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Group [ allergens
Peptide mapping
Grass pollen allergens

Group Lallergens. from eight different clinically important grass pollens of the
. . - N
Pooideae (rye-grass. canary. Kentucky bluegrass, orchard and timothy), Chlo~ 4

ridoidene (Bermuda grasy) and Panicoideae (Johnson grass. maize) were iso- ‘A‘ﬁ
Protcolysis - lated by sodium dodecvl sulphate polyacrylamide gel ¢lectrophoresis and sub- §‘?
Cyanogen bromide digestion jected 1o limited partial proteolysis and cyanogen bromide cleavage. The gen-
IgE binding

crated digests were visnalised on gels by silver staining. Replicate gels were 1
blotied and screened with Lo/ p T-specific mAb FMC Al and IgE binding to an ""!
allergic human serum pool. to determine the degree of antigenic and IgE-
binding similaritics, respectively. The highest antigenic and IgE-binding simi-
larities were berween orchard and ryc-grass pollens, both in the same tribe
Pocae, und among the elosely related grass genera. No peptide mapping of ma-
< Jor grass pollen allergens has previously been undertaken. This study proves
peptide mapping is a powerlul method for the preliminary ideatification and
internal aming acid microsequencing of common anrigenic and TgE-binding
determinants of allergens. providing information that is useful in the devel-
opment of reagents for the treatment of grass-pollen-associated allergies.
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Introduction jor IgE-binding component of grass pollen, which has

been classified as group T allergen by the International
The examination of patients with type [ allergy usually  Union of Immunological Societies (IUIS) [3].

reveals human IgE-binding proteins or glycoproteins as Pollen extracts are commonly used for diagnosis and
the causative agents. for cxample. from prass pollen (1] prognosis of grass pollen allergy. However, the crude pol-
The presence of grass pollens in the atmosphere is the ma- — len extracts are heterogeneous mixtures of ullergenic and
jor ourdoor cause of hayfever and seasonal asthma from non-allergenic components which can induce. in some pa-
carly spring to late summer. which affects ubout 20% of tients, sensitivity to some pollen constituents to which they
humans mainly in temperate climatic zones [2). The al-  were not originally sensitive [4]. Therefore. the use of re-
lergic (IgE-mediated) response. associated with grass pol-  agents with only the purified and well-characterised al-
len allergy. is tirst induced by the release of the allergenic  lergenic proceins, as well as the identification of antigenic

e .

(or IgE-binding) proteins when the grass pollen grains  and I¢E-binding epitopes that ure relevant to these aller- ;i |
contact the moist surface of the human upper respiratory gies. would be essential for immunotherapy (3, 6]. Thus. fxyé "
tract which then leads 10 a cascade of events resulting with  identification of antigenic and [gE-binding determinants 1§
the typical symptoms associated with grass pollen allergy.  within the polypeptide chains of group I and other L
The most clinically significant elicitor of allergy is the ma- grass pollen allergens. is a preliminary and essential step -
u‘é ) :E
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for subsequent investigations of imm snolugical character-
11ics,

There is considerable evidence indicating that pollen
allergens of bortanically related grasses are cross-reactive
(7]. This has come from a variety of in vitro and in vivo
techniques. most notably radicallergusorbent test inhibi-
tion assays, crosscd radioimmuno-electrophoresis and
skin prick testing [8]. [t is also possible to detect cross-
reacting allergens with distinet electrophoretic mobilities
by combination of polyacrylamide gel electrophoresis
(PAGE). clectrophoretic transler 1o nitrocellulose and
Jdetection with grass-pollen-allergic human sera (3], Fur-
thermore. hybridoma technotogy has been cemploved to
produce monoclonal antibodies (MAD) dirceted against
individual antigenic cpitopes on a variety of allergens.
Such antibodies raised against Lolium perenne [vVe-gruss)
pollen extract have demonstrated the presence of cross-
rencting cpitopes on other pollen species [91.

[mmunoblotting analysis of crude extracts is o powerful
toal for detecting cross=reactivity between ditferent aller-
gens. However. individuat allergens can be subjecied
further biochemical dissection 1o assess their antigeaic
and IgE-binding similaritics. Peptide mapping (t0-13] s a
useful tool which is well suited for this kind of study. Pep-
“tide mapping involves partial cnzymatic protealysis of
proteins. that have been isolated from gels contuining so-
dium dodecyl sulphate (SDS). and subsequent analysis of
the cleavage products by PAGE. Furthermore, peptide
mapping analysis of group I grass pollen allergens have
not been previously undertaken.

Knowledge ol immunological cross-reactivities among
protein components of different pollen allergens (i.c.
group ) is considered t be of clinical importance. This
may lead to identification of components that would
be useful in development of reagents for immuno-
therapy [14].

The aim of the present study is to answer the following
question: are group [ allergens from different grass pol-
lens identical or closely related? We have set out 1o use
pepride mapping for the preliminary assessment of the de-
gree of antigenic and [gE-binding similarities between
group I pollen allergens isolated from clinically important
grasses of the Pooideac (rye-grass. canary. Kentucky blue-
grass. orchard and timothy). Chloridoideac (Bermuda
grass) and Panicoideac (Juhnson grass., maize) using
group-[-specific mAb and a grass-pollen-allergic human
serum pool. Amino acid sequence infurmation trom com-
mon antigenic and IgE-binding epitopes of these allergens
can then be obtained using microsequencing.
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Materials and Methods .

Pollen Exrract

Pollen was collected from canary grass { Phalaris aguatica) flower-
iny heads in the field, on hor and still morhings Jduring the flowering
geason in spring. and stored under liguid nitrog2n until use. Dry
L. perense (rye-grass), Cvnwdon dacilon {Bermuda grass), Poa pra-
wonsis (Kentueky blucgrass). Dacelis glemerai (orchard grasy).
Phlet prarense (imothy grass), Sorghum Italepense (Johnson grassi
and Zod s (Maige) pollen was purchased {rom Greer Laborato-
ries. Ine. Lenvir, N.C.. USA.

The polien (100 mg) from alk grasses was separately shaken in
phosphate-buffered saline (PBS: 1 ml) at 4°C for 3 b with conscunt
shaking. as previously described by Singh and Knox [9]. Alter a briet
vartey. the pollen solutions were centrifuged (13,600 rpm x 3minjina
microventrifuge w remove the poilen debris. The pratein concentra-
tion of the extracts was determined with a Bio-Rad dve-binding pro-
wein microassay [13] using BSA as the standard.

Sero .

Sera were ubtrained from [0 grass-pollen=allergic subjects se-
tected on the busis of a previous clinical record of spring hay feyer
svmptome. who had not varlier undergone hyposensitization trei-
ment. including u positive skin test. RAST and immunablatting anal-
vais with crude ryesgross pollen. Sera were putled and stored Wt
=20°C in small aliquots. All sKin tests werce performed by the punce
wre techaique with use of commiercisil ryc-grass pollen extracts (Hol-
lister-Steir, Spukane, Wash., USA). As positive and neative controls,
we Lested histamine (10 mg/mb) and diluent. respectively. The formi
lon of a weal more than 3 min in diameier was eonsidered to indicule
(L positive response, RAST wax performed aceording 1o standard
methods (Phadezyme RAST. Pharmacia-LKD. U ppsala. Sweden).

SDS-2AGE Pratein [solation

Crude extracts of the different grass pollens [20 wg protein lor
‘mini-gel’ (Bio-Rad) per well] were mixed with cqual volurues (2 ul)
of sumple buller [(23 mM 'Tris butfer (pH 6.8). 0.4% SDS. 0008 % di-
diothreital (DTT), 2% wlveeral]. boiled for § min. alfowed to cool to
coom temperature and separated by ‘mini’ (10x 7.5 ean) 105+ homo-
pencous polyacrylamide gels (SDS-PAGE). using the Lacmmli
buffer system (16], The gels weee electrophoresed in tank huffer (25
mM Tris (pH 8.3). 190 mM glycine, 0190 SDS] at 200 V (for "mini-
rels’) undil the dye-front just ran out. Low wolecular weight (MW)
standards (Pharmacia) used w determine the molecular weight of
the polien components were phosphorylase b (04 kD), bovine serum
«Ihumin (67 kD), vvalbumin (43 kD). carbonic anhydrase (20 kD).
saybeun trypsin inhibitor (20.1 kD) and welactalbumin (14.4 kD).
When electrophoresis was completed, the pels were stained for 10
min at 60°C with Coomassie Brilliance Blue-R250 (CBB-R250. Biv-
Rad:N.25% wiv in $0% viv methanol and 10%; v/v acetic ugid) and des-
tained for up o 43 min at 60 °C (5% v/v methanol and 7377 viv acetic
acid). Major protein bands identitied s group [ allergens wery ex-
cised und gquilibrated in raok butfer for 1 h ar 18°C. The gel slices
containing the prowin bands were loaded into the wells of u second
vel and re-isolated. stained/destained, exciscd und re-cquilibrated.

Prutenlviic Digestion

Equilibrated gel slices containing the isolated allergens were
Jouded into the stacking gel wells of 2 *mini’ 5% homogeneous poly-
uervlamide gel. covered cach stice with 3 ulpwell of gel slice overluy so-
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lution {2077 viv glveerol, 125 M Tris. 0.7 w v SDS. 3% v v b-me raip-
toethanol. 000572 wov bromophenol blue. pH 6.8) and vne of the
endoprowinases (Glu-C or S arrenis V8, Lys-C. Arg-C: Promeua)
addad on wop of the gel slices at the coreecr working dilution (3w of
A0 ug Wl protease stocky in equad volume of Jiluent solution (3.7« v
alycerol. 0025 M Teis, 0577wy SDS. 002377 w « bromophenol blus,
pH A8). The gel was run w0 10 V until the dye-front reached the in-
terrace between stavking und resolving gel and interrupted for 33 min
to allow the protevlytic disestion to vceur. The gef was then allowed
torevalve ne 200V until the dye-front just ran out, The partial digesis
ware visualised by silver staining [17].

Cvanexren Bropiide Digestion

Alletgens, isolited by 106 homogeneous “mini” PAGE a4y de-
seribed above. were transterred to polyvinvlidone diffuoride (PVDF)
membranes {Immobijon: Milhpore Corp., Bedford, Maxs. USA)
pre-wer in absolute methanol and soaked in distilled witier for =2
min. ar 200 moA for 2 h (18] i g transblot buffer (25 mM Tris, 192 md/
glyeine, 207 v'v methanol). Cyanvgen hromide (CNHr) digeston of
the allergens immaobilised on PYDF membrane was the same as Je-
scribed by Simpson et al. (19). Brictly. the PVDE membrane was
wished in distilled water (GO Tor & min stined with CRB R250
(17w i 509 voe methianol) for 3 min and destained (3070 vy
methanol, (012 viv acetic acid) until the background stain cleared and
washed in d.BLO Tor 10 min. The target bands were excised and in-
cubiited in 2000wl of CNBr solution (192 wiv in 7007 viv formic acid)
for bl in an enclosed and light insulated twhe in g fume haod. The
tubes were verted for 15 min, the solution transteered into a fresh
tube and added 200w ol peptide elution solvent (PES: 0127 v Leidlu-
oraucetic acid. L1 wis thioglyeolic acid. 18T whv lysine in 7065 vy
isopropanoly into guch ube containing the membrimes with CNBr
digests and incubated for 2 i with uecasional vortexing, The PEES so-
lution wus then transferred into the tabe containing the inidal CNBr
solution and the membranes were incubated with a fuether 0 ul ol
PES solulion [ar 2 h. The PES solution was pooled with the other so-
lutions und evaporated by placing tubes under slow argan slrcam
while sitting tbes in a 37 °C waterbath. When (he samples were cloae
o complete drying, 20 ul deionised HLO was added and dricd in
speed vieuum. Samples were resuspended in 20 wh deionived &HL0
ind ve-dried in speed vacuum. The samples were resuspended in
deionised J.H.O, equal volume oCsample bufler added. separaled by
13% homogeneous SDS-PAGE and digests visualised witlh silver
Staining. as described previously,

Innmunoblotting Analvsiy

Protease and CNBr digests from replicate gols were transterred
onto nitrocellulvse (NC) membranes as deseribed earlier, The NC
membranes were sereened with o serum pool of 10 highly grags-pol-
len-allergic subjects and Lol p I-specific (FMC Af) and Lol p 1X-
specific (FMC A7) mABS (20, 2)] us described clsewhere 22
Briefly, NC membranes obtained after SDS-PAGE were souked in
blotto (1092 skim milk puswdcr in PBS) for -2 h and washed twice in
PBS with (L)% Tween 20 (TPBS) and twice in PBS ualy, 5 min cach
with vigorous shaking. The NC membrancs were then incubated with
mAb FMC Al ur A7 (diluted 1:1.000 in PBS with (L3% BSA) or che
serum pool (diluted 1:4 in PBS with (0.5% BSA) overnight. as previs
ously described by Sutton et al. [4], After washing with TPRS and PBS
(as described above), the serum NC membranes were incubated in
rabbitimmunoglobulins to human IgE (DAKO: diluted 1:200 in PBS

7

with 0.5% BSA) for  h and mAb NC membranes incubuted in horse-
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radish-peroxidase-conjugated sheep anti-mouse immunuoglobulins
{Sitenus: diluted T:L000 in PBS with 0.5 BSA) for 2 h. The scrum
NC membranes were washed once again in TPBS and PBS. as provi-
ously Jeseribed. and incubated in horseradisheperoxidasc-conju-
gated unti-rebhit 1eG (Promeea: dilured 1:2300 in PBS with 01.53¢4
BSA) for Eh. Both yerum and mAL NC membranes. after washing in
TPBS und PBS for the linul dme, were developed in peroxidnse sub-
strite (.06 3-chloro-I-napithol. MG hvdrogen peroxide and
2 methanol in PBSY ar 37°C for 3=10 min und developrient was
stopped by washing in Jistitled water.

Digest Pattern Comparison and Aysessmeni

All the digest pacerns observed on the immunoblots undenvent
densitometric analysis (fig. 3 with UhcaScan XL (Pharmavia-LKB,
Sweden) for accurate/precise comparisons berween different digest
profiles. For euch proteuse und CNBr digest profile cach sample was
compared with cach other. the number of common lragmoents (shar-
g the same mobility) hetween o samples determined und ex-
pressed as a percentuge of similarity over the maximum numbey of
Iringments generaied by each proteuse or CNBrin any sumple. All the
similurity pereentage values for all protease and CNBr digests werg
averaged and expressed as a single vidue separately for serum immus
noblots (for Jak-binding similarity ) and mAD immunoblots ({or anij-
genic similirity), These two sets of data then scparately underwent
conventional chidistiv clustering analysis [23] taidentily the recipro-
cal nenresc neighbours and finally preseied us ree diagrams (lig. 4).

Results

ldentification of Group I Allergens

Cruduy grass pollen extracts were resolved by 10% SDS-
PAGE and the protein profiles visualised by CBB siaining
(fig. TA). and by Western analysis using the allergic serum
pool and a Lol p l-specific mAb FMC-AL (data not
shown). Both IgE antibodics and the specific mAb Al con-
firmed that the group T allergens arc the most strongly
stained bands within the group I MW range as determined
by Marsh et al. [3], After identification. the bands were ex-
cised and re-run to check purity (fig. [B). The purity of
these allergens. for the purpose of this study. is satis{uc-
tory, stnee the allergens formed single bands and the ab-
sence of group IX/V allergens was confirmed by lack of
binding of Lol p IX-specitic mAb FMC A7 (data not
shown).

Peptide Mapping of Group I Allergens

When the isolated group T allergens were partially di-
gested with the proteases, Glu-C. Lys-C and Arg-C, and
cvanogen bromide. distinct patterns or finger-prints for
each allergen were generated ou the gel upon silver stain-
ing (fig. 2). Maximum numbers of peptide bands were gen-
erated by Glu-C (fig. 2IA) while endoproreinases Lys-C
and Arg-C (fig. 2IIA, ITJA, respectively) gave fewer pep-
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iide fragments. However. when blorted and s¢reened for
human IgE and mAb FMC-AL binding. many more frag-
ayents were identified (fig. 2118, C. ITIB. C).

Cvanogen bromide gave the best cleavage of all the al-
lergens, resulting in generation otmany peptide fragments
(fig. 2IVA). Unusually, Bermuda grass Jid not show any
1¢E or mAb FMC-Al binding (tig. 2IVB. C) when digested
with CNBr. Extensive similaritics were cvident berween
canary, orchard, Kenteky blue and ryc-gruss pollens
when qualitative comparisons between different griss i-
ests were made with cach digestion agent.

For aceurale quantitative assessment of degree of simi-
larity. the peptide fingerprings were scanned with a densi-
rometer in order to detect minor bands ([ig. 3). Every pep-
lide frogment was detected. This method allowed quick
and accurate identilication ol different grass pollen aller-
ven digests sharing common mobilities.

The number of tragments common to the ditferent
grusses was estimated for cuch of the 4 diflerent digestion
agents, and the degree of simifarily was exprossed as ree
diagrums (fig. 4). The IgE-binding simitarity was assussed
from serum immunohlot Tinger-prints (fig. 43) and anti-
genie similaeity [rom mAb FMC-Al immunoblot linger-
prints (fig. 4C).

<« The highest [gE-binding similarity was observed be-
tween orchard and rye-grass (353% ) and between rye-gruss
and canary grass (439). No IgE-binding similarity was ob-
served between maize and other grasses (fig. 4B).

The highest antigenic similarity (g, +C) was also ob-
served between rye-grass and orchard grass (76%) and the
lowest similarity betwoen maize (23%), and Bermuda
(10¢%.) with other grasses,

Taken together. the antigenic and IgE-binding similar-
itics berween these grass pollen allergens were in agree-
ment with the botanical classification of grusses into sub-
families and tribeys (fig. 4A). The highest level of homol-
ogy is between rye-grass and orchard grass (both genera of
tribe Poeac). As might be expected. Bermuda grass and
maize show very low levels of homology with the other
grasses. consistent with theie ditferent botanical classi-
fication.

Discussion

In this paper. we have used a biochemical dissection
technique. peptide mapping. 1o demonstrate the major an-
tigenic and IgE-binding similarities berveen group 1 al-
lergens from eight clinically importanr grass pollens.

2.0tt. 16:09
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Fig. 1. SDS-PAGE isolation of group Fallergens from cigh differ-
cut clinically important grass polleng. Crude extracls were resobved
and stained with CBB (A), Group [allergens identificd. excised and
re-run on 2 second gel to cheek purity after sitver staining (B) belore
peptide mapping, First lane of Arepreseols MW maurkers, =5 repres
sent perennial rye. Bermuda. canary. Juhnson, Kentueky hlue. or-
chard, timothy grass and muize, respectively.

The major protein digests were visualised on aels by sil-
ver staining. Since this study only deals with samples that
are isolated by single dimension only. there may be other
contaminating proteins occupying the same MW, thus in-
lerlering with the Jinger-print pauerns. Thus, the Coo-
massic brilliant blue stained gel finger-prints were consid-
cred unsuitable for the assessment of structural similar-
itics between the different major allergens. However.
since similar or highly cross-reactive allergens are known
1o contain common antigenic and IgE-binding determi-
nants, these gel digests were blotted and screened for their
degree of antigenic und [gE-binding similarities.

IgE-Binding Similarity

We have decided to use the immunoblotting technique
for the assessment of similar antigenic and IgE-binding
capacity of the diffcrent allergens as there is considerable
evidence from the literature [24-27] that most grass pollen
allergens are not affected by SDS. that is the epitopes arc
continuous or non-conformational. although it is known
thar partial re-naturation of proteins may take place dur-
ing SDS removal and transter of proteins onto membranes
[28]. From this study. the highest IgE-binding simijlarity
was observed berween orchard and rve-grass. which be-
long 1o the same tribe Poeae. Next highest werc canary.
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rmathy and Kentucky bluegrass which. together with the

tribe Pocae. belong in the same supertribe Poodae. John- ) .
son and Bermuda grass showed a low degree of similarity J
with other grasses as they both separately belong o differ- q J \

. . . ' o Y
eni subfamilics. Maize. on the other hand. did not show PO AN
N

any 1gE-binding. suggesting that its [gE-binding ¢pitope
~t1uctum]l) differs somewhat from the others or may be
composed of continuous and discontinuous dete rminants.

| 4
>
Ly
i
I

Furthermore. it is interesting thal Bermuda grass did not AR VAR
show any TeE-binding when digested with CNBr. suggest- e i _:
ing that its IgE-binding deterninant may be made up of € 3
and N-terminal sequences which the CNBr may have
cleaved. interrupting its [gE-binding cupacity.
VA f\
Awtigenic Simndlarite
When screencd for untigenic similarity with mAb FMC ¢
Al the highest similarity was observed. once again, be- f
rween orchard and rve-grass. both from the same tribe of fh‘}\/\/d

Pocue. The remainder of the grasses slotted into their ve-
spective places. resembling the serum tree. Onee again.
maize and Bermuda grass shared the lowest antigenic sim- {
ilarity with the other grasses. Bermuda grass showed. us /\\

with the [gE-binding study. absence of mAb FMC Al- Fadis -

< hinding with the CNBr digestion. This may indicate thal 5

both the antigenic and [gE-binding determinants may be
shared/overlapped, and upon CNBr cleavage, the binding
is interrupted. A%Y

ey

Absarbance urils
h
o

Conclusions
/'/\.

pad

From this study, thure are correlations between anti-

genic and IgE-binding similaritics. or conserved determi-
nants between group | allergens of botanically related

erass pollens. Furthermore, the antigenic and IgE-binding
similavities are both in agreement with the botanical clas- A
sification. There is evidence that hotanically closcly re- B T
Juted grasses share cross-reactive antigenic and IgE-bind-
ing dererminants of their group [ allergens.

In conclusion. peptide mupping of group Lullergens of Fig. 3. Densitometric analysis of Glu.C
gruss pollens. by limited partial proteolysis and cyanogen partial digest profile of group 1 allergens

- N - 4 N I
bromide cleavage. successfully demonstrated the degrec (rom silver-stained yel. samg s in figury =17,
) Absorbance was measured in arhir: iy den-

f antigenic gE-binding similaritics bewween difter-

of antigenic and [gE-binding §umllzmt')u bewween differ <itometric wnits hy UltraScan XL (Phurmie
ent allergens. Furthermore. this technigue can be used to cia-LKB, Sweden). Scanninyg began from the
access internal amino acid sequences of allergens {or the hotom (B of the gel towards the top 1Ty 1=

determination of their antigenic and TgE-hinding determi- represent ditferent grasses as in figure -,
nants: especially when N-terminal sequencing i« not pos-
sible, for example due to blocking by hvdroxyproline resi-
dues. Efforts can now be directed towards obtaining
amino acid sequence information from common antigenic
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Famliy: Poaceae
[ s
Subtamily: Pogideas Chipridoidsas Panicgideas
Supantiba: Paodae Andropogonodaa
| !
Triba: Avenean Poeae Chiorigeas Andropagoneae Mayldees
' | i . |
Genus. 1. Palaris aqualics 5.0achyisglomerals  2.0ymodon dactylon 4, Sargium halepense 8.0 mays
specles (canary grass) (orehard Qrasa) (Bevimud grass) (Johnsan grass) (maize)
(common 7, Phisym prarenss LLallqumo
. \imathy grass, (perennial rye-grass)
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Fig. 4. Compurison of hotanical chssili- > 2
cation (A) with the degree ol 1zE-binding 3 307 30+
(B) and umiigenic (€) similaritics between %
dilferent group | grass pollen allerzens. Ans 20 20
tigenic and IgE-binding similaritics were as-
sessed by compuring the ableraen parcat pro-
teulytic and CNBr digests with cach other 10+ 10
from mAb and alleryic serum pounl immuno-
blows. respeetively. and subjecred to cludistic B o _— C o
clustering analysis [23]. 1=3 represent differ-
et wrasses as in tigure 1,
and IgE-binding fragments using microsequencing. The Acknowledgments
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