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The  complete  amino  acid  sequence  of  a Lolium per- 
enne (rye grass) pollen allergen, Lolp I1 was deter- 
mined  by  automated  Edman  degradation  of  the  protein 
and  selected  fragments.  Cleavage  of  the  protein by 
enzymatic  and  chemical  techniques  established  an  un- 
ambiguous  sequence  for  the  protein. Lolp I1 contains 
97 amino  acid  residues, with a  calculated  molecular 
weight of 10,882. The  protein lacks cysteine and  glu- 
tamine  and  shows  no  evidence  of  glycosylation.  Theo- 
retical  predictions by Fraga’s  (Fraga, S. (1982) Can. 
J. Chem. 60,2606-2610) and  Hopp  and  Woods’  (Hopp, 
T. P., and  Woods, K. R. (1981) Proc.  Nutl. A c d .  Sci. 
U. S. A.  78,3824-3828) methods  indicate  the  presence 
of  four  hydrophilic regions, which may contribute  to 
sequential  or  parts of  conformational B-cell epitopes. 
Analysis  of  amphipathic  regions  by  Berzofsky’s 
method indicates  the  presence  of  a  highly  amphipathic 
region,  which may contain, or contribute  to,  an  Ia/T- 
cell epitope.  This  latter  segment  of Lolp I1 was found 
to  be  highly  homologous with an  antibody-binding seg- 
ment  of  the  major rye allergen Lo1 p I  and may explain 
why immune responsiveness to both the allergens is 
associated with HLA-DR3. 

Grass pollen allergy is a major human  health problem 
throughout the world. One of the more important species 
causing such allergy is perennial rye grass (Lolium perenne). 
Several allergens from L. perenne and  other  plant pollens 
have been isolated and characterized (Marsh et al., 1986). The 
major allergen of L.  perenne pollen is a glycoprotein (A& = 
27,000-32,000), known as Lolp 1 (Rye I),’ toward which 85- 
90% of grass-allergic patients  are sensitive (Freidhoff et al., 
1986). Two additional, well characterized L. perenne allergens, 
LolpII and 111, are  proteins (M,  = 11,000 in  both cases), 
toward which about 45% of grass allergic patients  are sensitive 
in each case (Freidhoff et al., 1986).’ These allergens exist in 
multiple “isoallergenic” forms which are  variants that appear 
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to be  immunologically indistinguishable (Johnson  and  Marsh, 
1965a, 1965b). Lolp I1 is  a group of acidic proteins with 
isoelectric points in the range of  5.0-5.3. The isoallergenic 
form Lolp IIA can be separated by electrophoresis or anion- 
exchange chromatography from the form Lolp IIB. Further 
studies have suggested that L o 1  p IIB may contain two or more 
isoelectric forms (PI 5.1-5.2) (Cottam et al., 1986; Ansari et 
al., 1987). 

Lo1 p I  and I1 provide a  set of proteins that show no detect- 
able immunological crossreactivity (Johnson  and  Marsh, 
1965a; Ansari et al., 1987), and yet human immune respon- 
siveness to both the antigens is associated with a common 
HLA-D3 type, namely DR3 (Friedhoff et al., 1988). Therefore, 
the use of these  proteins  has proved to be important  in genetic 
studies of human immune responsiveness (Ansari et al., 1989a, 
1989b; Freidhoff et al., 1988). It is now known that initiation 
of an immune response to a soluble protein  antigen requires 
that a fragment of the antigen be presented to  the specific 
helper T-cell  in conjunction with an appropriate class I1 major 
histocompatibility complex (Ia) molecule,  which in the case 
of humans is an HLA-DR or -DQ or -DP molecule. Since 
Lolp I  and I1 are noncross-reactive at  the B-cell level, yet 
responsiveness is associated with DR3 in both cases, the two 
allergens may contain  a similar structure that is recognized 
by the same Ia molecule. In order to investigate this possibil- 
ity, we have determined the complete primary  structure of 
Lolp I1 and compared it with known partial sequences of 
Lolp I.  We found a sequence in Lolp I1 that is homologous 
with a Lolp I sequence and  appears to contain an important 
Ia/T-cell site. Furthermore,  this sequence may contain,  or 
contribute  to, a B-cell site. 

MATERIALS AND METHODS AND RESULTS~ 

DISCUSSION 

The complete amino acid sequence of L o 1  p I1 (variant A) 
was derived from tryptic, chymotryptic, V8 protease, endo- 
proteinase Asp-N, and  CNBr peptides of the protein (Fig. 1). 

The abbreviations used are: HLA, human leucocyte antigen; Ab, 
antibody; HPLC, high performance liquid chromatography; rpHPLC, 
reverse-phase HPLC; Lolp I, 11, and 111, L. perenne pollen allergens 
previously known as Rye I, 11, and 111; TFA, trifluoroacetic acid; 
TPCK, tosylphenylalanine chloromethyl ketone; TLCK, tosyllysyl 
chloromethyl ketone; DTT, dithiothreitol;  SDS-PAGE, sodium do- 
decyl sulfate-polyacrylamide gel electrophoresis; PTH, phenylthio- 
hydantoin. 

Portions of this paper (including “Materials and Methods,” “Re- 
sults,”  Tables s - I  and s-11, and Figs. s-1-s-3) are presented in 
miniprint at  the end of this paper. Miniprint is easily read with the 
aid of a standard magnifying glass. Full size photocopies are included 
in the microfilm edition of the Journal that is available from Waverly 
Press. 

11 181 



11182 

FIG. 1. Amino acid sequence of Lolp IIA and schematic outline of the data supporting the sequence. 
Amino acid residues are given in the single letter code. The preponderant sequence is shown in  a contiguous 
horizontal row; alternate residues at four positions (29, 49,  59, and 76) are shown below this sequence. Peptides 
obtained by cleavage with trypsin (T), chymotrypsin ( C ) ,  endoproteinase (Asp-N (D), Staphylococcus aureus V8 
protease ( E ) ,  and CNBr (CN) are indicated, with numbering from the NH2 terminus ( T I ,  T2, etc). Residues 
identified by Edman degradation and  the direction of sequencing are indicated by arrows. Data supporting the 
sequences are given in  Miniprint at  the end of this paper. The peptides CNl and CN2 were obtained from two 
different CNBr digests of the protein; the high performance liquid chromatography profile of only one of the 
digests is shown in Fig. S-1. 

The sequence presented in this paper is based on multiple 
sequencing of each region. Although data on 24 peptides are 
presented, a  total of  52 peptides were sequenced, with the 
result that  the sequence of each region  was confirmed in 
multiple experiments, sometimes in quadruplicate. L o 1  p I1 
contains 97 amino acid residues, lacks cysteine and glutamine, 
and shows  no evidence of glycosylation. The amino acid 

TABLE I 
Amino  acid  composition of L o 1  p IZ calculated from 

amino acid analysis and sequencing 

Amino acid Amino acid 
analysis Sequencing" 

7 
Asn 6 
Glu 11 
Gln 0 
Ser 5.80 6 
G ~ Y  8.26 8 
His 0.91 1 
Arg 2.43 2 
Thr 2.81 3 
Ala  7.60 6 
Pro 5.14 5 
TY r 1.79 2 
Val  7.77 9 
Met 2.10 2 
CYS 0.08 0 
Ile 1.89 2 
Leu  6.42 6 
P he  4.70 6 
LYS 11.01 13 
Trp NDb 2 
Total 97 
M, 10,882" 
Calculated PI 4.97" 

ASP 13.12 (Asp + Asn) 

13.18 (Glu + Gln) 

These values are for the predominant sequence of the L o 1  p IIA 
preparation. 

* ND, not determined. 

composition derived from the preponderant sequence of 
Lolp IIA is in accord with that determined from the acid 
hydrolysate of the protein  (Table I). The experimental values 
for some of the amino acid residues do not agree precisely 
with those predicted from the sequence, because of minor 
contaminants  and lack of accuracy in amino acid analysis. 
The relative molecular mass of Lolp 11, calculated from its 
sequence, is 10,882,  which is in agreement with the estimate 
of 11,000 by physical methods (Johnson  and  Marsh, 1965a, 
1965b; Marsh, 1974,  1975; Cottam et al., 1986). The charged 
amino acids in Lolp I1 are  not clustered in  any orderly way 
in the molecule. Based on the number of acidic and basic 
residues in Lo1 p 11, a  net charge of  -2.5 a t  pH 6.5 is calculated, 
assuming that histidine carries  a charge of +0.5 (Offord, 
1966). The isoelectric point of Lolp IIA, calculated from its 
amino acid composition using the program in the Bionet, is 
4.97,  which is  in agreement with the value of  5.1-5.2 deter- 
mined by isoelectricfocusing. 

A search of the protein sequence database  (NBRF, release 
No.  17.0 and Swiss Protein Database, release No.  7.0) showed 
that no sequence similar to  that reported here for Lolp I1 
exists in the database. Only sporadic, short-segment  similar- 
ities were found. 

The Lo1 p I1 sequence was compared with that of L o 1  p I, for 
which the following partial sequences are known: NH2-ter- 
minal30-residue sequence of Lolp I  (Cottam et al., 1986) and 
a 28-residue internal sequence (Esch  and Klapper, 1989). 
From studies using monoclonal antibodies, the  latter fragment 
clearly contains  a major sequential  determinant which is also 
present  in the Group I (Lolp I-related) homologues in  the 
pollens of several other grass species (Esch and Klapper, 
1989). The NH2-terminal sequence of Lolp I showed no sim- 
ilarity with the Lolp I1 sequence, but  the antibody-combining 
fragment of L o 1  p I showed a high degree of homology with a 
portion of the Lolp I1 sequence (Fig. 2). A part (residues 75- 

b b b b b b b b b   b b b b b b b b b b  
1 10 20 A 30 40 D 5 0  

b b b b b b b  

L o l p I I  A A P V E F T V E K G S D E K N L A L S I K K N K E H G S N E W L A L K K N G  

1 1 t L I I I I I I t  
b b b b b b b b b b b  

51 
I . a l p I I  

Lo1 p I 

E 6 0  

FIG. 2. Alignment of amino acid sequence of LolpIIA with an antibody combining fragment of 
Lolp I. The partial sequence of Lolp I is from Esch and Klapper (1989). Alternate residues are shown above the 
Lolp I1 sequence and below the Lolp I sequence. Identical residues are shown in bold letters. These residues and 
other similar residues in the two sequences are indicated by boxes (the following residues were considered similar: 
E = D, K = R, S = T, and V = I). The figure also shows postulated B-cell epitopes (indicated by letters b) ,  
predicted by the methods of Fraga (1982) and Hopp and Woods (1981), and a postulated Ia/T-cell epitope (indicated 
by letters t), predicted by the amphipathicity analysis of Margalit et al. (1987). 
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85) of this homologous region in Lolp I1 is a predicted B-cell 
epitope (see "Materials and Methods" and "Results" for de- 
tails). Although this segment of Lolp I1 bears sufficient sim- 
ilarity to  the Lolp I sequence to expect cross-reactivity be- 
tween the two  molecules, we have never detected such a cross- 
reactivity. This  is  not  surprising considering that single amino 
acid differences between homologous protein antigens can 
result in the production of monospecific antibodies. 

In addition to containing, or contributing  to,  a possible B- 
cell site, the homologous  region of Lo1 p I  and I1 may also 
contain an important  Ia/T-cell site. Thus,  a  part (residues 
73-83)  of the homologous  region in Lolp I1  was also found to 
be  highly amphipathic when the Lolp I1 sequence was ana- 
lyzed  by the method of Margalit et al. (1987). According to 
these authors,  amphipathic regions are considered to contain 
Ia/T-cell binding sites; by applying their algorithm, 18 of 23 
known Ia/T-cell sites recognized  by  mice  were predicted cor- 
rectly. Thus,  it is  likely that  the segment 73-83 in Lolp I1 
and  the homologous segment in L o 1  p I may represent an 
important  Ia/T-cell epitope. Analysis of the 28-residue Lo1 p I 
peptide sequence did not show any  amphipathic region, prob- 
ably because of the  short size of the peptide. Since  human 
immune responsiveness to both Lolp I  and I1 is associated 
with HLA-DR3 (Freidhoff et al., 1988), it is possible that  this 
region of the Lo1 p I molecule  may also contain  a binding site 
either for the  DR3 molecule or for the DQw2.3 molecule that 
is encoded by DQ genes  which are in linkage disequilibrium 
with genes encoding DR3 in Caucasoid populations. 

In conclusion, our  data suggest the presence of a closely 
related Ia/T-cell site on Lolp I  and 11. In  the case of Lolp I, 
this region has already been proved to contain an important 
B-cell site, and  our analysis suggests that  the same may also 
be true for Lolp 11. We hypothesize that these homologous 
sequences contain  Ia/T-cell epitopes, which  may bind to 
HLA-DR3 or with DQw2.3 in Caucasoids. 
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LYS 258 I 
288 1.01 I 

GL. 326 1.14 I (GI") 
Ro 
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Table S4l .  Urrxpooad peptide-bodclurnpcrobvned 

Enymr/ U.7C.Flod Poririmm Y& 
vtd - 

o l r m t r y p r i n  K - G I  74 - 75 I 

T w i n  F-U 66-67 >w 
V8 povrw T - Y  93-94 31 

Endopmteinrv ASP-N L - S 
(fmm P r c ~ ~ / r o g ~  1 A - E 31 - 3 2  

19 - 20 32 
3 

K - E  "37 5 
F - N  66-67 27 
F - V  70-71 21 
S - E  72-73 1 
E - K  1 
T - T  

73 - 74 
92 - 93 9 

T - Y  93 -94 .90 
CNB, W - € 3  9 - 5 5  52 

91 -92 34 G - T  

. . . . .  
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Fig. S.3 Hydrophilicity and Rwgnitim profills for l a 1  p 11. There profiles VCR 
o b m e d  by the rrrthcd of F m p  unng b k k r  01 6 rrriducr (Fra&s. 1982). 


