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Introduction

Plant prof ì l ins were or ig inal ly discovered as cross-reac-
t ive al lergens (Valenta et  a l .  l99l ;  Valenta et  a l .  1992;
Vall ier et al. 1992: van Ree et al. 1992) and were subse-
quent ly descr ibed as act in-binding proteins in dicots and
monocots  (Va len ta  e t  a l .  1993;  S ta iger  e t  a l .  1993) .  The
cDNAs coding for prof ì l ins f rom birch (Valenta et  a l .
l99 l ) ,  ma ize  (S ta iger  e t  a l .  1993) .  t imothy  -s r i ì ss  (Va len ta
e t  a l .  1994) .  tobaccc t  (Mi t te r rnann e t  a l .  1995)  and wheat
(Rihs et  a l .  1994) have been isolated and shown to be
very s; i rn i lar .  The cDNA and deduced amino acid se-
cluences \^'ere highly conserved among the different plant
prof i l ins.  whereas rather low sequence simi lar i t ies were
found to other eukaryot ic prof i l ins (Valenta et  a l .  1993).
Plant prol ì l ins bound to plant as wel l  as to mammal ian
act ins.  which coLr ld be demonstrated with in v i t ro (Va-
ìen ta  e t  a l .  1993:  G ieh l  e t  a l .  1994.  Ruh landt  e t  a l .  1994)
as wel l  as in v ivo exper iments (Staiger et  a l .  1994 Roth-
kege l  e t  a l .  1996) .  Thc  inh ib i t ion  o f  phospho l ipase ac t iv -
i ty in isolated pea plaslna membranes by recombinant
birch prof ì l in indicated that plant prof ì l ins,  as wel l  as
other eukarvot ic prof ì l ins.  interact  wi th polyphosphoi-
nosi t ides and hence may be involved in the s ignal  t rans-
dr"rct ion cascade in plants (Drobak et  a l .  1994).

Evidence that prof i l ins have ar prominent role dur ing
pol len maturat ion.  pol len tube growth and sexual  p lant
reproduction came from the fìnding that profìl in expres-
sion is hi-eh in mature and germinated pol len (Mit ter-
mann et  a l .  1995).  I t  is  hence l ikely that  prof i l in controls
the act in assembly dur ing pol len maturat ion and germi-
nation. Correct formation of actin bundles is required for
pollen tube growth and it is tempting to speculate that
profìl in may control this process by capping and/or re-
leasing act in f i laments.  The descr ipt ion of  prof ì l in iso-
forms in the monocot Zeu may's (Staiger et al. 1993)
prompted us to investigate whether or not functional
prof ì l in isoforms can also be found in tobacco pol len.
For this purpose, tobacco pollen protein extracts were
analyzed by two-dimensional  e lectrophoresis/ immuno-
blotting. and a tobacco pollen cDNA library was
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screened with a serum pool from profi l in-allergic indi-
viduals which contained polyclonal IgE antibodies with
broad cross-reactivity to profi l ins. The cDNAs coding
for three tobacco profi l in isoforms showed high se-
quence conservation, and there was no difference in the
recognition of the recombinant proteins by different
profi l in-specifìc antisera. Because of the observed simi-
larit ies, it is suggested that different profìl in isoforms
may be functionally equivalent and that the occurrence
of isoforms may protect pollen against a loss of profìl in

activity.

Materials and methods

Plant  mater ia ls  rnd prote in  ext racts

Pollen was obtained frorn tobacco plants \Nit ' t t f  i t t t t t t  t( tb(t(I t t t t  c\ ' .
Peti t  Havana SR l) grown undcr control led condit ions. Freshl l '
harvested pol len was ground under l icluid nitrogen and extracted
as descr ibed by Jaro l im et  a l .  ( l9 t l9) .  Ext r i ìc ts  were d ia lyzed.  a l i -
quoted and lyophil ized. Protein conccntrat ion was determined ac-
cording to Bradfbrd (1916): ancl aliquots of the extracts were ill.ìil-
lyzed by SDS-PAGE lFl in-e and Gregerson 1986) af ier Cootttr ' tssie
b lue s ta in ing.

Antiserir

For immunoscreening of the tobacco pol len cDNA l ibrary, a serurl
pool was prepared by mixing equal volumes of sera from three
profì l in-al lergic patients who had high levels of serum IgE rtgir inst
prof i l ins trom monocots and dicctts (Valenta et al.  1992). Thc reb-
bit  antiserum RPl. which was raised a-eainst puri f  iccl celery root
profì l in, is described by Vall ier et al.  (1992) and Valenta et al.

t tggZ,  1993) .  Rabbi t  ant iserunr  RP-5 uas ra isec l  aga inst  pur i f ìcd
recombinant  tobacco po l len prof i l in  t l tPro l  ( \ l i t te r rnann et  a l .
l 99s ) .

SDS-PAG E. tu o-di t t ten sional electrophol 'esi s.
and immunoblot t ing

Protein extracts were sepiìrated rn tt  12.5% SDS-PAGE (Fl ing and
Gregerson 1986). For two-dirnensional (2-D) separation of pol len
proteins. ertracts were separated in the f irst dimension according
to pH by 'us ing Lnrnobi l ine dryst r ips  pH 3-10 and a Mul t iphor  I I
apparatus (Pharntacia, Uppsala. Sweden), fol lowing the manufac-
t l l rer 's instruct ions. Str ips containing the pH-separated proteins
were then placed on a 12.57c SDS-PAGE for separation accorcl ing
to molecular weight (Fl ing and Gregerson 1986). Proteins were
transferred to nitrocel lr-r lose membranes (Schleicher & Schuell ,
Dassel. Germany) by electroblott ing (Towbin et al.  1979). The im-
munodetection of proteins was performed as described by Mitter-
mann et  a l .  (199-5) .

Antibody screening of the tobacco pol len cDNA l ibrary;
characterization of cDNAs coding
for tobitcco pollen profìlin isoforms

Approximately 200 000 pfu of a cDNA library prepared fiom ma-
ture tobacco pollen were screened with serum IgE, from profilin-
al lergic individuals (Mitterrnann et al.  1995). Six irnmunoposit ive
)vZAP phage clones were enriched and the corresponding plasrnids
pBSk+ were obta ined by in  v ivo exc is ion (Shor t  e t  a l .  1988) .  P las-
mid DNA was prepared from the six clones using Quiagen t ips
(Quiagen, Hi lden. Germany) to determine the DNA sequence of

their -5'  ancl 3'  encls accorcl ing to San-uer et al.  (19171usit lg ' t ' 'S

dcTP (NEN, Stevenage. UK) and a T7 seqr-rencir.r-s kit  (Pharnra-

c i a ) .  The  5 ' and  3 ' sequences  we re  comparec l  g i t h  a  p re r i g t t : ì r
iso la ted tobacco prof i l in  c lone (n tPro l )  (Mi t te l l l l i - ì r l l . l  e t  a l .  l t )95t
to select clones containing di l ferent isgforprs (ntProl.  I l tPrgS t l t l r
c le ta i led analys is .

Expression of prof i l in isoforms in E- col i

Escherit ' l t iu t 'ol i  XL-l Blue. transfornled uith pBSk+ colrt ; t i r l i rrs
the cDNAs of  n tPro l -n tPro3,  was grown in  l iq l ic l  cLr l t t r re  tLB

conta in ing 100 prg/ml  ampic i l l in )  to  an OD 600 of  0 .5  and indLrcc-d
by aclcl i t ion of IPTG to a f inal concentrat ion oî 3 nr\ l  for J h. É.

c'o1r cel ls were harvested by centr i fugation and stored at -10'C Lrrt-
t i l  use.

Results

Different profìl in isoforms are detected
in 2-D analyzed tobacco pollen protein extracts

The occurrence of profìl in isoforms has been described

for Accrrtthuntoeha (Pollard and Rirnm l99l), Dictt 'oste-

l i tnt  (Haugwitz et  a l .  l99l)  and hurnans (Honore et  a l .

1993). Those cDNAs coding for Zeu mols profi l in iso-

forms have been isolated (Staiger et  a l .  1993).  To dem-

onstrate the presence of tobacco pollen profi l in isoforms

at the protein level, pollen extracts were separated ac-

cording to pH and molecular wei-qht by 2-D electropho-

resis.  The 2-D gels were then blot ted onto ni t rocel lu lose,

and profìl in isoforms were detected with two diffèrent

polyclonal  rabbi t  ant isera.  The rabbi t  ant i -celery root

prof i l in ant iserum RPI (Fi_u. la)  and the rabbi t  ar l t i - l 'e-

comhinant tobiìcco profìl in (ntPro I ) i.ìI l t iserum RP5
(Fig lb)  bound strongly to at  least  four dist inct  spots.

Althou-eh the reactivity of RP5 r.r 'as weiìker. longer expo-

sure revealed a binding piìttern almost identical to that

observecl  for  RPl.  I t  is  noteworthy that  a l though RPI

was raised against a somatic plant profìl in (celery root

profìl in) and RP5 a-qainst one recombinant tobacco pol-

len prof i l in isoform (ntProl) ,  a s imi lar  react ion intensi ty

to the indiv idual  spots was observed.

The cDNA and deduced amino acid sequences
of tobacco profi l in isoforms are highly homolo-eous

When the cDNA sequences of the three tobitcco profìl in

isoforms (ntProl-ntPro3) were compared (Fi-s.  l ) .  s is-

nifìcant difÍerences were noted in the 5' and 3' non-cod-

ing regions. However, few differences \\ 'ere observed in

the coding regions. Most of the diffbrences were located

in the third position of each codon and hence represented

silent mutations. The coding regions of ntPro I and

ntPro2 were exactly the same length, whereas ntPro3

lacked one codon. An average molecular weight of

14.4 kDa was calculated f or each of ntPro 1 , ntPro2 and

ntPro3.
Comparison of the deduced amino acid sequences of

the three tobacco profi l in isoforms showed the carboxy-
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3 diffèrences observed among the 2-D separated tobacco
pol len prof ì l ins;  p ls of  5.19, 4.J4,  and 4.93 were calcu-
lated for ntProl, ntPro2 and ntPro3, respectively. The
ntPro3 lacked one amino acid (glutamine) in posi t ion 18,
which may explain the di f fèrences in molecular weight
observed in the 2-D analysis.
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Recombinant tobacco profìl in isoforms are recognized
by different profìl in-specific antisera in a similar manner

Bluescr ipt  p lasmids containing in- f rame inserted cDNAs

-1A. of tobacco profìl in isoforms (ntProl-ntPro3) were pre-
pared by in vivo excision. E. c'oli extracts containing the
prof i l in isoforrns (Fig.  4a,b:  lanes l -3) ,  as wel l  as ex-
tracts from E. c'oli which had been transformed with an

kd empty control  p lasmid (negat ive control)  (Fig.  4a,b:  lane
0),  were separated by SDS-PAGE, blot ted onto ni t rocel-
lulose and probed with two different anti-profìl in antise-
ra ,  RPI  (F i_u .4a)  and RP5 (F ig  4b) .Both  an t isera  reac t -
ed comparably with the recombinant tobacco profìl in

a isoforms. Isoforms ntPro2 and ntPro3 bound strongly to

,-  RPI and RP5 (Fig.  4a.b:  lanes I  anct  2) whereas ntProl
( lane 3) reacted much more weakly.  No react iv i ty was
observed at 14 kDa in the control E. coli extrlcts (lane
0) .
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p H r

b RP5
Fig. la, b Detectictn of prof i l in isoforms in 2-D separated tobacco
pollen extracts. Tobacco pollen extracts were separated by 2-D gel
electrophoresis and blotted onto nitrocellulose. Profìlin isofbrms
were detected with a rabbit anti-celery root profì l in antiserum (RPl)
and b with rabbit anti-recombinant tobacco pol len profì l in (ntProl)
anti-serum (RP5). Molec'ulttr weight.s are given on the right side of
the figures and the pH range 3-10 is indicated on the top

and amino-terminus to be identical (Fig. 3). As is known
from X-ray analysis of Acanthantoeba (Schutt et al.
1993; Almo et al.  1994), human (Fedorov et al.  1994)
and b i rch po l len prof i l in  (A lmo et  a l . ,  unpubl ished data) ,
both regions form alpha hel ices which are located close
to each other and part icipate in the actin binding. Differ-
ing contents of hist idines may be responsible for the pI

Discussion

Plant profi l ins were fìrst identif ied as cross-reactive al-
lergens by screening a birch pol len cDNA l ibrary wi th
serum IgE from a pollen allergic patient (Valenta et al.
l99l) .  By using poly- l - (prol ine) af Í ìn i ty chromatogra-
phy, profìl ins could be identif ied in many difÍèrent plant
species as cross-react ive al lergens, which led to their
designation as pan-allergens (Valenta et al. 1992). Actin-
and PIP.,-binding properties of plant profi l ins were sub-
sequent ly demonstrated (valenta et  a l .  1993; Staiger et
al. 1993: Drobak et al. 1994). The fìnding that large
amounts of  prof i l ins are present in mature pol len com-
pared to rather low levels in somat ic plant t issues indi-
cated that prof ì l ins play an important role in pol len biol-
ogy (Mit termann et  a l .  1995).  Consistent wi th these ob-
servations, profìl ins could be localized in resting and
germinated pollen by immune electron microscopy
(Grote et  a l .  1995).  Plant prof i l ins may funct ion as act in-
sequestering proteins which control actin polyrnerization
in developing and rest ing pol len s imi lar  to what was de-
scribed for the periacrosomal region of Thyone briureus
sperm (Ti lney and Inoue 1982).  Perhaps prof ì l ins are
even able to promote actin polymerization and stabil ize
dynamic actin structures during pollen germination, as
was described for Chinese hamster ovary cells which
were transfected to overexpress profìl in (Finkel et al.
t994).

The importance of profi l ins in regulating the eukary-
otic cytoskeleton requires that profi l in functions be pro-
tected. One mechanism to protect  cel ls f rom the loss of

* -30
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Fig. 2 Comparison of the
nucleoticle sequences of three
tobacco po l len pro l i l in  iso-
forms. The cDNA secuences of
two pro l ' i l in  iso l 'o r rns n tPro2
and ntPro3 were comDared with
a prev ious ly  iso l l tec l  iobucct t
nrofì l in isoform ntProl.  The -5'
àncl 3'  non-coding sequences
are printed tn lower-t 'a.se let-
Ic r r .  The coding scqucncc is
displayed in cupitnl letter,s
which are grouped in codon
tr iplets. Nucleotides of ntPro2
and ntPro3 which are identical
to ntProl are printed as dushes
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Fig. 3 Comparison of the de-
duced arnino acid sequences of
three tobacco pollen profìlin
isoforms.  Amino ac ids which
are identical between ntProl
and the other two nrolìlin iso-
forms (ntPro2. ntPro3) are ini l i -
cated as tlu.she.s. The asterr.ik in
the ntPro2 seqLrence indicates
the lack of one amino acid
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profi l in could be the occurrence of several isoforms of
the same protein which may be able to replace each oth-
er. Indeed, rn Aconthamoehu. Dic.tt 'osîelium and humans,
several profìl in isoforms have been described which dif-
fer  markedly in sequence, pI ,  funct ion and expression

_ pattern (Pol lard and Rimrn 1991. Haugwitz et  a l .  1991.
-30 Honore et  a l .  1993).  In contrast  to thesgisoforms. the on-

ly known profi l in isoforms described for maize pollen
(Staiger et  a l .  1993) were highly homologous; birch pol-

_r l  len and t imothy grass pol len prof ì l in (Giehl  er  a l .  1994)'é '  
had a  ra ther '  , rc io i . .  p t .

In this study. profi l in isoforms from lvic'oÍittrtu tubu-
cum pollen were exantined by 2-D electrophoresis and

-14 by analysis of  their  cDNA sequences. Two rabbi t  anr ise-
ra.  RPI rarsed a-uainst  a prof ì l in f ronr a sor-r ' rat ic plant t is-
sue (ce le ry  roo t  p ro f i l i n )  (Va l l ie r  e r  a l .  lgg2)  and Rp5
rai:rctl against a recombinant tobacco profìl in isoforn-r
(ntProl)  (Mit termann et  a l .  1995) reacted comparably
with 2-D separated tobacco profìl in isoforms. The differ-
ent isofbr"rìs were detected at comparable intensities by

kd both antisera and were within un o.ldi. pl range. Arnong
six prof i l in cDNA clones isolated by immunoscreenin-e,
two novel cDNAs (ntPro2, ntPro3) were found which
showed seqLlence diff.erences when compared with a pre-
viously isolated cDNA (ntProl) .  The sequence di f fer-
ences were. however, mostly confìned to the non-codin-g

-AA regions. whereas the coding regions contained pr imari ly--1 '  
s i lent  nucleot ide exchanges; the funct ional  c lomains,  in
part icular the carboxy- and amino-terminus were ident i -
cal .  I t  is  possible that  tobacco pol len contains more di-

.rn vergent profìl in isoforms; however, no such variant could-JU 
be isolatecl even though a serum pool of IgE antibodies
from allergic individuals was used that displayed a broacl

-21 cross-reactivity. In addition, it could be demonstratecl
that RPI and RP5 reacted comparably with all three re-
combinant tobacco profì1in isoforms.

-14

Fig. 4a, b Binding of anti-plant prof i l in antiscra to nitrocel lulose-
blotted recombinant tobacco profì l in isoforms. protein extracts

kd f iom E. t ' r l i  xL-l  Blue rransforrned with tobacco profir in iso-
forms ntProl-ntPro3 ( lanes 2, 3, l)  or with an empty BlLrescript
plasmid (negative conrrol:  lune 0) were separated by SDS-PAGE
and blotted onto nitrocel lulose. Membranes were probed with two
diff-erent anti-profì l in anrisera: a RPI; b RP-5
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The high clegree of seqr-rence sinli laritr t l l  the three

isoforms and thèir  s imi lar  react iv i ty r i i th di l ferer l t  r ' i ì ' r t i -

profìl in antisera indicates that they may b_e functionallr

àquivalent. Based on the high degree of sirrri laritr oi

p lant prof i l in isotorms (maize, Staiger et  a l '  l99i :  tobac-

.o. tnìr study) it is conceivable that diffèrent plalt prof-

i l in isoforms might be able to replace each other in futlc-

tion. This hypothesis is supported by data showing that

profi l ins from unrelated species (plants and mamnllls )

which share much less sequence identt ty (20c/c) can tgl-

f i l l  s imi lar  funct ions (Valenta et  a l .  1993: Giehl  et  a i .

1994: Ruhlandt et al. 1994) and even substitute for each

orher in l iv ing cel ls (Staiger et  a l .  1994; Rothkegel  et  a l .

1996). These observations are also slrpported b1' t l-re

struciural similarit ies observed between Acanthurttoebu

and mammalian profìl ins (Schutt et al. 1993; Fedoror et

ai.. 1994; Almo et al. 1994)'
The importance of having sufficient amounts oî prof-

i l in avai lable in cel ls such as pol len,  which are r ich in ac-

tin, is further supported by the fìnding that profi l in can

protect yeast celis which overexpress actin (Magdolen et

àt .  tqq:1.  ln contrast ,  c le ler ions of  prof i l in created lethal

or almost lethal  phenotypes in yeast (Haarer et  a l .  1990).

Dir:tyosteliurn (Haugwitz et al. 1994) and mouse (\\ ' i tke

et al .  1993).  The présence of  several  prof ì l in isoforms in

pol len is,  hence, interpreted as a mechanism that may

protect profìl in functions in pollen'
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