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Grass pollen allergens are one of the major  causes of 
type I allergic  reactions  (allergic  rhinoconjunctivitis, 
allergic  bronchial  asthma,  and  hayfever) in  temperate 
climates  afflicting  15-20% of a genetically  predisposed 
population. Workers  have  found  considerable physico- 
and immunochemical  heterogeneity within  the grass 
pollen allergens  which  has  made them  difficult  to  pu- 
rify  for  both  therapeutic  uses  and  further biochemical 
study. We recently  reported the construction of a cDNA 
library  in  Xgtll  using mRNA extracted  from  dehy- 
drated  Kentucky  bluegrass (KBG, Poa  pratensis). 
Here, we  present the nucleotide and deduced amino 
acid  sequences for  three KBG pollen allergen cDNA 
clones, KBG 41,60,  and 31, which  were  isolated  from 
the above  library  using a pool of six sera from  grass 
pollen allergic  patients.  These  clones  exhibit an excep- 
tionally  high  degree of sequence  similarity  to  one  an- 
other, only  minor  similarity  to  other  known  allergens, 
and no homologies to  other  known  proteins  or genes. 
The  predicted molecular  mass for  the cloned proteins 
range  from  28.3  to  37.8  kDa  with PI values of 9.6- 
10.2. All three clones appear  to possess leader  peptides 
and lack  asparagine  sequons  required  for N-glycosyl- 
ation.  Therefore,  the molecular  mass of the  post-trans- 
lationally modified proteins  were  calculated  to  be 
28.4-34.9 kDa,  which is consistent  with the size of the 
polypeptides  revealed in Western  blots of pollen pro- 
teins using an  antiserum  to a recombinant  peptide  en- 
coded by the  partial cDNA clone KBG 8.3. Northern 
blotting  analysis  indicates  that  expression of the genes 
corresponding  to  these clones is confined  to pollen tis- 
sue. The  results suggest that  the clones code for a group 
of proteins  that  represent a new and  previously  un- 
characterized  group of grass pollen  isoallergens,  which 
have been hereby  designated as Poa p IX. 

Aero-allergenic proteins  originate  from a wide variety of 
sources  including  pollens of grasses, weeds, and  trees,  spores 
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of molds, feces of mites,  and  danders of pets  and domestic 
animals (1). At very low doses (1 pg/year), these  proteins 
induce the  synthesis of IgE  antibodies which become attached 
to  their  corresponding  surface  receptors ( i e .  Fct  receptors)  on 
the  mast cells and basophils.  Re-exposure of the individual to 
the  same allergenic protein(s)  leads  to  the  cross-linking of the 
bound IgE antibodies, followed by the release of inflammatory 
mediators, e.g. histamine,  arachidonic acid, and  its  metabo- 
lites, from these cells (2). The immunogenicity of a given 
allergen or antigen  depends  upon  the following three factors: 
(i)  the processing of the molecule to  its immunogenic  frag- 
ments by antigen-presenting cells, (ii)  the exposure of these 
fragments  in association with major histocompatibility mol- 
ecules on  the surface of these cells, and (iii) their  presentation 
to  the  appropriate  T-cells  capable of recognizing the  resulting 
complex (3). However, the difference  between antigenic  and 
allergenic determinants  and  the  mechanism by which they 
tilt  the  immune  system  toward  the  preferential  production of 
IgE  antibodies  in predisposed  individuals is not clearly under- 
stood. Such  studies have  been limited due to  the lack of 
primary sequence information of allergens and  the  unavaila- 
bility of pure allergenic proteins or their  peptides in  sufficient 
quantities. Highly  purified  allergens are a prerequisite for 
accurate diagnosis and  treatment of type I allergies. 

A number of laboratories  have purified and  characterized 
allergenic proteins  using  standard biochemical techniques (4- 
12). Although such procedures were successful, they  are  labor 
intensive  and yield limited  amounts of pure allergens. Fur- 
thermore,  the  methods  are inapplicable to  the  characteriza- 
tion of relatively  high M ,  allergens or those which constitute 
minor  components of their corresponding  sources (13). Re- 
cently,  recombinant  DNA technology has become the tool of 
choice for  allergen characterization. It  has  resulted  in  rapid 
primary sequence determination for  high  molecular  weight 
allergens (14-17), synthesis of the corresponding  allergens or 
their  peptides  in virtually unlimited  quantities (13, 18), and 
analysis of the  structures (or epitopes) of the allergenic mol- 
ecules  responsible for binding T and B cells (13, 19). 

We previously reported  the  construction of a Xgtll cDNA 
library  complementary  to  mRNA of KBG’ pollen and  the 
screening leading to  the  identification of several  cDNA  clones 
encoding human  IgE-binding  proteins.  One clone, KBG 7.2, 
was analyzed to  determine  its nucleotide and deduced amino 
acid  sequence (18) and  the allergenicity of the corresponding 
recombinant  peptide  in a murine model (20). Here, we report 
the complete  nucleotide and deduced amino acid  sequences of 
three cDNA  clones, KBG 41, 60, and 31, encoding  a  major 
group of KBG pollen  allergens. These clones  have  a  high 

The abbreviations used  are: KBG,  Kentucky bluegrass; ORF, 
open  reading  frame;  SDS-PAGE, sodium dodecyl sulfate-polyacryl- 
amide gel electrophoresis; bp, base  pair. 
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degree of similarity to one another  and only minor similarity 
to other known allergens. On the basis of the above results 
and further physicochemical and immunochemical studies: 
the isoallergenic proteins which are encoded by the members 
of a multigene family and  are expressed specifically in pollen 
tissue have been designated as Poa p IX group. 

MATERIALS  AND  METHODS 

Screening of the cDNA Library in Bacteriophage Agtll-Plaques 
(250,000) from a  Xgtll library (18) were screened immunologically 
for the expression of pollen allergens using pooled sera of six patients 
allergic to KBG pollen. Patients were selected on the basis of case 
history, positive skin prick, and radioallerosorbant tests but  had  not 
undergone any hyposensitization treatments.  Plaques were lifted onto 
nitrocellulose filters (Bio-Rad, Toronto) and washed twice for 5-  and 
30-min intervals in 30 ml of buffer (50 mM sodium phosphate,  pH 
7.5,0.5% (v/v) Tween 20, 0.5% bovine serum albumin, 0.05% sodium 
azide (w/v)/filter. Filters were then incubated overnight at 4 "C under 
slight agitation in buffer containing  10% pooled sera. The filters were 
then washed at 4 ' C ,  for three 15-min  intervals  in 25  ml of buffer/ 
filter and incubated overnight at 15 "C in goat-anti-human IgE con- 
jugated with alkaline phosphatase. The filters were rewashed as 
previously described and developed using 5-bromo-4-chloro-3-indo- 
lylphosphate p-toluidine and nitroblue tetrazolium chloride. Positive 
clones were picked and rescreened, a total of 11 clones were isolated 
and purified. 

KBG  41  was isolated from the cDNA library using a 371-bp 
nucleotide probe digested from the 5' end of KBG 4.1 with EcoRI 
and  PstI. Plaques (100,000) were lifted onto Hybond-N filters (Amer- 
sham Corp.), denatured  in 0.5 M NaOH, 1.5 M NaCl for 30 s, 
neutralized in 0.5 M Tris,  pH 8.0, 1.5 M NaCl for 5 min, and rinsed 
with 6 X SSC (where 20 X SSC is 3.0 M NaCl, 0.3 M sodium citrate, 
pH 7.0). Following air drying, filters were exposed to 365 nm UV light 
for 10 min and prehybridized in a solution consisting of 10 X Den- 
hardt's (where 50 X Denhardt's is 1.0% (w/v) Ficoll, 1.0% polyvinyl 
pyrrolidone, and 1.0% bovine serum albumin (Pentex Fraction 5)) 
solution, containing 6 X SSC and 0.1% SDS at  65 "C for 1 h. 200  pg 
of probe (10' cpm/pg of DNA) was nick-translated according to 
manufacturer's recommendations (Amersham, Toronto), added to 
fresh hybridizing solution. Hybridization was  allowed to proceed 
overnight at 65  'C. Filters were washed at 65 "C for 15-min intervals, 
twice in 6 X SSC, 0.1% SDS and twice in 2 X SSC, 0.1% SDS. 
Autoradiograms were exposed for 3 days and 20  of  250 positive clones 
were plaque purified. 

Phage DNA Preparation and Subcloning-DNA  was prepared from 
plaque-purified phage using the liquid lysate method (21). Inserts 
recovered  from EcoRI digestion were ligated into the multiple cloning 
site of pT7T3 19U (Pharmacia  LKB Biotechnology Inc.) and used to 
transform Escherichia coli DH5a (Bethesda Research Laboratories). 
Further subcloning necessary for sequencing was done in the multiple 
cloning site of pT7T3 18U and 19U. 

Sequencing of cDNA Inserts-All sequencing of cDNA inserts was 
done using single strand plasmid templates. These  templates were 
prepared following the manufacturer's recommendations except that 
E. coli DH5aF' were used in place of E. coli NM522. Sequencing was 
done according to  the dideoxy method (22) using M13 universal and 
T3 promoter primers. Due to  the high GC content of the insert DNA, 
all sequencing reactions were done in duplicate using dGTP  and  dITP 
labeling and  termination mixes. 

Structure Predictions-Potential antigenic sites were predicted 
through the use of hydropathy and antigenic potential plots. Hydrop- 
athy plots were calculated as described by Kyte and Doolittle (23) 
using a 9-residue amino acid window. Antigenic potential was calcu- 
lated essentially as described by Fraga (24) with the following modi- 
fications. Values for a global  profile  were calculated using the follow- 
ing equation: AP = Hyd/(Rec - 78). Where A P  is the antigenic 
potential and Hyd and Rec are the average hydropathy and recogni- 
tion values for a 6-amino acid residue window (note: the hydropathy 
values used by Fraga differ from those used by Kyte and Doolittle). 
Regions of positive antigenic potential of 6  or more amino acid 
residues in length whose magnitude has  not decreased relative to  the 
same region on the Fraga hydropathy plots (not shown)  are considered 
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potential antigenic sites. Potential membrane-bound regions were 
predicted as described (23, 25). 

RNA  Gel Blot  Analysis-Total pollen and leaf  RNA  were electro- 
phoresed in 1.5% agarose gels under denaturing conditions (26) and 
blotted onto nylon membrane. Fragments  containing sequences 
unique to each of the full-length cDNA clones were prepared by 
cleavage with appropriate restriction endonucleases and nick-trans- 
lated. These fragments were as follows: KBG 41, EcoRI-RsaI frag- 
ment, bases -142 to -18; KBG  60, Sau3A fragment, bases 923-1068; 
KBG 31, EcoRI-NarI  fragment, bases 1-261. 

Isolation of the KBG 8.3-0-Galactosidase Fusion Protein-E. coli 
strain  JM105 was transformed with the expression vector pWR 590.1 
(27) containing the insert of KBG 8.3 (8.3 is a  partial clone of KBG 
60  which spans the region 232-1132 bases) and was  grown under 
appropriate conditions to stimulate fusion protein production. Total 
crude proteins were recovered from the host cells and  the fusion 
protein was purified by electrophoresis on  10%  SDS-PAGE followed 
by electroelution from the polyacrylamide gel. 

Preparation of Antisera to Fusion Protein-The fusion protein was 
used as  an immunogen in a  dextran sulfate adjuvant to immunize 6- 
8-week-old female BDFl mice (Jackson Laboratories, Bar Harbour, 
MI). The mice  were immunized subcutaneously in the muchal region, 
and after 23 days the mice  were administered a booster of the same 
antigen preparation. Blood  was collected 7 days later and serum was 
prepared. 

Western Analysis-KBG proteins were isolated as previously de- 
scribed (18) and electrophoresed on a  15% polyacrylamide gel. Pro- 
teins were then stained with Coomassie Blue  or electroblotted onto a 
nitrocellulose membrane. Membranes were  blocked with 1% gelatin 
in Tris-buffered saline and probed with specific antisera. Immuno- 
reactive bands were detected using an alkaline phosphatase-conju- 
gated second antibody. 

RESULTS 

Isolation of cDNA Clones-A Xgtll cDNA library derived 
from  KBG  mRNA  which  was screened with human allergic 
serum, yielded 11 strongly reacting clones. Of these, nine were 
successfully restricted with EcoRI, ligated into  pT7T3 19U, 
and subcloned into E. coli strain  DH5aF'. From partial se- 
quencing and  restriction enzyme mapping of the subcloned 
inserts, we deduced that five different cDNAs had been 
cloned. All clones except KBG 41, summarized in Table I, 
were identified by the above immunoscreening procedure. A 
full-length cDNA containing within it KBG  4.1  was identified 
from the KBG library using a 371-bp 5' end PstI-EcoRI 
fragment of 4.1 as  the probe. Twenty of 250 positive clones 
were plaque-purified. DNA isolated from these clones was 
restricted with EcoRI and subjected to Southern analysis 
using the same probe. Two clones containing 1352-bp inserts 
were subcloned and restriction mapped. They were found to 
be identical and were termed KBG 41. From Southern analy- 

TABLE I 
Relationships among the KBGpollen cDNA  clones 

selected from Agtll library 
Class Clones Size of inserts" 

kbp 
I KBG  41 1.352 

KBG 4.1 0.936 

I1  KBG  60 1.222 
KBG 1.1 0.900 
KBG 8.3 0.800 
KBG 10 0.500 

111 KBG  31  1.322 
KBG 7.2  0.560 

IV KBG  6.1  0.500 

V KBG 5.1  0.900 
Sizes of partial cDNAs are approximations from gel electropho- 
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sis, the  representative  cDNAs  KBG  31,41,  and 60 were found 
to be similar to one another  and  to differ from KBG 5.1 and 
6.1. Likewise, KBG 5.1 and 6.1 were found  to differ  from  one 
another.  These clones are  currently  under study. 

Sequence of the cDNA Clones-All three cDNAs, KBG 41, 
60, and 31, were sequenced as shown in Fig. 1 and possess 
characteristics suggesting that  they  contain full-length  coding 
regions  (see Fig. 2). Each cDNA contains one or more poten- 
tial  start codons, but only those  in  phase  with  the  open  reading 
frame  (ORF) of the (3-D-galactosidase gene of Xgtll that 
produce an immunoreactive  fusion protein  are correct. Clone 
41  contains two such codons. In  this  situation,  optimal  context 
for translational  initiation  and sequence similarity with KBG 
60 were taken  into  account. Of the six bases preceding and 
two following the  potential  start codons in  KBG 41, the  first 
located a t  -78 bp  contains four of eight  statistically favored 
nucleotides (28), whereas the second start codon located at  1 
bp  has five of eight favored nucleotides. All cDNAs have  a 
complete 3"untranslated region which contains  the  canonical 
AATTAAA polyadenylation  signal  (29) followed by a  poly(A) 
tail. 

The  KBG clones have an exceptionally  high degree of 
similarity  in  the coding region with  all clones  having 95% 
identity  within a  consensus region of 771 bp. To the 3' end 
of the consensus  region, KBG 60 and 31 continue  to  share 
similarity with an  additional 42 bp  and  extending  10  bp  past 
the  stop codon. KBG  41  contains a characteristic  32-bp  in- 
phase  internal  repeat (30 of  32 bases match)  at  the 3'  end. 
The region begins at  929 and  continues  through  to 960, and 
it is then repeated  from 965 to 996. To the 5' end of the 
consensus region and  extending back through  the  start codon, 
KBG  41  and 60 share a high degree of similarity  to one 
another. However, they  share  no  similarity  to  the  correspond- 
ing region of KBG 31. Both  the  3'-  and  5"untranslated 
regions while retaining  many  characteristic  features,  do differ 
substantially. Although the clones share a  high degree of 
similarity  they  are readily distinguished from  one  another 
through  restriction  map analysis. KBG 60  has a unique SstI 
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FIG. 1. Partial restriction endonuclease map  and sequenc- 
ing strategy for the cDNA inserts. Restriction  maps  are staggered 
to allow for alignment of the clones within  the  consensus region 
which is shaded.  Double  line on scale of each clone is  the coding 
region. Double  line on  subclones represents  the  extent of sequencing. 
0 represents  the sequence start  points of the cDNA inserts  and 
subclones. 

41  -142 g a a t t c  
fin 
31 
41 -136 TTTTTTTlTllTTGATTlGAAGCGARAATATATCCCATCACCACCAAATAAAAATGlT~CAGTlGATC 
60 -85  
3 1  -6 

g a a t t c n n n n n A T G A T  
g a a t t c  

41 -69  CCTAACACAAATCACAACACAATCCATCCCATATCTTCCCACCTACGGTACMACAACAGCAAGCAGGA 
60 -69 GAAACGAAAACCGAAGAATTAATCCATCGCATATCTTTCCTCCTGCGATACAAACCAACMCAGCAGTA 
31 

41  1 ATG GCG GTG CAC CAG TAC  ACT GTG GCG CTG  TTC  CTC GCC GTG GCC CTC GTG 
60 1 ... ..G ... . . G A . .  ... . .G  . .C . . . . . . . . .  . . G  . . . . . . . . . . . .  
31 1 ... .AC  AA.  GC.  A.C GGG G.G  TAC  AA.  AC. GC. . .G RAG  .C. ... AG.  .C. 

4 1  52 GCG GGC CCG GCT GCC TCC 
60 49 .TT . . . . . . . . . . . . . . .  
31 52 .T. .C. . . . .  .G .AG AAG  TTC CCG GTG  TTC  CAG GCC ACC  TTC  GAC  AAG  AAC 

41  
60 
31 103 C l C  AAG GAG GGC TTG  TCC GGT CCC GAC GCC GTC GGG TTC GCC AAG M G  CTC 

41 
60 
31 154 GAC  6CC  TTC  ATC  CAG  ACC  TCC  TAC  CTC AGC ACC  AAG GCC GCC GAG  CCC  AAG 

41 70 
60 67 

T A T  GCT GCC 

31 205 GAG AAG  TTC  GAC  TTA  TTC  GTG  CTC  TCA  CTG ACG GAG GTG  CTC CG. TT. ATG 
. .C   . .T  

41 79 GAC GTC GGC TAC GGC GCC CCC GCC ACC  CTT GCC AGC CCT GCC ACC L C 1  GCT 
60 76 ...... A,. . . . . . . . . . . . . . . .  .A.  .C. ... 
33 256 .CG .G.  .C. GTG AAG ... ..G C. .  G.. AGC AAG TT. ..C ... ,AA  . .C ... 
41 1 2 4  GCC CCG GCG GCC GGC TAC  ACC CCC GCC GCC CCG GCC GGA GCG GCA  CCA  AAG 
60 103 . . . . . .  ..C ... .CT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
31  307 C. .   AA.   .T .  ... .CT . . .................................. 
41  181 GCG ACG ACC  GAT GAG CAG  AAG  CTG  ATC GAG AAG  ATC  AAC GCC GGC TTC  AAA 
60 160 . ...................................... .T. . . . . . . . . .  
31 358 ... ..C ................................. .T. ...... ,.G 

41 232 GCG GCC GTT GCC GCC GCC GCC GGC GTC  CCA GCA GTG GAC AAG  TAC  AAG  ACG 
60 211 . . . . . . . . . . . . . . . . . .  .G. . . . . . .  ..G ... .CC A , .  . . . . . . . . . . . .  
31  409 . .T  . . . . . . . . . . . .  . . A  . . . . . . . . . .  .G ... .C. AG. . . . . . . . . . . . .  
I1   283  TTC  GTC  GCA  ACC  TTC GGC ACG GCC TCC AAC AAG GCC TTT GCG GAG GCC CTC 
60 262 . . . . . . . . .  . . G  . . . . . .  6.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..A 
31 460 ... . . A  . . . . . . . . . . . .  G.. . . . . . . . . . . . . . . .  ..C . .C . . . . . . . . .  
4 1  334 TCC  ACC GAG CCC  AAG GGC GCC GCC GCA GCC AGC  TCC A A T  GCT GTT CTC  ACC 
60 313 ..G ..................... .T. .A. . . . . . .  ..G  ..C .CG . . . . . .  
31 511 ..G ..................... . T .  . . . . . . . . .  ..G ..C . .G . . . . . .  
41 385 TCC  AAG  CTC  GAC GCC GCC TAC  AAG  CTC GCG TAC  AAG  TCA GCG GAG GGC GCG 
60 364 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .C ..................... 
31 562 ........................... ..C ..................... 
41 436 ACG CCC GAG GCT AAG  TAC  GAC GCC TAC  GTC GCC ACC  CTA AGC GAG GCG CTC 
60 415 ..................... .A.  . . . . . . . . . . . . .  .T . . . . . . . . . . . .  
31 613 

41 407 CGC ATC  ATC GCC GGC ACC CTC GAG GTC  CAC GCC G l C  RAG  CCC GCG GGC GAG 
60 466 . . . . . .  ..T ..................... .G. . . . . . . . . . . . . . . . . . .  
31  664 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .G. . . . . . . . . . . . . . . . . . .  
4 1  538 GAG GTC  AAG GCC ATC CCC GCC GGC GAG CTG  CAG  GTC  ATC  GAC  AAG  GTC GAC 
60 517 . . . . . . . . . . . .  .C. . . . . . . . . . . . .  ..C ..................... 
31 715 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
41 589 GCC GCC TTC  AAG  GTC  GCT GCC ACC GCC GCC AAC GCC GCC CCC GCC AAC GAC 
60 568 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
31  766 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .G . . . . . . . . . . . . . . . . . . . . .  
41 640 AAG  TTC  ACC  GTC  TTC GAG GCC GCC TTC  AAC  GAT GCC ATC  AAG GCG AGC ACG 
60 619 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
31 817 . . . . . . . . . . . . . . . . . . . . . . . .  , . T  . . . . . . . . . . . . . . . . . . . . . . . .  
41 691 GGC GGC GCT  TAC  CAG  AGC  TAC  AAG  TTC  ATC CCC GCC CTC GAG GCC GCC G l T  
60 670 . . . . . . .  .C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .C 
31  868 . . . . . . .  .C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .C 

... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 1  7 4 2  AAG  CAG  TCC  TAC GCC GCC ACC  GTC GCC ACC GCG CCG GCG GTC  AAG  TAC  ACC 
60 721 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
31 919 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .C . . . . . . . . . . . .  . . T  

41  793 GTC TTT GAG ACC GCG CTG  AAA  AAG GCC ATC  ACC GCC ATG  TCC  CAG GCC CAG 
60 772 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
31 970 . . . . . . . . . . . . . . . . . .  ..G ............................... 
41 844 AAG  GCT  GCT  AAG CCC GCC GCT GCT GTC  ACC GCC ACC  GCA  ACC GGG GCG GTT 
60 823 . . . . . . . .  C . . . . . . . . . . . . . . . .  C, . . . . . . . . . . . . . . . .  CT . .C .. C 
3 1  1021 . . . . . . . . . . . . . . .  . .T  ..C . . . . . . . . . . . . . . .  . .G ... A.C  ..C  ..C 

4 1  895 GGC GCG GCC ACC GGC GCC GTC GGC GCG GCA  ACC GGC GCT GCC ACC GCC GG 
60 074 . . . . . .  . . A  ... 
31  1072 . . . . . .  . . A  ... 
41 946 ACC GGC GCT GCC ACC CCC ACT  GCT GGT GGC TAC  AAA 
60 886 
31 1084 ............ G . . G  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 1  997 GTC  TGA TCTGCTCCCAATATACACCCATCGTGCATATGTGTACAACTGTATGTATGTGCATGCATGG 

31 I l l 7  TCTGCTCCCTARCAATATACATCCATCATGATTCATGCATGGCCGCCGCGTCGTGCGATlT 
60 919 TCTGCTCCCTACAATATACATCCATCATGCACATGTACAACTGTATGTATGTGCATGCATG 

4 1  1064 CCGGCCGCCGGGTCGTGCGCTTTTGCTCATMTTAATTTTTGGGTTTTCGTTTCATGCATGCATCCGCG 
60 986 GCCGCCGCCTCGTGCGATTTTGCTCATAATTAATTCTTCGGTTTTCGATTCATGCATCCGCGAGCTATA 
31 1184 TGCTCATAATTAATTTTTGGGCGTTCGTTTCATCGATCGCAAGCTAT~GCGCATGCATGCATGATCC 

. . . . . .  . . . . . .  

41 1133 AGCTATAGAGCGCATGCATGCATGATCATTTGTGTAATATAATAATTAAATATTTGTAATTCATTTACA 

31  1253 T T T G T T T A A T A T C A T ~ T A T T T G T A A T T T ~ A A G T A A A A A A A ~ G ~ a ~ t t c  
60 1053 G A G C G C A T G C G C A T G A T C A T T T G T G T M T A T A A T A A T T A A A T A ~ T T T A T T T A C A A G T A T G A C G  

4 1  1201 A G T A A A A A A A A A A G g a a t t c  
60 1121 A A A A A A A g a a t t c  

FIG. 2.  cDNA sequences of KBG clones 41, 60, and 31. 
Sequences are  broken  into codons,  have  gaps inserted,  and  are aligned 
within  the  translated region to show maximum similarity. Dots rep- 
resent homology with clone KBG 41. Underlined  regiom are polyad- 
enylation signals. Double  underlined  regions on clone 41 indicate 
internal repeat. Lowercase  characters are EcoRI linkers. Numerical 
values at  the  start of each line  refer to clone number  and  the  number 
of nucleotide  residues from  the A in  the  start codon. 
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site at  541 bp and KBG 31 contains  a unique SstII site at 953 
bp (Fig. 1). 

Deduced  Amino  Acid Sequences-The open reading frames 
of KBG  31,  41, and 60 consist of 373,  333, and 303 codons 
and yield deduced molecular masses of  37.8,  32.7, and 30.5 
kDa, respectively (Fig. 3). The  three derived peptides  all 
appear to possess leader peptides  on the basis of hydropathy 
profiles of the  NH2-terminal sequences (Fig. 4, a and b) .  The 
putative leaders for KBG 41 and 60 have all of the following 
features typical of a  eukaryotic signal peptide (30, 31): a 

41 -23 m a v h q y t v a l f l a u a l v a g p a a r  

31  -28 .dkangaykta.ka,rava..ekfpvfqATfDKNLKiGLSGPQAVGFAKKlDAFlqTSYL 

41 I 
60 1  

YMDVGYGAPATLATPATPAAPAAGYTPAAPAGAAPKA 

31 33 STKIU\EPKEKFOLFVLSLTiVLRfMAGA)'K PASKF K PKV.A ............. 
41 39 1lD~~KLIiKINAGFKAAVMMGVPAVDKYKTFVATlGTASNKAfAEALSTiPKGRAAA 

31 93 V  AS A . . . . . . . . . . . . . . . . . .   V .  
60 33 V   G . . . . A N . . . . . .   A  YD 

41 99 SSNAVLTSKLDMYKLAYKSAEGATPCAKYDRYYATLSiAlRl lAGTLiV~AVKPAGCCV 
60 93 .... A  .......................... 0. .................. G . . . . A . . .  
31 153 .................................................. . G A  

41 159 K I \ I P A G ~ L Q V I D K V D A A F K V M T M N M P A N D K F T V F E S l G G A Y Q S Y K ~ l P  
60 153 . .  1 ......................................................... 
31 213 . ............................................................. 
60 213 ................................................ A.G ......... 
41 219 A L C M V K ~ S Y R A T V A l A P A V K Y T V ~ i l A L K K A l T A ~ S Q A ~ K A A K P A M V T A l A l S A Y G M  

31 273 .................................................. G ......... 
41 279 TGAVGAAlGAAlAAAGGYKTGA~lPlAGGYKV 
60 254 . . . . . . . . . . . .  
31 333 . ..... M...... 

60 -22 ... qk ...... . v .  . . v  ..... 

.... . . . . . . . . . . .  . . . . . . . . . . . . .  LS. A  
. .  . .  . .  

. . . . . . . . . . .   . . . . . . . . .  ... . . . . . . . . . . . . . . . . . .  

............ .............. .......... 

__ 

FIG. 3. Translated sequences of KBG clones 41,60, and 31. 
Sequences are aligned and have gaps aligned to show maximum 
similarity between the clones. The alignments are the same as those 
in Fig. 2. Putative signal peptides are in lowercase characters.  Under- 
lined regions in  KBG 31 are predicted B-cell epitopes (24). Double 
underlined region on clone 41 shows internal repeat. Numerical ualues 
at  the start of each line refer to  the clone and  the number of amino 
acid residues from putative cleavage site of the signal peptide. 

hydrophilic sequence of 5 amino acid residues at  the COOH 
terminus, an  uninterrupted hydrophobic sequence of 9 or 10 
aliphatic and aromatic  amino acid residues, and a hydrophilic 
NH2  terminus of 7  amino acid residues. The amino acid 
residues include a  serine at  -1, the cleavage site,  aliphatic 
alanine residues at -2 and -3, and helix breakers, proline 
and glycine at  -4 and -5. For KBG  31, the evidence is not  as 
clear cut due to  the length of the signal peptide and  the 
residue found at  the -6 position. The signal peptide is 28 
residues in  length  consisting of a 9-residue hydrophilic COOH 
terminus, an  interrupted 10-residue central hydrophobic re- 
gion which contains a lysine and a  serine residue, and a  9- 
residue hydrophilic NH, terminus. Residues adjacent to  the 
cleavage site include an uncharged glutamine at  the cleavage 
site,  phenylalanine at  the -2 position, valine at -3, and  the 
helix breaker proline at -4. The -5 position is phenylalanine, 
while the -6 position which is normally occupied by a small, 
neutral amino acid contains lysine. Taking  into account  these 
leader sequences, the calculated molecular masses for post- 
translationally modified KBG 31,41,  and 60 proteins become 
34.9,  30.4, and 28.3 kDa. No asparagine sequons required for 
N-glycosylation (32) are found in  any of the  three clones. The 
predicted PI values for mature KBG 31, 60, and 41 are 10.08, 
9.96, and 9.70. 

Structure Predictions-Hydropathy (23) and antigenic 
probability (24) profiles calculated for KBG 41 and 31 pre- 
dicted  eight and 11 potential antigenic sites (Figs. 3 and 4, a- 
d )  using a 9-residue window for hydropathy and a 6-residue 
window for antigenic  potential.  Hydropathy profiles were also 
calculated using 19 and 21 residue windows employing the 
hydrophilicity values of Kyte and Doolittle (23) and Eisenberg 
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FIG. 4. Hydropathy (a and b) and antigenic potential (c and d) profiles of KBG 3 1 and 41. Hydropathy 
profiles were calculated using a  9-amino acid residue window. Antigenic potential (24) was calculated as described 
using a 6-residue window. Profiles are staggered to show similarity between clones. Potential antigenic site 
sequences are indicated in Figs. 2 and 5. 
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(25) in an  effort  to  determine if any regions within  KBG  31 
and 41 are  membrane-bound  a-helical  structures.  While  no 
region could be  found to satisfy  the  criteria of Kyte (19  residue 
window, average  hydrophobicity >1.6) or  Eisenberg  (21 resi- 
due window, average hydropathy of >0.65 for 1 window, or 
1.10 total for  2 non-overlapping windows), the  carboxyl-ter- 
minal of each protein  had values that were quite high (19 
residues, Kyte values, 1.31). Inspection of the sequence in  this 
region showed them  to be unique  in several aspects  that would 
be consistent with a membrane-associated  segment.  KBG 41 
has a  32-residue region beginning at 264 which has  16  alanine 
residues and  no charged residues. Likewise, KBG 31 has a 26- 
residue region beginning a t  319 which has  13  alanine residues 
and  no charged  residues. 

Sequence Comparisons-DNA sequences were also com- 
pared with those  found in the  Genbank  data  base release 61 
(September 1989) using  the  IBI-Pustell sequence analysis 
package  (Version 2.02). Only short  and  sporadic  similarities 
were found, none of which  could  be  considered  significant.  A 
similar  search for homologous proteins  in  protein  data  banks 
revealed no meaningful  large  scale homologies. 

KBG clone  sequences were compared  with  all available data 
for known allergens. These include the full-length protein 
sequences obtained by Edman  degradations for Ragweed pol- 
len allergens Amb a I11 (12)  and Amb a V (9)  and Ryegrass 
pollen  allergens L o 1  p I1 and I11 (4, 5), the deduced protein 
and cDNA  sequences from  the house dust  mite allergen Der 
p I  (15) and  Birch pollen  allergen Bet u I  (14), and  partial 
NH2-  and/or  COOH-terminal  amino acid  sequences  for L o 1  p 
I  (9, 33,34),  Der f I (35),  and  the  cat  dander allergen, Fel d I 
(6).  The comparison of the  consensus region and L o 1  p I1 and 
I11 and Amb a V revealed  two short,  but  potentially  important 
similarities  within 20 residues of the  methionine (Fig. 5). This 
region was found  to be important for the immunogenic prop- 
erties of the  KBG 7.2 fusion protein (19). Typically  the lysine 
residues were found to be  conserved among  the  compared 
allergens. I t  is  inferred  that  the cloned protein  may  share 
epitopes  with  other allergens. 

Expression of Genes Encoding Allergens-A Southern  blot 
analysis of genomic KBG  DNA employing  a  600-bp consensus 
sequence revealed hybridization to  several  fragments  (data 
not  shown) suggesting that  the  KBG allergenic proteins  are 
encoded by a  multigene family. Northern  blot  hybridization 
using  nick-translated cDNA probes revealed that  the  corre- 
sponding  transcripts  are  present  in pollen but  not leaf tissue 
(Fig. 6). Furthermore,  unique  fragments  from  each of the 
clones were used as  probes  to  examine  their  corresponding 
transcripts.  Probes  from  KBG 60 and  31 hybridized to 
mRNAs having  a similar  estimated size of 1320 nucleotides 
and  KBG 41  hybridized to  an  mRNA  having  an  estimated 
size of 1420 nucleotides. These  results  indicate  that  separate 
mRNAs  exist for the cloned  cDNA molecules. 

For  identification of the polypeptides  encoded  by these 
clones,  a partial cDNA  clone, KBG 8.3, which  comprised 
sequences  common to all three  clones described in  this  study, 
was cloned into  an expression plasmid which permitted high 
level expression of the  corresponding  recombinant  peptide 

Lo1 p 11 37 ehgsnewl ALKKnq dgvweiKsdKPlkg 71 

Amb d V 31 VVcYessEicsKKcgk 
LO1 p 111 37 qhgseewEorntKKan 1wevKsAKPltg 69 

KEG 31 292 aVkYtvfEtALKKaitarnsgaoKaAKPaaq 328 
45 

FIG. 5. Sequence similarities between KBG 31 and other 
known pollen allergens. Sequences of L o 1  p I1 and I11 (4 and 5) 
and Amb  a V (12) are aligned  with KBG 31 to show  maximum 
similarity. Uppercase  characters show amino  acid residue matches. 
Underlined sequences are  predicted B-cell epitopes. Numerical d u e s  
a t  the beginning and  end of each sequence  refer to  the residue number. 

- 0.24 

p ' f  P If  p If 

FIG. 6. RNA gel blot analysis of KBG clones 41 ,60 ,  and 31. 
Clones were hybridized to  total RNA of KBG pollen, lanes p ,  and  to 
KBG leaf  tissue, lanes If. RNA molecular size markers  are indicated 
on  the  right-hand side. Transcripts  are  marked with arrows. 

I*. *. 1-28 

1 2  

FIG. 7. Western blot analysis of KBG pollen proteins. The 
KBG pollen proteins were electrophoresed  on SDS-PAGE  and 
stained (lane I )  or electroblotted onto nitrocellulose and reacted  with 
mouse antibodies to KBG 8.3 fusion protein (lane 2). The numbers 
on  the  right  indicate  the molecular mass  estimated  in kDa. 

(rKBG 8.3). A Western blot  employing a murine  antiserum 
to rKBG 8.3 is  shown  in Fig. 7. It  is clear that  in  the  KBG 
pollen extract  the  antibodies recognized three polypeptide 
bands with estimated molecular  masses of 28,30,  and 34 kDa. 
However, the 32- and 34-kDa  polypeptides were barely  de- 
tectable  upon Coomassie staining of the gel indicating  that 
these polypeptides are  in  minute  amounts  in  the  extracts. 
These  results suggest that  the  three cloned  cDNAs represent 
members of a  multigene  family, the expression of which is 
confined to pollen  tissue. 

DISCUSSION 

In  this  report we present  the molecular characterization of 
three cDNA  clones, KBG 41, 60, and 31, which encode pro- 
teins  that  represent a new family of previously undescribed 
pollen  isoallergens  found  in  KBG.  Considerable evidence ex- 
ists  to  indicate  the  ORFs  and predicted protein sequences 
presented  here  are  correct. Comparison of the 6  bases  preced- 
ing  and  the 2 following the  start codons in  KBG 41 and  60,5 
of 8 were found to be in agreement  with  consensus sequences 
surrounding  start  codons  in  plants (28). These  start codons 
are  in  phase  with  the  ORF of /?-D-galactosidase in X g t l l .  The 
poly(A)  tails of all  three clones are found  from 22 to 28 bp 
from the  canonical AATTAAA polyadenylation  signal and 
180-200 bp from the  stop codons  found on  the predicted 
ORFs.  The  motifs  TTATTTAT  or  ATTTA which may be 
associated  with  mRNA  stability were found  in the  3'-untrans- 
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lated region of all  three cDNAs. 
Based upon the deduced amino acid sequences and  their 

hydropathy profiles we predict the presence of signal peptides 
of  21-28 amino acid residues in length. Sequences and  the 
specific residues found adjacent to  the predicted cleavage sites 
are in agreement with those seen in other signal peptides. 
Hydropathy profiles calculated employing both larger window 
sizes and  alternate hydrophilicity values for amino acid resi- 
dues indicated that  the carboxyl-terminal regions of KBG  41 
and 31 might be membrane-associated. Although evidence 
supporting  this does not fully satisfy the criteria proposed by 
Kyte and Doolittle (23) and Eisenberg (25), it should be noted 
that their algorithms are best suited for characterizing trans- 
membrane, a-helical  structures. Exceptions to  the criteria  are 
known to exist and presumably these  are due to both random 
coils and /3-sheet structures that  are able to  pass through 
membranes (25). This highly hydrophobic region is immedi- 
ately adjacent to a hydrophilic group of amino acids that 
represent the region with the greatest  potential for allergen- 
icity. The juxtaposition of these two regions may prove im- 
portant in relation to  the allergic response. 

The polypeptides contain no asparagine sequons necessary 
for N-glycosylation. The calculated molecular masses for ma- 
ture KBG  41,  60, and 31 proteins  are 30.4,  28.3, and 34.9 kDa 
with PI values of  9.96,  9.70, and 10.08, respectively. These M ,  
values are in good agreement with those seen in Western blot 
analysis of KBG pollen extracts using polyclonal antibodies 
raised against the recombinant fusion protein of KBG  8.3. 
Western analysis of two-dimensional polyacrylamide gels 
shows a range of isoelectric points of  9-10 within this M, 
range. In addition, this fusion protein was capable of binding 
to  the IgE in  sera of 90% of atopic individuals examined (20). 
Furthermore, by immunization of mice with the fusion pro- 
tein,  an IgE immune response was inducible (20).  These 
observations indicate the  three clones represent major isoal- 
lergens of KBG. 

We found the deduced amino acid sequences of these KBG 
isoallergen proteins to be similar to one another  and  share  a 
255-residue consensus region. Within  the consensus region, 
only slight variations were seen in  the sequences, and  perhaps 
these would  do little to alter  the physicochemical properties 
of the isoallergens. Rather, physicochemical properties  are 
altered by the inclusion or exclusion of certain regions. Thus, 
KBG 31 has  a unique 108-residue NHz-terminal region  while 
KBG 41 has a COOH-terminal internal repeat. At present, 
these findings are only able to adequately explain the observed 
range of M, values of the KBG isoallergens. Further sequenc- 
ing and  characterization of other KBG isoallergens are needed 
to determine (i) whether the range of observed isoelectric 
points is also due to such substitutions  or due to altered  ratios 
of charged amino acid residues, and  (ii)  what effect, if any, 
this will have on the allergenic properties of the proteins. 

From the point of  view  of plant biology, the cloned se- 
quences appear to belong to related genes of a small multigene 
family which are specifically expressed in pollen tissue. This, 
in addition to  the finding that similar transcripts  are  present 
in  the pollen of many grasses (18), indicating similarities in 
the coding region of these genes, suggests they may be impor- 
tant in pollen development and/or germination. These  studies 
may help elucidate the evolution of IgE-binding domains in 
these  and  other related plant  proteins  and allow one to 
determine their biological function in pollen. Although KBG 
60 and 31 identify mRNAs of similar size, the use of unique 
probes shows them  to be different transcripts. Similarly, 
differential amounts of the corresponding proteins have been 
observed on SDS-PAGE gels. The level at which the regula- 

tion of expression of these  proteins occurs is not known. 
The availability of primary amino acid sequence informa- 

tion will facilitate the identification of antigenic sites on these 
clinically important allergens. Computer-generated structural 
predictions indicate as many as 11 potential antigenic sites. 
Results published elsewhere for the partial clone KBG 7.2 
which comprises three of 11 predicted sites (18) have indicated 
that  at least two of these may  be functional. However, it 
should be noted that  there are  reports of discrepancies from 
the predictions (36). Therefore, appropriate cellular and  func- 
tional assays have to be performed to verify the above predic- 
tions. Clearly, the predicted sequence information would fa- 
cilitate  synthesis of short chemically synthesized peptides for 
the above studies. 

Interestingly, while  no  large scale similarities are found to 
exist between our  three isoallergens and  other known aller- 
gens, one small but potentially important similarity was found 
between a  COOH-terminal IgE-binding region adjacent to  the 
methionine residue of the KBG clones (18) and  a predicted 
B-cell epitope of Lo1 p 11 and 111. Whether or not these small 
stretches of similar residues are responsible for the relatedness 
among allergens of a single pollen is not clear. On the basis 
of the extensive molecular analysis of these cDNA clones 
which provided information on the corresponding allergenic 
proteins and  the studies on relationships between these and 
other major grass pollen allergens, these KBG allergens ought 
to be classified as  a new group. In accord with the existing 
framework of IUIS  International Allergen Nomenclature Sub- 
committee Recommendations (37),  these basic isoallergens 
have been tentatively designated as Poa p 1X. To our knowl- 
edge, these  proteins  constitute the  third major  group of basic 
allergens of grass pollens, the other two being Group I11 ( 5 )  
and Group IV (2, 7) allergens. 

Prior to  the successful diagnosis and  treatment of all indi- 
viduals suffering from type  I allergic diseases, the most basic 
questions regarding these diseases must be answered, for 
example: (i) what function if any do these proteins have in 
the  plant, animal, or insect that is producing them? It has 
been found that  the  dust mite allergen, Der p I,  has consid- 
erable homology with cysteine proteases (15). Likewise, the 
birch pollen allergen, Bet u I, has homology with the pea 
disease resistance response protein (14). Could the biological 
function of these  proteins somehow enhance  their antigenic 
activity? If so, why are only certain individuals afflicted? (ii) 
What characterizes the epitopes that are recognized  by the 
T- and B-cells which lead to  the enhanced IgE response seen 
in atopic individuals? It is anticipated that  the identification 
of the epitopes will facilitate the development of novel diag- 
nostic and  therapeutic modalities for allergies and  the deter- 
mination of molecular mechanisms underlying the induction 
and regulation of allergic response in humans. 
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