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Sin a I ,  a 2-S albumin from the seeds of yellow mustard, is herein described as the major allergen of these 
seeds. This protein is composed of two disulfide-linked polypeptide chains of 39 and 88 amino acids, whose 
primary structures are reported. The Sin a I allergen is found to be related to other low-molecular-mass albumins, 
such as those isolated from rapeseed, castor bean and Brazil nut. Additional structural similarity has also been 
found between the glutamine-rich large chain of Sin a I and a proline-rich zein, a gliadin, and trypsin and 
a-amylase inhibitors isolated from the seeds of several monocotyledons. Internal amino acid sequence similarity 
has been detected at both termini of the small and large chains of Sin a I and involves the location of proline and 
glycine residues at similar positions in relation to the processing cleavage sites. Prediction of secondary structure, 
based on the amino acid sequences of the mature chains of the mustard allergen, indicates that the precursor 
polypeptide is cleaved at regions showing a high p-turn probability. This is also observed with the amino acid 
sequence deduced from the rapeseed napin gene nucleotide sequence. 

Seed storage proteins constitute more than 10% of the 
total protein isolated from seeds and accumulate in aggregates 
called protein bodies. Their main function is the provision of 
an adequate nitrogen supply to the germinating seedling and 
they do not usually show any enzymatic activity. Many investi- 
gations on these kind of proteins have been carried out during 
the last two decades, mainly on their chemical composition 
and nutritional value. Nevertheless, seed storage proteins are 
also of interest in clinical research. Thus, gliadins, or peptides 
derived from them, initiate damage to the absorptive epitheli- 
um of the small intestine during ingestion, producing symp- 
toms of celiac disease in susceptible individuals [I]. Allergenic 
proteins have also been found in a wide variety of seeds 
including castor bean, soybean, cottonseed, pea, etc. [Z]. These 
allergens are frequently low-molecular-mass proteins with a 
high cystine content, but information on their biochemical 
and structural properties is still scarce. In some cases, 
allergenicity has been ascribed to the 1.7 - 2.0-S albumin frac- 
tion, as in cottonseed or soybean [3,4], but other seed allergens 
fail to meet this rule (e.g. peanut allergens) [5]. 

An increasing interest in Brassicaceae and particularly in 
rapeseed (Brassica nupus L.) proteins as a consequence of their 
being one of the most important annual oilseed crops in 
the world, has recently allowed their characterization and 
elucidation of their gene nucleotide sequences [6 - 91. 
Rapeseed proteins are composed of two major types. One is 
a 12-S neutral globulin, apparently similaf to the 11 - 12-S 
‘legumin-like’ storage proteins found in seeds of many other 
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species [7, 101. The other major proteins are small basic albu- 
mins, referred to as the 1.7-S storage proteins [I I] and which 
have also been called napins [6, 121. However, rapeseeds are 
not used as human food and no allergy related to these pro- 
teins has been reported. Among those cruciferous plants 
which are suspected to be allergenic, mustards are the most 
relevant, though cases of cabbage allergy have also been re- 
ported [13]. Table mustard is usually a blend of flour obtained 
from the seeds of two different species: yellow (Sinapis a h  
L.) and oriental (Brassicajuncea L. Czern & Coss.) mustard. 
The relative amounts of both types of flour varies according 
to the manufacturer, but the yellow is the most frequently 
found. In a previous paper, we reported the molecular and 
spectroscopic characterization of the 1.7-S storage protein of 
the yellow mustard seeds [14]. We have observed that this 
fraction is the most allergenic for atopic individuals. Thus, 
the aim of this paper was to elucidate the primary structure 
of the major allergen of Sinapis alba L. seeds as a basis for 
further investigations on the structure allergenicity relation- 
ship of this protein. 

EXPERIMENTAL PROCEDURES 

Portions of this article, including Experimental Pro- 
cedures, Figs 1 and 2 and Tables 1-6, are presented in a 
miniprint section at the end of this paper. 

RESULTS 

Allergenic properties 

Clinical screening performed with sera of individuals sus- 
pected to be sensitive to food allergens revealed that about 
16.8% of them had specific IgE antibodies against mustard 
allergens. These data are in agreement with previously report- 
ed evidence on the incidence of spice allergy in other countries 
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[21, 221. However, no further structural studies have been 
performed on these seed allergens. If the allergenic extract 
prepared according to the procedure described in the Sup- 
plement, is applied to a Sephadex G-75 column, three main 
fractions can be collected, which correspond to the 12-S globu- 
lins, the 1.7-S albumins and small molecules eluting at the 
total volume. The elution profile and the allergenicity of the 
different fractions (measured by inhibition reverse-enzyme 
immunoassay) are given in Fig. 1 (Supplement). The 1.7-S 
fraction seemed to be more allergenic than the 12-S globulins, 
according to these data. Furthermore, leukocyte histamine- 
release assays, performed with the sera of eight patients show- 
ing atopic allergy to mustard, revealed that the 1.7-S albumin 
fraction was about 3-4 times more active than the 12-S 
globulins. Radio-allergosorbent inhibition tests indicated that 
more than 60% of the IgE in sera from atopic individuals was 
inhibited by 10 pg of the 1.7-S seed albumin, when assayed on 
mustard crude extract, previously coupled to BrCN-activated 
paper discs. On the other hand, the same amount of protein 
from the 12-S globulin fraction was unable to produce an 
inhibition greater than lo%, indicating that most of the 
allergenic activity of this food resides in to the low-molecular- 
mass albumins (data not shown). 

From the results given above, it could be concluded that 
the 1.7-S albumin fraction of the yellow mustard seeds is the 
major allergen in this biological material. It may be termed 
as Sin a I ,  according to the proposals of the IUIS Sub-Com- 
mittee for Allergen Nomenclature, meeting the purity require- 
ments necessary in order to be designated according to the new 
system [23]. Moreover, this protein shows some biochemical 
properties also found in other allergens, such as, low molec- 
ular mass, resistance to proteolytic treatments and a high 
cystine content. 

Amino acid sequence of the small chain 

Chymotryptic digestion of the reduced and carboxy- 
amidomethylated small chain was fractionated by reversed- 
phase chromatography (Fig. 2a). The best profiles were 
obtained after a 3-h hydrolysis at an enzyme/substrate ratio 
of 1 : 500 (by mass). Under these conditions, peptide bonds 
involving the carboxyl group of methionine were not cleaved. 
If the amount of chymotrypsin is increased to a ratio of 1 : 100 
(by mass), the peptide CT-5 is cleaved at the Met-Gln bond 
and other peptides are also generated by cleavage of trypsin- 
susceptible bonds. The amino acid compositions of the 
chymotryptic peptides CT-1 to CT-5 are shown in Table 1. 
All were recovered at a similar yield. The recoveries of CT-2a 
and CT-2b were summed since these two peptides are nearly 
identical. In fact, their amino acid sequence showed that the 
only difference between them is at the NH,-terminal residue 
which is arginine in CT-2a and glycine in CT-2b. These data 
suggest the presence of at least two clones for this protein. 
Other heterogeneities involving deamination of glutamine 
residues are suspected but these may be a consequence of the 
functional role of the protein and are probably not an original 
mutation. 

All the chymotryptic peptides were manually sequenced 
except CT-1 which was extracted in the organic phase of 
the first cycle of the Edman degradation due to its highly 
hydrophobic character. The correct positioning of amino 
acids was established by comparison with both the NH2- 
terminal sequence of the whole polypeptide chain and the 
analysis of the structure of T-1 . 

Total or partial amino acid sequences and compositions 
of several tryptic peptides (T-1, T-2, T-3, T-5 and T-6) were 
useful in order to obtain the correct alignment of the 
chymotryptic peptides (Fig. 3). The elution profile and the 
amino acid compositions of the resulting tryptic peptides are 
shown in Fig. 2 b and Table 2, respectively. 

The COOH-terminal of the sequence was not fully re- 
solved by analysis of the tryptic and chymotryptic digests and, 
thus, a cyanogen-bromide treatment was used to complete the 
sequence. After a 20-h hydrolysis, a peptide containing three 
serines, two glycines, one glutamine and one proline was 
obtained. However, direct sequencing was not possible, as 
glutamine undergoes cyclisation under acidic conditions and 
most of this peptide was blocked at the amino-terminal. Diges- 
tion with 5-oxoprolyl peptidase (L-pyroglutamylpeptide 
hydrolase) was used to remove the pyroglutamyl residue and 
the resulting hexapeptide (CN-1-50P) was sequenced. The 
primary structure obtained was in agreement with the results 
of the carboxypeptidase digestion, which released serine after 
a 24-h treatment. 

Amino acid sequence of the large chain 

The NH2-terminal amino acid sequence obtained by auto- 
matic Edman degradation identified only 19 residues, due to 
the high proline content. More than 20% of the residues found 
in this polypeptide chain are glutamine, which is susceptible 
cyclisation to pyroglutamic acid when located at the NHz- 
terminal position of peptides, making it difficult to determine 
by Edman degradation. Thus, thermolytic digestion was the 
most promising, since no cleavage would be expected at the 
amino groups of the glutamine residues involved in peptide 
bonds. The elution profile of the thermolytic digestion is 
shown in Fig. 2c. Some of the peaks observed represented 
two or three different peptides and a further step of purifi- 
cation was required. The amino acid composition of the re- 
sulting peptides is given in Table 3. Yields ranged from around 
40% for the larger peptides up to 75% for dipeptides and 
tripep tides. 

Alignment was completed after tryptic digestion of the 
reduced and radioalkylated large chain. The elution profile 
and the amino acid compositions of the resulting peptides 
are shown in Fig. 2d and Table 4, respectively. Peptide T-5 
contains a high number of glutamine residues and thus 
deamidation processes could become a major problem. In 
fact, several polypeptides showing the same amino acid com- 
position can be identified (Fig. 2d), revealing that those gluta- 
mine residues exhibit a certain tendency towards deamidation. 
Peptide T-5 was sequenced automatically. 

An additional chymotryptic digestion was performed in 
order to confirm the whole amino acid sequence of the large 
chain. This proteolytic treatment gave rise to complex re- 
versed-phase chromatograms, due to the high number of 
cleavage sites in this chain. However, CT-4 was identified by 
its absorbance at 274 nm; its amino acid sequence allows an 
overlap at positions 58 - 59. A chymotryptic peptide including 
Lys68-Va169, adequate for manual or automatic sequencing, 
could not be obtained. In addition, this peptide bound was 
also sensitive to digestion by clostridiopeptidase B. Despite 
these problems, the proposed alignment is supported by the 
strong similarity with the sequence of rapeseed napin (Fig. 5). 

The amino acid sequences of both chains (large and small) 
of the Sin a I allergen are shown in Fig. 3. It can also be 
observed that the proposed structure is in good agreement 
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PRO - ALA - FLY - PRO - PHE - - ILE - PRO - LYS - & - ARG - LYS - GLL - PHE - GLN - G I N  - A M  - GLh - HIS - LEU - 
GLY 

LYS - LYS - MR - inET - PRO - GLY - PRO - SER 
cc 

-1 ------- - 
TH-17 TH-18 

T- 8 1-9 
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Fig. 3. Complete amino acid sequences of the small (upper) and large (lower) chains of the major allergen of yellow mustard seeds, Sin a I. 
Peptides obtained by cleavage with trypsin (T), chymotrypsin (CT), thermolysin (TH), cyanogen bromide (CN) or L-pyroglutamyl-peptide 
hydrolase ( 5  OP) are indicated by a continuous line. Discontinuous lines represent peptides obtained as subproducts of the enzymatic 
digestions. Right arrows (+) correspond to residues identified by manual or automatic Edman degradation, while left arrows (e) indicate 
amino acids determined after digestion with carboxypeptidase Y 

with the amino acid compositions of the hative protein and 
its polypeptide chains reported previously (Table 5). 

In contrast to other seed proteins [25,26], its primary structure 
does not show any tandem repeat of conserved sequences. 
However, a high glutamine content is observed at positions 
39 - 51 of the large subunit, which could play a role in provid- 
ing nitrogen for the germinating seedling, in a similar way to 
that found in other seed storage proteins [27]. In addition, if 
the primary structures of both Sin a I chains are aligned, 
significant structural similarity is found at the NH2- and 

DISCUSSION 

The yellow mustard seed allergen, Sin a 1, is composed of 
two polypeptide chains of 39 and 88 amino acids, respectively. 
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COOH-termini of the mature polypeptides, with most proline 
and glycine residues placed at similar positions (Fig. 4). This 
structural similarity may be relevant when looking for sites 
recognized by maturation proteases, as we shall discuss later. 

When surveyed for structural similarity (Fig. 5), the yellow 
mustard seed allergen is found to be closely related to other 
2-S albumins, such as those isolated from rapeseed, castor 
bean and Brazil nut. According to the proposed alignment, 
the four proteins contain about 20 residues in common, in- 
cluding the eight half-cystines found in their primary struc- 
ture. In addition, the large chain shows a certain degree of 
similarity with other plant proteins such as a proline-rich 
zein, a wheat gliadin and enzyme inhibitors isolated from 
monocotyledon seeds. These similarities are basically support- 
ed by the positioning of the half-cystine residues. Allergens are 
usually Cys-rich proteins, but none of the proteins mentioned 
above has been recognized as such, although allergenicity has 
been ascribed to the 2-S albumin fraction in castor bean [2], 
cottonseed [3] and soybean [4]. To date, it remains unclear if 
the sequenced castor-bean 2-S albumin is really an atopic 
allergen, but the similarity of its primary structure with the 
Sin a I amino acid sequence reported here (Fig. 5) suggests 
that it may also be allergenic. Rapeseed napin, which is the 
most similar protein to the mustard major allergen, is not 
included in any human diet, as rapeseeds contain glucosino- 
lates and other toxic compounds. Therefore, its allergenicity, 
though expected, has not been studied. 

When the amino acid sequence of Sin a I is compared to 
the rapeseed napin encoded by the pN2 cDNA clone [6], nine 

I ao 
PRO-ALA-GLY - PRO- .......- GLY-SER-GLY-PRO-SER 

I 81 
PRO-GLN-GLY PRO- ....... - MET-PRO-GLY-PRO-SER 

Fig. 4. Primary structure similarity at both NH2-  and COOH-terminal 
sequences of the small and large chains of the yellow mustard seed 
allergen 

10 20 30 
PAGP ~3 PKCRKEPQQAQHLRACQQWLEKQAMQSGSGPS (1)SC 

agpfrIPKCRKEFQQAQHLRACQQULEKQAMQSGgg (2)SC 

PSQQGCRGQIQEQQNLRQCQEYIKQQVSGQGPRR (3)SC - - - - -  - -  
Q Q Q C R W M Q R Q Q ~ - S H C Q g ~ E ~  - - -  (4)SC 

amino acid changes are found, in addition to an insertion of 
two residues at positions 53 - 54 of the large chain of Sin a I. 
These two amino acids are located beside the glutamine-rich 
region of the molecule. This region, which is variable in length 
for the different 2-S albumins (Fig. 5), has recently been re- 
ported to have a four-amino-acid insertion in a minor rapeseed 
napin, encoded by the gNa cDNA clone [9]. Additional differ- 
ences between the rapeseed napin and the Sin a I allergen 
are the processing cleavage sites of the small chain. These 
differences may occur during the maturation of the protein 
which is a two-step process in rapeseed napins, involving the 
removal of the signal peptide, followed by the post-trans- 
lational cleavage of a 21-kDa precursor polypeptide, to prod- 
uce both small and large chains [6]. 

Information on the conserved sequence motifs, which 
could serve as signals in the proteolytic processing of these 
seed proteins, is still scarce [8, 121. A Chou and Fasman 8- 
turn prediction [31], obtained for the amino acid sequences of 
the similar proteins rapeseed prepronapin and the mature Sin 
a I allergen, revealed that the post-translational cleavage sites 
were located inside or next to a region with a very high 8-turn 
tendency (data not shown). This high 8-turn probability is 
due to the presence of proline and glycine at both NH2- and 
COOH-termini (Fig. 4), which cause the formation of 8-turns. 
This fact suggests that plant proteases involved in the post- 
translational processing of these seed proteins are, like their 
animal counterparts, dependent upon the p-turn confor- 
mation [32, 331. 

Only a few complete amino acid sequences have been 
reported for allergenic proteins [34- 371. In spite of the high 
cystine content shown by some of them, significant similarity 
of amino acid sequence has not been found between Sin a I 
and the sequenced allergens. Nevertheless, Amb a V (formerly 
called Ra 5), Amb t V (Ra 5G) and Api m I (honeybee venom 
phospholipase A,) share with Sin a I, the major allergen of 
Sinapis alba L., a high content in disulfide bridges which 
could define a common structural site in some allergens [38]. 

~ ~ ~~ 

10 20 30 40 50 60 70 80 
pQcPQQRPPLLQQ-CCNELEQ-EEPL~C~LKGAS~~QQ~QQLEQ~P~ISRIYQTATHLPKVCNIPQVSVCPFKKTWPGPS (1)LC 

PQGPQQRPPLLQQ-CCNELHQ-EEPL~CPT~~S~~QQIQ~~KQQ--~SRIYQTATELPKVCNIPQVSVCPFQKT~GPS - -  (2)LC 

QERSLRG-CCDELKQ-MQS~-R~EG~Q~-------I~LQGQN----VPEA-FRTAANLPSMCGVSP-TQCPF_ - - - -  (3)LC 

P R R G ~ P H n S E - C C E c r L _ E G - ~ E E ~ ~ E G ~ - - - - ~ Q ~ E ~ ~ P R G E Q - - - ~ N L _ P S R C ~ L S P ~ - C - P M ~ S  (4)LC 

....--...--.~~-CC Q Q ~ ~ - V E - ~ R Y Q AIPG---LVLQSILQQQPQSVAGLLAAQI----~QQ~T~~G~-PTPC~Y~~~E ( 5 1  

... - PRPRLP~E~RR-CCREL-IPAY~R~T~-SI~GAIPPGPDAQLEGALEDLPGCP~V-~F~T----LVTEAE~NLETIS ( 7 )  

.-- QVLQQSTYQLVQQPCCQQLWQ-IPEQSRCQAIH~IILH - - - -  - -  ~~...EEIRNLALETL-PAMC-~IPPY~TI~VGIPGTN ( 6 )  

... C V G S Q V P E A V L R D - C C Q Q ~ I N N ~ ~ R ~ G D ~ S S ~ - V Y ~ E ~ ~ G K ~ L P ~ C R - K ~ L T - ~ S V ~ ~ - ~ ~ I P N P S G D R A ~ C Y G D W C A  - - -  ( 8 )  - -  
Fig. 5 .  Amino acid sequence similarity between the yellow mustard allergen, Sin a I ,  and several seedproteins. (1) Yellow mustard seed allergen; 
(2) rapeseed napin; (3) castor-bean 2-S albumin; (4) Brazil-nut 2-S albumin; ( 5 )  maize glutelin-2 precursor (proline-rich zein); (6) wheat pre- 
a/B gliadin A-IV; (7) maize trypsin-activated Hageman factor inhibitor; (8) wheat a-amylase inhibitor; SC, small chain; LC, large chain. 
Residues in identical positions in these peptides and in mustard allergen are underlined. Analysis for similarity was done by using the Lipman 
and Pearson algorithm [28] and the Protein Sequence Data Bank from the Pasteur Institute release 1.0 [29]. Amino acid sequences of Brazil- 
nut 2-S albumins [30] were also included for comparison. The small chain of rapeseed napin varies in length. Two polypeptide products have 
been described: (a) Ile-7 to Gly-35 [12] and (b) Ala-2 to Gly-37 [6]. Capitals and small letters have been used to distinguish these peptides 
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Unfortunately, evidence is still poor, but this could be an 
intriguing hypothesis to provide light in studies concerning 
structure/allergenicity relationships. 
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Supplementary Material to 

Primary structure of the major allergen 
of yellow mustard (Sinupis alba L.) seeds, Sin a I 
Luis MENENDEZ-ARIAS, Ignacio MONEO, 
Javier DOMiNGUEZ and Rosalia RODRiGUEZ 

EXPERIMENTAL PROCEDURES 

Determination of allergenic activity 

Serum samples were obtained from 18 non-previously hypo- 
sensitized individuals with suspected food allergy to table mustard. 
The crude mustard extract was obtained through dilution of 
delipidized mustard flour in 0.15 M borate buffer pH 8.0 (at lo%, 
mass/vol.). For further determinations, these extracts were centri- 
fuged at 2000 x g and filtered. Direct and inhibition reverse enzyme 
immunoassays and leukocyte histamine-release assays were per- 
formed as previously described [15, 161. Histamine release was mea- 
sured by fluorometry, after reaction with o-phtalaldehyde, including 
internal and external histamine . HC1 standards. Radio-allergosor- 
bent tests were performed according to the instructions of the manu- 
facturer (Pharmacia, Uppsala, Sweden). Radio-allergosorbent inhi- 
bition assays were carried out by incubating an 0.05-ml aliquot of five 

i l l E f l P l  Imm 

Fig. 1. Gel filtration chromatography of the mustard crude extract 
(20 mg at 4 mglml) on a Sephadex G-75 column (2.6 x 100 cm), equili- 
brated in 0.15 M ammonium bicarbonate, p H  8.0. The flow rate was 
25 ml/h and 4-ml fractions were collected. Inhibition reverse-enzyme 
immunoassays were performed using 5 y l  aliquots, after 1 : 10 dilution 
with distilled water. Horseradish peroxidase (0.5 pg) was used in each 
determination for obtaining the allergenic conjugate 
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pooled positive sera for 1 h at room temperature. Then, a CNBr- 
activated paper disc, onto which crude mustard extract was previously 
coupled, was added to the samples and the radio-allergosorbent test 
was performed as usual. 

Protein purification 

Yellow mustard seeds allergen, Sin a I, was purified as previously 
reported [14], and the allergenic activity was measured at the different 
stages of the process. Separation of the large and small chains of 
this allergen was achieved by gel filtration chromatography after 
reduction of disulfide bonds and radioalkylation with iodo- 
[14C]acetamide [ 141. 

Enzymatic and chemical cleavage 

Tryptic and chymotryptic digestions of both reduced and car- 
boxyamidomethylated polypeptide chains of Sin a I were performed 
as previously described [17]. Hydrolysis with thermolysin of the re- 
duced and carboxyamidomethylated large chain was carried out at a 
protein concentration of 4-5 mg/ml in 0.1 M ammonium bicarbon- 
ate pH 8.0, containing 1 mM calcium chloride. An enzyme/substrate 
ratio of 1 : 100 was used, and the mixture was incubated at 37°C 
for 2 h. Both carboxyamidomethylated polypeptide chains were also 
cleaved with carboxypeptidase Y (Boehringer, FRG). For this, 90 - 
100 nmol of each polypeptide was separately dissolved in 0.7 mlO.l M 
pyridine/acetic acid buffer, pH 5.5, containing 10 mM EDTA and an 
internal standard of norleucine (25 nmol/ml). An enzyme/substrate 
ratio of 1.50 was used and the mixture was incubated at 37°C. 
Aliquots were collected at intervals up to 24 h and amino acid analysis 
was performed to identify the amino acids released. 

Cyanogen bromide cleavage was performed by dissolving each 
reduced and carboxyamidomethylated polypeptide in 70% formic 
acid, at a concentration of 10 mg/ml. Cyanogen bromide was added 
to a 40-molar excess over methionine. After flushing with nitrogen, 
the reaction was allowed to proceed for 20 h at  room temperature in 
the dark. Finally, the sample was diluted with distilled water and 
lyophilized. 

To cleave the amino-terminal 5-oxoproline (pyroglutamic acid) of 
the CNBr peptide from the small chain, 50 nmol cyclised peptide was 
dissolved in 0.2 mlO.1 M sodium phosphate buffer, pH 8.0, containing 
10 mM EDTA, 5% (by vol.) glycerol and 5 mM dithiothreitol. 
Pyroglutamyl-peptide hydrolase (Boehringer, FRG) (0.1 ml of a 
lO-mg/ml solution) was added, and the reaction mixture maintained 
at 37°C for 2 h. 

Peptide separation 

Every digest was lyophilized, dissolved in 0.1% (by vol.) tri- 
fluoroacetic acid and centrifuged (in a Beckman microfuge) prior 
to injection in a HPLC column. 30- 100 nmol of digested protein 
were chromatographed. The separation was performed on a Beck- 
man HPLC system equipped with a Nucleosil 10 CIS column 
(250 mm x 8 mm x 4 mm). A gradient of acetonitrile in 0.1% (by vol.) 
trifluoroacetic acid was employed for elution of peptides. The eluent 
was continuously monitored at both 214 nm and 280 nm. Radioactive 
peptides were detected by counting aliquots of 5-20% of the total 
volume of each collected fraction. Many peptides required a further 
purification step which was usually achieved through reversed-phase 
chromatography using a different column and elution system: an 
Ultrasphere-octadecylsilane (5 km) column (150 mm x 4.5 mm) and 
a gradient of acetonitrile in 10 mM ammonium acetate buffer, pH 6.5 

Amino acid analysis 

Peptide hydrolysis was carried out for 20 h at 110°C in 0.2 ml 
constant-boiling HCI, containing 0.1 % phenol, in evacuated and 
sealed tubes. Analyses were performed on a Durrum D-500 amino 
acid analyzer. The colour value for S-carboxymethyl-cysteine was 
considered to be 92% that of aspartic acid. 

T l l E  ("71") 
20 .O w 

Fig. 2. Elution profiles of the reversed-phase chromatography on a 
Nucleosil I0 C18 column of different yellow mustard allergen 
hydrolysates. (a) Chymotryptic and (b) tryptic hydrolysates of the 
small chain; (c) thermolytic and (d) tryptic hydrolysates of the large 
chain. The peptides were eluted with an acetonitrile gradient in 0.1% 
(by vol.) trifluoroacetic acid. The flow rate was 1 ml/min. Fractions 
of 0.8 ml were collected. Dashed peaks corresponds to radioactive 
peptides 



Sequence determination peptide ranged over 10-40 nmol. The amino acids were resolved and 
identified using two different procedures: (a) reversed-phase HPLC 
[I91 and (b) back-hydrolysis from the anilinothiazolinone derivatives, 
in constant-boiling HCI, containing 0.1% (massjvol.) SnCI2, for 6 h 
at 150 oC [201, The presence of carboxyamido-methylcystejne was 

Automatic Edman degradations were performed with a Beckman 
sequencer 890C. 30 nrno' Of the unc*eaved' reduced and 
carboxyamidomethylated large chain of the yellow mustard allergen, 
sin a 1, and about 15 nmol of a tr!&'tic peptide were sequenced in the 
presence Of 2-3 mg Polybrenel using the standard determined by 

of all the sequenced residues, Quantitative data from the Edman 
the of a 20% (by vol,) 

degradations are given in Table 6. Quadrol program. 
An Edrnan manual orocedure for stepwise degradation 117, 181 

was used for peptide sequence determination. The amount bf each 

'Yable 1 . -  A m i n o  acid composriions of the chymotryptic peprides ICT-I to 

The number of residues Inearess integer) per pept ide  1s given between 
parentheses. Tryptophan w a s  identified by both absorption measures at 280  
nm and manual E d m m  degradation. 

~ CT-51 Of the small char" Of the  g I allergen. 
Table Q.- Aminlno acid compoarfians of the t r y p t r c  peptLdes IT-? to T-91 of the 

The number of r e ~ 2 d u e n  lneare~t rnregerl per peprrde IS given between 
parentheses. 

large chain  of the y e l l o w  mustard allergen. Sin a I. -~ 

T-1 T-2 T-3 T-4 T-5 T-6 T-7 T-8 T-9 ~ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ _  
ASX 
THR 
SER 
GLY 
PBO 
GLY AL.4 

CYSd 
VAL 
MET 
TLE 
LEU 
TYI 
PHE 
"15 
L Y S  
RRC 

1 . 3  I 1 1  1 . 3  I l l  
1 . 1  I 1 1  1 . 9  121 

1.0 I 1 1  1 . 2  111 0.9 1 1 )  
2 . 2  I21 6.9 (71 0.9 I 1 1  1 . 2  0 1  9.0 (91 

0.9 I 1 1  1.0 I 1 1  2 . 1  121 5 . 6  1 6 1  

1.1 111 
1 . 3  Ill 1 . 0  I l l  2 . 2  121 

3 . 8  [ I !  2.0 121 
1 . 1  I:! 1.0 ( 7 1  1 . 0  I l l  1 . 2  11)  2 . 8  13) 

1.0 I 1 1  1 . 0  I 1 1  

0.8 Ill 0.9 111 

2 . 1  I 2 1  1.0 I 1 1  1 . 3  111 1 . 2  111 

0 . 9  I 1 1  

0 . 9  111 

1 . 2  I l l  

2.0 121 2 . 2  121 

1 . 4  I 1 1  
1 . 2  I 1 1  1 . 3  11)  

3.1 I31 

1.0 / ? I  

2.0 121 

1.0 111 0.7 0 1  

2.6 111 2.2 121 1 . 3  
I 1 1  2 . 0  
i 2 I  1 . 1  i l !  

THR 
SER 
GLX 
PRO 
GLY 
AL.4 

"FA 
MET 
ILE 
LEU 
TYR 
PHE 
"IS 
LYS l iRG 

TRP 

C Y 9  

1.6 I21 1 . 1  Ill 1 . 7  Ill 

0.9 I 1 1  

0 . 8  I l l  

0.9 I 1 1  

1.0 11)  

1 .0  111 
0 . 9  I l l  1.0  11)  

0 . 9  111 
4 . 6  151 1 . 1  I l l  1 . 1  Ill 1 . 0  I l l  

0 . 8  i l l  
ill 

sequence Porirlon 1-31 3 2 - 3 1  36-38 19-12 43-58 59-68 63-81 82 83-88 

TOt.31 resrdves 11 4 3 4 16 1 0  1 3  1 6 
sequence pOIlilon 1.5 6 - 1 4  6 - 1 4  11-20 2 1 - 2 6  2 7 - 3 9  

:2::"e* aDeiernrned as carboxynethylcyIterne 
9 9 6 6 1 3  

aDerermlned as calboxymethylcysterne 

Table 5 . -  Amino acid composition of the malor allergen of yellow mustard 
seeds, 5 I. and i t s  polypeptide chains .  

Table 2.-  Amino acid ~omposirions of the tryptAc peptides iT-1 to T-71 of 

The number of residues lnearesr inteaerl oer Deatide 15 oiven between acid A C l d  a n d  

__ the small chain Of the 5 L allerqen. NIlTTYE PROTEIN LAAGE CHAlN SMALL C H i i i N  

hydrolysis Sequence hydrolysrs Sequence hydrolysis Sequence 
. . . .  

_ _ _ _ _ _ _ _ _ _ _ _  parenthe~es. Tryptophan w a s  Identifled by both absorprlon measure5 at 280 
nm and manual Edman degradation. 

ASX 2 2 
THR 
SER 
GLX 
PRO 
GLY 
RLR 
CYS" 
VAL 
MET 
1J.E 
LEU 

4 
4 

20 
1 2  

5 
3 

3 
8 
I 

3 4 c  4 

2 

3-4  
13 

10-1 1 5 

4 
6a 
6 

6 2 7 - 2 8  
15-1 6 

ASX 
THR 
SER 
GLX 
PRO 
GLY 
RLX 

"RL 
MPT 
ILE 
LEU 
TYR 
PHE HIS 

C Y 9  

2 .6  131 

6 

2 
4 
8 

3 

0.9 I l l  
1 . 0  I 11  

0.3 I l l  i . 0  I , !  

:::;;"e3 120.124 1 2 1  8 3 - 8 5  88  3 7 - 4 0  39 

1-6 7-9 10.11 1 2  13-21 22-29 30-39 

6 3  2 1 9 8 1 0  

aDetermrned as cysteic acid after 24  h hydrolysis 
bDetermined IpectrophotOmetriCally by using the method of Beaven and Holiday 

CHalf residue IS cansldered as a consequence of the heterogeneity found at 
1 2 4 ,  

the sixth pos'tron in t h e  small polypeptide c h a m  of the allergen. 'Determrned a5 carboxymethylcysterne 

Table 3.. h r n o  acid compositions of the thermolytrc peptrdes ITH-I to TH-181 of the large chaln of the yellow 
~ 

The number of resrdues lnearest lnteqer l  per peptlde Is glYen between parentheses. 
mustard allergen + 5 I. 

TH-I TH-2 TH-3 TH-4 TH-5 TH-6 TH-7 TH-8 TH-9 TH-I0 TH-II TH-I2 TH-13 ~ x . 1 4  TH-II ~ ~ - 1 6  ~x.17 ~ ~ - 1 8  ~ ~ _ _ _ _ _ _  
ASX 
THR 
SER GLX 

PRO GL" 

1 . 1  I ,!  
1 . 0  I l l  1.0 1 1 1  

1 . 2  I 1 1  1 . 0  111 
0.9 111 1.0 I 1 1  

1 .0  I l l  1 . 0  ( 1 )  1 . 0  I l l  

1.0 111 1.0 111 
1.0 1 1 )  0.9 I l l  Q.7 Ill 0 . 9  I 1 1  1.0 111 0.9 ( 1 1  

1 . 9  I 2 1  2 . 0  121 4 . 7  151 
1 .0  I11 

1 . 1  I I I  1.8 12) 

0 . 8  I l l  
1 . 0  1 1 1  

1 . 0  1 7 1  

1 . 0  I 1 1  

0 . 9  1 1 )  
3 . 7  131 3.0 131 2.9 131 
3.6 I 0  1.4 i l l  
1 . 1  111 

2 . 1  1 2 1  
1 .0  I 1 1  1 . 0  ( 1 1  

i . 0  1 1 )  
1 . 7  I 2 1  

1 . 0  I 1 1  1.0 1 1 1  

l . 8  121 
1.2 Ill 

ALA 
CYSa 
" I L  
MET 
ILE 
LEU 1 . 0  I 1 1  0.8 111 1.0 111 0.9 111 
TYX 

0.9 111 
7.0 1 7 1  

0.8 111 0 . 9  I 1 1  

1 . 0  I l l  
1 . 0  I l l  1 . 0  111 

1 . 0  I 1 1  

1.0 111 
1.1 I 1 1  
1 . 0  1 7 1  1.8 1 2 )  

1.0 I 1 1  

7.0 I l l  1 . 2  i l l  
1 . 0  111 0 . 9  I l l  0 .8  I l !  

1 . 0  I l l  
PWE 
HIS 
LY5 
ARG 1 . 0 1 1 1  

~~~~~~~~ 1-10 1 1 - 1 1  16-23 2 1 - 2 1  2 6 - 2 9  30-32 3 3 - 1 6  37-40 4 1 - 4 4  1 5 - 5 4  5 5 - 5 8  5 9 - 6 2  6 3 - 6 8  69-71 75-76 77-79  50.82 8 3 - 8 8  

::::Aues 70 7 6 2 I 3 4 4 4 10 4 1 6 6 2 3 3 6  
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Table6.- Quantitative data cancernlng the Edman degradatlon experiments. 

S ) ( w  ClJAIN 

Total chain 1301 
1. Pro 13.8 
2. A l a  7.7 
3. Glv 12.0 

CT-2a I 1 0 1  
1. A r g  2.8 
2. 11e 2.9 
3 .  PI0 2.5 
4. LYS 0.8 
5. CYS * 1.0 

CT-2b (101 
1. Gly 2.1 
2. Ile 2.0 
3. PI0 1.3 

CT-3 ( 1 0 1  
1. Gln 4.4 
2 .  Gln 3.8 
3 .  A l a  3.5 
4 .  Gln 2.8 
5. HLS 1.8 
6. Leu 1.2 

4 .  PI0 10.4 
5. Phe 10.0 
6. A r g  2.6 

GlY 4 . 2  
7. I l e  9.1 
8 .  Pro 6.5 
9. Lys 0.7 
1O.Cys * 3.6 

T-1 I71 
1. Pro 3.6 
2. A h  3.9 
3 .  Gly 2.5 
4. PI0 2.2 
5. Phe 1.6 
6. A r q  2.9 

6. A;g 1 . 0  
7. Lys 0.8 
8 .  Glu 0 . 4  
9. Phe 0.6 

T-2 ( 1 0 1  
1. 11e 6.3 
2. Pro 4.1 
3. LYS 3.2 CT-5 I 1 0 1  

I .  Le" 6.4 
CT-4 I101 
1. A r g  4.0 
2. A l a  5.1 
3 .  CYS * 1.7 
4 .  Gln 1.8 
5. Gln 1.7 

2. His 3.4 T-3 (51 T-6 (151 

4 .  Gln 2.2 2. A r q  3.9 2 .  Cys * 6.0 
5. A l a  2.5 3 .  Gln 6.5 

7.2 6. Met 1.1 T-5 
7. Gln 1 . 3  1. Glu 2.2 5. Trp 4.2 

3. Gln 1.6 7. HIS 3.1 

3 .  Lys 1.4 1. CYS * 2.5 1. A l a  8.2 

1 5 1  4. Gln 

8 .  ser 0.3 2. Phe 3.0 6 .  Leu 5.3 
CN-1150-PI (201 
1 .  ser 5.2 
2. Gly 13.6 
1. ser 3 . 1  
4. Glv 10.2 
5 .  Pro 10.4 
6. Ser 1.4 

m G E  CBAIN 

Total chain I301 
8.5 1. Pro 

2. Gln 8.3 
3 .  Gly 8.3 
4 .  Pro 6.8 
5. Gln 6.5 
6. Gln 6.3 
7. A r g  5 . 4  
8. Pro 3.3 
9. Pro 3.2 
10.Leu 2.8 
1l.Le" 2.7 
12.Gln 2.3 
13.Gln 2.2 
14.Cys * 1.8 
15.Cys * 1.7 
16.A.m 2.0 
17.Glu 1.6 
18.Le" 2.1 

- TH-2 (351 TH-3 (251 TH-4 (401 
1. Leu 29.1 1. Leu 16.9 1. Leu 30.9 
2. Gln 25.3 2. HLS 16.8 2. Cys * 25.0 
3. Gln 2 0 . 1  3 .  Gln 14.6 
4. Cys * 15.3 4. Glu 18.0 TH-7 (401 
5. CYS * 13.5 5 .  Glu 1 3 . 8  I. A h  34.5 
6. A m  15.4 
7. Glu 13.6 

TH-5 (401 
1. Val 34.7 
2 .  Cys f 14.7 
3. Pro 29.5 
4. Thr * *  28.6 

TH-8 I401 
1. Val 38.0 
2. Lys 18.5 
3 .  Gln 16.7 
4 .  Gln 18.3 

TH-11 (401 
1. Val 32.7 
2. I l e  24.3 
3 .  ser 7.0 
4 .  A r g  22.0 

6. Pro 6.8 2. Lys 25.7 
3. ser 5.1 
4. R l a  12.4 

TH-10 (251 
1. Leu 18.8 
2. Glu 14.3 
3. Gln 1 2 . 6  
4 .  Gln 9.4 
5. Gly 3.6 
6. Gln 6.9 
7. Gln 6.3 
8 .  Gly 6.6 
9. Pro 4 . 3  
10.H1S 5.6 

TH-13 (251 
1. A l a  17.8 
2. Thi * *  5.2 

TH-6 (35) 
I. Leu 29.7 
2 .  LYS 28.0 
3 .  Gly 15.7 

TH-9 (401 
1. Val 33.7 
2. A r g  25.7 
3 .  Gln 23.0 
4 .  Gln 20.3 

TH-12 I351 
1. I l e  28.8 
2. Tyr 11.2 
3 .  Gln 12.1 

19.H15 1 . 3  

TH-14 I 4 0 1  
1. Val 32.1 
2. cys f 12.5 
3 .  A s "  21.3 
4 .  Ile 8.4 

4. Thr * *  10.3 

TH-16 I351 
I. Val 25.0 
2. CYS 12.9 
3 .  Pro 20.8 

TH-17 (251 
1. Phe 20.0 
2. LYS 22.1 
3. Lys 17.3 

5. Pro 14.6 
6. Gln 16.0 TH-15 I401 

1. Val 35.3 
2. ser * *  39.7 TH-18 I 1 5 1  

1. Thr 3 . 3  
2. Met 5.9 
3 .  PTO 7.1 
4. Gly 6.9 
5. Pro 10.7 
6. Ser ** 1.9 

T-3 I251 
1. A l a  17.5 

3 .  LYS 4.3 
2 .  Val 19.2 

T-4 (251 
1. Gln 21.4 
2 .  Gln 18.2 
3. Val 17.9 
4. A r q  15.6 

T-9 I151 
1. Thr 2.3 
2. Met 11.7 
3 .  Pro 6.3 
4. Gly 6.6 
5. Pro 4.2 
6. Ser * *  5.3 

CT-6 ( 1 2 1  
1. L Y S  9.0 

T-2 I251 
I. Gly 21.0 
2. A l a  17.6 
3 .  ser 3.2 
4. Lys 25.2 T-7 I151 

1. Val 11.5 
2 .  CYS 3.7 
3 .  Asn 5.6 
4 .  11e 6.4 
5 .  Pi0 4.7 
6. Gln 2.7 
7. Val 3.4 

T-6 1151 
1. Ile 7.4 
2 .  TYT 6.9 

T-5 1 1 5 1  
I. Gln 7.3 
2. Gln 4.7 
3. Le" 5.4 3 .  Gin 5.1 

4. Thr 1 . 3  
5 .  A l a  2.6 
6. Thr 0.7 
7. His 1.4 
8 .  Leu 0.6 
9. Pro 0 . 8  

4. Glu 6.0 
5. Gln 2.5 
6. Gln 2.8 
7. Gly 3.3 
8. Gln 1.7 
9. Gln 2 . 4  

8 .  n.d. 
9. Val 3.6 
1o.cys * 1.5 

1O.Gly 2 . 1  1O.LY5 0.4 CT-4 (10) 2. Lys 8.5 
1. Val 6.0 3 .  Thr 2.2 
2 .  11e 4.8 4. Met 7.8 

11.pro 1.8 
12.His 1.5 
13.Val 2.2 3 .  ser 1.2 5 .  Pro 4.9 

4 .  A r g  3 . 3  6. Gly 8.1 
5. Ile 3.6 7. Pro 7.1 
6 .  Tyr ~ _ _  2.7 8 .  ser * *  8.0 

- 
l * l  Determined from radioactive counting 
I * * )  Determined from the aaueous Dhase. 
n.d. Not determined. 
Numbers between parenthesis correspond to total nmol of each peptide sub- 
iected to Edman dearadation. 
Values are expressed in nmol of each resldue. 




