4 A L

cwersion of the constructs to an infectious
torm or for horizontal spread of HFV (13). It
is unlikely that expression of the HEV con-
structs depends on the cell cycle because neu-
rons are irreversibly postmitotic in adult ani-
~mals. These observations indicate  that
additional, unknown cellular factors may be
required for high levels of HFV LTR-directed
“-nscripgon.

Because expression of HFV was predomi-
iandy seen in anatomical structures that will
eventually degenerate, it is likely that the gene
products of HFV are directly responsible for
the obscrved lesions. However, we are unable
to identify conclusively which proteins of HFV
are responsible for neurotoxicity. Nerve cell
degeneration was present in animals carrying
the pAgpe DNA, which essendially contains
+aly the bel reading frames. A possible candi-
o .te for neurotoxicity is the bel-1 gene product,
which is functionally comparable to the retro-
viral transactivating factors, HIV tar and
HTLV-1 tax (5-7). However, transgenic mice
carrying LTR tat and LTR rax develop Kaposi
sarcomas and peripheral neurogenic and mes-
enchymal tamors, respectively (10), but no
degenerative encephalopathy. These differences
ray relate to the tissue-specific expression pat-
« ncaused by the HFV cis regulatory elements
< to different cellular and molecular targets of
the bel-1 protein.

The pathologies observed in HFV mice are
reminiscent of human retroviral disease of the
CNS: neuronal loss and white matter damage
arc often present in HIV-associated encepha-
lopathy (14) and vacuolar myelopathy (15) and
i HTLV-I-induced disease of the CNS (16).
“ e mechanisms of neurotoxicity operating in

=se conditions may be related to those lead-
11+ to neurological damage in HEV transgenic
mice. In fact, one of the original isolates of
HFV was obtained from the brain of a patient
with a neurodegenerative disease with features
reminiscent of the lesions in the HFV mice ( 2).

Although a specific pathology has nor been
unequivocally associated with HFV infection,
and foamy viruses generally have been regarded

benign (4), detection of HEV in human

-ases might be problematic if virulence is
restricted to immunocompromiscd hosts or to
abortive forms of infection (17). The findings
described here prompt a critical reappraisal of
the potential role of HEV as a human patho-
gen. Ir will be crucial to search for evidence of
HEFV infection, or superinfection, in neurode-
generaave and myopathic disorders of un-
krown ctiology and neurological syndromes in
" munodeficient patents.
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Identification of Profilin as a Novel Pollen Allergen;
IgE Autoreactivity in Sensitized Individuals
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A complementary DNA encoding a pollen allergen from white birch (Betula verrucosa)
that was isolated from a pollen complementary DNA library with serum immunoglob-
ulin E from a birch pollen—allergic individual revealed significant sequence homology
to profilins. The recombinant protein showed high affinity to poly-L-proline. Immu-
noglobulin E antibodies from allergic individuals bound to natural and recombinant
birch profilin and also to human profilin. In addition, birch and human profilin
induced histamine release from blood basophils of profilin-allergic individuals, but not
of individuals sensitized to other plant allergens. The structural similarity of conserved
proteins might therefore be responsible for maintaining immunoglobulin E antibody

titers in type I allergy.

LLERGIES OF THE IMMEDIATE TYPE
are a major health problem in indus-
trialized countries, where up to
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15% of the population suffers from type 1
allergic symptoms (rhinitis, conjunctivitis,
and bronchial asthma). An understanding of
the complex pathogenetic mechanisms lead-
ing to allergy requires information about the
structure and function of allergenic proteins.
Comparison of the sequences of cloned al-
lergens with those of known proteins has
already contributed to the characterization
of some allergenic proteins. The major birch
(Betula verrucosa) pollen allergen Bet v 1 (1)
and the white-faced hornet venom allergen
antigen 5 Dol m V (2) were shown to be
highly homologous to pathogenesis-related
plant proteins. The major house dust mite
allergen Derp Lis homologous to proteascs-

REPORTS 557




10 20 30
Human

i
White birch MS.

Yeast R e S N L1 N N T
90 100 110 120 130 140

Human vmsmsmmmsmpmvmmmmmmmsmqy

Wit ich | VI....Q GAGIiciGabs. . hxkboor ek e micortn, e

Yeast LIR...... ACDRSIYGRADASS. .. WOVRIUTVIIARPPTICAEATI g A o

40 50 60 70 80
KDSPSVWAAVPGKTFVNITPAEV . GVLVG. KDRSSFYVNGLTLGGQKCS

111 1 [ I

- .SVHA. . QSSSFPQFKPQEITG.

Fig. 1. Amino acid (23) sequences of human (13) and veast (12) profilins are compared with the birch

profilin sequence. Identical amino acid residues are m

arked by vertical lines. Gaps arc indicated by dots.

Amino acid residues thar were determined by sequencing tryptic fragments of natural birch pollen
profilin are underlined. Sequence identity between birch and human profilins is 34% and between birch
and yeast profilins is 32%, whereas sequence identity with slime mold (10) and amoceba (11) profilins
1s 43 and 38%, respectively. Numbers above the sequence indicate the residue number, including gaps,

starting at initiator methionine.
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Fig. 2. Auroradiography of IgE immunoblots; molecular size standards (in kilodaltons) are indicated at
the leit side. Arrows indicate the relative positions of the same markers on the other gels. (A) Toral
proteins of a birch pollen extract were separated with 12% denaturing polyacrylamide gel clectropho-
resis and blotted onto nitrocellulose thar was subsequently cut into strips. Strips were incubated with
sera of altergic individuals diluted one to ten in buffer A [50 mM sodium phosphate (pH 7.5), 0.5%

Tween 20, 0.5% bovine serum albumin, and 0.05%
todinated rabbit antibody to human Igk (Pharmaci

by aflinity chromato graphy

» sodium azide], and bound IgE was detected with
a, Uppsala, Sweden). (B) Birch profilin was purificd
on poly-L-proline--Sepharose (21), clecrrophoresed in a denaruring

polyacrylamide gel, and blotted onto nitrocellulose. (C) The cDNA coding for birch profilin was

expressed in pKK223-3 (20), the recombinant protein was purified (

21}, subjected to electrophoresis,

and blotted onto nitrocellulose. (D) Sera IgE that had bound to natural and recombinant profilin
(patients [ and 2) also reacted with human profilin purified from platelets. The purification procedure
was based on the known affinity of profilins to poly-t-proline (21). Lane 1, the serum of an individual
allergic to most birch pollen allergens, in particular to the major birch pollen allergen Bet v I (1) ar 17 kD, to
a 14-kD protein, and to a series of proteins in the range between 30 to 90 kD. Lane 2, seram of an individual
who reacts exclusively to the 14-kD protein. Lane 3, a pool of sera from five nonallergic individuals. Lane 4,
serum that bound to a 17-kD protein (Betv I). Lane 5, serum from an individual allergic to house dust mites,
but without IgE reactivity to birch. Lane 6, buffer control without added serum.

(3) and has proteasc activity itself (4).

We cloned and sequenced cDNAs encod-
ing immunogiobulin E (Igk)-binding birch
pollen proteins distinct from Bet v I. One of
these allergens was identified as birch profi-
lin by sequence homology and athinity to
poly-L-proline. The protein is recognized by
IgE antibodies in about 10% of those indi-
viduals allergic o birch pollen (3) and scems
to be an intermediate or major allergen in
mdividuals allergic to pollens of grasses and
weeds (6). Immunoglobulin E antibodics
from  birch profilin-allergic  individuals
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cross-reacted with human profilin, and his-
tamine release from peripheral blood baso-
phils could be induced with the human
protein. This IgE reactivity to a self antigen
suggests a mechanism that could maintain a
high titer of IgE in individuals allergic to
profilins.

A birch pollen cDNA library was con-
structed 1 A gell and screened for [gli-
binding proteins with the use of serum IgE
from an allergic individual selected accord-
ing to case history and results from a RAST
(radioallergosorbent test) and an IgE immu-

A 123 Bi2g Ci123
69~
o~
30—
21m
= ¥ ®

Fig. 3. Competitive inhibition of IgE binding.
Human profilin purified as described (21) was
subjected 1o electrophoresis and  blotted  onte
nitrocellulose. Strips of nitrocellulose were incy-
bated with dilutions of serum 1 (Fig. 2) that had
been incubarted in the Auid phase with (lane 1) 10
wg of purified recombinant protilin, with (lane 2
control proteins trom  Escherichia coli JM 105
transtormed with the plasmid pKK223-3 withont
the profilin ¢cDNA insert, or with (lane 3) buffer
A. (A) No added serum, (B) 1 to 20 dilution of
serum, and (C) 1 to 10 dilution of serum. Bound
[gk was detected as described in Fig. 2. Molecular
size markers are shown at left in kilodaltons.,

noblot pattern with pollen extracts (3). A
partial 5 -deleted cDNA clone was isolated.
We  used oligodeoxvnucleotides comple-
mentary to the coding region to obtain two
independent complete ¢cDNA - clones by
plaque hybridization (7); these clones were
then sequenced (8, 9). A cross-hybridizing
mRNA of approximately 800 nucleotides
was detected in birch, alder, and hazel pol-
len. The deduced amino acid sequince or
these cDNA clones (Fig. 1) was hooo !

gous to profilins from slime mold (172 .ar.:

polycephalum) (10), amocba (AAcanthamoeba
castellanii) (11), yeast (Saccharomyces cerevi- !
stae) (12), mouse (13), calf (14), and man |
(15). 1

Profilins regulate actin polvmerizaticn
{16) and participate in signal transducton
by way of the phosphoinositide signaling
pathway (17). In particular, they function as
actin-sequestering proteins in the acrosoma
reaction of echinoderm sperm (18). Most of
the clusters of high sequence homology
between the different profilins are located
cither toward the NH,-terminus or the
COOH-terminus of the molecule. Both re-
gions arc presumed to participate in the
interaction with actin (19). We observed
large amounts of profilin in pollens of trees
[birch, alder (Alnus ol inesa), and haze!
(Corylus avellana)], grasscs [timothy grass
(Phleum pratense) and rve (Secale cereale)],
and weeds [mugwort (Artemisia vulgaris)]
(6). This mav suggest a function for pollen
profilins in plant fertilization.
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J. 4. Histamine release
m  basophils prepared
m peripheral blood (22,

(A) Basophils from
viduals  allergic  to
ch profilin (donors 1
[ 2) and from two indi-
uals allergic to pollen
reins other than profi-
(tested by IgE immu-
dlots) (donors 3 and 4)

Histamine release (%)

Histamine release (%)

[ TR

05501011 1o 1001000
Profilin (ng/ml)

o ) LR
Donor 3 Donor 4

r¢ tested for histamine release after sensitization with birch profilin (solid bars) or human profilin
tched bars) and on stimulation with monoclonal antibody E124-2-8 to human IgE (24) (wide,
izontal bars). Open bars represent nonspecific release observed with the addidon of buffer. Results
wn are after stimulation with an optimal concentration of antigen that resulted in the maximum
«centage of histamine release. Individuals had been characterized by case history and results from a
A\ST and IgE immunoblots (5). (B) Dose dependency of histamine release. Granulocytes from donor

vere exposed to various concentrations of birch profilin (@) and human profilin (#). 1listamine

:ase is expressed as a percentage of total histamine. The values are means of triplicate determinations,

{ the error bars indicate the standard deviation.

The complete ¢cDNA rhat codes for the
tative birch profilin was cxpressed in
K223-3 (20). The recombinant protein,
well as a birch pollen protein of the same
¢ and IgE-affinity, could be purified by
mity chromatography on poly-L-proline~
pharose (Sigma), a method specific for
ofilins (21). The sequence of two tryptic
gments from the purified natural birch
ofilin exactly matched a portion of the
mo acid sequence deduced  from  the
NA sequence (Fig. 1). Profilins were also
rified from pollens of grasses (P. pratense
4'S. cereale) and weeds (A, vulgaris) and
‘ntified as relevant allergens by Igk immu-
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3. 5. Immunoglobulin E immunoblot of birch
llen proteins. Serum samples from a birch
ilen—allergic individual that had been collected
oughout one vear. Lane 1, end of February;
w2, May; lane 3, June; lane 4, October; and
¢ 5, January. The birch pollen season extended
'm the end of February to the end of May in the
i in which the samples were obrained. We used
1 to detect blotted birch potlen allergens, and
und IgE was detected as described in Fig. 2.
lecular size standards are indicated at left in
daltons.
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noblot and IgE immunoblort inhibition ex-
periments with 60 individuals (6). Because
these profiling derived from pollens of plants
belonging o distantly related species share
common IgE-binding epitopes, the profilins
can be regarded as a group of “panaller-
gens.

Although computer-aided predictions of
secondary structure did not clearly indicate
structural homology between birch and hu-
man profilins, we analyzed sera from indi-
viduals with high IgE drers to natural and
recombinant birch profilin for IgE reacuvity
to human profilin. These sera were tested for
their capacity to bind human profilin on
immunoblots (Fig. 2). Sera with Igk to
purified natural and recombinant birch pro-
filin (Fig. 2, B and C) also recognized
human profilin with their IgE (Fig. 2D),
but thesc antibodies were of lower affinitv.
Binding of human IgE to human profilin
could be blocked with recombinant birch
profilin that was added in the fuid phasc as
a native protein (Fig. 3), which indicates
that there are common cpitopes. These
epitopes might be conformational rather
than sequenual.

On the basis of these data, we invest-
gated whether the autoreactivity of this Igk
mighr attecr the in vivo allergv. We used
histamine-release tests (22) ro determine
whether the cross-reactive antibodics were
able to elicit allergic effector mechanisms.
Basophils from three individuals allergic to
birch profilin, from two individuals allergic
to pollen proteins other than profilin, and
from five nonallergic donors were tested tor
histamine release in response to birch and
human profilins. Response to human profi-
lin was observed only with individuals who
had high TgE antbody titers to the birch
pollen profilin (Fig. 4). It is therefore pos-
sible that at least some of the allergic symp-
toms caused primarily by sensitization of
mast cells with pollen profilin may be aggra-

vated or prolonged by human profilin.

S Rt A T .

Although serum Igk is relatively short-

lived, individuals allergic to profilin had
high IgE titers, even at times outside the
pollen scason, perhaps sustained by endog-
cnous profilin acting as a booster. Through-

out one vear, we measured the reactiviey of

I¢E to birch profilin and to the major birch
pollen allergen Bet v 1 (1) that does not have
a known human homolog. Serum samples
were collected from an individual allergic to
both allergens. The intensity of IgE reactiv-
ity to birch profilin remained constant
through the vear, even outside the pollen
scason, whereas the IgE reactivity to Ber v 1

decreased outside the pollen season (Fig. 5).

We

> have described an example of a specific

IeE antibodv thar is reactive to a human
o 2z

protein. Whether the cause of this humoral
autoimmunity is formation ot autoantbody

ro the human profilin or cross-reactiviey of

antbody to the birch profilin with the hu-
man profiling (molecular mimicry) remains
to be answered.

)

10.
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Protein Kinase Activity Closely Associated with a
Reconstituted Calcium-Activated Potassium Channel

SUNGKWON CHUNG, PETER H. REINHART, BRUCE L. MARTIN,
Davip BrauTiGaN, [rRwiN B. LEviTan*

Modulation of the activity of potassium and other ion channels is an essential feature
of nervous system function. The open probability of a large conductance Ca2*-
activated K* channel from rat brain, incorporated into planar lipid bilayers, is

increased by the addition of adenosine tri

phosphate (ATP) to the cytoplasmic side of

the channel. This modulation takes place without the addition of protein kinase,
requires Mg? ", and is mimicked by an ATP analog that serves as a substrate for protein
kinases but not by a nonhydrolyzable ATP analog. Addition of protein phosphatase 1
reverses the modulation by MgATP. Thus, there may be an endogenous protein kinase

activity firmly associated with this K* ch
complex that contains regulatory protein k

ODULATION OF NEURONAL ACTTV-
ity underlies many changes in be-
havior. Such modulation often re-
sults from changes in the activity of membrane
ion chaanels. Ca®*-activated K+ channels, one
subclass of the diverse and widespread family of
K" channels, are intriguing in this regard be-
cause thev provide a link between second mes-
senger systems and the membrane potential.
Some members of this channel subclass are
nrgets for protein phosphorylation, a well-
investigared m(xiuhtory mechanism for ion
channels (1). Adenosine 3",5"-monophosphate
(eAMP)—dependent protein kinase (PKA) (2)
and protein kinase C (PKC) (3) both change
the activity of Ca® *-activared K+ channels in a
number of tissucs.

We have deseribed the properties of sev-
eral different tvpes of Ca?t-activated K+
channels from rar brain incorporared into
planar lipid bilavers (4). Addition of the
purified catalytic subunits of PKA and pro-
tein phosphatase 2 (PP-2A) can modulate
the gating of two different types of large-
conductance Ca*-acrivated K+ channels
from brain (3). These two channel tvpes
have the same unitary conductance (240 pS
in symmerrical 150 mM K ") but differ in

S. Chung, P. H. Reinhart, 1. B. Levitan, Graduate
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annel. Some ion channels may exist in a
inases and phosphatases.

their gating kinetics, Ca?* sensitivity, phar-
macology, and response to phosphoxylation
bv PKA. We have now investigated the
modulation by MgATP of the slower garing
(4-6) of these large-conductance Ca? " -acti-
vated K* channels.

We recorded single-channel activity for
such a channel under conditions in which
the open probability was low (Fig. 1A).
When 0.5 mM ATP was added to the
cvtoplasmic side of the channel, the open
probability increased substantially (Fig. 1B).
With some channels, as little as 50 uM ATP
was enough to produce similar increases n
open probability. In 25 separate cxperi-
ments, 16 channels exhibited a large increase
in open probability after the addition of
ATP, whereas in 9 experiments ATD was
without eftect. From among the 16 ATP-
modulated channels, we chose for quantita-
tive analysis 6 representative  channels in
which the starting open probabilitics were
similar. ATP increased the maximal open
probability of these channels from 0.058 =
0.013 (mean # SEM) to 0.449 + 0.16].
AT added to the extracellular side of the
bilaver did not alter channel activity,

We next examined the time dependence of
the open probability changes induced by
ATP (Fig. 2A). In 16 experiments the lag
time between the addition of ATP and the
increase in open probability varied from
channel to channel and ranged from less
than 20 s to as long as 3 min. The open
probability of the channel after the addition

of ATP was not constant but oscillared b
tween lower and higher open prob.\biliry val-
ues (Fig. 2, A and B). In the absence of ATP,
we never observed these rapid, large changes in
channel open probability (Fig. 2C).

Magnesium was required for the modula-
tion bv ATP. When butfer conmining 1 mM
Mg was replaced with M "-free solution
contaning 20 pM EDTA, 1 mM ATP was no
longer able to increase  channel activity
(n =5). To examine whether ATP hydrolysis
was necessary for the modulation, we tested
analogs of ATP. In cight independent experi-
ments, we observed no increase in the open
probability in the presence of up to I mM of
the nonhyvdrolyzable ATP analog, AMPPNP
(adenylylimidodiphosphate). Tn contrast to
AMPPNP, ATDvS [adenosine-5-O-(3-thio-
triphosphate) ], a hvdrolvzable ATP analog that
can substitute tor ATD in most kinase reactions
(7). increased the activity of the Ca? "-activated
K™ channel in 12 of 14 experiments (Fig. 3).
Quantitative analysis of four representative ex-
periments, with similar inital open probabili-
tics, revealed a greater than tenfold increase in
channel open probability in response to AT PyS
{from 0.060 = 0.009 1o 0.667 = 0.083).
ATPYS generally took longer to modulate the
channel than ATP, consistent with reports
that it is used at slower rates in phospho-
transterase  reactions (7). Furthermore,
ATPyS induced a more stable, high open
probability state (Fig. 3) than did ATP
(Fig. 2, A and B).

These results with ATP analogs demon-
strated that ATP hvdrolvsis is required for
channel modulation. This is different from
the ATP-sensitive channels found in a vari-
ctv of tissues, in which ATV functions as a
ligand to alter channel propertics by binding
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Fig. 1. Activaton of a large-conductance Ca?™-
actvated K* channel in lipid bilayers by MgATP and
reversal by PP-1, Voltage across the bilayer was
clamped at +10 mV, and the reversal potential for
K™ was set to =28 mV. For all traces, channel
openings are shown as upward deflections from the
closed-level current. (A) Representative  control
openings of the channel before the additon of ATD
in three continuous traces. (B) Traces 3 min after the
additon of 0.5 mM ATP ¢ Calbiochem) to the ato-
plasmic side. (C) The effect Of MgATP is reversed by
the addition of 30 nM PP-1 in the continued pres-
ence of MgATD,
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