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INTRODUCTION

Polyclonal antibodies have permitted the immuno-

chemist to investigate the heterogeneity of the

different antigenic components contained within

al lergenic extracts, but have not al lowed the resolu-

t ion of individual antigenic determinants on al lergen

molecules. The advent of the monoclonal antibodv

*Supported by NIH grants AIl9727 and A100423/4107056.
tPublication No. 650 from the O'Neil l  Laboratories, The

Good Samaritan Hospital,  Balt imore, Maryland,
U.S.A. These data were presented in preliminary form
at the FASEB Meeting in 1982 and the American
Academy of Al lergy and Immunology Annual Meeting
i n  I 9 8 3 .

{Abbreviat ions: Ab, antibody; Ag, antigen; BBS. borate-
buffered sal ine (0.08M boric Acid. 0. l5M NaCl.
pH 8.0); BSA, bovine serum albumin; CIE, crossed
immunoelectrophoresis; DEAE. diethylaminoethyl:
DMEM, Dulbecco's modifìed Eagle's medium; DMSO,
dimethylsulfoxide; Ga M Fab, goat anti-mouse Fab
(of IgC); [{AT. hypoxanthine-aminopterin-thymidine;
IEF, isoelectr ic focusing; IEP. immunoelectrophoresis;
Lol p I and Lol I, the major allergen from Loliunt
perenne (rye) pol len; MAb, monoclonal antibody; PBS,
phosphate-buffered sal ine (0.05 M potassium phos-
phate, 0. l5 M NaCl, pH 7.0); PEG, polyethylene
glycol; GaM IgG, goat anti-mouse IgG; RIA, radio-
immunoassay; SDS PAGE, sodium dodecyl sulfate-
polyacrylamide gel electophoresis; Sp2/0, Sp2/O-Agl4
non-Ig-secreting cel l  l ine,

$The nomenclature system that has been developed by the
IUIS Allergen Nomenclature Sub-Committee (Marsh et
a/.,  WHO Bullet in, submitted for publ icat ion) wi l l  be
used throughout this paper.
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(First receiued 30 Decenrber 1985; accepted in reuised .form 7 Mar 1986)

Abstract-Thirteen monoclonal antibodies (MAbs) were produced against Lol p I tRye I). the major
Lolium perenne (rye grass) pollen allergen. Spleen cells from A/J and SJL mice immunized with highly
purif ied Lol pI (Lol I)  were al lowed to fuse with cel ls lrom the non-secreting Sp2/0-Agl4 myeloma cel l
line. Each MAb was analyzed for antigenic specificity by radioimmunoassay (RIA) using t2sl-Loll.The

epitope specificities of seven of the MAbs were examined by competitive binding against a labelled

standard MAb for rhe Lol I  antigen (Ag). The dissociat ion constant, Ko, of one MAb (No. 3.2) that was
studied most extensively was determined by double Ab RIA to be 3.5 x l0-" L/M. This MAb recognized
the related 27,000-30,000 Group I glycoproteins found in the pollens ofnine other species ofgrass pollens
tested, including weak binding to Bermuda grass Group | (Cyn d I), which by conventional analysis using
polyclonal anti-Lol I serum shows no detectable binding. Monoclonal antibody No. 3.2 was coupled
covalently to Sepharose 48 and used to prepare highly purified Lol | îrom a partially purified rye pollen
extract. Finally, an RIA was developed which permitted the analysis of the Group I components in rye
grass and nine other grass pollen species. The latter assay is likely to prove useful in the standardization
ol grass pollen extracts according to their Group I contents.

(MAb)f$ technique (Kohler and Milstein, 1975) has
allowed more precise information to be obtained
concerning antigenic structure and al lergic function.
With this principle in mind, we generated and ana-
lyzed a group of Mabs with specificities for Lol p I
(Rye I),  the 27,000 glycoprotein which is the major
al lergenic consti tuent in rye grass (Lol iunt perenne)
(Johnson and Marsh ,  1965;  Marsh .  1975) .  Homo-
logues of this molecule are also found throughout
much of grass family (Gramineae) as indicated by

cross-reactivity studies (Marsh et al., 1970: Baer et
al.. 1974\.

The generation of l3 dif ferent MAbs specif ic for
Lol p |  (Lol l)  and part ial  characterization of the
specif ici t ies of seven of the MAbs wil l  be described.
One MAb (No. 3.2) was biochemical ly characterized
and used in an aff ini ty puri f icat ion scheme, which

al lows rapid puri f icat ion ol Lol l .  This part icular Ab

binds to the Group I homologues of nine other
members of the grass family, including Bermuda
grass, which shows no cross-reactivi ty with Lol I  by

conventional immunodiffusion techniques.

MATERIALS AND Mf,THODS

Antigens

A dialyzed extract of defatted rye grass (Loliunt

perenne) pol len was prepared as previously described
(Johnson and Marsh ,  1965) .  In  add i t ion ,  non-

dialyzed l i  l0 (w/v) extracts (24hr at 4'C) of the

1 2 8  I



E
E

:,È
i€;--rÉ

i*È
ì!lÈ

iÉ
;iilll3E

ìiÈ
E

i!IE
IIE

3
: 

:€
 

,
2

 iÉ
 €E

i'*;:iiiÉ
 

3
u

iÉ
i:fiÉ

iÉ
;i*i 

È
 iilliÉ

iíÉ
liii

É
 g

:

à, ii" iÉ
É

E
tÉ

?i1í; 
9!lia; 

È
 =;!i:É

, 
ìE

lgE
3É

5:giili-
ie

 ;i; t ii;ìtiilg
É

i 
i iÈ

t;g
E

liii;;a
;i, 

È
i

ai sÈ
l 

È
 !iÍiE

iiiE
r?u 

È
 sàsÈ

i;;e;, 
e31iÉ

B
 

È
 É{È

33E
l3i!iÈ

ià

E(.)IO

tl X

I

f,E

=
ò

o

u
vc

)
ù

a
Y

'.if=

=
.)

A
Ò

b
È

^
É

'5o
o

E

O
H

c
d

 
q

i 
..

ú
<

E
F

Z
 

F

k
e

O

3
o

-

=
 

F
*?

=
 

t 
lr. 

fr.
=

 
<

:u
È

-
O

.b
 

d
:o

E
O

 
È

=

è
. 

p
î 

y
e

 
È

o
'=

..t 
î-q

 
S

f

t 
-'-

É
 

e
3

E
€

 
-

'd
à

i

X
 

-
 

=
-

 
c

-
 

-
..=

.1
 

o
ts

; 
9

 
=

 
è

o
tr

9
: 

=
;-

^
>

 È
 

ó
É

 
3

 
-

E
 s

 e
.E

 3€
.3

le
^

E
-Í

$
-g

 ,i: b
 g

E
"E

9
E

^
,

o
x

:
!

É

c
@

,
;

1
1

E
>

o
g

 
v

 
X

 
è

0
h

i5
s

S
é

i
*

+

i3, ÉIiiiiiiÉ
É

iliIliliiiiiiE
 

iiiliiÌiiiliiiE
iiiilli

?iÈ
 

i É
iÈ

ilgiigiliilliÌÈ
illiig 

ígÈ
!iiiilÍ:l*i:u;E

?{;
ili È Éiilgg:iIÉ

:!xaÈ
;E

siÉ
il1È

 
3 ÉiiiiiliiiiiÉ

3ii!E
íitÉ

sííi;tíiii 
ítrgiigiiiiiiggi;tilffi 

È
iiigÉ

iiiÉ
s'lgiiiiiiii

H
 É

 ià
,

ó
^

k
x

-=
 

; 
jl 

(n
'E

 o
E

 s
E

€
.9

; 
-

q
 

p
.

6
.

q
 

-
.

9
 

!
(

!
 

Y
>

.
v

>
É

z
'-

z
D

 
.^

-;,

E
;iS

E
i v

È
: =

-
d

=
!

>

:
 

J
 

à
'5

.
;

-
/

A

ì;9
 

-
È

!
o

È
 

=
 

E
 

*

-
-

 
a

!
 

o
,

O

@
-

:
J

ò
O

$
-a

E
iE

;i*€
R

>
v

È
 

.
-

- 
É

 
=

 
>

'=

s
: g

€
 É

o 
È

 
C

f 
tr 

o

r

€d

oa\]ooz.

G
--

r
-

a
 

r
,

i,'! ,

F
rizvzJQ É

:È
:È

È
iiiE

i,ffÈ
ííÈ

É
6iiF

3gig3É
6É

3? 
igggiigi 

gii;; ;
ffi:itil€

;E
É

,i::È
É

!tg
;F

È
i;:iÉ

g
i;e

i 
a

i:;
E

gsÈ
iiisiiiE

ii::iÉ
€í3iiÉ

:É
É

Í?iiÉ
Í 

E
ÍÉ

lÉ
;iiE

iE
í; 

E
;u

i; 
È

È
€

È
iiii 

ítí;*à
à

iE
+

;È
tiig

I 
g

;Íg
 

i giiií:iiíÉ
i;i, 

ì g
$

;ii{É
È

'È
È

É
f'È

iii;iÈ
i?

í;È
g

i::É
;:Íg

 
s ;E

É
F

rÌE
sÉ

È
E

;:e
 

s É
É

 ; €
 iè

 É
s s t

N€c.l



Jbflo

o
xo

@
N

q
::

3
3

U
l 6

v/o
N

n
o

s 0v

o
o

o
o

r
ti

t{o
u

.tg
ll{l{t l}t3

cu
3

d

q
t

n
îa 

C
V

c
N

n
o

8
 ̂

o
o

S
trN

V
 0

u

Ò
o a.l 

: 
>

,

. 
f 

d 
i 

H
9

 
À

a
>

' 
e

z
te

^
a

3
 

t'(
€

 
{

*
- 

.s
>

_
3

:-<
o

 
o

=
:

-

: 
à

:5
::

- E
 E

j$
:É

a
 d

 
€

! E
<

é

- F
, in

:;;
l

o
 

'
 

.
=

 
o

;
f

' 
€

q
 I5

 e
=

-
-

 
"

.
 o

.
_

q
 

€
.€

 É::
^

 
v

h

!;<
:_

q
 

.E
 HE

: g
3

È
1

5
.8

A
 

-
 

ú
-

-
:'3

 
x

à
o

 l 
.('-

i
-

 
e

 
F

!
t

L
 

-
o

.
=

 
d

rl
oN

;ì;E
 *:; 

!î::

iij!fli=
;;;

,it: ;Bg 
ii:;i

; 
e

t-^
." 

íE
 

è
.;6

 
^

- o
5

,?
>

ie
;g

 
F

:p
z

e

iE
ir:i€

a
 

È
;€

ii
;tE

 ;+
;;r

E
:€

É
;E

E
E

 
S

stÈ
!

iiiiti;l;iíiil:!iÉ
iiil!ilíigi,iÈ

rl
i ;È

 
ii i il l: i glii s ;È

' 
i- úii! 

ieí;i 
: iii;

;:i:3!;!iÉ
;gi:i 

s;iiiíiÉ
iÉ

giii! 
È

giii
d

:
-

q
;

v
o

- 
o 

:.,i

P
 

tE
é

9
 

-o
 Y

!
<

e
È

2
.h

 
z

-=
 

L
É

 i
A

, g
 

o
 

ì-o
x

 r 
q

 b
<

-'-:L
u

>

ì 
È

E
! 

-

P
 

-e
lb

 i
ò

 
:'r 

I
(

:
O

d

::a
'

a
3

E
d

)tr 
-

.=
 

'- 
o

-o
 

Ò
o

F

ó
s

:
,9

9
a

!
 

o

f&
 3

-5

o|r)
to@

rf)
t-

a
F

€
E

É
r i;;g

;B
E

Is;g
i:;

=
:È

s
:g

 
:F

3
É

! 
3

::E
fÉ

 
;iE

;E
ÎÉ

;iÉ
E

:i;
i 

à
!É

É
E

È
 

B
:g

iH
É

€
fie

!É
!;F

!
: 

:ig
g

q
É

 È
 €rÉ

È
!È

 
;E

a
;É

e
s

;
i: 

îE
!iF

É
 È

 €g
E

::E
É

iÉ
rlÉ

E
i

g
i 

iig
:É

; 
ì€

?
i:É

$
É

::!e
E

:=
i: 

::::-T
ì 

È
 3g

?
 lÉ

È
È

;E
j*=

E
':

;! 
;È

 ;-ts: g i !S
?

à
É

E
i'E

 
íÉ

 E ;::
È

É
 

II5
3

É
€

i 
È

 iE
È

g
;É

È
È

Ii;E
É

B

si !Èl9*E
 

i i;;iiiÉ
É

iiÈ
iE

iÉ
ggÈ

É
E

É
:!iÈ

È
sÉ

il 
giE

iB
€iliÉ

È
È

É
iÉ

gÉ
É

É
É

F
í 

È
iiÉ

iiiíssiií;ÍiigÉ
íiííÉ

E
iiÉ

É
iii 

È
É

íiiíiiiii

id
z

ze
€

9
'

a

a
Ò

<
E

>
3

*
c

ú
d

^
=

b
."3

È
r 3

>
:

>
.

=
i

 
!

o
É

i
r

€
5

.
'î9

=
 

-

a
,

ì
9

a
-

y
4

.=
.e

 
è

,

o
e

-
o

.
E

.
É

Í
a

x

.! 3
-

x
'"

c

(ir

.9
o

c
r

€
-

.5
 

c
t

É
z

+
<

7
è

.
ó

"
t

. :.:
dI

t
n

o
c

l
cÉotFLlo--o

è
c

)

Oòl)

u

{ood6I
o9

o9

-
c

Q
 

h
 

c
q

6
 

c
r

.
c

-
r

'6
 

h
 

a
l

-
-

 
N

O
r

,
3

-
 

o
s

-
i

 
€

 
$

E
r

i
 

a
r

r
q

 
î

'o
e

9
g

>
î

d
-

i
o

q
o

c
j

-
;

N
@

O
-

€
N

-
v

+
o

É
.

@
6

l
<

j
r

<
;

€
{

i
€

€
€

6
d

j
6

r
r

i
-

l

fis
.L

 -
r à

 ?
g

?
o

*?
?

?
9

*?
g

?
g

?
i''i-- I

9
c

€
 e

ri;;::î::;;:;;
è

 
-

l

É
à

É
 E ' .a

.:::::;:i::
6

 
E

i
-

,
-

,
 

@
-

-
_

F
_

_
_

_
d

N
5

"
 

(
l

o
o

o
o

o
o

e
o

u
o

o
o

o
o

o
o

c
o

o
o

o
o

o
o

o
,L

/U
U

U
U

U
U

L
/U

U
U

U
U

2-.1

.:N

Qh-

q

rizvzJUt€d



ifi?i 
É

iÈ
, 

;'i i;e ;liÈ
l 

ilÈ

i:t:E
àt 

l |:;;l! ig iÈ
E

iE
iig: 

tÉ
E

É
?i

gigiia:i 
g3É

i?i3i 
iliiÉ

iE
gÉ

!È
 

g?i?
?É

i:ii;i 
ii;:ili: 

;iE
 

gÈ
i 

gÍ 
4si€;!

€; È É =È
t; 

E
 

;;E
È

 
agi 
ai € a; u:?íÉ

Ii:É
È

Í

\. 
O

O
=

 P
tr tr=

v
-

{

! 
i;"E
@

 
1

>

r
r

 -
 

Y
y

è
c

^* 
\ì 

il

czl ú 
^*

r
, =

-
n

 
Ìo
È

-s
.'F

è
D

.=
*

G

3
E

 *; 
3

igiliiii;íiiitg'i;iiiiíilg,;íiiÉ
gi;gffiií;

{i:E
 È

È

síí;s 
ig r: ; j H

; 
siigg'*jilggigiigíÉ

i; 
íliiiíiiffs;

'u','ffi

A
A

tl
)<

 
)r

tJO
 

\f

N
s

f

t)<rO\r

t:<@(o

F
: IIE

À
it

=
!

-
\

x
-

F
*e

?
;É

E
=

a
i : g

 g t F
 gE

E
*a

g
e

a
ij 

r
Y

 
=

 
*

>
,"

.F
*

.6
4

 
-

 
-

 
!

 
v

 
*

-

b
3

 
F

C
 E

 i 
T

À
=

 
.=

 
(! 

Ò
O

(: 
r: 

O

"ú
E

ìF
lil

; r 5
>

;:-È
 t

|
È

o
?

-
=

J
!

9
)

" H
s

 - E
 E

 s
 E

a
z

 
ò

 
^

 
d

 
o

 
c

 
*

!
d

,
È

*
-

r
v

/

c
 

o
."- 

-Í 
5

=
E

E
3

:S
E

:
!

v
-

!
^

-

* =
=

;E
È

ìE
ir;E

E
 rE

;
È

 g
 É

É
,à

: É
È

e
 d

;;È
;€

W
*iI

:<6

-
t:9

=
z

E

"
.9

 
s

iH
ó

q
 

a
E

"

O
é

z
z

z
-

D
 

a
.

;

<
?

1
4

 *;
a

 
il 

9
-o

*
 

h
 

à
i(

"È
:E

P
ljp

€
=

 ú
;

F
 

O
 

S
"

-^
 ̂íà

s
 H

; 
f

I'b
I

=
.c

 
3

 H
'

o
o

.Í 
- 

q
c

t9
o

'l-o
s

-.
g

g
À

il
'ó

ú
c

o
o

l
c

!

i
ó

i
ó

-

-É
ú

s
P

=
 X

 =
E

g
 3

'}
5

ó
o

( 
9

-"
7

 3
<

- 
trè

.
H

 E
*

6
.

-
 

O

€
c

o
o

I 
-

€
a

 
o

s

à
b

ts
 í

zF=of-(JÉf-)<t!aE(9

I;to

Í
joro

o6*laodoo

à
 

E
;

É
;;È

 
i!;s ;E

o
o

<
<

r0
>

>
o

o

o(o
oú

ro
n

rg
 IN

3
3

u
3

d

s
ò

:
J

c

G
q

7
 

s
t-

=
7

Y
l'rì 

:È
 

Y
- 

"': r
<

 =
 

,E
€

l! 
) 

è
rte

n 
v 

f 
i

.r
7

^
*

:-\
.-E

ì

frl 
--.

<
3

=
!.'-

È
î

5
>

>
:

 
-

É
 

-j 
v

-.

E
 

!
-

6
:

-
^

--
o

l
!

-
;S

È
.

^
x

:c
a

 
-

-^
9

-

{
ì

 
o

z
-

 
>

: 
s

'.:
i 

o
o

E
.

 
c

'-

;=
;

"E
&

iio

.9
n

 
ó

3
r

o
0

*ì/ =
'

i
6

0
\

v
t

v
s

q
5

E
o

É
ò

-Òà
ò

-
*

O

riazvjz(,



I  288 CenoLyH R. KnnN and Devro G. Mensrl

Esch R. E. and Klapper D, G. (1984) Cross-reactivi ty
among Group I antigens derived from 5 grass pollens.
Fedn Proc.43, 1935.

Ey P. L.,  Prowse S. J. and Jenkin C. R. (197g) Isolat ion of
pure IgG,, IgGr" and IgG,n immunoglobulins from mouse
se-rum using Protein A-sepharose. Imnrunochenristrl, lJ,
429436.

Hirayama N., Hirano T., Johler G., Kurara A., Okumura
K. and Ovary Z. (1982) Biological acrivlr ies of
anti tr ini trophenyl and antidinitrophenyl mouse mono_
clonal antibodies. proc. natn. Acad. Sci.  U.S.A. 79,
613,617.

Ishizaka K., Ishizaka T. and Hornbrook M. M. (19ó7)
Allerg^en-binding activi ty of .y E. yG and 1,A antibodres in
sera. from atopic patients. In uitro measuremcnts of-
reaginic antibody. J. Inmun.9g. 490_501.

Johnson P. and Marsh D. G. (1965) The isolarion and
characterization of al lergens from the pol len of rye grass

_ (Loliunr perenne). Eur. pol),mer J. l, à3'j7.
Kahn C. R. and Marsh D. G. ( l9g2) Monoclonal anribodies

as probes for al lergenic and antigenic determinants on the
Lol I allergen. Fedn prot. 4l, g26.

Kahn C.  R.  and Marsh  D.  G.  (19g3)  Ana lys is  o f  g rass
Group I al lergens using monoclonal antibodies. J. Aiergl.
clin. Innrun. 71 95.

Ke^1n;t1 
-R. H. (1979) cell fusion. Meth. En:.rnt. sg,

345 362.
Kohler G. and Milstein C. (1975) Continuous cultures of-

fused cells secreting antibody of predefineci specificity.
Nature, I-ond. 256, 495-49'l .

Kri l is S., Baldo B. A. and Basren A. 09tì l)  Standardization
ol al lergens: Iect ins and monoclonal antibodies as ori-
mary standards for house dust miîe al lergens. In. Aihs
Allergv uppl. Inmrun. 6, 252.

Kri l is S., Baldo B. A.. Raison R. L..  Cal lard R. E. and
Basten A. (1983) Standardization ofantigen E in ragweed
pollen extracts using a rnonoclonal antibotly based
y1yy9 immunoassay. J. Allt,rg.v clin. Initun. 71,
26 t ,265.

Laemmli U. K. (1970) Cleavage of structural protelns
during the assembly ol the head bacteriophige To.
Nature, Lond. 227, ó80-'.685.

Laurell C. B, (1972) Electroimmunoassay. Scarrrl. J. clitt.
Lab. Inttest. 29, 2l .28.

Lit t lef ield J. W. (1964) Selecrion of hybrids from matings of
fibroblasts in ttito and their prèsumed recombinànts.
Sc ien te  145,709-711.

March S. C., Parikh I.  and Cuatrecasas p. (1974) A
simpli f ied method for cyanogen bromide activation of
1q1r911for aff ini ty chromatography. Analt, t .  Biochenr, 60,
149-1s2.

V11tr O G. (1975)Allergens an<J rhe genetics of al lergy. In:
The Antigens (Edited by Sela M.), Vol. I I I .  pp. 271_359.
Academic Press. New york,

Marsh D. G., Haddad Z. H. and Campbell  D. H. ( 1970) A
new method for determining the distr ibution of al lergenic
fra.ct ions in biological materials: i ts appl icat ion to grass
pollen extracts. J. Al lergt, 6, 107.121.-

O i  V .  
.T . .and.  Herzenberg  L .  A .  (19g0)  Immunog lobu l in -

producing hybrid cel l  l ines. In: Selccred Mithotts in
?ll,u-lar Inununologl, (Edited by Mishell B. B. and Shiigi
E. M ), pp. 351-372, Freeman anci Co., San Francisco.

Potter M., Pumphrey J. C. and Walters J. L. ( 1972) Growrh
of primary plasnta-cytomas in the mineral oi l_conti t ioned
per i tonca l  env i ronment .  J .  nu tn .  Cant .e r  1ns t .49 .305 3 l l .

Rosen A.. Ek K. and Aman p. (1979) Agarose isoelectr ic
focusing ol '  native human immunoglobulin M and
a"-macroglobulin. J. Innrun. l+leth. 28, l*5.

Scatchard G. (1949) The attract ions ol proteins for small
molecules and ions. Ann. N.y. Acad. Sci.  51. 660 671.

Scheidegger i .  J. (1955) Une micromethode de l . immuno_
electrophoresis. Int. Arch.t Allergl, appl. Intnun. 7,
I  03-,109.

Schu lman M. ,  Wi lde  C.  D.  and Koh ler  G.  (197g)  A  ber te r
cel l ,  l ine for making hybridomas sccreting specifìc anti-
boclies. Narure. Lond. 276. 269-27 |.

Smar t  L ,  Hedd le  R.  J . .  Zo la  H.  and Brad ley  J .  (1993)
Development of monoclonal mouse antiboti ies specif ic
for allergenic components in rye grass (Loliunr perenne)
pollen. lrl. Arch,r Allergy, appl. Innmn. 72, 243 249.

Swanstrom T. and Shank P. R. (1978) X-ray intensifying
sc-reens greatly enhance the detection by autoradiography
ofthe radioactive isotopes 12P and t25l'. Analy,1. Bìochenr.
8 6 , 1 8 4 - 1 8 8 .


