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The complete amino acid sequence of two “isoaller- 
genie” forms of Lo1 p I, the major rye grass (Lolium 
perenne) pollen allergen, was deduced from cDNA se- 
quence analysis. cDNA clones isolated from a Lolium 
perenne pollen library contained an open reading 
frame coding for a 240-amino acid protein. Compari- 
son of the nucleotide and deduced amino acid sequence 
of two of these clones revealed four changes at the 
amino acid level and numerous nucleotide differences. 
Both clones contained one possible asparagine-linked 
glycosylation site. Northern blot analysis shows one 
RNA species of 1.2 kilobases. Based on the complete 
amino acid sequence of Lo1 p I, overlapping peptides 
covering the entire molecule were synthesized. Utiliz- 
ing these peptides we have identified a determinant 
within the Lolp I molecule that is recognized by human 
leukocyte antigen class II-restricted T cells obtained 
from persons allergic to rye grass pollen. 

One of the major species responsible for grass pollen allergy 
worldwide is the perennial rye grass Lolium perenne. At least 
three allergens found in the pollen of L. perenne have been 
isolated and purified biochemically. These allergens have been 
referred to as Lo1 p I (Mr = 27,000-31,000), Lo1 p II (Mr = 
ll,OOO), and Lo1 p III (n/r, = 11,000) (1, 2). Lo1 p I appears to 
be the major allergen responsible for sensitivity to rye grass 
pollen since approximately 90% of rye grass allergic patients 
demonstrate skin test reactivity to purified Lolp I (3). Despite 
its immunological importance in rye grass pollen allergy, the 
complete primary structure of Lo1 p I is not known. To date 
only the amino acid sequence of the first 27 residues at the 
NH2 terminus of the molecule (4) and the sequence of a 28- 
residue tryptic fragment (5) are known. In contrast to Lo1 p 
I, the complete amino acid sequence of Lo1 p II and III has 
recently been reported (6, 7). 

Due to its immunological importance, knowledge of the 
complete primary structure of the Lo1 p I molecule may clarify 
several aspects of the humoral and cellular immunity against 
this allergen. For example, individuals suffering from hay 
fever due to rye grass hypersensitivity are known to produce 
varying levels of IgE antibodies against each of the Lo1 p 
antigens. Immunochemical studies, however, indicate that 
antibodies to Lo1 p I do not cross-react with Lo1 p II or III (8). 
Comparison of the amino acid sequences of the three Lo1 p 
proteins should confirm the lack of sequence similarity be- 

* The costs of publication of this article were defrayed in part by 
the payment of page charges. This article must therefore be hereby 
marked “advertisement” in accordance with 18 U.S.C. Section 1734 
solely to indicate this fact. 

The nucleotide sequence(s) reported in thispaper has been submitted 
to the GenBankTM/EMBL Data Bank with accession number(s) 
M3.5686 and M35687. 

tween Lo1 p I versus Lo1 p II and III. 
In addition to humoral immunity to Lo1 p I, the amino acid 

sequence information for this protein should also help in 
clarifying the status of cellular immunity in rye grass allergic 
individuals. It is well documented that T lymphocytes isolated 
from patients suffering from hypersensitivity to house dust 
mite, grass pollens, and other allergens can respond specifi- 
cally to the purified allergen (9-13). For example, studies by 
Black and Marsh (9) and Lanzavecchia et al. (11) indicate 
that peripheral blood T lymphocytes from rye grass allergic 
individuals can proliferate in vitro when stimulated with Lo1 
p I. Of particular interest in our laboratory is the Lol p I 
reactivity of class II major histocompatibility complex 
(MHC)‘-restricted T cells since this subset of lymphocytes is 
known to provide lymphokines which activate B cells to 
secrete specific IgE antibodies. Previous studies indicate that 
class II MHC-restricted T cells do not recognize native anti- 
gen. Instead they appear to recognize peptide fragments of 
the antigen which have associated with class II MHC mole- 
cules expressed on specialized cells of the immune system 
called antigen presenting cells (14). 

Class II MHC-restricted T cells may also play a significant 
role in the genetic association of immune responsiveness 
against Lolp I in rye grass allergic individuals. The production 
of high titers of IgE anti-Lo1 p I antibodies in allergic patients 
has been shown to be associated with their expression of the 
human leucocyte antigen (HLA) DR3, an antigen encoded by 
the class II MHC genes (15). Whether the HLA DR3 associ- 
ation of rye grass allergy is due to the preferential presentation 
of immunodominant Lo1 p I peptide fragments to specific T 
cells in the context of the DR3 molecule is unclear at present. 
The complete amino acid sequence of Lo1 p I should allow for 
the identification of peptide determinants or epitopes which 
are recognized by HLA DR3-restricted T cells as well as those 
with other HLA restrictions. 

The immune response to Lo1 p I may have additional 
complexities in that isoelectric focusing analysis of purified 
Lo1 p I has revealed microheterogeneities within the protein 
molecule. These different heterogenous forms of Lo1 p I have 
been termed isoallergens (2, 4). Since the isoallergens have 
distinct biochemical properties, they may also have different 
antigenic properties. For instance, one isoallergen may be 
immunogenic while another may not. Without the complete 
amino sequence of Lo1 p I, it has not been possible to define 
the biochemical basis of the microheterogeneity observed with 
Lo1 p I or to document the role of the individual isoallergens 
in the allergic response to rye grass pollen. 

In the present report we have taken the first steps toward 
answering these questions. Described are the complete amino 

’ The abbreviations used are: MHC, major histocompatibility com- 
plex; HBSS, Hanks’ balanced salt solution; HLA, human leukocyte 
antigen; PBL, peripheral blood lymphocytes; PHA, phytohemagglu- 
tinin; rIL-2, recombinant interleukin-2. 
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acid sequences of two Lo1 p I isoallergens deduced from the 
cDNA sequences of two separate clones. Using the amino acid 
sequences, we identified a peptide fragment of the Lo1 p I 
molecule which is recognized by Lolp I-specific T lymphocytes 
generated from rye grass allergic patients. 

MATERIALS AND METHODS 

Non-defatted L. perenne pollen was purchased from Greer Laho- 
ratories. Lenoir. NC. The PTZ18R-BstXI vector was obtained from 
Invitrogen. Restriction enzymes were purchased from Promega or 
Bethesda Research Laboratories. Oligonucleotide probes and cDNA 
sequencing primers were synthesized by Research Genetics, Hunts- 
ville, AL. Sequenase Version 2.0 was purchased from United States 
Biochemical Corporation, Cleveland, OH. The RNA size markers 
were from Bethesda Research Laboratories. Radiolabeled nucleotides 
and Hybond N Nylon membranes were purchased from Amersham 
Corp. 

For tissue culture studies, Hanks’ balanced salt solution and 
RPMI-1640 medium were obtained from GIBCO. Pooled AB-positive 
human serum and human recombinant interleukin-2 were purchased 
from Pel-Freez Clinical Systems and Genzyme Corporation, respec- 
tively. Ficoll-Paque was from Pharmacia LKB Biotechnology Inc. 
and phytohemagglutinin (PHA) came from Sigma. ICN Radionucleo- 
tides was the source of [methyl-3H]thymidine and Terasaki trays were 
purchased from Robbins Scientific. Purified Lo1 p I was supplied by 
Biotech Research Laboratories. 

Extraction and Isolation of Poly(A)+ RNA-Twelve g of L. perenne 
pollen were ground in liquid nitrogen using a mortar and pestle. The 
liquid nitrogen was evaporated and 60 ml of extraction buffer (50 mM 
Tris-HCl, pH 8.5, 10 mM EDTA, 200 mM NaCl) were added imme- 
diately and mixed vigorously. An equal volume of Tris-buffered 
phenol/chloroform (50:50) was added to the pollen extract, and the 
mixture was homogenized using 10 strokes with the “A” pestle of a 
Wheaton glass Dounce homogenizer. Following centrifugation (8,000 
x g, 20 min), a yellow aqueous phase was isolated. Phenol remaining 
in the aqueous phase was removed by extracting two times with 
chloroform/isoamyl alcohol (24:l). Nucleic acids were precipitated 
from the aqueous phase by the addition of an equal volume of 
isopropyl alcohol followed by incubation on ice for 20 min. A white 
precipitate was isolated by centrifugation (8,000 x g, 20 min). The 
resulting pellets were air-dried and dissolved in 7.5 M guanidine HCl 
containing 10 mM Tris-HCl, pH 7.5. One molar acetic acid (0.025 
volumes) was added, the solution was mixed by inversion, 0.5 volumes 
ice-cold ethanol was added, and the mixture was stored overnight at 
-20 “C. The precipitate was isolated by centrifugation (8,000 X g, 20 
min). Pellets were resuspended in the guanidine HCl solution, and 
the above precipitation step was repeated. Following centrifugation, 
the total RNA pellets were washed with ice-cold 70% ethanol, dried, 
and resuspended in water. Forty Gg of poly(A)+ RNA was isolated by 
passage of total RNA over oligo(dT) cellulose columns using standard 
procedures (16). 

cDNA Library Screening-A cDNA library was constructed using 
5 pg of poly(A)+ RNA isolated from L. perenne pollen. Reverse 
transcriptase and oligo(dT) were used to synthesize the first strand 
of cDNA. Double-stranded cDNA was cloned into the vector 
PTZ18R-BstXI using standard cloning procedures as described in the 
Invitrogen cloning manual. Restriction enzyme analysis of 20 differ- 
ent clones revealed a library insert size distribution between 0.5 and 
2.5 kilobases. The unamplified library was screened using a “P- 
labeled svnthetic oliaonucleotide urobe (5’-AGC-CAC-TTG-TClC/ 
Cl-CCC--TAC-TC-3’7. This probe-is complementary to amino acids 
13 through 19 of the mature Lo1 p I protein (4). This probe was 
designed by constructing a plant codon utilization chart similar to 
the human protein coding sequence chart described by Lathe (17). 
The frequency of codon usage for six different cloned wheat proteins 
was analyzed by the University of Wisconsin genetics computer group 
sequence analysis software packages version 6.1 (18-22). It was de- 
termined that the best NH*-terminal amino acid sequence having a 
restricted number of codons resided between amino acids 13 through 
19. Codon frequencies within this sequence were all greater than 89%, 
the exception being Gly at residue 15 which was 58%. After we had 
designed the probe used in this study, a plant codon utilization table 
was published (23). Comparison of the probe that we designed for use 
in this study to a probe designed using this published codon frequency 
chart suggested the use of an identical “guessmer” as an appropriate 
probe (23, 24). Hybridization conditions and filter washes were as 

described in Bethesda Research Laboratories Focus publication vol- 
ume 9, no. 2, with the exception that Sarkosyl was substituted for 
sodium dodecyl sulfate. Six potential positives were isolated from 
screening 40,000 colonies of a total library of 150,000. 

cDNA Sequence Analysis-Double-stranded DNA was prepared by 
CsCl banding and was sequenced using the dideoxy chain-termination 
method employing [YS]dATP and Sequenase (25). Synthetic oligo- 
nucleotide primers were used to prime the chain terminating reaction. 
Nucleotide and amino acid sequences were analyzed using the data- 
bases GenBank release 60 and NBRF-Protein release 20. 

Northern Analysis-Poly(A)+ RNA (5 pg) isolated from L. perenne 
pollen was separated by electrophoresis on a 1.2% formaldehyde- 
agarose gel, transferred to a Hybond N Nylon membrane and hybrid- 
ized to the ‘* P-labeled oligonucleotide probe. 

Preparation of Peripheral Blood Lymphocytes-Two-hundred fifty 
ml of heparinized blood was drawn from rye grass allergic individuals 
who previously had demonstrated a 2-4+ wheal and erythema skin 
reaction upon intradermal injection of 0.02 ml of a l:lO,OOO dilution 
of L. Derenne extract. After centrifuging the blood for 15 min at 250 
x g, the plasma was removed and the packed cells were diluted I:1 
(v/v) with Hanks’ balanced salt solution (HBSS). Twentv-five ml of 
~, I  

these cells was layered over 15 ml of Ficoll-Paque in a 50-ml polypro- 
pylene tube. The Ficoll-Paque gradients were then centrifuged at 400 
x g for 20 min at room temperature. Peripheral blood lymphocytes 
(PBL) which migrated to the HBSS-Ficoll interface were collected, 
washed three times with HBSS, and counted. Aliquots of cells were 
frozen in liquid nitrogen in 10% dimethyl sulfoxide for future use. 

Generation of Anti-Lo1 p I 7’ Cells-Anti-Lo1 p I-specific T cells 
were raised using procedures previously described by other laborato- 
ries (26). Initially, lo5 PBL were stimulated with 5 pg/ml Lol p I in 
individual wells of a U-bottom microtiter plate. Medium used for 
culture consisted of RPMI-1640 supplemented with 5% human serum. 
Seven days after initiation of culture, human recombinant IL-2 (rIL- 
2) was added to each well at a final concentration of 5 units/ml. 
Thereafter, wells were fed on a 3-day cycle with medium containing 
15 units/ml rIL-2. 

After addition of rIL-2, T cells in most microtiter wells grew to a 
high density and were subsequently transferred into individual wells 
of a 24-well tissue culture plate in 2 ml of medium containing 15 
units/ml rIL-2. When sufficient numbers of T cells were obtained 
they were screened for Lo1 p I reactivity by measuring their ability to 
proliferate in the presence of antigen. T cells (104/well) were mixed 
in U-bottom microtiter wells with 6-8 X lo4 autologous PBL which 
had been X-irradiated with 3000 rads. Triplicate wells were stimu- 
lated with 5 fig/ml Lo1 p I, whereas control wells did not receive 
antigen. After 2 days of incubation at 37 “C in 5% CO,, [methyl-3H] 
thymidine was added a concentration of 1 pCi/well. Twenty-four h 
later, cells were collected onto glass fiber discs using an automated 
cell harvester and counted in a Beckman liquid scintillation beta 
counter. T cells demonstrating [methyl-3H]thymidine incorporation 
3-fold above control wells were considered to be specific for Lol p I 
and were immediately cloned. 

Anti-Lo1 p I-specific T cells were cloned at limiting dilution in 
individual wells of a 72-well Terasaki typing tray in 20 ~1 of medium 
containing 1 rg/ml phytohemagglutinin @HA), 15 units/ml rIL-2, 
and 2 x lo* alloaeneic irradiated PBL. Seven to 10 davs after culture. 
individual Teraaaki wells were examined under a microscope, and 
wells containing actively growing cells were transferred to U-bottom 
wells containing rIL-2 medium. T cells were considered clonal in 
nature if they were derived from Terasaki trays in which less than 
37% of the wells contained growing cells. Within 3 days after transfer 
into U-bottom wells, T cell clones were restimulated with PHA (1 
rg/ml) and irradiated allogeneic PBL (105/well). Cells were eventually 
expanded into larger wells in medium containing 15 units/ml rIL-2 
before being tested for antigen specificity in a lymphocyte prolifera- 
tion assay. T cell clones which showed greater than 3-fold incorpo- 
ration of [methyl-3H]thymidine above background upon antigen stim- 
ulation were selected for further study. 

T cell clones were grown routinely by restimulating them on a 14- 
21-day cycle with PHA. One to three x lo5 T cells were added to 
wells in 2 ml of medium containing 1 @g/ml PHA, 15 units/ml rIL-2, 
and 1.5 x lo6 irradiated allogeneic PBL. Three days after PHA 
stimulation, T cells were transferred to larger wells and fed on a 3- 
day cycle with rIL-2 medium. Cells were used for lvmphocvte prolif- _ __ _ _ 
eration assays 7 days after PHA stimulation. 

Identification of 2 Cell Determinants in the Lo1 D Z Molecule-To 
identify T cell determinants in the Lol p I molecule, T cell clones 
were tested for their ability to proliferate when stimulated with a set 
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of 23 overlapping peptides which encompassed the entire protein 
molecule encoded within the open reading frame of the isolated cDNA 
clone. Each peptide contained a total of 20-amino acid residues with 
the NH?-terminal peptide having the sequence IAKVPPGPNI- 
TAEYGDKWLD. Each successive peptide in the series overlapped 
the preceding by 10 residues. The peptides were synthesized using 
methods described previously (27). 

T cell proliferation was measured as described above by mixing 1.5 
x 10’ T cells, 8 x 10’ irradiated autologous PBL, and Lo1 p I peptide 
at a final concentration of 10 @g/ml in U-bottom wells. Each overlap- 
ping peptide was tested in duplicate wells. Peptides which stimulated 
[methyl-3H]thymidine incorporation in T cell clones 3-fold above 
background were considered potential T cell determinants. Each T 
cell peptide determinant was retested to confirm reactivity. 

RESULTS 

Isolation and Characterization of Lo1 p I cDNA Clones- 
Twenty-seven of 30 NH&erminal amino acids of the Lo1 p I 
antigen have been previously identified by automated amino 
acid sequencing (4). A synthetic oligonucleotide probe com- 
plementary to amino acids 13 through 19 was end labeled 
with 32P and used to screen a L. perenne pollen cDNA library 
in PTZ18R-BstXI. Six clones were identified among 40,000 
colonies which had 1.2-kilobase cDNA inserts hybridizing to 
the oligonucleotide probe. Restriction enzyme analysis of the 
six clones revealed that one of the clones, 5A, had an internal 
EcoRI site not detected in the other five clones (see Fig. 1). 

Sequence Analysis of Lo1 p I cDNA-Two of the cDNA 
clones, 1A and 5A, were sequenced completely in both strands 
using the strategy outlined in Fig. 1. The amino acid sequence 
deduced from the cDNA sequence of the major rye grass 
allergen, Lo1 p I is shown in Fig. 2. Sequence analysis of clone 
1A revealed that the insert is 1066 nucleotides long with an 
open reading frame of 720 nucleotides, terminating with a 
TGA stop codon and coding for a protein of 240 amino acids. 
The mature protein would have a calculated molecular mass 
of 26,666 Da which is consistent with the molecular mass of 
27,000-31,000 Da observed for the mature protein on sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (1). 

The cDNA did not contain the initiator Met, but the amino 
acid sequence predicted by the cDNA matches the partial 
NHP-terminal protein sequence previously determined, con- 
firming the identity as authentic Lo1 p I, and that it codes for 
the mature protein (4). The NH*-terminal 12 amino acids 
probably represent a portion of the signal peptide since the 
cDNA NHz-terminal sequence is not contained in the mature 
protein. Furthermore, as has been noted for other signal 
peptides, it is hydrophobic and contains small side chain 
amino acids at the -1 and -3 positions relative to the signal 
peptide clevage site (28). 

There is one possible asparagine-linked glycosylation site 
located at asparagine 9 which conforms to the consensus 

FIG. 1. Restriction map and sequencing strategy for Lo1 p 
I. The hatched region encodes the putative signal peptide, the open 
bon encodes the mature protein, and the solid line indicates the 3’- 
untranslated region. Custom primers were used to sequence Lo1 p I 
and the strategy is shown by the arrows. “restriction site is in clone 
5A only; ‘restriction site is in clone 1A only. 

sequence asparagine-X-threonine. Chemical methods have 
suggested that the Lo1 p I allergen contains approximately 4% 
carbohydrate (4). 

Clone 5A, a separate isolate, was also sequenced to comple- 
tion, and the nucleotide and deduced amino acid sequence are 
shown in Fig. 3. Clone 5A contains the complete proposed 
hydrophobic signal sequence and also codes for a 240-amino 
acid mature protein. Comparison of clone 1A with clone 5A 
reveals four amino acid differences. One results in a change 
in the net charge of the Lolp I antigen; Asp-45 of clone 1A is 
an Asn in clone 5A. Other nucleotide changes resulting in 
amino acid changes are the following: Gly-154 (clone 1A) is 
Ala in clone 5A, Ile-187 (clone 1A) is Thr, and Val-223 (clone 
1A) is a Phe. There are 20 additional individual nucleotide 
differences in clone 5A as compared with clone 1A which do 
not result in amino acid changes (Fig. 3). 

Both clones contain an extensive 3’-untranslated region. 
Although the 3’-untranslated regions are similar, clone 5A 
contains an additional 51 nucleotides. 

The complete amino acid sequence of Lo1 p II has recently 
been reported (6). Alignment of the amino acid sequence of 
Lo1 p I with Lo1 p II starting at the carboxyl-terminal end of 
each protein and comparison of their amino acid sequence 
reveals 35 of the 97 amino acids of Lo1 p II are identical to 
Lo1 p I (Fig. 4). A computer-assisted homology search of the 
data bases did not reveal any homologies with other known 
proteins. 

Comparison of clone 1A and clone 5A by Hopp and Woods 
(29) analysis did not show any differences in predicted protein 
antigenic determinants even though there were four amino 
acid differences between the two isoallergens. 

Northern Blot Analysis-In order to characterize the 
mRNA for the Lo1 p I antigen, a Northern blot analysis was 
performed on poly(A)+ RNA. A single 1.2-kilobase RNA spe- 
cies was detected (Fig. 5) using the 32P-labeled oligonucleotide 
probe. As would be expected, mammalian-derived RNA used 
as a control did not hybridize to the Lo1 p I probe. 

Identification of T Cell Determinants in the Lo1 p I A&r- 
gen-In order to begin to understand the mechanisms in- 
volved in the allergic response to grass pollen antigens, an 
effort was made to identify T cell epitopes within the Lo1 p I 
molecule. To accomplish this, anti-Lo1 p I-specific T lympho- 
cyte clones generated from a total thus far, of three rye grass 
allergic individuals were incubated with a series of synthetic 
overlapping Lo1 p I peptides and autologous, irradiated PBL 
which served as a source of antigen presenting cells. Those 
peptides which can stimulate T cell proliferation, as measured 
by tritiated thymidine incorporation, are thus identified as 
containing a T cell determinant. 

The anti-Lo1 p I T cells used in this study were raised by 
stimulating PBL from rye grass allergic patients with purified 
Lo1 p I in individual microtiter wells. Seven days after initia- 
tion of culture, rIL-2 was added to each well to expand the 
number of T cells. Based on the clonal frequency of antigen- 
reactive T lymphocytes in the peripheral blood, a certain 
proportion of the microtiter wells would be expected to con- 
tain T cells specific for Lo1 p I. In representative results from 
one individual, when T cells were screened against Lo1 p I, 18 
out of a total of 184 wells screened contained antigen-specific 
T cells as measured by their ability to proliferate upon antigen 
stimulation (data not shown). Anti-Lo1 p I T cells from three 
of the 18 wells were subsequently cloned at limiting dilution 
and four T cell clones responding to purified Lo1 p I were 
isolated. 

The T cell determinant(s) recognized by each of the four 
clones was identified by assaying these cells for their prolif- 
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GCG CTG TTC GCC GTG TTC CTG GGC AGC GCG CAT GGC AX GCG AAG GTG 
Ala Leu Phe Ala "al Phe Leu Gly Ser Ala His Gly w 

1 
CCC CC0 GGC CCC AAC ATC ACG GCC GAG TAC GGC GAC AAG TGG CTG GAC 
ProPro Pm *sn w GlU T-0 L-U a2 

GCG AAG AGC ACC TGG TAT GGC SAG CCG ACC GGC GCC GGT CCC AAG GAC 144 CCR CCG GGC CCC AX AX ACG GCC GM TAC GGC GAC RAG TGG CTG GAC 
.t.L2Lys Ser 7'hr I'* Tvr G&L&JZ Pro Thr Gly Ala Gly Pro Lys ksp 36 Pro P.m G&J&a Am n 

f 

129 
20 

AX GGC GGC GCG TGC GGG TAC RAG GAC GTT GAC AAG GCG CCG TTC AAC 
Asn Gly Gly Ala Cys Gly Tyr Lys Asp "al Asp Lys Ala Pro Phe Asn 

192 
52 

GCG RAG AGC &CC TGG TAT GGC SAG CCG XC GGC GCC GGT CCC AAG GAC 177 
36 

GGC RTG XC GGC TGC GGC AAT RCC CCC ATC TTC M.G GAC GGC CGC GGC 240 
Gly Met Thr Gly Cys Gly Asn Thr Pro Ile Phe Lys ASP Gly Aeg Gly 68 

A.&C GGC GGC GCG TGC GGG TX AAG AAT GTC GAC RAG GCG CCG TTC AAC 225 
Asn Gly Gly Ala Cys Gly Tyr ~ys Asn Val Asp Lys Ala Pro Phe Asn 52 

TGC GGC XC TGC TTC GM AX AAG TGC XC RAG CCC GAG TCT TGC XC 
Cys Gly Ser Cys Phe Glu Ile Lys Cys Thr Lys Pro Glu Ser CyS Ser 

208 
84 

GGC ATG ACC GGC TGC GGC AX ACC CCC RTC TTC AAG GAC GGC CGT GGC 273 
Gly Met Thr Gly Cys Gly ASD Thr Pro Ile Phe Lys As,, Gly Arg Gly 68 

GGC GAG GCT GTC ACC GTC ACA ATC XC GAC GAC AAT GAG GAG CCC ATC 
Gly Glu &la "al Thr "al Thr Ile Thr Asp Asp Asn Glu Glu Pro Ile 

336 
100 

GCR CCC TX CAT TX GAC CTC TCG GGC CAC GCG TX GGG TCC ATG GCC 
Ala Pm Tye His Phe Asp Leu Ser Gly His Ala Phe Gly Ser Met Ala 

384 
116 

TGC GGC TCC TGC TTC GAG ATC AAG TGC ACC AAG CCC GAG TCC TGC TCC 
Cys Gly Ser Cys Phe Glu Ile Lys Cys Thx Lys Pro Glu Se= Cys See 

GGC GAG GCT GTC A& GTC ACA ATC KC GAC GAC AM2 GAG GAG CCC AK 
Gly Glu Ala "al The "al Thr Ile Thr As+ ASP Asn Glu Glu Pro Ile 

321 
84 

369 
100 

RAG SAG GGC GAG GAG CAG AX GTC CGC AGC GCC GGC GAG CTG GAG CTC 432 GCA CCC TAC CAT TTC GAC CTC TCG GGC CAC GCG TTC GGG TCC ATG GCC 417 

Lys Lys Gly Glu 01" Gin Alin '.'a1 Ar9 Ser Ala Gly Glu Leu Glu Lc" 132 Ma Pro Tyr His Phe asp Leu Ser Gly His Ala Phe Gly Ser Met Ala 116 

CAG TTC AGG CGG GTC AAG TGC RAG TX CCG GAT GAC ACC A?.G CCA ACG 480 AAG AAG GGC GAG GAG CAG RX GTC CGC AGC GCC GGC GAG CTG GAG CTC 465 

Gln Phe Arg Arg Val Lys Cys Lys Tyr Pm Asp Asp Thr Lys Pro Thr 148 LyS Lys Gly Glu Glu Gin Asn "al Arg See Ala Gly Glu Leu Flu Leu 132 

TX CAC GTC GAG AAG GGT TCC AAC CCC AAC TAC CTG GCT ATT CTG GTG 528 
Phe His val Glu Lys Gly See Asn Pm Am Tyr Leu Ala Ile Leu Val 164 

CAG TTC AGG CGG GTC AAG TGC AI\G TX CCG GAC GAC ACC AAG CCG ACR 513 
Gln Phe Arg Arg "al Lys Cys Lys Tyr Pro Asp Asp Thr Lys Pro Thr 148 

AAG TAC GTC GAC GGC GAC GGC GAC GTG GTG GCC GTG GAC AX AAG GAG 576 TTC CAC GTC GAG AAG GCT 'KC AAC CCC MC TAC CTC GCT ATT CTG GTG 561 

Lys Tyr Val Asp Gly Asp Gly Asp "al Val Ala Val Asp Ile Lys Glu 180 Phe His Val Glu Lys Ala Ser Asn Pro Am Tyr Leu Ala Ile Leu Val 164 

RAG GGC I0.G GAT RAG TGG ATC GAG CTC AAG GAG 'KG TGG GGA GCR GTC 624 RAG TAC GTC GAC GGT GAC GGT GAC GTG GTG GCG GTG GAC ATA AAG GAG 609 
Lys Gly Lys Asp Lys Trp Ile Glu Leu Lys Glu Ser Trp Gly Ala Val 196 LYS Tye Val Asp Gly AS,, Gly ASP Val Val Ala Val Asp Ile Lys Glu 180 

TGG AGG AK GAC ACC CCC GA?' AAG CTG ACG GGC CCA TTC XC GTC CGC 612 P.&G GGC AAG GAC RAG TGG ACC GAG CTT AAG GAG 'KG TGG GGA GCA GTC 657 
Trp Arg Ile Asp Thr Pro Asp Lys Leu Thr Gly Pro Phe Thr Val Arg 212 Lys Gly Lys Asp Lys Tr,, The Glu Le”  Lys Glu Ser Tq Gly Ala Val 196 

TAC ACC XC GAG GGC GGC ACC ARA TCC GAA GTC GAG GAT GTC ATT CCC 720 TGG AGG AX GAC XC CCC GAT A&G CTG ACC GGC CCA TTC ACC GTC CGC 705 
Tvrl scr GIU “alGhL8sp Y.1 IlzLaQ 228 TIP Arg Ile Asp Thr Pro Asp Lys Leu Thr Gly Pro Phe Thr Val Arg 212 

GAG GGC TGG AA0 GCC GAC ACT XC TX TCG GCC AAG TGA 759 TAC ACC ACC GAG GGC GGC ACC AAA XC GAA TTC GAG GAT GTC ATC CCT 753 
240 3Y.J Thr Thr Glu Glv Glv Thr Lvs Ser w~he “al rle &Q 228 

GCARGAAGTGAAGTGATCTTCTTCGACGAGCTTAATTTTGACTC~GATCTC-T~TCCAG 822 
CCACACATATATACGAGGCGGTGAGACAAGCTCATGG 888 
TATATAGAGAGGAGAGAGATGCCTGAAGRGTTTGAGTTTGAGATCGACACCTTGTGAGAGGTGTGT 954 
RGGAGGCACCCAATC-TTTGOTTGGCCCTCCCGCCCCAG~T 1020 
CTAAGACTGTTCATGATTACTATTRAARAllAAAARAAAA 3’ 1066 

GAG GGC TGG AAG GCC GAC XC XC TAC TCG GCC MO TGA 798 

240 

CCGTATGGAGAGAGAGGTACCTGAACAATAGTTTTGAGGTA 
GGTCAGAGGTGTAAGTAGGAGGCAGCTAATCAAATTTGGACAGCCC~CCCACTCTCTAGAGT 
CTTATTCATGTACCTAATACTGTTCATGATTCTGA-CATTAT~TGATTTTTTTACACATT 
RI\AAAAARW AAAAAAARAAAAARAAA 3’ 

861 
924 
987 

1050 
1113 
1150 

40 
4 

96 
20 

ATG GCG TCC TCC TCG TCG GTG CTC CTG GTG GTG 
Met Ala Ser Ser Ser Ser Val Le" Le" "al "al 

GCG CTG TTC GCC GTG TTC CTG GGC AGC GCG CAT GGC AX GCG RAG GTA 
Ala Le" Phe Ala "al Phe Leu Gly Ser Ala His Gly Ile 

1 

FIGS. 2 (left) and 3 (right). Nucleotide sequence and the deduced amino acid sequence of the Lo1 p I 
isoallergens. Sequences were obtained as described in the text and are shown from left to right in the 5’- to 3’- 
orientation. The deduced amino acid sequence is numbered by designating the first amino acid of the mature 
protein, Ile as 1. Underlined amino acids indicate residue assignments supported at the protein level by amino acid 
composition analysis (6, 7). The possible N-linked glycosylation site is Asn-9 and is noted by an asterisk. Amino 
acid and nucleotide differences between clone 1A and clone 5A are in bold type in Fig. 3. 

LO1 p II 
LO1 p I 

144 150 160 170 

180 190 200 210 

1 2 

1.2 kb (I, 

FIG. 4. Alignment of the amino acid sequence of Lolp I with 
Lo1 p II. Identical residues are boxed. The Val at residue 223 of Lo1 
p I is found in clone 1A. The amino acid sequence of Lo1 p II is from 
Ansari et al. (4). The boxed region corresponding to residues 214 
through 240 of Lo1 p I and residues 70 through 97 of Lo1 p II is a 
homologous region previously identified by Ansari et al. (4). Esch and 
Klapper (5) reported the partial Lo1 p I sequence which is shown to 
correspond to amino acids 213 through 240. 

erative response against 23 synthetic overlapping peptides 
encompassing the entire Lo1 p I molecule. Each of the 23 
peptides was 20 amino acid residues in length and overlapped 
with the previous peptide by 10 amino acids. As shown in Fig. 

33 

81 
4 

FIG. 5. Northern blot analysis. Five pg of poly(A)’ RNAs were 
electrophoresed in a 1.2% agarose-formaldehyde gel, transferred to 
Nylon, and, probed with the labeled oligonucleotide probe. Lane 1, 
Lo1 p I; lane 2, human control RNA, isolated from SW48 cell line 
(adenocarcinoma of the colon). Blot shown was exposed to film for 
10 h. Longer exposures, up to 4 days, did not reveal additional species. 

6, when the four T cell clones (numbered 1 through 4) were 
tested against each of the peptides in the presence of irradi- 
ated autologous PBL serving as antigen presenting cells, only 
peptide number 20 induced significant proliferation from all 
of the clones. Thus, peptide number 20, containing the amino 
acid residues 191-210 (ESWGAVWRIDTPDKLTGPFT) 
(see Figs. 2 and 3), appears to contain an immunodominant 
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FIG. 6. Identification of T cell de- 
terminants within the LoZ p I mole- 
cule. Four anti-lol p I T cell clones, 
designated as 1-4, were tested for their 
ability to proliferate in response to 23 
overlapping synthet.ic peptides covering 
the entire Lo1 p I molecule (see “Mate- 
rials and Methods” for a description of 
the assay). Results are expressed as 
Acpm where the incorpcration of 
lmethvll-“Hlthvmidine (in corn) into 
DNA “b; the r cells in the presence of 
peptide was subtracted by the incorpo- 
ration in the absence of peptide. Prolif- 
eration of T cells in the absence of pep- 
tide ranged from 185 to 982 cpm. 
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determinant recognized by T cells from this rye grass allergic 
individual. T cell clones isolated from two additional rye grass 
allergic patients also responded to peptide number 20. Addi- 
tional clones are now being generated and tested in a similar 
manner. 

DISCUSSION 

The complete amino acid sequence of two Lo1 p I “isoaller- 
gens” have been deduced from the cDNA sequence of two 
separate clones. Comparison of the deduced amino acid se- 
quence of clone 1A (Fig. 2) with clone 5A (Fig. 3) reveals 25 
nucleotide differences. However, these differences result in 
only four amino acid changes. The most notable change is 
Asp-45 (clone 1A) which is Asn-45 (clone 5A), thus resulting 
in a difference in charge. This charge difference may account 
for the Lo1 p I microheterogeneity observed following analyt- 
ical isoelectric focusing (4). In addition, the amino acid se- 
quence predicted by the cDNA sequence correlates with the 
published amino acid composition analysis (4, 30). 

Partial cDNA sequence analysis of four additional cDNA 
clones (data not shown), showed sequence identity to clone 
1A (Fig. 2). These results suggest, although do not prove, that 
the amino acid sequence deduced from clone 1A represents 
the predominant form of the allergen. In addition, although 
the function of Lo1 p I in rye grass pollen is not known, the 
relatively low number of amino acid changes (4 out of 270) 
may suggest some evolutionary pressure to maintain Lo1 p I 
structure. However, the limited number and conservative 
nature of the amino acid substitutions may reflect the limited 
number of clones characterized in this analysis, the specific 
pollen batch used to make the RNA, or the specificity of the 
oligonucleotide probe used to select the Lo1 p I clones. This 
question can only be addressed as additional cDNAs are 
cloned and sequenced. 

Since the Lo1 p I protein is expressed as isoallergenic forms, 
the question arises whether the forms identified are able to 
elicit an allergic response. To address this question, experi- 
ments were designed to determine whether the two cDNA 
clones isolated and sequenced could code for biologically 
active rye grass allergens and, if so, to try to identify a peptide 
moiety(s) involved in the allergic response. For these experi- 
ments, T cell clones against purified Lo1 p I were generated 
from the peripheral blood cells of rye grass allergic individuals. 
These clones were subsequently screened for their reactivity 
against a set of overlapping peptides, the sequence of which 
was derived from the cDNA clones and which covered the 
entire Lo1 p I molecule. T cell clones were identified from 

6 7 0 9 1011121314151617181920 212223 
overlapping peptide number 

each of the individuals studied that responded to a 20-amino 
acid synthetic peptide containing residues 191-210 of the Lo1 
p I molecule. Whether this peptide represents an immuno- 
dominant T cell determinant will require examination of a 
greater number of T cell clones and a larger population of 
patients. Work is in progress to accomplish this. We at- 
tempted to determine the class II restriction element of one 
of the T cell clones which responded to the Lo1 p I 191-210 
peptide. Using fibroblasts transfected with HLA class II genes 
as the antigen presenting cell, clone 4 proliferated in response 
to peptide presented by fibroblasts expressing HLA DRw52a 
consistent with the HLA haplotype of the patient from which 
clone 4 was derived (data not shown). Thus, T cell recognition 
of the Lo1 p I 191-210 peptide occurs in the context of the 
HLA DRw52a molecule. 

Studies are currently in progress to identify epitopes rec- 
ognized by T cells generated from additional rye grass-allergic 
individuals who express different HLA class II haplotypes 
including HLA DR3. Any role of T cells in the DR3 associa- 
tion of allergy to Lo1 p I will be revealed as more antigenic 
determinants are identified and their HLA restriction defined. 
Although we have determined that recognition of the Lo1 p I 
191-210 peptide is restricted by HLA DRw52a, Ansari et al. 
(6,7) have recently proposed that another T cell determinant 
restricted by HLA DR3 may exist within the tryptic fragment 
previously isolated by Esch and Klapper (5). This prediction 
was based on the algorithm deduced by DeLisi and Berzofsky 
(31) which indicated that there was a high propensity for 
amphipathic a-helical peptides to form T cell epitopes. We 
now know that this tryptic fragment, containing residues 213- 
240, is located at the carboxyl terminus of the Ldp I molecule. 
The immunogenic nature of this carboxyl-terminal peptide 
should be revealed by analyzing the specificity of T cell clones 
derived from allergic DR3 individuals. 

Another interesting aspect of the Lo1 p I tryptic fragment 
isolated by Esch and Klapper is its high similarity to residues 
72-97 in the carboxyl terminus of Lo1 p II (see Fig. 4), as 
reported by both these investigators and by Marsh et al. (6, 
7). Comparison of the complete amino acid sequence of Lo1 p 
I with Lo1 p II reveals that 34 of the 97 amino acid residues 
of Lo1 p II are contained within residues 144 through 240 of 
Lo1 p I. In addition to the sequence homology between Lo1 p I 
and II, other biochemical studies suggest the Lo1 p I may have 
similar structure to pollen allergens isolated from related 
grasses (5, 32). For example, polyclonal and monoclonal an- 
tibodies raised against Lo1 p I show cross-reactivity to aller- 
gens of similar molecular weight isolated from the pollen of 
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orchard, fescue, kentucky blue grass, timothy grass, and sev- 
eral other grass species (32-34). Comparison of the amino 
acid sequence of these related pollen allergens, when they 
become available, may provide further insight into the ob- 
served cross-reactivity with specific antibody. Furthermore 
by using anti-Lo1 p I T cell clones, studies can be undertaken 
to address the cross-reactivity between Lo1 p I and II and 
between Lo1 p I and purified allergens from related grasses at 
the T cell level. 
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