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Cocksfoot/orchard grass (Dactylis glomerata) anther cDNA clones
encoding the group 1T allergen Dac g 1I were previously isolated on the
basis of immunoreactivity of human, rabbit, and murine antibodies with a
24-kDa protein expressed as a fusion protein with -galactosidase.
Nucleotide sequencing reveals an open reading frame predicting expression
of a 98-amino-acid (11-kDa) polypeptide exhibiting > 909, homology

with the group II allergen of Lolium perenne, Lol p 11. In vitro translation of
different sized clone fragments generated by polymerase chain
amplification confirms eukaryotic expression of a 10—-12-kDa polypeptide
by SDS—PAGE and the position of a translational stop apparently
unrecognized during expression of Agtll in E. coli. The unusual
characteristics of the prokaryote-expressed fusion proteins may be exerting
conformational alterations in Dac g 11, as reflected by previous
demonstrations of differences in human IgE immunoreactivity. Northern
blot analysis using PCR-generated partial and full-length probes suggests that
group II allergens may be encoded by a different family or families of
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although a group I gene may have been the progenitor.

Immune recognition of grass pollen allergens con-
tributes significantly to the conditions of seasonal
allergic rhinitis and asthma (32). In temperate lati-
tudes, pollens from cocksfoot/orchard grass (Dac-
wlis glomerata: Dac g), rye grass (Lolium perenne: Lol
p), timothy grass (Phleum pratense; Phl p), and Ken-
tucky bluegrass (Poa pratense: Poa p) represent major
allergen contributors. Understanding the molecular
basis of B-cell and T-cell recognition of allergen
structures, uniquely expressed and coexpressed
within and between grass species, is fundamental to
the development of many forms of immunomodula-
tory therapy (26). This depends, in part, upon the
determination of inter- and intraspecies sequence
similarities.

Immunochemical characterization of grass pollen
allergens, notably from Lol p, Dac g, Phl p, and Poa
p, has revealed the existence of several protein groups
(16) bearing protein sequence and B-cell epitope
similarities. Application of protein microsequencing
and recombinant DNA technologies has contributed
to modification of these classifications and has re-

temporally expressed genes from those encoding group I major allergens, UK

Accepted for publication 22 February 1993

vealed the existence of several isoforms within each
allergen group (11, 15, 20, 22, 30, 31). Nevertheless,
group I and V/IX glycoproteins (27-33 kDa) are
regarded as major allergens, each present as several
isoform products from each gene family, to which
85-909, of grass-allergic patients are sensitive (8).
Group II and III allergens have also been charac-
terized as immunologically distinguishable isoaller-
genic proteins (11 kDa) to which 40-459, of grass-
allergic patients are sensitive (1). The latter groups
of allergens have been regarded as having minor
clinical significance despite, in the case of group II,
their sequence homology with the C-terminal half of
group I allergens. Similarities in immunologic re-
sponsiveness related to HLA haplotype (9) between
Lol p 1, 11 and III further suggest that group II and
III allergens may be derived from breakdown of
group I isoallergen gene products or that they are
encoded by separate gene families which may have
arisen from deletional and point mutation of an
original group I gene.

We have previously described the identification of
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cDNA clones in a Agtll library constructed from
D. glomerata (Dac g) anther mRNA which lead to
expression of an immunoreactive 24-kDa polypep-
tide fused to B-galactosidase (33), consistent with
membership of group I or V/IX (17-19, 21, 24).
Immunologic studies using human polyclonal, rabbit
polyclonal, and murine monoclonal antibodies re-
vealed that these clones encode Dac g II allergens.
Furthermore, the recombinant fusion protein shared
immunoreactivity with anti-Lo/ p I and II antibodies,
and these data suggested an increase in human IgE
reactivity with Dac g Il within sera from patients
receiving grass pollen immunotherapy (25). Here we
report the complete nucleotide sequence of recom-
binant Dac g-I1 clones exhibiting an open reading
frame for a 98-amino-acid polypeptide (11 kDa ag-
lycosylated). The extremely high degree of homology
with the Lol p II amino acid sequence and Northern
blot studies support the suggestion that group II
allergens are encoded by a gene family distinct from
group I allergens. The unusual nature of the inserts
has also been investigated (i.e., expression of a 24-
kDa polypeptide in Agt11), and it provides a possible
rationale for the apparent increase in IgE reactivity
in some grass immunotherapy patient sera (25).

Material and methods
cDNA clones

Isolation of clones 7.8, 8.1, and 8.3, together with
preparation of bacterial (E. coli strain Y1090) lysates
has been previously described (25, 33). These clones
all generate a 140-kDa fusion protein with
B-galactosidase representing 24 kDa of insert en-
coded polypeptide recognized by human, rabbit, and
rodent antibodies (25).

Oligonucleotides

Oligonucleotides were synthesized by standard phos-
phoramidate chemistries on a Biotech Instruments
BT8500 DNA synthesizer by Dr J. E. Fox (Alta-
Bioscience, Biochemistry Department, University of
Birmingham, UK). After synthesis, oligonucleotides
were diluted to a final concentration of 0.2 pmol/ml
in sterile, deionized water (SDW) and stored at
-20°C. These were diluted 1 in 20 in SDW before
use in amplification by polymerase chain reaction
(PCR). Sequences of oligonucleotide primers used
for in vitro amplification and nucleotide sequencing
are given in Table 1, and hybridization sites are in-
dicated in Figs. 1 and 2a.

Polymerase chain reaction (PCR)

Allergen clones (5-pl aliquots) were added to 95 pl
SDW and boiled for 30 min. Aliquots (5 ul) from the
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Table 1. Oligonucleotide sequences used as primers for PCR amplification, sequencing,
and RAWIT

Code Sequence (5'»3') Application’
D222° GGTGGCGACGACTCCTGGAGCCCG A 'S
D223° TTGACACCAGACCAACTGGTAATG A S
D2056 ATCAAGTACAACAAGGAG S
D2805 CTCCTTGTTGTACTTGAT S
D2819 CACGCATATAAGCACCTCAC A S R
D2231 ACGGCGTGTGGGAGATCAA S
D2806 TTGATCTCCCACACGCCGT A S R
D2351 GTCGGCACCACCTACAAG A S
D2057 GTCAACCTATAGTGTACC A S R
D2352 CTTGTAGGTGGTGCCGAC A S R
D2308* TAATACGACTCACTATAGGGAGACCACCATG@&
CCCCCGTGACCTTC R

! Use n PCR probe/template amplification (A), nucleotide sequencing (S), and/or RAWIT
(R).

? Specific for Agt11 Lac z sequences flanking EcoRl cloning site.

3 RAWIT primer based on 5" addition of T7 polymerase promoter sequence and trans-
lational initiation sequence added to clone-specific sequence (underlined).

boiled clones were subsequently used as templates
for in vitro amplification by PCR. Reactions were
performed in a total reaction volume of 100 pl, com-
prising 10 pl 10 x reaction buffer (Cetus ILS, Lon-
don, UK), 200 pM (2.5 pl) of each dANTP, 100 pmols
(10 pl) each of the appropriate 5’ and 3’ primers
(Table 1 and Fig. 1), and 55 ul SDW. After dena-
turation at 94°C for 7 min, 2 units (0.4 ul) Ampli-
taq® (Cetus ILS, London, UK) was added to each
reaction, and samples were overlaid with light min-
eral oil. Samples that were to be used in sequencing
reactions and probe generation were subjected to 25
temperature cycles of 94°C for 30 s, 45°C for 90 s,
and 72°C for 120 s. Samples that were to be used
in in vitro translation experiments (see below) were
initially subjected to three temperature cycles of
94°C for 60's, 40°C for 90 s, and 72°C for 180 s,
followed by 25 temperature cycles of 94°C for 30 s,
50°C for 90s, and 72°C for 180 s. Amplification
products were assessed by electrophoretic separa-
tion of 10-pl aliquots in 1%, agarose gels and visu-
alization of ethidium bromide stained bands under
UV illumination.

For nucleotide sequencing and probe generation,
the remaining 90 pl of PCR reaction was purified by
the Magic™ PCR Prep DNA purification system
(Promega Corporation, Southampton, UK). Puri-
fied samples were freeze-dried in a Univapo 100
(Jones Chromatography, Cardiff, UK) and resus-
pended in 12 pl SDW.

For in vitrotranslation experiments, amplified PCR
products were isolated by Magic'™ PCR Prep
(Promega Corporation, Southampton, UK), as de-
scribed above. However, the smallest PCR product
(i.e. D2308 + D2806 — see Fig. 4a, track 5) was pu-
rified by electroelution onto Whatmann® 3MM
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Fig. 1. Schematic representation of cDNA clone inserts showing partial restriction map and position of some oligonucleotide primer

hybridization sites used for amplification and sequencing. Shading represents the different subfragments generated as probes for Northern
blot hybridization.

chromatography paper, and concentrated by centri-  trator (Amicon, Basingstoke, UK) before freeze-
< . . TM . .
fugation (3000 g) in a Centricon 10" microconcen- drying.
a b
18 10 Dac gII EAPVTFTVEKGSDEKNLALSIKYNKEGDSMAEVELKEHGSNEWLAL
GAGGCCCCCGTGACCTTCACGGTGGAGAAGGGTTCCGACGAGAAGAACCTGGCG 541 Lolp II A m e B e e e
E A P v T F T VvV E K G $§ D E K N L A A
Lol p 111 PR E ey B == ——=~TERP= M iy RQ——-E-—-EPM
20 30 Lolp ¢ DT PR e NPNY--ILV--VDGDGDVVA-DI—-—-K-KDK-IE-
CTGTCGATCAAGTACAACAAGGAGGGCGACTCCATGGCGGAGGTGGAGCTCAAG 108 A T
L S I K Y N K E G D S M A E V E L K ¢(starting from amino acid 144)
40 50
GAGCACGGCTCCAACGAGTGGCTCGCCCTGAAGAAGAACGGCGACGGCGTGTGG 162 pyeyll  KKNGDGVWEIKSDKPLKGPFNFREVSEKGMRNVEVDVVPADFKVGT
E H G S N EWTZLA ATLT KK KNG D G V W LOLPIL  mm i imainindel
D
60 70 Lol p I T—Kr— NE——=== A—me= P M=K G~ ————— DE-I-TA-T—--K
GAGATCAAGAGCGACAAACCGCTCAAGGGCCCATTCAACTTCCGCTTCGTCTCC 216 Lolpl  ~ESWGA-—R-DTPDK-T---TV-YTT-G-TKSEVE--I-EGW-AD-
E I K S D K©PJLZKGT PTFNTFERF V § F
80 90

GAGAAGGGGATGAGGAACGTCTTCGTAGACGTGGTTCCGGCTGACTTCAAGGTC 270

Dac g IT TYKRPEE
E K G M R N V F V DV V P A D F K V

Lolpll  —==——
Lolpll ——T——¥N
98 Lolpl S-SAK
GGCACCACCTACAAGCCCGAGGAGTAGGGCGCCGCTTCCGCCAGCCGCCGG 321
G T T Y K P E E * A A A S A S R R c
(E) Dac g Il GAGGCCCCCGTGACCTTCACGGTGGAGAAGGGTTCCGACGAGAAGAACCTG
Lol p1 7 = O~ RRBCEK -~ G~ LR~ i rmonmmmem o Bt el v
CGATCGTCGGAAGTTTTTCAATTCCTAATTTTATCTTGTCAAGGTCGTATCGTA 375
R S S EV F OQF L I L S C 0 GZ R I V Dac g Il GCGCTGTCGATCAAGTACAACAAGGAGGGCGACTCCATGGCGGAGGTGGAG
Lolpl --TA-TCT-G-G------GT-G-C-GC-A--G-GA-G---T--CC--—-= &
AATAATTGTGAGGTGCTTATATGCGTGATGAGGAGAGGCAACGCGATGTGCTTG 429
Dac g II CTCAAGGAGCAC G
N N C E VI I CVMPRERTZGNA AMTC I ac g GGCTCCAACGAGTGGCTCGCCCTGAAGAAGAACGGCGAC
Lolp I - Br===m—=r= A=G=~~ANGG=TR =~~~ RA===AG~—C~==G=~TCET=G~CA

ATTGCTAGTATCTCCATGCACCACATCTTGACTCTTGATCGGTTCTTTTTTGAT 483
Dac g Il GGCGTGTGGGAGATCAAGAGCGACAAACCGCTCAAGGGCCCATTCAACTTC
I A s I s M HH I L T L DR F F F D Lolpl -CA--C---AG----G-C-C-CC-G-TAA---G-C-—=======~ c-G--

Dac g I CGCTTCGTCTCCGAGAAGGGGATGAGGAACGTCTTCGTAGACGTGGTTCCG

GGACTCGAGATTATTTATAAAATATTCAAAATGATGTTTCAAAAACCTCGTACG §37 OV P T ~777A-AC-A-—--- S e e
G 1L E I I Y K I F KMMTPF Q K P R T Dac g Il GCTGACTTCAAGGTCGGCACCACCTACAAGCCCGAG GAGTA
Lolpl -AG-G--GG----C--A—--TT----- TCGrm B P G
AGAACTTGTATAGAGAAGGATTTCCCGCGGCGCAGCAGTTCTTCCATACCAACT 591 . . : :
Fig. 2. a) Dac g 11 ¢cDNA clone nucleotide and inferred amino
R T ¢c I E KD F P RURS S S S I P T acid sequences. Primer sequences are underlined (see also Table 1),

and position of 3" EcoRI site is shown in boldface. Position of
stop codon is indicated by asterisk and is followed by possible
& translation (in italics) of remainder of reading frame (see text).
b) Amino acid sequence homologies between Dac g 11, Lol p 11,
ACCCAGTCCTCTCGTACTAGGGTTGGCTCCTCGeAGTTCTCccccaanrte 96 Lol p 111, and Lol p 1. Dashes represent identity, and amino acids
in bold represent isoallergen differences. Gap has been introduced
in Lol p 111 sequence for maximal alignment. ¢) Comparison of
Dac g 11 nucleotide sequence with Lol p 1 (3’ coding region).

TAGCTGCCCGGCGCTGCTATTGGCATAACAACCGGTACACCATAGGTTGACCCA 645

§ denotes amino acid numbering and § denotes nucleotide numbering (of inserts)

617



Roberts et al.

RNA amplification with in vitro translation (RAWIT)

RAWIT was performed, according to modification
of the protocols described by Sarkar & Sommer (28)
and Sommer et al. (29), with a T7-linked eukaryotic
translation kit (Promega Corporation, Southamp-
ton, UK). Essentially, 1 pg purified PCR product
was used in a 25-ul reaction volume containing
12.5 pl TNT lysate, 1 pl buffer, 0.5 pl TNT RNA
polymerase, 0.5 pl amino acid mix minus leucine,
0.5 ul RNAsin, 6.5 ul SDW, and 2.5 pl "*C-leucine
(50 pCi/ml~") (Amersham International plc). Reac-
tions were incubated at 30°C for 90 min, and la-
belled translation products were assessed by elec-
trophoresis of 10-pl aliquots in 179 cross-linked
SDS-PAGE (14). Gels were dried and subjected to
autoradiography for up to 7 d at room temperature,
with Hyperfilm §-max film (Amersham International

ple).

Nucleotide sequencing

Direct nucleotide sequencing of PCR products was
performed as previously described (23). Thus, 2 pl
sequencing primer, 2.5 pl concentrated PCR frag-
ment, 1 pl 6 X reaction buffer (240 mM Tris/HCI pH
7.0, 150 mM MgCl,, 300 mM NaCl, and 609, v/v
dimethyl sulphoxide (DMSQ)), and 0.5 ul single-
stranded binding protein (SSB) (United States Bio-
chemicals) were mixed and heated to 96° C for 3 min.
Amounts of 1 ul 100 mM dithiothreitol and 1 pl *3S-
dATP-0S (10 nCi/ul ") (Amersham International
plc) were then added, mixed, and immediately fro-
zen in liquid nitrogen. Each reaction tube was re-
moved in turn, and when the mix was almost thawed,
2 pl of Sequenase® V2.0 (United States Biochemi-
cals) previously diluted 1 in 8 in SDW was added.
After mixing, 2-pl aliquots were immediately added
to 2 pl of each of the four termination mixes, previ-
ously made 109, for DMSO. These were incubated
for 5 min at 37°C, after which 2 pl chase mix (con-
taining 0.25 mM dNTPs, 150 mM NaCl, and 109,
DMSO) was added, and reactions were incubated
for a further 15 min before the reactions were
stopped. Proteinase K was then added (0.2 pg/ul ")
and incubated at 60°C for 20 min. Extension termi-
nation products were separated under denaturing gel
electrophoresis in urea/polyacrylamide (27) and sub-
jected to autoradiography overnight with Hyperfilm-
B-max (Amersham International plc) at room tem-
perature.

Sources and extraction of RNA

Total RNA was extracted from frozen Dactylis grass
heads (collected at or after antherogenesis) and pol-
len (Greer Labs, NC, USA) by grinding the tissue in

618

a pestle and mortar, chilled with liquid nitrogen.
Extraction buffer (50 mM Tris pH 9.0, 0.2 M NaCl,
1.0 mM EDTA, 1.0% SDS) was added, and grass
heads were homogenized on ice for 4 x 10 s. The
resulting homogenate was mixed with 5ml acid
phenol/chloroform/isoamyl alcohol (25:24:1), soni-
cated on ice for 4 x 20 s, mixed by hand for 5 min,
and then centrifuged at 7650 g for 15 min at 4°C.
The aqueous phase was removed and was re-
extracted three more times. RNA was precipitated
overnight with 0.5 ml 3 M NaOAc, 10.0 ml 100%,
EtOH, at —20°C. After centrifugation at 7650 g for
20 min at 4°C, RNA pellets were washed with 709,
EtOH, resuspended in 2 ml of diethyl pyrocarbonate
(DEPC)-treated water, and precipitated overnight
with 2 ml of 4 M LiCl at approximately 1°C. Pre-
cipitated RNA was centrifuged at 7650 g for 30 min
at 4°C, resuspended in 1 ml of DEPC-treated water,
and precipitated with 1 ul 20 mg/pl glycogen, 0.5 vol
3 M NaOAc, and 2 vol EtOH on dry ice for about
2 h. RNA was pelleted by centrifugation at 8000 g
for 30 min at 4°C, washed with 709, EtOH, and
resuspended in 20 pul of DEPC-treated water.
Total RNA was also obtained from a maize in-
bred line by a previously described method (13).

Northern blotting

After electrophoretic separation on 1.29%, formalde-
hyde agarose gels, RNAs (20 pg) were blotted onto
Hybond N membrane (Amersham International plc)
(27). PCR products generated with primers D222
and D223 (full insert), D222 and D2352 (5" half of
insert), and D223 and D2351 (3’ half of insert)
(Fig. 1) were purified by Gene Clean™ (full insert)
or the MERmaid™ purification procedure. Probes
(50 ng) were radiolabelled with o-**P-dCTP (10 pnCi/
pl ") (Amersham International plc) by the random
primer method (7) and used in Northern hybridiza-
tionin 5 x SSPE, 19, blotto, 0.5% SDS, and 200 ug/
ml salmon testis DNA at 65°C for 18 h. After washes
at 0.1 xSSC 0.1% SDS, filters were exposed to
Hyperfilm-MP (Amersham International plc) for
2-24 h. Control hybridizations were performed with
either the pollen-specific probe Zmcl13 (12) or a
wheat ribosomal probe (10) to show that equal RNA
loadings had been achieved.

Results

Nucleotide sequencing

The nucleotide sequence of clones 7.8, 8.1, and 8.3
was obtained by dideoxy sequencing of PCR-
amplified inserts in both directions with primers de-
signed to give overlapping sequence data (Table 1
and Fig. 1). The complete nucleotide and inferred
amino acid sequence of recombinant Dac g II are
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shown in Fig. 2a. The insert contains 693 bp con-
taining restriction sites for Pvu I and Pst I flanked by
a 3’ EcoRI site but which lacked the 5 EcoRI site
used in the original cloning procedure (33). This is
consistent with the inability to remove the insert by
restriction of the vector with EcoR1 (unpublished
results). The insert also contains an open reading
frame encoding a 98-amino-acid polypeptide. Com-
parison of the inferred amino acid sequence of this
98mer with the amino acid sequences of Lol p I (from
residue 144), Lol p 11, and Lo/ p 111 (Fig. 2b) shows

Nucleotide sequence of Dac g 11
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Fig. 3. a) Northern blot hybridization with 20 pg total RNA iso-
lated from 5-day-old maize (Zea mays) seedling root (R), pollen
(P), and leaves (L) probed with 1) full-length allergen clone 7.8;
2) stripped and reprobed with pollen-specific ZMc13 probe; 3) 3’
region of allergen clone 7.8. Positions of RNA ladder are indi-
cated. b) Northern blot hybridizations with 20 pg total RNA iso-
lated from cocksfoot grass (Dactylis glomerata) anthers (A) probed
with 1) full-length allergen clone 7.8 and 2) 3" region of allergen
clone 7.8. Positions of RNA ladder are indicated. ¢) Northern blot
hybridizations with 20 pg total RNA isolated from cocksfoot grass
(Dactylis glomerata) pollen (P) probed with 1) full-length allergen
clone 7.8, 2) 3’ terminal fragment, and 3) 5’ terminal fragment.
Positions of RNA ladder are indicated.

that this portion of the insert exhibits maximum ho-
mology (>90%, accounting for isoallergen differ-
ences) with Lol p 11. These amino acid differences
may be accounted for by single (E—» A, S— A, N—-D)
or double (T— E, V- D) base substitutions. The pre-
dicted amino acid sequence of this open reading
frame portion of the inserts exhibits approximately
609, homology with Lol p 1II, and approximately
329 homology with the C-terminal portion of Lo/ p
I (Fig. 2b), while there is approximately 609, homol-
ogy with Lol p 1 at the nucleotide level (Fig. 2c).
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Of the remaining 3’ terminal half of the insert,
database searching of GenBank with the Wisconsin
Computer Groups GCG (version 7.0) package (pro-
gram FASTA) (4) revealed that the 3’ proximal
190 bp exhibited almost complete identity with part
of the sequence (bases 3780-3970) of maize (Zea
mays) (GenBank accession no. K01868), Oenothera
bertiana (bases 3210-3400: accession no. X02559),
and wheat (Triticum aestivum) (bases 3710-3900:
accession no. M37274) mitochondrial 26S riboso-
mal RNA (data not shown). This homology is fur-
ther demonstrated by Northern blot hybridization of
radiolabelled PCR-derived insert fragments with
maize RNA isolated from pollen and 5-day-old seed-
ling root and leaf (Fig. 3a), and Dac g RNA isolated
from grass head (Fig. 3b) and pollen (Fig. 3c). Thus,
full-length and 3" terminal half insert fragments hy-
bridized to many transcripts, ranging in size from 0.2
to 3.5 kb, although the intensity of autoradiographed
bands varied depending upon the tissue source of
RNA (compare Figs. 3b and c¢). In contrast, the 5’
terminal half of the insert (corresponding to open
reading frame for Dac g II) hybridized to only a
single transcript band (about 800 bp) in RNA from
Dac g pollen (Fig. 3c), which was also detected by
the 3’ terminal and full-length probes. The Dac g 11
(5" terminal half) probe did not recognize larger
transcripts detected by a Lol p 1 specific PCR-
generated probe, although transcripts of this size
were also detected by full-length and 3’ terminal half
probes (data not shown).

In vitro translation of insert subfragments

Subfragments of the cDNA clones were generated
by PCR with a 5’ terminal T7 polymerase adaptor
modified forward primer (D2308) in combination
with reverse primers hybridized to different portions
of the insert (Figs. 1 and 4a). In vitro translation of
these subfragments in a T7-linked eukaryotic trans-
lation system confirmed the location of the transla-
tional stop codon identified by nucleotide sequenc-
ing. Thus, PCR products generated by D2308 in
combination with D2352, D2057, and D223 (hy-
bridizing at or downstream of the stop codon) all
generated a 10—12-kDa polypeptide, as determined
by SDS-PAGE/autoradiography of incorporated

Fig. 4. a) 1%, agarose separation of PCR products (10 pl) gener-
ated from cDNA clone 8.1 with primers 1) D222+ D223,
2) D2308 + D223, 3) D2308 + D2057, 4) D2308 + D2352, and
5) D2308 + D2806 (see Fig. 1). Positions of 123 bp markers are
indicated. b) Autoradiograph of '*C-leucine-labelled in vitro trans-
lation products, separated by 17% cross-linked SDS—-PAGE,
using 1) positive control luciferase plasmid DNA, 2) negative con-
trol (no DNA template) and PCR products generated with prim-
ers,3) D2308 + D223,4) D2308 + D2057, and 5) D2308 + D2352.
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“C-leucine (Fig. 4b, lanes 3-5). In contrast, PCR
products corresponding to the 5’ half of the ORF
portion of the insert, generated by D2308 in combi-
nation with D2806, gave an expected 6-7-kDa-
labelled polypeptide (Fig. 4c, track 3).

Discussion

Cloning of full-length transcripts of Lol p 1 (11, 22)
and Lol p V/IX (31) allergens has confirmed the
presence of isoallergens among grass pollen aller-
gens, and sequence and cell targeting differences
suggest that these represent separate gene family
members. Similar isoallergenicity has been described
for group V/IX proteins from other grass (15, 20, 30)
and weed species. These data have a bearing on
immunotherapy since they may reflect differences in
the timing of the appearance of specific allergen gene
products expressing similar or dissimilar epitopes.
Lol p 1 and Dac g 11 have been shown to be cross-
reactive, both being recognized by cross-reactive
human and rabbit antibodies (25). Furthermore, with
recombinant Dac g 1l fusion proteins, it is possible
that group II allergens are increased in recognition
after allergoid immunotherapy (25).

The data presented here clearly demonstrate a
remarkable degree of conservation in sequence be-
tween group 11 allergens from Dac g and Lol p, and
a consequently high degree of similarity with Lo/ p 1
and 11T (2, 3, 11, 22). It is interesting to note that Dac
g II ¢cDNA encodes 98-amino-acid residues rather
than the 97 amino acids described by peptide se-
quencing of Lol p II and III (2, 3). The sequence of
Dac g 11 is consistent with expression of similar pu-
tative T-cell epitopes on Lol p 1, 11, and 111 and the
consequent immunologic similarities between these
molecules (1, 5, 6).

There are, however, several unusual features in
these Dac g 11 encoding clones. Expression in E. coli
leads to generation of a 24-kDa polypeptide (33)
despite the presence of a translational stop codon
recognized by eukaryotic in vitro translation experi-
ments (Figs. 4b and c). This cannot be explained by
E. coli reading of the UAG codon as glutamine by
SupE " amber suppressor mutations within the host,
since the lysates were prepared in the SupE ™~ host
strain Y1090 (27). It is possible that the stop codon
is obscured by significant secondary structures in
this portion of the sequence because of locally high
concentrations of G and C bases. Indeed, sequenc-
ing reactions exhibited a high degree of compression
in this region (data not shown). It is conceivable that
this leads to expression of a polypeptide including
the residues shown in italics in Fig. 2a. We are cur-
rently addressing these questions by the RAWIT
approach to generate C-terminal fragments with T7-
promoter modified primers, on the basis of hybrid-

Nucleotide sequence of Dac g II

ization to a site immediately downstream of the stop
and staggered to read on each of the three possible
reading frames.

The addition of nonallergen fusion partner se-
quences to the 5" and particularly the 3" end of Dac
g Il is likely to have substantial impact upon the
tertiary structure of the expressed allergen polypep-
tide. Similar conformation effects have been de-
scribed with different fusion protein partners linked
to recombinant grass pollen allergens (22, 31). Con-
formational modification of Dac g II expressed in
E. coli may account for its apparently increased re-
activity with IgE in sera from grass pollen immuno-
therapy patients, mimicking the “denatured” con-
formation of group II allergens in the allergoid
preparations. Such an altered reactivity may not be
detectable in assays using essentially native allergen
preparations, but it could have important implica-
tions for grass pollen immunotherapy efficacy. This
is currently being addressed by optimization of the
RAWIT technique to allow immunoreactivity stud-
ies to be performed on recombinant polypeptide
fragments. Furthermore, the RAWIT system de-
scribed here may be used in rapidly generating small
quantities of Dac g 11 subfragments, analysis of which
may aid in the targeting of certain regions for site-
directed mutagenesis in order to define the molecu-
lar basis of B-cell epitope expression.

The high degree of sequence homology of the 3’
terminal portion of these cDNA clones with maize
mitochondrial 26S rRNA is surprising, but it is con-
firmed by the hybridization of radiolabelled subfrag-
ments of these inserts in Northern blot analysis
(Fig. 3). It is possible that these inserts represent
highly unusual recombination events occurring dur-
ing initial cDNA preparation with mRNA contain-
ing substantial amounts of copurified rRNA, and do
not therefore represent true Dac g 11 transcripts. The
loss of the 5" EcoR] site used for initial insertion of
the DNA and the lack of a polyadenylation signal in
the 3’ half of the transcript provide circumstantial
evidence that these recombination events occurred
during cloning into Agtl1, since there is no evidence
of an internal EcoRI site at or near the junction
between the Dac g 11 and the rRNA sequence
(Fig. 2a). It is also noteworthy that these cDNA
clones were isolated from a library generated from
anther, rather than pollen, mRNA (33), and there
are differences in expression of ribosomal RNA
transcripts between pollen and anther.

Northern blot probing with intact inserts and sub-
fragments suggests that the 5’ end of these Dac g 11
transcripts may be incomplete, since an approxi-
mately 800-bp transcript is detected in Dac g pollen
RNA (Fig. 3¢). That this band (or comigrating tran-
scripts) is also detected by the full-length and 3’
region of the allergen clones used in this study may
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be interpreted as supporting both views of the origin
of these inserts; that is, that they arose by recombi-
nation events involving copurified ribosomal RNA
transcripts, or that they represent original transcripts
which have portions of the noncoding sequence bear-
ing homology to ribosomal RNA sequences.

Combined with the sequence data, the Northern
blot studies do, however, suggest that group II, and
possibly group IlI, grass pollen allergens are en-
coded by a gene or gene family distinct from that
encoding major (groups I and V/IX) allergens, and
that these allergens are differentially expressed in
anther and pollen with differing in vivo functions.
Similar differences in cellular function and tissue
expression have been previously demonstrated for
Lol p 1 and Lol p V/IX (31).
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