
with the mucosa or body fluids, is a potential 
allergen and that total protein measurements are 
important for measuring such potential allergens. 
The main weak points of the standard total protein 
measurements are insensitivity and interference by 
nonprotein substances. We demonstrated the com- 
mon presence of an allergenic 27 kd lysozyme in 
latex gloves. If the measurement were carried out 
under optimal conditions, detection of some en- 
zyme activities would be more specific and sensi- 
tive than total protein measurements. Although 
the lysozyme activity test alone cannot provide a i 
conclusive estimation of alIergenic proteins, the 
combination of a total protein measurement and 
the lysozyme activity tes t  would provide a more 
sensitive and reliable estimation than a total pro- 
tein assay alone. This method does no t  require the 
reliable and representative patients' sera that are 
indispensable in immunologic methods. Other 
characteristic enzyme activities of defense,related 

proteins ~1 may also be able to be used in this 
method. 
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