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A panel of 16 monoclonil anibodics (MoAD) dirccted aggainst Bermuda grass (Gyuodon
BGP, 1 majorallergenic
thelicitingantigen (Ag). Radi pitation (RIP)analysis revealed
hat 1Iu|< were at least cight antigenic components with molecular weights (MW) ranging
fromn 12 Kilodalton (12 kDa) 10 200 kDa. Bach of these components has distinet biochemical
characteristics based on sodinn dodecyl ¢ - polyacrylamide
andisoclecrric focusing (). Among thenn, Gynd BA67K and Cynd B we
Sy d BAZSK consisted of at least four isomeric components with isoelectrie points
¢ from 6.2 10 7.2, The other antigens (Cyn d BAGBK, 48K, 38K, Cyn d BA200K, Cyn d
o B025K and Gy d Bl 12K ) were allacidic proteins, The 1k binding
i afrom 1 BGP-
gosorbent (st Allbutoncofihe antigens (Cynd BA200K) were found o react with haman gl
Pallergic paticnts. Among those human Ig-binding moleeules, Cynd BA35K
mostfrequently (100f 1), followed by Cynd BASBK (of 1) and Cynd
BAAGK (7 of 11 respectively, Our results suggest that Gy d BA35K., Cyn d B, and Gy o
BA16K are major allergens of BGP, and the MoADs we obtained should e valuable tools for
further purificaiton of these allergens.
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CLINICAL ASPECTS
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ALLERGENIC COMPONENTS OF BGP DEFINED BY MOABS

Although major allergens of various grass-
pollen Ags, for example, Lolium perenne, have
been purified and well characterized (1, 5, 7, 8,
10, 13), progress in the study of allergens
BGP has been limited. Some years ago, O
Dowdle (25) first reported that BGP-1, with a
molecular weight of 30 kDa, is the major allergen
of BGP. Later, Karlstam & Nilsson (16) found
that allergens of BGP showed a high aflinity for
Con-A. Recently, the allergenic component of
BGP has been cxamined in detail using immuno-
blotting technique by Ford & Baldo (11) as well as
our group (27). A complex composition was
found in BGP extract. There were at least 14 I
binding components with MW ranging from 8
kDa to 94 kDa. Among these, a 32-34 kDa
component showed the highest frequency of Il

imilar results were also obtained by
d radio-

binding.

Matthiesen ct al. (21) using the cross

immunoclectrophoresis analysi
Crude extracts of allergens which are still being

used clinically for diagnosis and treatment may

contain very low concentrations of the truc aller-
on

genic components. In addition, the compos
may vary from lot o lot. Being a practical tool for
standardisation and purification, MoAbs have
been used to solve this problem and have been
applicd successfully for the study of pollen allergy
(1,7,9, 15, 24). To identify and purify the major
allergenic components of BGP, anti-BGP MoAbs
were generated in the present study. The Ag

molccules recognized by these anti-BGP MoAbs
were analysed, and the major allergenic compo-
nents of BGP identified.

MATERIAL AND METHODS

Dried defatted pollen of BGP, an-
nual blue grass (Poa annua), corn (Zea mays), can-
avy grass (Phalaris minor) and cane (Sorghum vulgare
var. sagcharatum) were obtained from International
Biologicals, Inc. (Picdmont, OK, USA). Pollens
were extracted with 0.15 M phosphate buffered
saline (PBS, pH 8.0) as previously described (27).
Lyophilised extracts were stored at 4°C until use.

Pollen extract:

Clinic, Veterans
chung, Taiwan,

Sera were collected at the Allerg
General Hospital
ROQC) from allergic patients with positive skin

2
5

test to BGP. They were further selected on the

ba vity in the radioallergo-
sorbent test (RAST). Sera from individuals with
negative skin reactions were used as negative

of strong po

controls.

RAST was performed as described by Ekra-
moddoullah et al.(8) with some modifications.
Bricfly, the BGP act was diluted in 50
mM bicarbonate buffer (pH 9.6) and coated
onto wells (1 ug/50 ul) of 96-well polyvinyl
plate (Costar, Cambridge, MA, USA) at 4°C

overnight. The remaining binding sites were

-

blocked by incubation with PBS containing
5% bovine serum albumin (BSA) at room
temperature  for at least 30 min. Serum
samples (50 pl) from various sources were then
added and incubated at 37°C for 4 h. The
plate was washed with PBS containing 1%
BSA (PBS-BSA), followed by incubation with
] Jabelled anti-IgE. MoAb (5 x 10" cpm/
well) at room temperature for 1 h. The anti-
IgE MoAb E17-58 was prepared as previously
described (3). The reaction was stopped by
washing with PBS-BSA at least five times and

the radioactivity in each well was determined
by a gamma counter (LKB, 1271 RIAGAM-
MA, Turku, Finland).

Todination. One hundred pg of proteins were
labelled with 1 mCi of Na™I (Amersham
Corp., Arlington Heights, 1L, USA) by the
chloramine T method (12) i

T was

moved by gel filration through a Sephadex G
25 column (Pharmacia, Uppsala, Sweden)

Production and characterization of Modbs

Immunization. old BALB/c
mice were immunized by intraperitoncal in-

Eight- to 12-week

jection of 100 ug of the BGP extract emulsified
with complete Freund’s adjuvant (Difeo, De-
troit, M1, USA). They were baosted with 50
ug of the BGP extract in incomplete Freund’s
(Difco)

adjuvant three  tmes  at - 2-weck

intervals.

Hybridoma technique. Spleen cells from hyperim-
munized BALB/c mice were fused with NS-1
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mycloma cells as described by Rector et al.
(26). The fused cells were suspended in 200
ml RPMI with hypoxanthine-aminopterin-thy-
midine and 15% fetal calf serum (Flow Lab-
oratorics, Svenska AB, Stockholm, Sweden).
One hundred pl aliquots of the c spension
¢ added to Y6-well PVC plates and then
incubated at 37°C in 5% CO, for 7-10 days.
Supernatants from cach well with growing col-

onics of hybridoma were then harvested and
cned for anti-BGP antibody production by
vadioimmunoassay  (RIA)(3).  Hybridomas
which seereted MoAb reactive o BGP but not
(0 ragweed pollen were chosen. While a few
ch positive well were cloned and

cells from ¢

the rest of the cells were transferred
The

subcloned,
0 a 48-well plate for further growth.
reaction patiern of the MoAD in culture super-
natants
lysed by immunoblot as previously described
(27), and further confirmed by RIP and gel

inst BGP was preliminarily ana-

clectrophoresis as deseribed below. Only the
clones which showed  different
further
subcloning, one clone was selected from ¢
that

patterns were
saved for

ch
cach clonc was
from a different hybridoma. The
MoAbs sccreted by these hybridomas  were
designated by the original plate number-well

mother well to ensure

mother

number when they were first screened.

The ascites was produced by intraperitoneal

injection of hybridoma cells, and MoAbs were
purificd with a protein A column (Pharmacia)
(14).

Isotype determination. ‘The isotype of MoAbs was
determined using a commercial solid-phas
zyme immunoassay kit (Zymed, San Franci

en-

o,
CA, USA) as described by the manufacturer.

Cross-reactivity of the anti-BGP MoAbs to four
other major grass pollens in Taiwan (canary,
canc, corn and annual bluc) was tested by RIA.
“The 96-well polyvinyl plate was coated at 4°C
overnight with 1 pg pollen cxtract in 50 mM
bicarbonate buffer (pH 9.6). Tt was then satu-
rated with 5% BSA and followed by the addi-
tion of 50 wl supernatant of the hybridoma or
NS-1 cclls. After incubation at 37°C for 1 h

study. Afer two rounds of

and washing 4 times with PBS-BSA, the bound
antibody was measured by incubation with I
labelled rabbit-anti-mouse Ig(G +M) (5 x 10'
cpm/well) (Kirkegaard and Perry
Gaitheshurg, MD, USA).

Laboratories,

Character
MoAbs

tion of antigenic components recognized by

RIP. Immunoprecipitation was performed by
the method of Chorney ot al. (4) with some
ations. Bricily, the rabbit-anti-mouse Iy
c 4B
beads (Pharmacia) according to the description
tes fluid was

mod
(G + M) antibody was coupled to Scphar

of the manufacturer. Ten pl of as
then added to 100 pl ol rabbit-anti-mouse Ig
harose 4B bead suspension, and the
aken for 30 min at room tempera-

ture.

The antibody-bead complex was  then

washed three times with 15 ml aliquots of i
cold PBS containing 0.5% nonidet P-40 (Sig-
ma). “Llabelled BGP (5 x 10° ¢pm) was then
added 10 the bead pellet, and the mixture was

again shaken for 30 min at room temperaturc.
Reaction was stopped by washing the bound
immune complexes four times with PBS con-
taining 0.5% nonidet P40, and once with a
low-saltdetergent buffer (2 mM Tris, 0.5%
nonidet P-40, pH 7.4). Aficr the final wash, the
beads were centrifuged through a cushion of

Jow-salt_buffer containing 20% sucrosc, fol-
lowed by extraction with 100 ul Lacmmli (17) or

O’ Tarrell (23) sample bulffer at 95°C for 3 min.

Gel clectrophoresis. SDS-PAGE was performed ac-
cording to the method of Lacmmli (17) and IEF
by the method of O’Farrell (23) with some
modifications. The 1EF gel (4.75% acrylamide,
8 M urca and 2% pharmalyte, pH 3-10) was
350 voleh, and the
radioimmunoprecipitates were isocleetrically fo-
cused for 3700 volt-h. After focusing, a slice of
the control IEF gel was cut into 0.5 cm picces

pre-clectrophoresed  for

and immersed in degassed distilled water. After
extra
shaker, the pH of cach extract was determined.

For two-dimensional (2) gel clectrophoresis,
the TEF gel was

tion at room temperature for 1 h on a

cquilibrated in a buffer contain-
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Tuble |

Monoclonal antibody

Category

sistis of monoclonal antibodics

class

146G,

Tnmumoglobulin eaction with

arass pollens”

ype

Lambda

n 14-8 TgM Kappa o
n 5-10 TeG Kappa no
v 1-52 Kappa no
v 17-51 Kappa no
=16 Kappa no
Vi 1-61 Kappa no
437 Kappa no
10-7 Kappa o
"7 kappa no
Vi 20-4 1eG, kappa o
vin 415 IgG, Kappa o

. cane.

caction with four o

rass pollens

ing 125 M Tris, 10% (v/v) glycerol, 4% (w/v)
SDS, 10 mM dithiothreitol for 1 hat room tem-
perature, and then subjected (o clectrophores
on 10% gel for 1000 volt-h. Low MW standards
(Bio-Rad, Richmond, CA USA) included rabbit
muscle phosphorylase b (97kDa), bovine serun
albwmin (66k1Da), ovalbumin (#3kDa), carbonic
anhydrase (31kDa), soybean trypsin inhibitor
(21kDa), and hen cgg white lysozyme (14kDa).
trophoresis, the gels were stained
with Coomassic blue R-250, fixed, dried and
exposed to the Xeray film (Kodak XAR=5, Ko-
dak, Rochester, NY, USA) at -70°C. In the
meantime, the protein profile of BGP extract in
2D gl clectrophoresi
silver stain kit (Bio-Rad) according to the manu-

facturer’s instruction.

Following el

was demonstrated by a

Modified RAST. ‘The allergenicity of the anti-
genic components reactive to the MoAbs was
cvaluated based on their Igl2 binding capacity
Jrom

implific

by a madificd RAST which was s

corm and anmual blue) was tested by radivimmunoassay.

step sandwich RIA of Ley et al. (18).

indircetly onto

In bri
polyvinyl plates by interaction with specific
MoAbs. Tifty i aliquots of the pre-determined
optimal concentration of MoAbs was coated to
cach well and 50 ul aliquots of BGP (100 pg/ml)
was then added and incubated at 37°C for 1 h.
Alie < (50 ul) from BGP-allergic
patients or from normal persons was added and
further incubated at 37°C for 4 h. At the end of
incubation, the platc was washed again and
reacted  with l-labelled IsE
MoAbs (5 x 10" cpmiwell) for | b and radioac-

f, antigens were

washing,

anti-human

tivity in each well was determined.

RESULTS

Sixteen MoAbs reactive to BGP were sclected
cell They are
grouped into cight categories (Lable 1) accor
ding to the reaction pattern with Ags they ree-

from two  separatc fusions.

ognized. In the first fusion, more then 50 hy-
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bridomas were generated and 10 were randomly

analysed. 10 was found that seven hybridomas
seercted  MoAbs  belonging  to Category 1
MoAbs, and three were kept for further study.

In the second fusion, even though the mice were
boosted with Category 1 MoAb-absorbed BGP,
wo of the 10 MoAbs analysed still belonged to
Category 1

The five MoAbs in Category 1 formed mul-
cted

tiple bands with BGP in RIP and cros:
with the four other grass
corn and annual bluc) in RIA (Table 2). An
unexpected finding was that their light chains
lambda type. MoAbs of the
(Categorics 11-VII), all
of kappa type, were specific for BGP.

The MW and pl of these MoAb recogniz
components are summarized in Des-

ignation of the antigens was according (o the

pollens (canary, canc,

were all of the

seven other categoric

Table 3.

by the

ure  system  r

International Union of Tmmunologi (\I Socic-
ties (19). By performing RIP assay, Fig. 1 b-h
the ntative 21D u\uor,ull«r
antigenic components.

illustrates repr

graph patterns of the:
of BGP was also included for
comparison ( Ta). As shown, Cyn d Bd67K
(Fig. 1 d) and Cyn d BASBK (Fig. 1¢) were
basic proteins. Cyn d Bd35K (Fig. 1g) con-
sisted of at least four isomeric proteins with pl
ranging from 6.2 10 7.2. Cyn d BdG8K, 48K,
38K (Fig. 1 b) and Cyn d BA200K (Fig. 1 ¢),
Cyn d Bd46K (Fig. 1 1), Cyn d BA25K (Fig. 1

Crude extract

h) and Cyn d BAI12K (Fig.

proteins.

1) were all acidic

Table 4 shows the Igl binding capacity of

cach antigenic component of BGP using a
d RAST. BGP-allergic
patients were tested, but with
Cyn d BA200K. Among the other antigenic
components, three (Cyn d BA35K , G d
BAS8K and Cyn d Bd46K) were found to react
of the

Sera from 11

modi

none  reacted

with Igld antibodics in more than 50
Among these

serafrom BGP-allergic patients.
three, Cyn d BA35K had the highest binding
capacity as well as reaction frequency (10 of

11), followed by Cyn d BA58K (8 of 11) and
Cyn d Bd46K (7 of 11). Others had less Igli
capacity and heir reaction frequency
50 %

tested showed only neglig

binding

wis < on, five normal se

a

In comp:
ble bindings.

DISCUSSION
Pro
Doddi
BGP have found that BGP is unique in that it
docs not share common antigens with other
grass pollens (20, 21). However, in the present
sudy, in  addition 1o anti-BGP
MoAbs, we have MoAbs
Category 1 not only recognized BGP but also

fous investigations using polyclonal anti-

$ (o cxamine the antigenic specificity of

specific
also found  that in

cross-reacted with pollens from four different
u This cross-reactive cpitope is only on
a minor allergen of BGP (Table 4). Morcover,

Table 2

An action between Catey

¢ 1 MoAbs and other grass

llens by

oimmuneassay

Monoclonal Binding of "*l-goat

P

1) 10 MoAbs reacting with extracts of pollen of

antibecly Cane Corn Aunual blue BGP Ragweed
Caegory 1
4808 3746 1074 4280 7
71 2988 3010 1647 63
818 506 4507 5771 o1
2626 2391 2252 3761 77
1006 1157 o83 1243 70
63 51 5764 47

i 1o wells of 96 -
incubated at 37°C for 1 b

Ragweed was used as &

well
The hounded MoAbs were th

tions between Gategory T anti-BGP MoAbs and other
yvinyl plate a a concentra

s pollens were tested by RIA.
MoAbs were
PG ot .,m./\ .
e of 3 replicates

o of 1 g/l

i-mouse 1
i

incubated with
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Table 3

it s pollen recognized by ant-BGP monoclonal aniibodics

enic couponents of Bern

Monoclonal atibaody v recognized Malceular weight (kDa) Tsoclectric point
1 Cyn d BAGBK, 48K, 38K 68 5.
48 5
38 5.5
n Cyn d BA200K 200
m Cyr d BAGT 67
v Gy d BASBK 58
v Cyn d BA46K 46
i Cyn d BAISK 35 2
Vil G d BA25K 2
v Cyn d BAI2K
Molecular weight and isocleetric point were determined by i of ipitates.
Kahn & Marsh (16) recentdy reported that Another interesting point is that light chains

anti-Lol p | MoAD cross-reacted with BGP to of the five MoAbs in Category 1 were of lambda
re. In BALB/c mice, the ratio

a certain degree. Our results confirm this find-  type, which is
ing and, further, indicatc that an cpitope or ol kappa type immunoglobulins to lambda type
nt g immunoglobulins is about 20:1. Only four anti-

gens have been reported o induce antibodies

epitopes of BGP arc shared by differe

pollens.
w3 s 1 @ er

uw
® &
o7 - i
LUE (s 9 ‘ 2
R i
a4
21|
1a N o o

* <

»
J R h
-
-
o o .

a) erude extract: b) Cyn d BAGSK,

wo-dimensional gel analysis of antigenic components of Beramuda grass polle
48K, 30K recognized by Category T MoAb 9-13; ¢) Cyn d BA200K recognized by Catey
vecognized by Category T MoAb 52105 ) Gyn d BASEK recognized by Gategory IV MoAb 1-52: 1)
by Category V' MoAb 1-16: @) G d BA3SK recognized by Category VI MoAb 4-=37: h) Cyn d B2
Category VIL MoAb 20-1; i) Cyn d BAIZK recognized by Category VIIT MoAb 4-45
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Table &

Ve Tl binding capacity of antig

recognized by

e components of Bermads grass pollen

omacdonal antibodics

Tested Con d BAGEK, G ] Cyr d Cyn il G d Cn d G d Crn d
sera ABK K BA200K BI67K BBk Btk BI5K Bi25K B12K
Alleryic

i 602 151 62 160 60 2306 325
b 101 i w7 730 179 164 56
. Bi0 124 407 G5t 765 161
il 163 2 150 i i) 102

. 1 7 126 105 158 94

i 352 94 620 G0 215
« 18 7 166 550 16
h 134 w3 506 126 ul

P 382 72 165 1165 i

i 160 a4 184 166 6
k 136 th 178 593 7
Norual

« 51 108 1 i & 120

b i 19 o0 52 e

. 106 52 o 50 86

o 42 64 65 72 660 ag

. 52 30 40 + 90 104 9
“Igk inding capacity (cpm) determined by modified adionliergosorbent wst, Di determinations

that contain a high proportion o lambxda
chains, namely, the 4-hydroxy-3-nitrophenyl-
acetyl (NP) group, dextrans having an aliernats
ing (1-3), (1-6) backbone, the 2,4-dinitrophenyl
(DNP) group and the S-dimethylaminoapthas
Tene-1-sulfonyl (dansyl) group (6). The v
why all Gategory T MoAbs were the rare lamb-

on

dar type
The composition of BGP is complex. A large

not clear at present.

number of antig
MW have be
(11, 27). In the

niz

e components with different

n identificd by immunobloting

modificd RAST, antigenic com-

ponents recognized by seven of the cight catego-

ries of MoAbs described reacted with Igh anti-
seri. These
In thi udy, @ tot
erent MW (12 - 68 kDa)
anti-BGP MoAbs. The
allergenic components being re

bodics in some allery

presumably allergenic

nine allergens with
were identified with
MW of thes

ognized were all < 70 kDa, this is in

agreement
27).

components

with the results of other reports (11,

Among the theee  allergenic
which reacted with Tgl antibodics in more than
50% of the sera tested, Cyn d BA3SK showed

the strongest r

caction and the highest binding

frequency in the modificd RAST. In an carlier
veport (27), we found that a 32 kDa component
of BGP was the major allergen which reacted

a from 75% BGP-
allergic patients i an immunoblotting study.

with Tgl antibodics in

Similar findings have also been observed by
Orren & Dowdle (25) isola-
30 kDa allergen from BGP that clicited
itive skin test in 100% of BGP-allergic pa-
Ford & Baldo (11) reported a 34 kDa

other investigaton

ted a
P

ticnts,

allergen reactive with Tgl in all BGP-allergic
paticnts in immunoblotting analysis. Matthic-
sen et al. (21) also found that Tght in sera from

32
¢ of the major

ted with a

97% BGP-allergic patients re:
kDa allergen in BGP. The si
allergen of BGY reported by different laborato-

ries is similar to Cyn d Bd35K deseribed in this

veport. In spite of this, controversy in the pl of

the major allergen remains (o be solved. The pl
of BGP-1 from Orren & Dowdle (25) was 5.4.
I contrast, Matthicsen et al. (21) reported that
plof the major allergenic component of BGP
.8. Using RIP, the
dy that Cyn d
Bd3SK had at least four isomeric components,

was distributed from 6.0 10

present study demonstrated el
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from 6.2 to 7.2. This
corresponds well with the result of Matthicsen
et al. Moreover, it scems that the major aller-

and the pls ranged

gen identified in his study is the same as that

found by other methods, such as immunoblot

crossed radioimmunoclectrophoresis and mod
fied RAST.

Using d radioimmunoclectropho
Mathicsen found that the 32 kDa major BGP
allergen has precipitates and IgE-binding char-
many major grass aller-
gens (21). In this study, all four Category VI
MoAbs which reacted with Cyn d Bd35K nci-
ther cross-reacted with the four grass pollens

acteristics similar to

tested mor with ryegrass pollen (data not
shown). This suggests that the epitope on Cyn
d Bd35K is unique and absent in the grass

pollens tested.
Cyn d BA58K and Cyn d Bd46K,
strongly and frequently with IgE antibodics,
5. The former

reacting

should also be important allerg
may be the same as a 60 kDa aliergen found
in immunoblot analysis by Ford & Baldo (1)
and our group (27) which reacted with
The latter reacted with

66% of the sera tested.
gl in 33% of BGP-allergic
ous report (27). Ford & Baldo 11 also found a
46 kDa allergenic component in BGP which
reacted with Il antibodi a derived
from 50% BGP-allergic patients.

Duce 1o difficulti
allergens of BGP have not been purified nor
well-characterized.  With  anti-BGP MoAbs
available, we hope that this problem will soon
be solved. In addition, the anti-BGP
MoAbs in Category V1, which arc against the
allergen Cyn d BA35K, will be useful
tools for studics of cpitope specificity and Igl
on the major

sera in our previ-

s in the s

most of the

technical

four

major

binding capacity of the cpitop
allergen of BGP.
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