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An allergen from Cynodon dactylon (Bermuda grass) pollen, Cyn d I, has been purified 
by a combination of concanavalin A-Sepharose affinity chromatography, and 
carboxymethyl-Sepharose chromatography. The allergen constitutes the major allergenic 
component of the pollen extract as observed by immunoelectrophoretic techniques, sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis, an IgE-inhibition experiment, and skin 
testing, In sodium dodecyl sulfate-polyacrylamide gel electrophoresis, Cyn d I is presented as a 
dominant 32 kd band and a minor 29 kd band, both binding IgE. Both bands are ident$ed 
by monospecific rabbit antibodies (Abs) raised against Cyn d I. These Abs only weakly 
precipitate allergens from other grass species, indicating that Cyn d I possesses some unique 
immunochemical properties. Two of four puriJied murine monoclonal Abs raised against Cyn d I 
also bind to both bands of Cyn d I, indicating that the bands represent isoallergens with sltghtly 
different immunochemical properties. All four monoclonal Abs cross-react with pollen 
components from other grass species, especially Poa pratensis and Dactylis glomerata. The 
NH,-terminal sequence corresponding to approximately 10% of the complete sequence was 
determined, and it revealed high homology to the corresponding sequence of the major 
allergen of Lolinm perenne, Lo1 p I. From the amino acid composition determination and 
immunoelectrophoretic comparison, the amount of Cyn d I in the source whole-pollen extract 
was estimated to be 15% wtlwt. (J ALLERGY CLIN IMMUNOL 1991;88:763-74.) 
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The allergenic composition of Cynodon dactylon 
(Bermuda grass) pollen extracts has been investigated 
in several studies. 1-S In different populations of grass- 
allergic individuals, the importance of one allergenic 
component in the extract was noticed. In an early 
study with gel filtration and IEC, Orren and Dawdle’ 
isolated an allergenic fraction that contained a 30 kd 
protein (BGP-1) and elicited a skin reaction in all 
studied South African subjects sensitive to the crude 
extract. With immunoblotting, Ford and Baldo’ iden- 
tified a 34 kd component (component 9) that bound 
IgE in all 44 investigated Australian sera, and in a 

similar study, Shen et a1.3 identified a 32 kd compo- 
nent that bound IgE in 16 of 21 Chinese sera. In an 
immunoelectrophoretic study, we identified a 32 kd 
allergen (Ag 34/35) that bound IgE in 31 of 32 sera 
from Cynodon dactylon-sensitized American individ- 
uals,4 and in another similar study, this allergen was 
demonstrated to bind IgE in all sera from 20 Danish 
grass-allergic subjects. ’ 

We present, in this study, a procedure to isolate 
this major allergen of Bermuda-grass pollen, Cyn d 
I, and a study of physicochemical and immunochem- 
ical characterization. Short accounts of this work have 
been published elsewhere.6z ’ 
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MATERIAL AND METHODS 
Pollen extracts 

Pollens from Cynodon dactylon, 10 other grasses, and 
birch were obtained from Allergon AB (Uppsala, Sweden) 
as dried defatied material. According to the manufacturer’s 
certificates, the Cynodon aizctylon pollen samples contained 
approximately 99% pure pollen grains and approximately 
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Abbreviations used 
Cynd: Cynodon dactylon (Bermuda grass) 

pollen extract 
Alop: Alopecurus pratensis (foxtail) pol- 

len extract 
Dacg: Dactylis glomerata (orchard grass) 

pollen extract 
Hall: Holcus lanatus (velvet grass) pol- 

len extract 
Lolp: Lolium perenne (ryegrass) pollen 

extract 
Pasn: Paspalum notatum (Bahia grass) 

pollen extract 
Phlp: Phleum pratense (timothy) pollen 

extract 
Phrc: Phragmites communis (reed) pol- 

len extract 
Poap: Poa pratensis (June grass) pollen 

extract 
&cc: Secale cereale (cultivated rye) pol- 

len extract 
Sorh: Sorghum halepense (Johnson 

grass) pollen extract 
Betv: Betula verrucosa (birch) pollen ex- 

tract 
Cyn d I: Group I allergen of Cynd pollen 
Lo1 p I: Group I allergen of Lolp pollen 

anti-Cynd: Polyspecific rabbit antibodies 
against Cynd 

anti-Cyn d I: Monospecific rabbit antibodies 
against Cyn d I 

anti-Lo1 p I: Monospecific rabbit antibodies 
against Lo1 p I 

Ab: Antibody 
MAb: Monoclonal antibody 

Cdl 1, CdI2, Monoclonal antibodies against 
CdI3, Cd14: Cyn d I 

Con A: Concanavalin A 
PI: Isoelectric point 

MW: Molecular weight 
RIE: Rocket immunoelectrophoresis 

RRIE: Rocket radioimmunoelectropho- 
resis 

IE: Immunoelectrophoresis 
CIE: Crossed immunoelectrophoresis 

CRIE: Crossed radioimmunoelectropho- 
resis 

FRIE: Fused rocket immunoelectropho- 
resis 

LIA: Luminescence immunoassay 
SDS-PAGE: Sodium dodecyl sulfate-polyacryl- 

amide gel electrophoresis 
IEC: Ion exchange chromatography 
CM: Carboxymethyl 

PMP: Paramagnetic particles 
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1% other plant parts from the flowers of the same grass. 
Detectable foreign pollens constituted <OS%. The pollens 
were stored dry at -20” C until use and extracted as de- 
scribed earlier.4s ’ 

The pollen extracts from plant species other than Cynodon 
dactylon were prepared in an identical way for use in cross- 
reactivity studies. The studied plant species and the corre- 
sponding extract names are presented in the abbreviation 
list. 

Polyclonal rabbit Abs 
Polyspecific rabbit Abs raised against Cynd, anti-Cynd, 

were the same as in an earlier study.4 Monospecific Abs 
against Cyn d I were raised by immunizing two rabbits, 
each receiving a monthly injection of 1 pg of purified al- 
lergen in Freund’s incomplete adjuvant; anti-Cyn d I Abs 
were purified from serum after three bleedings.‘. ’ Mono- 
specific Abs against Lo1 p I, anti-Lo1 p I, were prepared in 
a similar way, as reported earlier.5 

Murine MAbs 
Four MAbs, CdIl, Cd13, and Cd14, were obtained 

after immunization of one BALB / c mouse according to the 
following immunization protocol: intraperitoneal immuni- 
zation with 50 p,g of Cyn d I adsorbed to 100 kg of Al(OH), 
was performed three times. One month later, the mouse was 
boosted intraperitoneally, and 3 days later, the spleen was 
removed. Spleen cells were fused with X-63 Ag 8.6.5.3 
myeloma cells essentially as described by KGhler and Mil- 
stein.9 

The cultures were grown in RPM1 1640 with 10% fetal 
calf serum. Supematants were tested by ELISA for reactivity 
toward Cyn d I with anti-Cyn d I-coupled Cyn d I as catching 
layer and alkaline phosphatase-labeled antimouse immu- 
noglobulin (D314, Dakopatts A/S, Glostrup, Denmark) as 
detection layer. Hybrids reacting positively were cloned and 
recloned by limiting dilution until all wells derived from 
single cells were positive. 

MAbs were affinity purified from ascites on protein G 
columns (Pharmacia Diagnostics, Uppsala, Sweden) by elu- 
tion with 0.1 mol/L of glycine buffer (pH 1 l), as described 
by the manufacturer. The purity of the Abs were tested in 
the PhastSystem technique (Pharmacia Diagnostics) by iso- 
electric focusing in polyacrylamide gels according to the 
manufacturer. Subclasses were determined by the Ouchter- 
lony technique” with rabbit antimurine Abs against IgM Fc 
fraction, IgA Fc fraction, IgGl , IgG2,b, and IgG3 (Nordic 
Immunology, Tilburg, The Netherlands). The four MAbs 
were characterized as follows: CdIl (IgGl), p1 = 7.2; Cd12 
(IgGlL PI = 8.5; Cd13 (IgGl), p1 = 6.6; and Cd14 (IgGl), 
PI = 7.4. 

The concentration of MAbs in the protein G affinity- 
purified fraction was estimated by ultraviolet absorption at 
280 nm and interpolation on a standard curve prepared from 
similar measurements of bovine IgG (Sigma Chemical Co., 
St. Louis, MO.) in seven concentrations from 10 pglml to 
10 mg/ml. 
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Serum pools and skin testing 

A serum pool consisting of sera from 32 American grass 
pollen-sensitized individuals4 was used for allergen detec- 
tion after IE and immunoblotting and used in an IgE- 
inhibition experiment. 

Skin prick tests were performed with seven grass-pollen 
extracts: Cynd, Cyn d I, and pollen extracts of Bromus, 
Bouteloua, Lolium, Phleum, and Sorghum spp (1:20 
wt / vol in 50% glycerol, Hollister-Stier Laboratories, 
Spokane, Wash.). The amount of Cyn d I in Cynd and 
the Cyn d I preparation were equilibrated in RIE -with anti- 
Cyn d I. Skin tests were performed on 49 patients resident 
in Arizona, who were probably allergic to grass pollens on 
the basis of clinical criteria. All patients had a wheal re- 
sponse of at least 5 mm to histamine phosphate (0.55 
mg/ml in test solution). 

IE and SDS-PAGE 

Analyses with CIE, CRIE, RIE, RRIE, and FRIE were 
performed at pH 8.6, with 1% agarose gels (type HLA, 
Litex, Copenhagen, Denmark) as described earlier.“, ‘I Elec- 
trophoresis in SDS-PAGE, electroblotting into nitrocellulose 
paper, and IgE immunoblotting were performed exactly as 
described ear1ier.j. ’ 

Detection of specificity of rabbit anti-Cyn d I on SDS- 
PAGE electroblots (IgG immunoblotting) was performed as 
follows: electroblots were incubated overnight with 0.5 pl 
of rabbit antiserum diluted 1: 100,000 vol/vol in incubation 
buffer (0.05% Tween 20 in 0.05 mol/L of Tris and 0.15 
mol/L of NaCl, adjusted to pH 10.3), followed by three 
washings in incubation buffer, followed by a 3-hour incu- 
bation in alkaline phosphatase-conjugated swine antirabbit 
IgG Abs (D306, Dakopatts A/S) diluted 1: 1000 vol/vol in 
incubation buffer. The blots were developed by use of 
freshly prepared alkaline-phosphatase substrate (0.11 
mmol! L of nitroblue tetrazolium, 0.14 mmol/L of 5-bromo- 
4-chloro-3-indolylphosphate, and 3.6 mmol/L of MgCl, in 
0.1 mol /L of ethanolamine buffer, adjusted to pH 9.6). 

Detection of specificity of murine MAbs on SDS-PAGE 
electroblots was performed as for rabbit antisera, however, 
with the following changes: the amount of Abs were adjusted 
to 20 pg per sample, and detection of binding was done 
with alkaline phosphatase-conjugated rabbit antimurine im- 
munoglobulin (D3 14, Dakopatts A/S), diluted 1: 1000 
vol I vol in incubation buffer. 

MW markers were composed of some of the following 
proteins: Escherichia colt’ B-galactosidase subunit, 116 kd; 
rabbit muscle phosphorylase b subunit, 97 kd; bovine serum 
albumin, 66 kd; ovalbumin, 43 kd; rabbit glyceraldehyde- 
3-phosphate-dehydrogenase, 36 kd; bovine erythrocyte car- 
bonic anhydrase, 29 kd; soybean trypsin inhibitor, 20 kd; 
chicken-egg lysozyme, 14.4 kd; a-lactoglobulin, 14.2 kd 
(all from Sigma Chemical Co.). 

Purification of Cyn d I 

Nine batches of Cyn d I were purified from Cynd by a 
combination of Con A-Sepharose chromatography and IEC. 

Pollen extract (between 30 and 300 mg of Cynd), dis- 
solved in acetate buffer (pH 5.0; I = 0.05), was applied 
on a column with Con A-Sepharose (Pharmacia Diagnostics, 
8 mg of Con A per milliliter of gel; gel volume, 0.1 
ml/mg of extract). The extract was eluted with methyl-a- 
D-glucopyranoside (Sigma Chemical Co.) in two or three 
steps of succeeding concentrations (0.001,0.005, and 0.100 
mol/L wt/vol in acetate buffer, pH 5 .O, with 0.001 
mol/L MnCl,, MgCl,, and CaCl,); first step might be omit- 
ted (Fig. 1). In each step, approximately four column vol- 
umes were applied, and fractions of 1 to 5 ml were collected 
and investigated in FRIE. The 0.005 mol/L fraction con- 
taining Cyn d I was pooled, dialyzed, and lyophilized. 

This Cyn d I-enriched fraction, corresponding to 10% to 
15% wt/wt of the applied pollen extract, was dissolved in 
acetate buffer (pH 5.0; I = 0.05) and applied on a CM- 
Sepharose column (Pharmacia Diagnostics; gel volume, 0.3 
ml/mg of enriched extract). Elution of extract was per- 
formed by increasing the ionic strength with acetate from 
0.05 to 1.00 in variable steps (Fig. 1). Fractions of 1 ml 
were collected and tested in FRIE. Fractions eluted with 
ionic strength 0.010 to 0.015 contained Cyn d 1 and were 
pooled, dialyzed, and lyophilized. In this fashion, an 
amount of 1 .O% to 1.5% wt/ wt of the applied pollen extract 
was isolated as Cyn d I and used for Ab manufacturing, 
inhibition experiments, and physicochemical analysis. 

LIA-inhibition experiment 

Test of allergenicity of Cyn d I was done with an LIA 
for specific IgE (Ciba Coming Diagnostics, Boston, Mass.), 
earlier described in principle. * 

Briefly, Cynd extract was covalently coupled to micro- 
scopic PMPs and used as solid phase in an inhibition ex- 
periment. Serum pool (25 p.1, 1:4 dilution in water) was 
inhibited with Cynd (25 ~1, concentrations ranging from 
1000 to 0.001 pg/ml) or with equal amounts of purified 
Cyn d I (as measured in RIE with anti-Cyn d I) and incubated 
with Cynd-coated PMP. Free and bound IgE were mag- 
netically separated, and noninhibited IgE was detected in a 
luminometer (Magic Lite analyzer, Ciba Coming Diagnos- 
tics) with a monoclonal anti-IgE (ALK Laboratories, Hor- 
sholm, Denmark) coupled to the chemiluminescence re- 
agent, acridinium ester. ‘* 

NH,-terminal sequence 

The NH,-terminal amino acid sequence of the affinity- 
purified and lyophilized Cyn d I was determined on a 477 
pulsed liquid-phase proteimpeptide sequencer in combi- 
nation with a 120A high-performance liquid chromatogra- 
phy on-line phenylthiohydantoin amino acid analyzer (Ap- 
plied Biosystems, Foster City, Calif.) according to the 
method of Hunkapillar et alI3 

The ammo acid composition was determined after deriv- 
atization with o-phtaldialdehyde, as described by Barkholt 
and Jensen4; prevention of reduction of cysteine during 
hydrolysis was done by derivatization with 3,3’-dithiopro- 
pionic acid. The content of tryptophane was not determined. 
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FIG. 1. Two-step purification of Cyn d I. A, FRIE analysis of 84 fractions from first-step column 
(Con A-Sepharose). B, FRIE analysis of 84 fractions from second-step column (CM-Sepharose); 
changes of elution buffers (A); concentrations of methyl-cu-o-glucopyranoside and ionic strength, 
respectively, as indicated. Fractions between blacksolidlines were pooled; blackarrows indicate 
the Cyn d I precipitates. In both FRIE, 14 ~1 of each fraction was applied in wells against 8.3 
PI/cm’ of anti-Cynd; electrophoresis for 16 hours at 2 V/cm after fractions were allowed to fuse 
for 1 hour. 

JLTS 

allergen, Cyn d I, has been isolated from 
pollen by a combination of Con A affinity 

natography and IEC (Fig. 1). The purity was 

examined in CIE/CRIE and in SDS-PAGE 
troblots. 

With Abs raised against whole pollen extract 
Cynd), the purified Cyn d I is revealed as a 

(anti- 
well- 
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FIG. 2. Examination of purity and IgE-binding capacity of Cyn d I in CIE/CRIE. A, CIE with 15 pg 
of Cyn d I against 12.8 t.d/cm* of anti-Cynd. B, CRIE, autoradiography of A. C, CIE with 75 pg of 
Cynd against 12.8 pl/cmz of anti-Cyno’. D, CIE as in C, but with 20 r.d/cm* of anti-Cyn d I in the 
intermediate gel. Black arrows illustrate proposed 32 kd component of Cyn d I; white arrows 
illustrate proposed 29 kd component; first dimension electrophoresis for 30 minutes at 10 
V/cm; second dimension electrophoresis overnight at 2 V/cm. 

defined IgE-binding anodic precipitate in CIEI CRIE 
(Fig. 2). In CRIE, a weak IgE binding contaminant 
with the same migration is also observed; this pre- 
cipitate is not blue stained in CIE. In SDS-PAGE gold- 
stained electroblots, the prepared Cyn d I is revealed 
as a major 32 kd band with a minor band at 29 kd 
(Fig. 3). Artifact bands from oxidized dithiotreitol in 
the buffer are also present.15 The 32 kd band corre- 
sponds to the dominant band in Cynd, and it binds 
IgE in a serum pool from grass pollen-allergic in- 
dividuals . 

The IgE-binding properties of Cyn d I was also 
examined in an IgE-inhibition experiment (Fig. 4). 

In this modified LIA with Cynd as solid phase, IgE 
from a serum pool of Cynd-sensitized individuals was 
inhibited with Cynd and Cyn d I (Fig. 4). Cyn d I 
was examined in amounts corresponding to the 
amounts of Cyn d I in Cynd, as estimated in RIE. 
The inhibition capacity of the Cyn d I preparation was 
80% of the inhibition capacity of Cynd, as judged 
after parameter estimation (SigmaPlot version 4.04, 
Jandel Scientific, Corte Madera, Calif.). 

The same two preparations were also investigated 
by skin testing of proposed grass pollen-sensitized 
individuals from Arizona. Of 49 investigated patients, 
30 responded to at least one grass-pollen extract, 27 
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FIG. 3. Examination of purity and verification of IgE bind- 
ing capacity of Cyn d I in SDS-PAGE. A, Gold-stained blot. 
B, IgG immunoblot with anti-Cynd. C, IgE immunoblot 
with pool of sera. Applied probes: 1, 3 pg of Cynd; 2, 0.5 
pg of Cyn d I; M, Mixture of markers. Whitearrows identify 
a gold-blotting artifact and a band at 66 kd, which is due 
to the reduction reagent in sample buffer. 

responded to Cynd, and 20 patients responded to the 
Cyn d I preparation (Table I). Wheal responses of at 
least 5 mm were regarded as positive responses. All 
patients that responded to Cyn d I also responded to 
Cynd. The responses to Cyn d I were always smaller 
than responses to whole-pollen extract, and there is a 
statistically significant relationship between respon- 
siveness to Cynd and to Cyn d I (p = 0.0003). 

Monospecific rabbit Abs against Cyn d I, anti- 
Cyn d I, identify the major 32 kd allergen from 
Cynd pollen from previous immunoelectrophoretic 
studies4* 5, I6 (Fig. 2). Cross-reactivity of anti-Cyn d I 
to components in pollen extracts from other grasses 
than Cynd was investigated in RIE (Fig. 5). Although 
Cyn d I is easily precipitated with anti-Cyn d I, similar 
allergens from the other grass pollens are only very 
weakly precipitated. The strongest cross-reactivity 
was detected to components in Dacg, Lolp, Phlp, 
and Poap. In comparison, similar monospecific rabbit 
Abs against Lo1 p I, anti-Lo1 p I,5 easily precipitates 
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allergenic components from other grasses. However, 
anti-Lol p I does not precipitate Cyn d I. 

Four murine MAbs, CdIl , CdI2, CdI3, and 
Cd14, were also raised against Cyn d I. Together 
with rabbit anti-Cyn d I, these Abs were studied in 
SDS-PAGE IgG immunoblotting for examination of 
cross-reactivity to pollen proteins from other grass 
species (Table II). Anti-Cyn d I and the four MAbs 
all identify the major allergenic component of Cynd 
pollen from earlier immunoblot studies. *. 3, ’ Although 
CdIl and Cd12 only identify this 32 kd component, 
anti-Cyn d I, Cd13, and Cd14 also bind to the 29 
kd component (Fig. 6). 

In IgG immunoblots, all the Abs raised against 
Cyn d I bind group I components from other grasses. 
Rabbit anti-Cyn d I binds group I components (MW 
28 to 35 kd) in all studied extracts with the possible 
exception of Phl p (Table II). CdI 1 binds to the group 
I components in Alop, Dacg, Paw, Phrc, and 
Poap; Cd12 binds to the group I components in 
Dacg, Lolp, and Poap; and Cd13 and Cd14 
(Fig. 6) bind group I components from Alop, 
Dacg, Phlp, Paop and Sect (Table II). 

The NH*-terminal sequence of Cyn d I has been 
determined. The 27 identified amino acids correspond 
to approximately 10% of the molecule, and the se- 
quence reveals a high degree of homology to the cor- 
responding sequence of the group I allergen of Lolium 
perenne (ryegrass) pollen, Lo1 p I”, ‘* (Table III). The 
amino acid composition also reveals close similarities 
to the amino acid composition of Lol p I (Table IV). 

From the amino acid composition determination 
and a comparison of Cynd and Cyn d I in RIE with 
anti-Cyn d I, the amount of Cyn d I in whole-pollen 
extract was estimated to be 15% wt/wt. 

DISCUSSION 

The occurrence of sensitization to Bermuda-grass 
pollen in the subtropical regions of the world is well 
established. I9 In populations of grass pollen-sensi- 
tized individuals from South Africa,’ Australia,2 Tai- 
wan3 and the United States,4 the allergenic activity 
of single Bermuda grass-pollen components has been 
documented. In these studies, the importance of a 30 
to 34 kd allergen was established, and the purification 
of this allergen, Cyn d I, has been the aim of this 
study. 

After a screening of different affinity chromatog- 
raphy techniques, Con A-Sepharose affinity chro- 
matography in combination with CM-Sepharose chro- 
matography was found to be useful in purification of 
Cynodon I. The affinity of Cynodon-pollen compo- 
nents to Con A has also been noticed elsewhere. Wat- 
son et al.” found that Con A might differentiate be- 
tween Cynodon pollen and most other grass pollens 
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FIG. 4. Examination of allergenic potency of Cyn d I in LIA-inhibition experiment; Cynd as 
solid phase. Serum pool inhibited with whole-pollen extract Cyn d (0); purified Cyn d I (0); and 
Dermafophagoides pferonyssinus (0) (dust mite) extract as a negative control. Extract concen- 
trations in micrograms per milliliter. Cyn d I concentration in purified fraction is approximated 
to Cyn d I concentration in pollen extract, as described in text (Cyn d I corresponds to approx- 
imately 15% of whole-pollen extract Cyndj. Each point corresponds to the mean of a triple 
determination (standard deviations indicated by lines); dotted line is the estimated inhibition 
curve (SigmaPlot version, 4.04). 

TABLE 1. Skin test results of a group of 30 patients who responded to at least one of seven 
grass-pollen extracts, including Cynd and the Cyn d I preparation 

Cynd wheal size (mm1 

<5 5-9 IO-14 15-1s >20 Total No. 

Cyn d I wheal size (mm) 
<5 3 5 0 2 0 

5-9 10-14 

Total No. 
0 0 

3 
(neg) 

5 1 6 3 0 1 0 4 ,I 
27 

(POS) 

10 
(neg) 

20 
(pas) 

30 

Neg, Negative; pas, positive. 
Only wheal responses of 5 mm or more were regarded as positive responses. The amount of Cyn d I in the Cynodon ducfylon extracts 

were equilibrated in CIE before testing. 

with importance in allergy caused by the specific bind- Con A. For example, in both studies, the binding of 
ing of Con A to wall components in Cynodon pollen, Lo&m- or Phleum-pollen components were not ob- 
and Karlstam and Nilsson2’ found that in nine grass served. 
pollens with importance in allergy, only Cynodon and Obviously, Cyn d1 binds the lectin, Con A, whereas 
Phrugmites pollens revealed allergens that bound to other major grass-pollen allergens, like Lol p I and 
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FIG. 5. Cross-reactivity of rabbit polyclonal Abs against Lo/p I and Cyn d I in RIE. A, Anti-Lo/p 
I. 6, Anti-Cyn d I. Applied in the wells were 10 p.g of each of following grass-pollen extracts: 1, 
Alop; 2, Cynd; 3, Dacg; 4, Hall; 5, Lolp; 6, Pam; 7, Phlp; 8, Phrc; 9, Poap; 10, Sect; and 11, 
Sorh; electrophoresis against 2.9 kI/cm2 of monospecific Abs. 

Phl p V, do not. This finding indicates that Cyn d I 
contains carbohydrate with free terminai o-D-man- 
nopyranoside or a-D-glucopyranoside residues, which 
is not present or accessible in other major allergens. 

Both rabbit polyclonal monospecific Abs (anti- 
Cyn d I) and murine MAbs (C&l, CdI2, CdI3, 
and CdI4) were raised against the purified allergenic 
fraction. They were demonstrated to react specifically 
against Cyn d I in CIE (Fig. 2) and SDS-PAGE IgG 
immunoblots (Table II; Fig. 6). These Abs were used 
in the additional characterization of the allergen. 

The purity of the isolated Cyn d 1 was examined in 
CWCRIE and SDS-PAGE. By both techniques, more 
than one component is found in the isolated fraction. 
Two components of 32 kd and (much less dominant) 
29 kd are present and reveal similar immunochemical 

characteristics, as observed in SDS-PAGE immuno- 
blots with anti-Cyn d I and the MAbs. Two MAbs 
(CdIl and CdI2) were able to distinguish between 
the 32 and 29 kd components. This finding indicates 
that they constitute isoallergenic forms of Cyn d I with 
slightly different immunochemical characteristics; the 
differences might be due to differences in amino acid 
chain lengths or to different degrees of glycosylation, 
which could affect the overall structure of the protein. 
Amino acid sequence determinations were not dis- 
rupted by impurities, indicating that they are not stoi- 
chiometric dominant. 

The IgE-binding capacity of the purified Cyn d I 
was examined by four techniques with sera from grass 
pollen-sensitized individuals. In CRIE and in SDS- 
PAGE immunoblot, the IgE-binding capacity was 
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FIG. 6. Cross-reactivity of murine monoclonal anti-Cyn d I (Cdl41 in SDS-PAGE IgG immunoblot; 
5 kg of each of the pollen extracts was applied in the slits. Sequence of grass-pollen extracts 
as in Fig. 5, however, with 12, Betv, added as negative control. 

TABLE II. Cross-reactivity of anti-Cyn d I Abs to components in other grass pollens (and 
birch-pollen extract as reference), as observed in SDS-PAGE IgG immunoblots 

Pollen extract 
MW (kd) Anti-Cyn d I 

SDS-PAGE (rabbit Ab) 

cdl1 cdl2 cdl3 cd14 

(MAbs) 

Alop 
Cynd 

Dacg 

Ho11 

brp 
Pam 

Phlp 
Phrc 
Poap 

Sect 

Sorh 
Betv 

33 
32 
29 
35 
34 
34 
34 
32 
28 
34 
32 
34 
32 
33 
29 
32 
- 

+++ 
+++ 

+ 
+++ 
+++ 
+++ 
+++ 
+++ 

+ 
+ 

+++ 
+++ 

+ 
+++ 

+ 
- 

+ - 
+++ +++ 

+ +++ 
+ +++ 
- - 
- +++ 

+++ - 
+++ - 

+ - 

+++ +++ 
+++ - 

- - 

+++ 
+++ 
+++ 
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The molecular weight of anti-Cyn d I recognized components are presented. See also Fig. 6. 
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TABLE III. The NH,-terminal amino acid sequence of Cyn d I and corresponding NH,-terminal 
sequences of Lo/p I 

Cyn d I: Ala-Met-Gly-Asp-Lys-Pro-Gly-Pro-X-Ile-~-Ala-T~-Tvr-Gly-Asp-Lys-T~-~u-Asp-Ala-Lys-Ala-T~-Phe- - 
Tyr-Gly 

LoZ 1 p I: Ile-Ala-Lys-Val-Pro-Pro-Gly-Pro-Asn-Ile-T~-Ala-Glu-Tyr-Gly-Asp-Lys-T~-~u-Asp-Ala-Lys-Ser-T~-T~- - 
Tyr-Gly 

X, In the sequence of Cyn d I represents a proposed glycosylation site (presumably Asn). Sequence homologies are underlined. 
*According to Cottam et al.” and Perez et al.‘*. 

TABLE IV. The amino acid composition of 
Cyn d I* 

Mole % No. amino acids 
Amino 

acid Cyndl Lolp I Cyndl Lolp I 

AsplAsn 11.6 12.0 21 28 
Thr 4.5 1.1 11 18 
Ser 6.3 5.1 15 12 
Glu/Gln 8.6 8.5 20 20 
pro 6.9 6.8 16 16 
GUY 11.2 12.0 26 28 
Ala 8.0 6.8 19 16 
CYS 3.0 3.0 7 7 
Val 4.4 6.8 10 16 
Met 2.2 0.9 5 2 
Ile 4.8 4.1 11 11 
Leu 5.8 3.4 14 8 
5r 4.0 3.8 9 9 
Phe 3.8 3.4 9 8 
His 2.1 1.3 5 3 
LYS 10.3 11.1 24 26 
Arg 2.4 2.6 6 6 
Trp (ND) (+2.6) (ND) (6) 
Total? 100.0 100.0 234 234 

Asp/Am, aspartic acid/asparagine; ‘fhr, threonine; Ser, serine; 
GlulGln, glutamic acid/glutamine; Pro, proline; Gly, glycine; 
Ala, alanine; Cys, cysteine; Val, valine; Met, methionine; Ile, 
isoleucine; Leu, leucine; Tyr, tyrosine; Phe, phenylalanine; His, 
histidine; Lys, lysine; Arg, arginine; Trp, tryptophane; ND, not 
done. 

Tryptophane was not determined. The numbers of specific amino 
acid residues in Cyn d I were estimated assuming that the total 
number of residues in Cyn d I and Lolp I are the same (N = 240). 

*The corresponding amino acid composition of recombinant Lo1 p 
I clone 1A according to the method of Perez et a1.18 is presented 
for comparison. 

tExcluding tryptophane. 

qualitatively verified, and in an IgE-inhibition assay, 
the inhibition capacity of the purified Cyn d I relatively 
to whole-pollen extract, Cynd, was quantitatively 
examined. The in vivo activity of the purified Cyn d 
I was examined by skin testing. 

Both the IgE-inhibition assay and the skin testing 
indicate that Cyn d I possesses an important part of 

the allergenic activity of Cynd. Parameter estimations 
from inhibition curve fits (SigmaPlot version 4.0) in- 
dicate that Cyn d I constitute 80% of the IgE-binding 
capacity of the extract; the remaining 20% is inhibited 
by impurities in the preparation at concentrations 200 
times the inhibition concentration of Cyn d I. In vivo, 
20 of 27 Cynd skin test positive patients responded 
to the Cyn d I preparation. 

The amino acid composition and the NH,-terminal 
sequence of the purified Cyn d I were determined, 
and these data indicate that Cyn d I is closely related 
to Lo1 p I. Among the 27 first amino acids in the 
sequences of Cyn d I and LoZ p I, 12 residues are 
identical. The first five amino acids, however, are 
different, possibly caused by a higher genetic variance 
in the outermost NH,-terminal sequence that might 
not be important for the overall structure of the al- 
lergen. In residue No. 9 of Cyn d I, a potential gly- 
cosylation site is present, as indicated in the sequencer 
chromatograms, and this residue corresponds to an 
asparagine residue in Loi p I; thus, a potential N- 
glycosylation site is present here. 

As indicated by the NH,-terminal sequence, the 
MW of 32 to 34 kdle5 and the p1 of 6.0 to 6.8,4 
physicochemical similarities of Cyn d I and other well- 
characterized group I allergens are evident. However, 
the presence of immunochemical similarities is more 
puzzling. 

In earlier studies of the allergenic activity of whole- 
pollen extracts, extracts of Cynodon pollen were dem- 
onstrated to be poor inhibitors of IgE against other 
grasses,22-25 with the possible exceptions of Bouteloua 
and Distichlis sp~.‘~ In immunoprecipitation studies, 
rabbit antisera raised against whole-pollen extracts of 
temperate grasses did not (or only very weakly) pre- 
cipitate components of Cynodon pollen,26z *’ and stud- 
ies with rabbit antisera raised against Cynodon-pollen 
extracts”, ** demonstrated that these only very weakly 
(if not at all) did bind to pollen components of most 
other investigated grasses, with the interesting excep- 
tions of Sorghum spp” and Elymus and Koeleria spp.*’ 
In other earlier studies, MAbs raised against Lolp 
whole-pollen extract were not able to bind to com- 
ponents in Cynodon pollen.29s 3o 
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However, Standring et a1.3o did report binding of 
their rabbit anti&l p I (anti-R7) Abs to a 29 to 31 
kd components in a Cynodon-pollen extract, and Kahn 
and Marsh3r have characterized anti&f p I MAbs 
(Mab 3.2) that, although they bind very weakly, 
bind to a Cynd-pollen component in a radioimmu- 
noassay. 

The study presented here has demonstrated that 
cross-reactivity of anti-Cyn d I Abs (rabbit and 
murine) to group I allergens of other species is defi- 
nitely present. The rabbit anti-Cyn d I Abs specifically 
bind all other investigated group I allergens (Table 
II), but the binding might be rather weak, as indicated 
by the precipitates in RIE compared to the corre- 
sponding Cyn d I precipitate (Fig. 5). Murine 
MAbs also cross-react with other group I allergens, 
especially the group I allergens Dac g I and Pea p I, 
which were recognized by all four MAbs by im- 
munoblotting . 

As recently reported,5 Danish grass-sensitized in- 
dividuals reveal IgE that binds to Cynodon pollen ex- 
tract components, even though Cynodon ducfylon does 
not naturally occur in Denmark. Also, these obser- 
vations strongly suggest that Cyn d I and group I 
allergens from temperate grasses possess common IgG 
and IgE epitopes. However, when these studies are 
compared to cross-reaction studies with temperate 
grasses, the cross-reactions between anti-Cyn d I and 
other grasses are comparatively weak (Fig. 5). More- 
over, it is easy to prepare reagents against other group 
I allergens that do not, or only very weakly, recognize 
Cyn d I.“, 3’ In this study, anti-lol p I Abs do not 
recognize Cyn d I in RIE (Fig. 5). This finding dem- 
onstrates that dominant rabbit IgG epitopes on Lo1 p 
I is not present on Cyn d I. 

The observations might be explained as follows: 
Cyn d I and Lo/ p I possess some common epitopes, 
but Lol p I possesses additional epitopes not present 
on Cyn d I. When Cyn d I is used as an immunogen 
for preparation of both rabbit and murine Abs, non- 
dominant epitopes also present on Lol p I will be in 
effect; for example, in screenings for Lo1 p I-binding 
MAbs, MAbs identifying the dominant IgG epitopes 
of Lo1 p I will be more common, whereas in screenings 
for Cyn d I-binding MAbs, MAbs identifying the non- 
dominant epitopes of Lo1 p I (and Cyn d I) will be 
common. 

However, specific epitopes only present on Cyn d 
I is not excluded. The Cyn d I precipitate after CIE 
is very dense (Fig. 5), and this finding is not the case 
for other group I allergens, as earlier reported.5 Thus, 
in general, rabbits respond more strongly against 
Cyn d I than Lol p I; it is assumed that this is due to 
the fact that (Danish) rabbits are not sensitized to the 
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subtropical grass through forage and therefore rec- 
ognize Cyn d I-specific epitopes very effectively. 

Because of the physicochemical and partly immu- 
nochemical similarities to Loi p I and other group I 
allergens, the purified allergen has been referred to 
throughout this article as Cyn d I. This should be in 
agreement with the nomenclature specified by the Al- 
lergen Standardization Subcommittee of the Intema- 
tional Union of Immunochemical Societies.32 

We thank Ms. Lotte Friberg, Ms. B&it Jacobsen, and 
Ms. Helle Friese Jensen for their skilful technical assistance 
through this study, Dr. Karen G. Welinder and Dr. Arne 
Jensen, Institute of Biochemical Genetics, the University 
of Copenhagen, for the sequence analyses and the amino 
acid composition determination and James Dover, MD, 
George Makol, MD, and Uwe Manthei, MD, for skin testing 
of their patients. 
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