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Extracts from birch {Betula verrucosa) pollen were prepared at different
pH, with constant pH monitoring and adjustment to preset values in the
range 5.5-8.5. The total protein content of these extracts was directly
correlated with the pH. Coomassie brilliant blue-stained isoelectric focusing
and SDS-PAGE gels and immunoblot analysis demonstrated qualitative
differences: some proteins were lost while others appeared when pH was
changed. At pH 8.5, formerly unknown birch pollen allergens were detected
with pi 9, 9.10, and 9.30 by about 30% of birch pollen-sensitive sera.
Birch pollen extracts prepared at a pH close to neutrality, namely, 6.5 and
7.5, showed the greatest protein and difl"erent allergen diversity. Thus,
extraction pH values are necessary to analyze the whole pattern of allergenic
components in an extract.
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It has been demonstrated that the composition of
allergenic extracts varies according to extraction
conditions, such as temperature, extraction period,
extraction buffer, and the presence or absence of
protease inhibitors (2, 5, 10, 12, 13, 15). Likewise,
the pH of the extraction medium is believed to be
important, since proteins are likely to be unstable at
certain pH. Consequently, it is possible that some
clinically relevant antigens are missing in current
extracts because of their instability under the pH
conditions used.

However, the influence of pH is not well docu-
mented: it has been shown that the amount of AgE
{Amb a I) released from ragweed pollen is about
seven- to eightfold higher in an extract prepared at
pH 8.5 than one made at pH 5.5 (11). Another study
{6) found some influence of pH on the composition
of birch pollen extracts, as evaluated by isoelectric
focusing (IEF).

Marsh et al. (11) noticed that the pH of their buff-
ered solution tended to shift to the value imposed by
the extracted pollen, and that it is necessary to add
an acid or a base to adjust to the desired pH. Be-
fore the present study, we found that this applies
also to other pollen species, such as birch {Betula
verrucosa), ryegrass {Lolium perenne), and hazel
{Corylus avellana), even when highly buffered solu-

tions were used (unpubhshed). Consequently, we de-
cided to evaluate the effect of the pH of extraction
under constant monitoring.

Only Marsh et al. (11) have used controlled pH
conditions, but only to study the extraction rate of
a single ragweed antigen, while others (6) have stud-
ied the effect of pH on the composition of birch
pollen extracts, using buffer solutions without pH
monitoring.

In the present study, we describe the influence of
rigorously controlled pH on the protein profile of
birch pollen extracts.

Material and methods
Pollen

B. verrucosa pollen was obtained from H.A.L. (Haar-
lem, The Netherlands) (Allergon batch number
021485101). It was >95% pure and contained
0.32% detectable spores and 0.1% foreign pollen.

Human sera

Sera from birch pollen-allergic patients were selected
from the serum bank in our clinical laboratory. All
had CAP values > 17.5 units to birch pollen. Sera
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with IgE titers > 2000 units, as measured by CAP,
were discarded.

Extraction

Pollen was extracted 1/10 (w/v) in distilled water at
room temperature for 3 h under constant agitation.
The natural pH of such extracts was 5.5. We c£irried
out extractions at pH 6.5, 7.5, and 8.5, using a 632
pH-meter with a 665 Dosimat and a 614 Impulso-
mat device (Metrohm, Switzerland), which auto-
matically and permanently adjusts to a preset pH
( + 0.1) by addition of 1 M NaOH to the medium.
The pH was stable from the first minute of extrac-
tion.

The extracts were centrifuged (2 x 30 min,
17 500g, 4°C), sterilized through a 0.45-̂ 1 m mem-
brane (Gelman, Michigan, USA), aliquoted, and
kept at -20°C until use.

Protein content

Protein content was determined by the Coomassie
brilliant blue assay, according to the manufacturer's
instructions (BIO-RAD, California, USA). BSA
was used as a standard.
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Fig. 1. Determination by Coomassie brilliant blue method of pro-
tein content of birch pollen extracts prepared at pH 5.5 (A), 6.5
(B), 7.5 (C), and 8.5 (D). Mean + SD of three experiments. Log-lin
correlation: r = 0.96; F < 0.001.

Immunoblotting

Protein bands from the SDS-PAGE gels were elec-
trophoretically transferred to a PVDF membrane

SDS-PAGE

SDS-PAGE was performed in 1.5 x 120 x 140 mm
slab acrylamide gels (T5C3 in the stacking gel and
T14C3 in the separation gel) by the discontinuous
buffer system of Laemmli (9). Samples were heated
at iOO°C for 7 min in sample buffer pH 6.8 con-
taining Tris 125 mM, glycerol 17.5%, SDS 4%,
P-mercaptoethanol 1%, and bromophenol blue
0.002 %. The electrophoresis was performed at 150 V
in the stacking gel and at 350 V in the separation gel.
Low molecular weight markers (Pharmacia, Swe-
den) were included for molecular weight determina-
tion, and the gels were stained with Coomassie bril-
liant blue, or used for immunoblotting as described
below.

Isoelectric focusing (IEF)

IEF was performed with the LKB 2117 Multiphor
II (LKB Pharmacia, Sweden) in 0.5-mm-thick poly-
acrylamide gels (T5C3) containing 7.5% pH-3-10
ampholytes (Isolab, Ohio, USA) poured on Gel-
bond PAG film (Pharmacia, Sweden). The cathodic
and anodic solutions were 1 M NaOH and 1 M
H3PO4, respectively. The running conditions were
1500 V, 25 mA, 15 W for a total of 1250 Vh. The gels
were either stained with Coomassie brilliant blue or
used for immunoblotting.

9.30
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Fig. 2. Coomassie brilliant blue-stained IEF gel showing protein
patterns of birch extracts prepared at pH 5.5 (A), 6.5 (B), 7.5 (C),
and 8.5 (D). Amount of 20 ng protein was applied per lane. Mark-
ers (M) were included for isoelectric point determination.
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Fig. 3. Number out of 23 patient sera reacting with birch pollen
proteins on immunoblots from IEF gels. Asterisk indicates bands
revealed by Coomassie brilhant blue staining.

(Immobilon, Millipore, Massachusetts, USA) in
transfer buffer (25 mM Tris, 192 mM glycine, and
20% methanol) under 60 V for 5 h at 4° C. For IEF
gels, press-blotting was used to transfer the proteins
to a PVDF membrane. In both cases, after transfer,
the membrane was saturated for 2 h with phosphate-
buffered saline (PBS) containing 0.2% nonfat dry
milk (PBS-NFDM 0.2%) before 0.5-cm-wide strips
were cut and incubated overnight with patients' sera
diluted 1/8 in PBS-NFDM 0.1%. Bound IgE was
then detected by monoclonal mouse antihuman IgE
antibodies (Janssens, Belgium), visualized by
peroxidase-conjugated rat antimouse light-chain
kappa antibodies (Janssens, Belgium), TMB being
used as a substrate.
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Fig. 4. IgE immunoblots from IEF patterns of birch pollen extracts made at pH 5.5 (upper part) and pH 8.5 (lower part of figure). Strips
were selected to show (left) disappearance of bands at pi = 5.45-5.65 ( < ) and (right) appearance of bands at pi = 9, 9.10, and 9.30
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Results
We extracted proteins from birch pollen in distilled
water for 3 h at room temperature under several pH
conditions. The pH was constantly monitored and
adjusted. The extracts were then evaluated by pro-
tein content measurement, and by IEF and SDS-
PAGE combined with Coomassie brilliant blue
staining and immunoblotting.

Protein content

Protein content was measured in four extracts pre-
pared at pH 5.5, 6.5, 7.5, and 8.5. Results are pre-
sented in Fig. 1 and indicate that the higher the ex-
tracting pH, the better the extraction yield. The
relationship of yield and pH was logarithmic
(r=0.96) and statistically significant (P<0.001).

Analysis of profiles by IEE

Protein profile. Extracts made at pH 5.5, 6.5, 7.5, and
8.5 were analyzed by IEF. The Coomassie brilliant
blue-stained IEF gel of birch pollen extracts (Fig. 2)
showed that an increase in the pH of the extraction
fluid left bands from pi 4.35 to 5.75 relatively unaf-
fected, while there was progressive fading of bands
from pi 5.85 to 9. A basic band (pi 9.30) was vis-
ible only at pH 7.5 and 8.5. A total of 27 bands could

be detected at pH 5.5, while extracts made at pH 8.5
displayed only 16 bands.

Allergen profile. Extracts made at pH 5.5 and ex-
tracts made at 8.5 were assayed for IgE binding by
immunoblotting with 23 birch-sensitive serum
samples and one negative control (Fig. 3).

At pH 5.5, seven major allergens (recognition fre-
quency: 78-100%) were detected in the pi region
4.70-5.65. Fourteen proteins from pi 5.75 to 9.40
were minor allergens, recognized by only 4-21 % of
the samples.

Birch extracts made at pH 8.5 showed a different
recognition pattern, since only four of the seven
major allergens, in the pi range 4.70-5.25, were de-
tected by most sera. Indeed, the recognition fre-
quency dropped from 91, 87, and 78% to 43, 49, and
4%, respectively, for the bands at pi 5.45, 5.55, and
5.65. At pH 8.5, seven bands between pi 5.75 and
8.85 disappeared, and the recognition frequency de-
creased for most of the others.

In the basic region, two antigens at pi 9 and 9.30
were detected by 26 and 30% ofthe sera, respec-
tively, in extracts at pH 8.5 only. A third antigen (pi
9.10) was recognized more frequently in a pH 8.5
extract.

The differences in total immunoblot patterns of
individual sera for extracts at pH 5.5 and 8.5 are
shown in Fig. 4.
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Eig. 5. IgE immunoblots from IEF patterns of birch pollen extracts made at pH 5.5 (a), 6.5 (b), 7.5 (c), and 8.5 (d). Three represent-
ative sera were used to probe strips; pi values are indicated on left.
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For demonstration of the possibility of selection
of an appropriate extraction pH, extracts made at
pH 5.5, 6.5, 7.5, and 8.5 were probed with three sera
(Fig. 5). Fig. 5 shows that, in extracts at pH 6.5 and
7.5, all allergens present in extracts made at higher
and lower pH were visualized.

Analysis of profiles by SDS-PAGE

Protein profile. Extracts made at pH 5.5, 6.5, 7.5, and
8.5 were analyzed by SDS-PAGE (Fig. 6). Some of
the bands (18 and 37 kDa) became more intense
with increasing pH, while others (15, 17, 20, 29, 62,
67, and 72 kDa) tended to fade. One band (28 kDa)
remained apparently unaffected. The band contain-
ing the major allergen Bet v I (17 kDa) was present
in every extract, although the size of the band de-
creased at increasing pH.

AUergen profile. The proteins on blots from SDS-
PAGE gels (Fig. 7) were probed with the same 24-
serum samples that were used for the immunoblots
from IEF gels.
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Fig. 6. Coomassie brilliant blue-stained SDS-PAGE gel showing
protein patterns of extracts made at pH 5.5 (A), 6.5 (B), 7.5 (C),
and 8.5 (D). Amount of 20 |ig protein was apphed per leuie. Mo-
lecular markers (in kDa) are represented in lane M.
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Fig. 7. Number out of 23 patient sera reacting with birch pollen
proteins on immunoblots from SDS-PAGE gels. Asterisk indi-
cates bands revealed by Coomassie brilliant blue staining.

The Bet v I band (17 kDa) was recognized by all
the patients' sera in both extraction conditions. The
other bands were minor allergens, revealed by only
4-17% ofthe sera. A band at 13 kDa, which may
correspond to profilin, an allergen involved in cross-
reactivities among plant species (18), was detected
by 17% ofthe samples.

Discussion

We have compared extracts from birch {B. verru-
cosa) pollen made at different pH. pH was moni-
tored during extraction and continuously adjusted to
preset values in the range 5.5-8.5. Such continuous
monitoring is mandatory in studies on extraction
pH, because a stable pH, other than the pH imposed
by the pollen components, cannot be achieved by
any buffer solution. Indeed, in preliminary experi-
ments, we have found that buffers of different com-
position (acetate, phosphate, Tris, bis-Tris, HEPES,
lysine, and biphosphate) and of different molarity
(0.01-0.3 M) did not stabilize the pH during extrac-
tion of ryegrass (L. perenne) pollen. The same ap-
plies to birch pollen (unpublished). Consequently,
stabilization by controlled addition of a base or an
acid seems to be the only means to stabihze the pH
during pollen extraction.

We found one earlier study done under constant
pH monitoring (11). In this study, the amount of
ragweed AgE {Amb a I) extracted within the first
15 min was shown to be seven- to eightfold higher
at pH 8.5 than at pH 5.5. Similarly, our present
results demonstrate that the total protein content
was significantly increased in alkaline birch pollen
extracts. Furthermore, we found that pH influences
not only the extraction yield, but also the relative
quantities of individual antigens in birch pollen ex-
tracts. Indeed, Coomassie brilhant blue-stained IEF
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and SDS-PAGE geJs show dissimilar patterns for
extracts prepared at different pH (Figs. 2 and 3).
Although Coomassie brilliant blue stainings can be
evaluated only semiquantitatively, their results
strongly suggest that proteins from pi 6 to 7 are
selectively decreased in an extract at pH 8.5 com-
pared to an extract at pH 5.5, while proteins in the
terminal regions ofthe pi range tend to become more
prominent. Accordingly, some bands disappear with
increasing pH in SDS-PAGE patterns, while oth-
ers become visible or more intense.

The total number of bands decreases in the IEF
pattern of alkaline extracts, while it remains about
the same in SDS-PAGE. This may be explained by
the fact that a cluster of bands in IEF gels may re-
present isoforms ofthe same protein. The disappear-
ance of such a protein may thus result in the disap-
pearance of several bands. Isoforms have the same
molecular weight. Thus, they are present in an SDS-
PAGE pattern as a single band. Conversely, pro-
teins of different molecular weight may share the
same pi, and this may account for the persistence of
a band in an IEF analysis although one of its com-
ponents has disappeared from the SDS-PAGE pat-
tern.

At this point, it should be emphasized that for
every sample we applied the same quantity of pro-
tein in comparative electrophoresis experiments. This
requires dilution up to threefold for the high protein
content extracts made at pH 8.5. This dilution might
result in the disappearance of some bands in Coo-
massie brilliant blue-stained gels or immunoblots,
compared to the original, nondiluted extract. Con-
sequently, in our experiments, the absence at pH 8.5
of bands that are present in a pH 5.5 extract may be
the consequence of dilution.

For extracts made at pH 8.5, the IgE immuno-
blots from IEF gels demonstrated an important de-
crease in IgE binding to allergens at pi 5.45, 5.55,
and 5.65, which probably represent isotypes of
Bet V I (7, 8, 16). Indeed, detection was lost for most
sera. Conversely, three bands at pi 9, 9.10, and 9.30
were detected at pH 8.5 by six, six, and seven out of
23 sera, respectively, whereas two of these three
bands were absent in immunoblots of pH 5.5 ex-
tracts. For extracts at pH 5.5, only two out of 23
patients reacted with one antigen in the basic termi-
nal region of the pi range. The importance of the
three basic allergens at pH 8.5 is strengthened by the
fact that they intensely reacted with some sera which
react only weakly with other components (e.g., serum
20 in Fig. 4). Membrane filtration experiments indi-
cate that the molecular mass of these proteins is
higher than 10 kDa (data not shown), indicating that
they are not small split products. On IEF immuno-
blots, their IgE binding was not inhibited by dilution
ofthe sera in 10 mM EGTA (data not shown). Thus,
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we may assume that they are not related to the re-
cently described Bet v III (17).

Until now, only one (1) of several authors (1, 4,
7) has mentioned the existence of an IgE-binding
component in the basic pi range of birch pollen pat-
terns. As there was no mention of pH monitoring
during the extraction, the extracts used in these stud-
ies were probably prepared at the pH 5.5 imposed
by the pollen components. This may account for the
loss ofthe basic proteins.

We did not find important differences in SDS-
PAGE immunoblot patterns between extracts of dif-
ferent pH. Particularly, sera showing reactivity in the
basic region with IEF did not show any new band
on immunoblots from SDS-PAGE (data not
shown). However, it is possible that the differences
observed with immunoblots from IEF relate to al-
lergens with only conformational epitopes that are
denatured before analysis by SDS-PAGE. Proteins
that are allergenic only by virtue of conformational
epitopes have already been described for birch (17)
and ryegrass pollen (3).

The pH-dependent differences we have described
are not restricted to birch pollen extracts. We have
observed similar effects on ryegrass and hazel (C
avellana) pollen: some proteins are lost and others
appear, depending on the extraction pH (unpub-
lished results).

To demonstrate clearly the pH influence, we first
compared extracts made at two very distinct pH
values, namely, 5.5 and 8.5. Additional immuno-
blotting experiments showed that at intermediate
pH, 6.5 and 7.5, extracts contain the compilation of
all allergens present in the extracts at pH 5.5 and at
pH 8.5. Therefore, we recommend that birch pollen
extracts for diagnostic and therapeutic use be pre-
pared at a monitored pH in the range 6.5-7.5. This
range is consistent with the neutral to slightly alka-
line nasal pH of allergic patients, which may reach
pH 8.0, whereas normal nasal secretions are rather
acidic (pH 5.5-6.5) (14). When pollen grains enter
the nose, they are Hkely to be locally extracted at the
pH ofthe nasal mucus. Indeed, it is difficult to imag-
ine that the minute amount of pollen that reaches the
nasal airway could influence the pH of the natural
extraction medium. Consequently, a laboratory ex-
tract prepared in neutral or slightly alkaline condi-
tions would more closely match the extraction pro-
cess in the allergic nose, and is therefore more hkely
to contain all relevant antigens.

Our findings may have some practical and some
theoretic consequences. During the last several years,
researchers have become more interested in the
analysis of peptide sequences of antigens and
epitopes than in the extraction conditions for crude
extracts. However, variables that determine the out-
come of extraction procedures appear to be of pri-
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mary importance in detecting all molecules with al-
lergenic activity. This is essential to establish the
complete set of epitopes that are important for al-
lergic sensitization. Furthermore, any sequence
analysis starts from a purified single molecule. The
preparation of an appropriate quantity of such a
molecule may be greatly facilitated when adequate
extraction conditions, such as optimal pH, are de-
termined.
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