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i ¢ the majer allergda, Ber v 1 from Beada verrucosa white
hirch) polien was cloned by application of the poivmerase chain reaction with
double-stranded ¢cDNA as template and specific primers based on the pub-
lished nucleotide sequence of tire gene. The gene was inserted into plasmid
pKKZ223-3 and expressed in Escherichia coii K-12 strain JM105 grown to high
cell density in a termenter using a fed-batch procedure. Ample material was
provided for a thorough characterization ot the epitope structure of recombi-
nant Bery 1 contaimed in an unpurified soluble lvsate. The antibody-binding
characterisuies ot recombinant Ber v [ was compared with that of the natural al-
lergen using poivclonal rabbit antibodies raised against Ber v I in crossed im-
munoelectrophoresis, tandem crossed immunoelectrophoresis. and Western
blotting. I¢E from a pool of 16 allergic patients’ serum was applied in crossed
radioimmunoclectrophoresis, Western blotting. and a quantitative lumines-
cence inhibition immunoassayv. Well-defined epitopes were assaved by the ap-
plication of a pancl of six murine monoclonal antibodies in a quantitative radio
inhibition immunoassay. In all assays the activity of recombinant Ber v I was
comparable to that of natural Ber v 1. and it is concluded that the epitope struc-
ture of recombinant Ber v I closely resembles that of natural Bet v 1. This result
has important implications for the future use of recombinant tree polien al-
lergens as a model svstem for the study of allergenic B and T cell epitopes aim-
ing at improvements in reagents used for the management of allergic disease.
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Ctlinical observations on the reactivity of patients al-
lergic to the pollens of the Betulaceae indicate a high de-

During spring in the temperate climate zone of the  gree of cross-reactivity among the genera Alnus (alder),
northern hemisphere pollens from the trees of the Fugales  Beruda (birch), and Corvius (hazel) [2-5].
constitute a major source of airborne allergens {1].
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The immunochemical cross-reactivity has beer con-
firmed by analyses applying aqueous pollen extracts of sc-
jected species including Alnus glunnosa, Betula verrucosa.
Comvlus avellans. and Carpinus betulus [6. 7). Molecular
jies have demonsiraied. that most of the allergenicity,
. of these extracts can be ac-
counted for by one maror aliergen (8], Thie major allergens
<hare physic chemical pronerties and display ~80%¢ 1den-
utv within the amino-terminal sequences [7, 9-11).

Studies wpplying me o, uar cloning have emphasized
the structurai similarities o the major allergens by cross-
hvinidization exveriments {127 and sequence homology.
Genes encoding Az ¢ I Berv i Car b 1, and Cor a 1 have
JJened anc l13-16]. and the deduced
:ences are idenscalin over 70% of 12 no-
tnree-dimensional foldi . pa
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terns of the molecuies [i7].

Ever though the structural ssmilarities are obvious. no-
table Jdiffercnces have been docu-
mented {71 Those differences mepitope structure mav be

countvd © ~ations of the surface ~truc-

immunoc enmical

o edad Puriat
voer bt seneficunt amino acid sutsitu-
tions. Precise estabiisiiment of epitope structures based on
major alivrgens derived trom pollen extracts, however. s
nindered by the prosence of umerous isoallergens [18-21]
itk individual primary struc .-es, deviating from one an-
Y v the posttiens [15]. Optimal manage-
ricit of cHersiw discase. and tne forecast tor the use of re-
combinunt alleruens hereing is dependent upon an cval-
uation. of the sicoticance of identities/differences in the
structures of Tand B eell eprtopes of the major allergens —
notonly among venera and species of the tree pollen fam-
ines. but alse between individual isoallergens within cach
species. Sinee isoallergens cannot at the present be sep-
arated  guunttatvely by biochemical techniques. the
mcthod of choice for the generation of homogenous ui-
fergen preparations is molecular cloning. However. re-
combinant allergens are not always folded correctly when
produced in bacteria. An important aspect of this metho-
dology 1s. theretere. to perform a comparison between
conformationa! epitopes of the recombinant and natural
allergens.
In this communication we describe the production and
characterization of recombinant Ber v 1. the major allergen
ot B, verrucosa. white birch.
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viatariais and Methods

Pollen extract and rabbit antibodies raised against purificd Berv' 1
wers preparca @ dcsc*irmw [T], atonocional hyoridoma antibedies
wer o derived from Balb o mice immumezed with purified tree poilen
Al diwes were of the IeGi servpe.
absence of serum were used.
rorminaicd mueencac iron oxide particies (Ad-

ailcrge
Cown e

srowas performed using elutaraldehvde. Tree
pisien aid »ru( notent serum poc! woes a mixoure of equal volures of
serum from 16 doners. The paticniswere selected on the basis ¢t case

hissory. sasal or cronchial proved oo tests, skin price tests, and ra-
dioallergosorbant o<t as descri o Gieer materials were from
commoreial suppliers. Methods bt ore not described in detaii nelow
were pooormed accordimg w stand.. . proceduares (23, 24]
Pronaraiion o mRNA from I

B mwosa polien (Allergon v,
SRNAL The o0 Codines used were
rne clommy of the major allergen trom the related species. C berulus
[ 31 Inbrief. RINA was cutracted by arplving a phenof extracticn pro-
cedure. followed by LiCi precipnation. Oligo(dT-cellutose (3och-
ringer Mannheim) atfinity chromatograshv was performed natch-
wise in Eppondort tupes.

sed as source materna! for the

preparation oi - descrooed for

CONA Qv e

Doubie-strinued cDNA W
mercialiv availaple Kt (Amers,.
of the supplier.

theses was performed using .
:m) tellowimg the recommandations

Lom-

Gene Cloning

The gene encoding Ber v T was specifically ampiified 1t
MeTase L (PCRY using o
the published nucleotide sequence ot the gene [13] The primers were
purchased from Biotechnologicas Instizute (Copennagent wod de-
salted using a Sep-Pak € cartridge +Waters) following the recom-
mendations ot the supplier.

The sequences of the 33-mer primers were: -CGC GAA TTC
ACC ATG GGT GTT TTC AAT TAC GAA (primer No. 1) and §'-
CGC GAAN TTC AAA GCT TCA 6,.CT AGC AAG CAG ATG
(primer No. 2). The promoter proximal primer No. | contains an arti-
ficial "ATG" start codon inserted in front of the GGT codor. corre-
sponding to the amino-terminal glveine. as determined by Edman
degradation of the protein purified from pollcn extract (7). The

"ATG start codon is incorporated into wn Neol site for cloning into
pKK233-2[25]. and the primer also contains an I:le site for cloning
into pRKK223-3 [24]. The promoter distal primer No. 2 is designed to
match the segquence in the 3-untranslated region and contuns an
EcoRland a HindlI site. PCR were performed in a volume < i mi
containing 50 mM KCL. 2.5 mAf MaCl.. 10 mM Tris-HCH (pH = 5). 0.2
mV of cach ANTP, 0.5 uM of each primer. 0.01% (w/v) gelatine, 2
we ml cDNAL and 25 U'ml AmpliTAQ polvmerase (Cetus). Thirty
temperature eyeles of 90 s at 94 °C 90 s ar 42, and S min at 72°C were
pertormed in a Hyvbaid Thermal Reactor. Agarose gel clectropho-
retic analysis of the PCR products revealed only one band. (fig. 1),
and it was of the expected molecular size of 626 bp. The DNA frag-
ment was cloned without purification. Escherichia coli K-12 strain
JMI0S [27) was transformed with the ligation mixture and plated on
LB {24] containing 0.1 g1 ampicillin.

noly-

ain reaction ner sequences deriocd trom
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Nuclzovde Seguencinyg

EcoRI-BamHl and Bty suabcivnes were constructod
in pUCIY [25]. Nucleotide sequencing was performed oo the dideoss -
rucieotide chain lernunation me sing con avail-
aplz 17-mer universal s2quene wo sets of specttie Memer
¢ oeonucieotst, Srimers PPIOXLT o b ine

wers sontnesired ANON contnesn oy
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‘ NAE 0 e Senufacturer s mstruaiony THaSe primary wore
oo owsed ror ventfication ot the seguence i the BorrHI stie wiach

Voo osed tor subcrening, Futl scauenee was obtained on toth DNA

Stivnds.

rmeuiion Medla

v imtal medizm contuned the tollowing per hiter:
(150 mif .. KH-PO, 3 ,\« @i20 0 ZH.O 7S 850,
{495 8MgSO, - TH.O 017 (0.7).C C:'-AlsOnl.Jg(").S.n\:,.m“.uc-
ment solutton 0.8 ml giucose 1A g thiamine 0 and zm?;\u,;;:n o
¢. Glucose. MgSO .. and € aCl,were nutoctaved separarely, Thinming
and smpiciliin were steriie fittered. The trace o Was
not sterdized. whereas the otier components were autochay od with
the fermenter. Trace clement soluiton contained the following pc{ fi-

NHLC T

i [EREN RS

s
17

nent soiuton

ter of 3V HCE FeSO, - TH.O 300 ¢ (14 mAf). MaSO, - HLO 100
(431 ALGSOL) - 16H.O 5000 (Sh CoCL-6H.O m (.
ZnSO. - TH.O 26700, NaMeO = 2H.O 24 (v 7). Culh- 2H O 1o

(20 and H BG_OA c o eomg

Feed Noolocontinned e
aide) MeSO, - THAO 023 (hombi, tricy
e 000 coand aipicithin U g Feed Nou 2 < loliowing
per liter: glucose 2000 g (L1 MOONH,CEI (325 mAf), CoCi- ZH.O
051 (335 MeSO, - TH.O 222 (v mV ¢ element soiuton 20
ml. thiamine G001 ¢ and amomceitlin 0 ¢

Soiutions were  sterized s uxeent
Ca'l- ZH.O and MaSO, - 7HLO were avtockaved separacly,
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Fervenwation Equipment wid Rourine Measurenients

All tementationswere performed in o 3-hiter Applihon termenter,
cquipped with i warbine impelier and avtomanic temperatuie and pH
control (37°C and pH 7.0, respectively). The pH was monitored by
use ot an autoclavable pH probe (Ingoid) and adjusted by automatic
addition of T0ANH. Dissolved ons zenwas monitored by use of a po-
larographic dissolved oxygen probe (Ingold) and controlled by in-
creasing agitation from 700 to 1280 rpm in order to maintain relative
dissolved oxveen above 20 saturation. Air was supphed at a flow
rate of 2.3 volvol'min. Foam was controlled by automatic addition of
siticone oil.

Samples were taken every 30 or 60 min and analvzed as follows:
The concentrations of glucose and acetic acid were measured by
hivh-performance hiquid chromatography. To | ml sampic was added
L7 miof 4 A HSO, containing 2 md EDTA. Cell debris was sub-
sequently removed h\ centritugation at 3000 ¢ for 20 min. und 23 ul of
the supernatant was injected into the column. The system comprnised
the following: all apparatuses from Hitachi Merck: auiosampler
AS-3000 ntethigent. L-o000 interface. vanabie wavelength monitor at
220 nm (ch Iy and 4 differential refractometer (¢h 1. the detectors
connected in series, and D-6000 high-performance liguid chromatog-
raphy manager software connected to an IBM PS2 model 30 256
computer. An organic acid analysis Aminex ion-exchange column
(306 mm. model HPX-87H: Bio-Rad Laboratories) was used. and or-
ganic acids were separated by using 8 mA H.SO, and 1.017¢ (wv)
EDTA at a flow rate of 0.6 ml - min™. Standards (10 mg mb) were in-

tected 1 paraliel and the results, based on retenuor ume estimates
and externai standard calculations. were expressed in miliigrams per
milliliter.

The optical density was measured spectrophotometricaliv at 436
am vsing a Hitacht U-1100 spectrophotometer. Gue abs vhance unit
correspenaed 1o 0232005 ¢ dry werght per hiter (uepending on
srowth phuase and ceft size . CLhun. dry weight was measured vy the
filtration method. Twenry millititers of appropriately difuted <ampie
was niftered vsing a preweighed 47-mm (diameter), 0.22-um Milli-
pore memorane filter and washed with an cqual voizme of destilled
water. The samples were subsequenty dried tor 24 h at v°C in an
cven,

l’n naration of Soluble Lvsate

The cells w cre parvested by centritugation (LK g for 36 min ). 12-
suspenacd in 2 mi of water per gram: ceii wet weight, and stored tro-
aon.

Upan thawing, the cells were broken either in a French press
(SEAMARUBCO L WO Passes o 96 pai o2 x 1SN me g or by ultrasonie
rcul'm ntina Branson sonicator (model 2311 2 min 50% dutv evele at
setting TLcorresponding to approxnmately 30 W), Cell debris was re-
moved H\ centritugation (28,000 ¢ for 34 min). The soluble iysate was
subsequently digivsed against 3¢ mM Tris-HCH (ph 7.5) and 10 maf
MeClitreated for hwith 10wz mi I\\ e Tt Sochringer Mannheim)
s ammo-

tnudiy dudvzed apmmst 125
wegat 2°C

iombions omporature, andg

carbonate, Bacterial vsatos were -

mumb

Ouantitation of Betv]

Quaatitative measurement of Beq v
munoelecrropheresis [30) using
agnst puritted Ber v 7]

i was performed by rocket im-
a moenespecific antiserum raised

Lavnunoclecirophoresis

Crossed immunoclectrophoresis. tondem immunogiectrophore-
sis. and crossed rediommunoeic CIrephoresis were performed essen-
tially as previousiy deseribed {7].

Immunoblouing

Sediums - dodecyl suitate-polacrylamide clectrophoresis
(SDS-PAGE) und semidry clectroblotting were performed as previ-
ously deseribed {95 The nitroceliulose was subsequently immuno-
starned as described [15]L

gel

Radio Inhibition Immuncassav
Paraficl dilution series in duplicate were mived with a constant
amount (23 nM final concentratiom) of =l-labelled. purified Ber v |
[T} (specific activity 114 x 10° cpmng). Murine monoclonal antibod-
1es coupled to paramagnetic particies [22] were added to a final con-
centration of 1205 M annhod\ binding sites (corresponding to
naximal binding values of 22.000-35.000 cpm) in a total volume of 0.2
ml (.23 KH.PO /K. HPO, buffer (pH 7.4) with 0.1% (v/v) Tween 20.
Following incubation for 1 h the magnetic particles were collected on
a magnet. the samples were washed twice in the above-mentioned
butfer. suspended in 0.1 ml water, and finally counted in a gamma
counter. The inhibition percentage was calculated using the buffer
value as 0% inhibition and 0 cpm corresponding to 100% inhibition.
Statistical evaluation of lincarity and parallelity of the inhibition
curves (10 < nM < 200) were performed using standard statistics [31].
Curves were considered parallel when any two-sided stochastic prob-
abiity was less than 0.035.
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Fig. 1. “rudc PCR products analvz. d by acarose ger cizetropiao-
resis. Resction conditions as deserioed S cienals and Methous

with the ollowing deviztonsfanc s 1=3 25 ot MeCil Lines 5 5
mM Aels Dane omd 4 D o lanes 2 un
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Paralic! 4 ation series e ore were mixed with 28 wg ot proa-
musi.ie panicles conple i tou fx stract in 0.2 VW RH.P L
K.HPO bhatter ipH T4 with .17 (v vy Tween 20, Patient serum IgE
pool (n = oy was added to the anugen mixture and incubated for 2 h.
The magne o particles were subsequently collected on o mugnet.
washed once mothe anove-mentioney buiter. and the bound [gF was
guant:taied using lumunescence -labaicd rurine monoclonad ant-Igk
iccording to the Magic Lite procedure « ALK). Statistical evaluation
of finearav and parallelity of the inhibition curves (2 £ nW 2 100y was

'
T e

pertormed as goseribed above

Results

Crene Cloning

mRNA was prepared from 5. verrucosa pollen by a
phenol extraction procedure tollowed by oligo-(dT) cellu-
lose affinity purification. essentiatly as described [I5]. 2
ug miof double-stranded cDNA was amplified by PCR us-
ing specific primers derived trom the nucleotide sequence
of the gene [14]. Both primers were extended in the §'-ends
to accommodate restriction sttes and "ATG’ start codon
for the directed cloning into expression plasmids pR223-3
and pKK233-2. When analvzed by agarose gel electropho-

rosi> and ethidium b:omice staining. the crude PCR miy
ture revealed only one band, which was approximately 63
br und neither smearing ¢ o primer artefacts were preva-
lent (fig. 1). Thus, the identuty of the DNA fragment could
be ostablished by oresiricy . wiabyvsis of the crude PCE
~roducts. Bamb . BTl B 7L BN Nhel. and Srul, alf
of wrich cut the fragmen. noe according to the rricleo-
tide sequence. wer appiic ielded tne expected frag-
ments. The sere encodis. - v 1 was subsequently cut
with EcoRI and Hindiil w . arification and higated
with alkaline phosphatase tre. “KK223-3. The higation
mixrure was used to transtorm £ coli K-12 strain IMI10S.
17¢¢ i randomiy picked trunsiermants contained inserts
as demonstrated by agarese eel electronheresis of uncut
plasmid minipreparations. A seiecuion of apparently posi-
th cones were analvzed for the ubility te produce recom-
bir. at Ber v 1, soluble lvsates wore prepared as described
[15] and subjected to SDS-PAGE followed by immuno-
hlatiing using a monoc bnal antibody (BV03) raised
ac.inst Borv I purified from o ollen. Lvsates of most clones
sained aprote: omp acntreactive with BVOS having
DpLrent moicar weight "3 kD. in agreement
i nataral Berv Lirom poilen. One clone was arbitrarily
selecrs ! for further characterization and named pBvl.

Nucleotide Sequerice

The recomr~inant DNA inscrted in pBvl is 608 bp in
lenieth, of which 663 bp represent the Ber v 1 gene. includ
ing an open rewding frame of 477 nucleotides coding for
139 amino acids excluding tne terminal methionine. Wher
compared to the published sequence of the Ber v 1 gene.
only one nucleotide differs. This deviation in position 112
(A—G - numbering according to Breiteneder et al. [14] -
has no ctfect on the deduced amino acid sequence. When
Bet v 1is compared with the related tree pollen major al-
lergens. the following percent.ces of identity between the
deduced amino acid sequences are calculated: Afn g 1[13]
from.i. glutinosa 81¢¢, Cur 0 1{15] from C. betulus 74% (av-
crage of three described isoallergens), and Cor a 1 [16]
from C. avellana 72% (average of four described isoaller-
uens). )

Fed-Batch Fermentation

E. coli K-12 strain JM1:/3 containing pBvl was grown in
minimal medium in a 3-liter Applikon fermenter for the
production of recombinant Berv 1. The course of a typical
fermentation (n = 9) is schematically outlined in figure 2.
The equipment was provided with automatic temperature
and pH control, set at 37°C and pH 7.0. respectively. Dis-
solved oxygen was maintained above 20% of saturation by
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manually ncreasing ine speed ol the agitator. Feed No. 1
was added immediately aiter inoculation and adiusted
stepwise to maintair the glucose concentration at approxi-
muteiy. 1 ¢l Calculation of the wncrease in 1eec rate was
nerrormed immediatehy atior cpucal density meusure-
m. i aceording to stundard Yormentition modeltling [32].
At . ocen density of 1 g dmv wersht »er liter. the stronger
fev. Noo 2 renfaced feed Mool o accommodate high cell
densitv. In this phase the culture crew exponentiaiiv with a
speciic growth rate of 0.58 hl sowiy accumulating low
fevels fup ~ 1 gl of acetate i the medium. After approxi-
mately WA (~ 3 drewetght per literY the fevel ot dissolved
oxveen coula no longer be matatained. since the consump-
tion rate exceeded the transfer rate even at maximum
speed of the impelier. Thus. the culture was switched 1o
carbon-himited linear growin 2 orcer o mainuan ne refa-
tive dissolved oxvgen concentration above 20 of satura-
tion throughout the fermentation. During the linear
growth phase a constant feed rate of 9.3 g'l'h of glucose
was used. giving rise to an average cell productivity of 2.4

.
L

o ! h, During this phase the vecaie produced inbe expo-
nentis] rhase was reassirube ods o w el dv v cight of

25-300 g L the culture entered the stutionary phase,

Froduction of Recombinani Bet v/

Induction of the svnthesis of Ber v 1 by the addinon of
Isopropvl-p-D-thiogalactopyranoside (TPTG)H had no de-
tectable effect on the growth rate. Incduction during the
stationary phase produced no recombinant Ber v L During
the iincar growth phase a prolonged period of induction
increased the overall vield: however, optimal vield relative
to the cell mass was achieved after h. As a consequence
the culture was induced 1-2 h before harvest. Tvpically in-
duction was pertormed fate during the hineur growth
phase.

Using this procedure. viclds obtained were 13204 (n
= 9) mg g drv cell weight or 30 mg/l culture medium at a
typreal cell mass of 20 g dry cell weight per liter. corre-
sponding to an overall vieid of approximatcly 75 mg re-
combinant Berv I'per fermentation.

Characterization of Recombinant Bet v [

Recombinant Ber v [ was shown by crossed immuno-
clectrophoresis to precipitate in gel with polyelonal rabbit
antiserum. raised agawnst purificd Ber v I from pollen. The
morphology of the precipitate (fig. 3B) closely resembles
that of natural Ber v 1 (fig. 2C). The precipitation arc of
natural Berv Tis a httle wider and displays a tiny shoulder.
indicating the presence of isoallergenic variants. The per-
feet tack of spurs in tandem immunoelectrophoresis

dry cell weight g/l
o
glucose, aretute, oxygen ard feed rate

0. Ko e e =0

s 2 4 6 8 10 12 14
time, hours

Fig. 2. Course of a typical fed-batch formentation. Die cell weicht
(logarithmic scale: &) glucose (). and acetate (x). in grams per li-
ter. oxyvgen in milligrams per hiter (+). and feed rate x 0.1 g of giucoses
min (—}.

ffig. 3D) is a strong indication of similarity betsoon the
epitope structures. The same results were obtined when
rabbit antibirch poilen extract antibodies were used (data
not shown).

The binding of allergic patient serum IgE was investi-
cated using crossed radioimmunoelectrophoresis. The in-
tensity of the staining of the autoradiographic film was
comparable between natural Berv 1 (fig. 3G) and recombi-
nant Ber v 1 (fig. 3F).

SDS-PAGE was performed using birch pollen extract,
lvsate devoid of recombinant protein, and lysate contain-
ing recombinant Ber v L. It is apparent from the gel stained
with Coomassic brilliant blue (fig. 4A) that the bacterial
lvsates contain multiple protein components. but compar-
ison of the two lysates reveal the presence of a ~17.5-kD
component corresponding to Ber v I in the recombinant ly-
sate that is not present in the lysate of pKK223-3 in JMIU3.
Elcctroblots of the same samples were stained with colloi-
dal gold (fig. 4B) rabbit anti Ber v 1 antibodies followed by
alkaline phosphatase conjugated secondary antibodies
and BCIP:nitroblue tetrazolium stain (fig. 4C) and serum
IgE followed by radiolabelled antihuman IgE and autora-
diography (fig. 4D). respectively. The gold siaining of
electroblots is merely a more sensitive staining technique
than Coomassic brilliant blue staining of gels. and the
same observations as stated above hold true. The Western
blots (fig. 4C. D) confirm the results obtained by immu-
noclectrophoresis in that recombinant Ber v | binds rabbit
antibodies and human serum IgE directed against natural
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Berv 1 Furthermore. the immunobiots show the presence
of isoallergenic variants in natural Bes v T which appears as
a triplet and indicates that the recombinant allergen is ho-
mogeneous., as expected.

The binding of I¢E wus further evaluated in a quantita-
tive inhibition assav. There was no significant difference
between the capacity of a bacterial lysate containing re-
combinant Ber v 1 and u pollen extract to inhibit the bind-

Fig. 4. SDS-PAGE and cicctroblots, Moiccuiar weight snarkers
{mj. hirch polien exiract (my. vsate of pREZZ3-3 in JMIOS ¢eoand dv-
sate of pBvi i JIMIOS contaiming recome nant Ber v 1 (r) were sub-
jected 1o SDS-PAGE. Tue geis were stained with Coomassic nrilliant
blue (A) or clectroblotied onto nitroceliulose. Electroblots were
stained with colloidal gold (8). incubated with monospecific rabbit
antibo feos raised against natural Ber v 0 followed by alkaline phos-
phatase conjugated secondany zntibodics and « BCIP Nitroblue te-
trazolium stain (€ or incubated with serum IgE followed by 240.000
cpm of radiolabelted antihumuan i (Pharmacia) und 4 days of
autoradiography (D). Moiecular weight markers (Bio-Rad) were the
tollowing: rabbit muscle phosproriiase b (974 kD1 bovine serum
atbumin (66.2). hen's egg wiite ovaibumin (43.0). bovine carbonic
annvdrase (31.0). sovhean trvpsin innibitor  21.5). and hen’s egg white
jvsozyvme (144 kDo

ing of IgE to paramagnetic particles coated with a birch
pollen extract (fig. 3).

The integrity of well-defined epitopes was measured in
a radioimmunoinhibition assav using a a panel of murine
monoclonal antibodies. The monoclonal antibodies have
been shown to represent three separate determinants in
such a wayv that pairwise combinations of BV(07, BVO0S,
BV09. and BV10 inhibit the binding of each other compet-
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ively. wnereas BVI1o and CEL a0 not innibit in a comg -
itive manner the binding of any other menocional anti-
body within tiis panel. The assay -« as desivned 1o measure
¢.-antitanvely the degree of inhinition obtained whern 4
miciure of a dilution series of baciorial ivs
r mbinant Fer v L ora birch pollen exract wad o smull
& cnt of mghiv purified radicdabelled Ber v 1 was al-
Fwed to compete tor the binding 10 a solid phase coaicd
with monocional anubodies. The concentration of rudio-
leoelied Ber v [ was balunced in sucn a way us o achicve
optimal sensitivity of the assay. Rudioiabelled Ber v T was
present in all assays at a concentration of 25 aM whicn is
slicntly above the K, for complex tormauon. For the anti-
hodies used the K. values ure in the range 3-20 n1f 1221,
The concentration of antibody-binding sites was in wif ws-
sads £ M to achieve saturation. and tine inbibiter concen-
trauon in the range of 0.01-L.000 nf.

Statistical evaluation of the inhibition curves {fig. 6, re-
vealed that all curves were lincar and parallel and that no
statistically significant differences could be observed when
the inhibitony capacttios of recomainan: Ser s o noo-
ur Besv bwere compured.

ale cuniapung

Discussion

The vene encoding Berv Twas amplified from cDNA by
PCR using primers derived from the published scauence
of the gene. The identity of the cloned gene was veriiied by
the agrecement in amino-terminal sequence. amino acid
composition, and molccular mass between the deduced
amino acid sequence and data obtained by analvsis of the
allcreen purified from pollen {7]. In addition. the resem-
blance of the nucleotide sequence to the published se-
quence and the immunochemical data presented support
the assignment.

The gene was cloned in plasmid pKK223-3 and ex-
pressed i E. coli K-12 strain JMI0S at low levels. Strein
IMI03 was chosen to promote high cell density. since it has
a low glucose consumption rate. a high vield. and a low
acctate production [34]. Accumulation of acetate and an
accompanving lowering of the productivity seem to be a
general problem in the production of recombinant pro-
teins by batch termentation of E. coli which may be over-
come by the design of a fed-batch fermentation in which
the glucose concentration can be kept low throughout the
fermentation [35]. The presented strategy may be divided
in to two phases: an initial phase of exponential growth
during which acctate is accumulated to approximately 1
gl tollowed by glucose-limited lincar growth during
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Fig. 5. Laminescence inhirition immunoassuy. Inhibition of se-
mum e hinding o a <olid phase counted birch poller extact wirh di-
ol of miren poticr extrict (il bactenal ivsyic coniuming
m fer o To@: s o KEITT 7 s
Co e tecter b ivsiies contatoa oonpareble amouats o totad

Bound 2B was deieoted with tuminescence-labeied anti-

lutios

recon

Cai b

the ecstiie s reassimilated. Induetion o she svn-
. : oo Ber
ate uncar growth phase to achieve vields of approxi-
maiciyv. 1.5 mg per gram dry cell weight.
Arart irom thie physioleogical cnuracteristics of the
r.. colr culture. the vield of recombinant protein is
governad by feiiares of the expression svsiem. such as the
citicenay of the ranseripuion and translation processes,
and the level ot proteoivtic degradation ot the product.

N

pRK223-3 {20} is a relaxed intermediate-to-high copy
numboer plasmid with pBR322 origin. and the recombinant
gene is inserted under transcriptional control of the
strongly inducible tae promoter. The plasmid is stabilized
by the strong /70 terminators. These features are com-
bined to facilitate high levels of mRNA upon induction.
Furthermore. proteolytic degradation does not seem to be
a ~evere problem, since the soluble lvsates are stable for
months (data not shown). The limiting step. however, was
not determined experimentally.

An important aspect of the present study was to com-
pare the epitope structure of recombinant Ber v 1 with that
of the natural allergen.

When analyzed with crossed immunoelectrophoresis
using polvclonal rabbit antibodies, the morphology of the
precipitation arcs of recombinant Bet v I and natural Ber v
I was identical. In addition, there was no sign of spurs in
tandem immunoelectrophoresis. These results are strong
indications that the epitope structures are similar.

I¢E binding was evaluated qualitatively using crossed
radioimmunoclectrophoresis and Western blotting, and
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Fig. 6. inhibition immunoassas. Inhibition of the binding .+ oding ated puriica Bet v T to a solid phuse cou-

picd m'\nouoml antibody. us indicated. by dilution <:ries of birch po llen extract (B and bacterial lysate containing

recomnant berv To@1, Negative control experiment ing
Svrd 1[330 the mayor allerzen from the grass species ¢ nodon dacrvion (x and

aguiny

guantitatively by apniv e

‘wminescence inhibition assay.
Fhere wus no statistic ~ificant difference between
the capacity of the bacie i a pollen extract to
inhibit the binding o1 igE o a~olid-phase pollen extract.
This re-ult is in agreers. oo with carlier findings obtained
by RAST inhibition. demonstrating that most igE speci-
ficities of Scandinavian paticnts are directed towards the
major allergen *nd that the inhibitory poteney of pur tied
Borv Tis identical to that of the nollen extract [R].
Epitopes defined by six murine monoclonai antivodies
4 radioinhibition immunoassay.
lincar and parallel. and again
there were no significant difterences between the inhib-
itory potency of recombinant and natural Berv 1. The re-
sults indicate that substantial parts of the molecular sur-
taces have simiiar contours. since the antibody-binding
cpitopes cover relatively large areas. From X-ray crystal-
lographic studics of hen's egg white lysozvme. it appears
that the arca buried by the antigen-antibody interaction is
“00' A - {30). Recent studies applving hydrogen-exchunge
lubeling and two-dimensional nuclear magnetic resonance
suggest even larger epitopes, since areas of ~ 1200 A-seern

oSt

sate

were investigated using
A mnibition curves were

duded in upper teftpanciusing a 1 monoclonal antibody raised
. respectively

1o e affected by the interaction ‘xtrapolated to Bet
1 1t may be antcipated thattr. o opitopes in this study
cover over one third of the Berv I surface. since they repre-
seni three determinants to which the pairwise binding of
antihodic~ do not mhibit each other competitively.

Betv 1 from pollen s known to be moderately giucosy-
lated. containing ~7.77+ (w;w) carbohydrate {Paulsen.
personal. commun. i. whercas recombinant proteins of
E. coli origin are not. The results presented indicate, that
the curbohydrate moiety is not involved in anibody bind-
ing.

Apart from glvcosvlation, the biochemical character-
ization of Ber v 1 had not indicated the presence of post-
translational modifications that would complicate its pro-
duction in E. coli. Neither does the molecule contain cys-
teine residues. Theoretical considerations. therefore,
point to the feasibility of producing this particular allergen
in its native conformation in bacteria. The immunochem-
ical results presented are in agreement herewith.

The close resemblance of the epitope structure of re-
combinant Bet v [ with that of e natural allergen makes
the tree pollen system an idew model system for the study
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ot aliergenic epitopes. Specific amino acid substitutions
may be tailored into the recombinant allergen for optimal
preservation of the structure of complex epitopes. Much
o: the current excitement in the characterization of aller-
CRiC epitopes reies on the prospect of conveving regu-

~ fuacton via specitic T cell epitopes. The presen:
ricdes svetem oifers the possibiiity of tailoring such epi-
topes into tne recombinant allergen for the purpose of ex-
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