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Abstract

The intracellular pathogenesis-related proteins have been identified in a broad range of flowering plants. Some
display quite different patterns of expression, in many cases unrelated to the pathogenic response. Nevertheless,
these proteins are all very similar and in most cases share more than 35% sequence identity. In this report we
investigate the significance of a rather weak similarity between the intracellular pathogenesis-related (IPR or PR-
10) proteins and a group of proteins identified in the latex of opium poppy aAdanidopsis among others. A
sequence analysis held together with the recently published three-dimensional structure of Bet v 1, an IPR protein
from birch pollen, strongly suggests sequential and structural homology between the two protein families.

The intracellular pathogenesis-related (IPR or PR-10 teins in the plant is unknown, but a few show patterns
[13, 12]) proteins are a family of small homologous, of expression similar to some of the IPR proteins.
primarily acidic proteins which have been identified in Thus, the bell pepper proteins are known to be induced
a variety of angiosperms, monocots as well as dicots. by wounding [8] as are IPR proteins in potato [4], soy-
Their biological function is basically unknown, al- bean [2] and asparagus [13]. Furthermore, all of the
though expression patterns for many of the molecules known MLPs, like the IPR proteins, have a theoretical
have been thoroughly studied and a few members pl in the acidic range (4.75-6.65). Curiously, no plant
have been reported to possess RNase activity [1, 5].is so far known to contain both MLP and IPR proteins.
Usually, these proteins accumulate in connection with No IPR protein has, for example, ever been identi-
fungal and bacterial infection, but several are regulated fied in the extensively studied tobacco plant, although
by other stress factors, such as drought, wounding, several are present in potato, which is a close relative.
and darkness, or they are developmentally regulated The sequence similarity between MLP and IPR
in certain tissues. A number of the IPR proteins are proteins has been noticed earlier [8], but the extent
of immunological interest as they possess strong al- of identity is so low, less than 25%, that it can not
lergenic properties. These include the major allergens alone be used to establish whether the two families are
from birch and hornbeam pollen, apple, carrot, and homologous. There is, however, compelling evidence
celery. that this is in fact the case when the sequence align-
A weak sequence similarity between these proteins ment is analyzed in detail and compared to the known
and a family of proteins first identified in the latex three-dimensional structure of one of the IPR proteins,
of opium poppy Papaver somniferujr6] led us to the birch pollen allergen Bet v 1 [3] (PDB entry 1bv1).
undertake a thorough examination of their mutual re- Figure 1 shows the alignment of 12 IPR- and
lationship. These latter proteins have been designatedé MLP sequences (for clarity, only a representative
major latex proteins, or MLPs [7], and have later been subset of the known sequences has been included).
found in arabidopsis, bell pepper, melon, strawberry, The alignment, which is based on 94 IPR and 13
and tobacco. Also in this case the function of the pro- MLP sequences, was initially performed with the pro-
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Figure 1. Alignment of 12 IPR and 6 MLP sequences, the latter indicated by gray shading. Although only a subset is shown, the alignment is based on 94 IPR arduEhddsP s
Conserved£90%) residues are coloured black; positions with conserved non-polar side chains are marked with gray, polar are boxed. Below the alignmentdhsdooatiary structure
elements in the X-ray structure of Bet v 1 is indicated with horizontal bars. In addition is shown the result of a secondary structure predictiignefitiifRasequences and the aligned
MLP sequences, respectively, performed using the PHD programme [9, 10]; ‘H’ refers to a predicted helical conformatiofsstEama conformation. The sequence numbering is that of
Bet v 1. The plant source and NCBI accession code of the sequences shown is as follows: Betulalverrucosp gi1542869; Mal d 1alus domestich gi1313967; Api g 1 Apium
graveoleny gi763063; PcPR1-1Petroselinum crispuin gil30822; PvPR1Rhaseolus vulgarjs gi21043; SAM22 Glycine may, gil8743; L1R 18 A Kupinus luteuy gi1039333; Srgl
(Medicago sativagil136332; DRRG-49CHisum sativur)) gi118934; STH2%olanum tuberosuyngil69550; PBZ1Qryza sativ, gi1215811; AoPR1Asparagus officinalis gi16078; MLP

1 (Arabidopsis thaliany gi2129641; MEL7 Cucumis melp gi1843442; MLP Papaver somniferumgi294060; 16.5 kDNicotiana tabacury gi82170; Sn-1Capsicum annuungi2129926;

17 kD (Fragaria vescy, gi2465015.



gram CLUSTAL W [11] and then modified taking into
account the known structure of Bet v 1.

Immediately apparent from the alignment is the
overall similarity in the extent of the polypeptide
chains, which are from 145 to 162 amino acids in
length. In fact, 102 out of the 107 protein sequences
seem to begin at the position corresponding to1Gly
in Bet v 1 (in the cases where it has been investigated
the N-terminal methionine is cleaved off posttransla-
tionally). This is in accordance with the structure of
Bet v 1, where the amino group of Glys involved in
two hydrogen bonds to that the N-terminus cannot be
shortened or extended without disruption of the local
structure. The five exceptions includeP&-10gene
from sorghum §. bicolo), which begins one codon
earlier than the vast majority, and the fadLP se-
guences from opium poppy, which are 7 or 8 codons
longer at the 5end, perhaps reflecting a difference in
the structure at the protein N-termini in these cases.

Only a few residues are conserved in both protein
families, these being His/Phe/Trp/Tyr Pras1, Glyse,
Glys1, Glygs, Gly111, Cys/Set12, and Phe/Trp/Tyirno
(numbering according to Bet v 1). However, if only the
distribution of polar (C, D, E,K,N, Q,R, S, T) and ap-
olar residues (A, F, I, L, M, P, V, W, Y) is considered,
the overall pattern is quite consistent. An exception
is the stretch of sequence corresponding to the first
half of the long C-terminal helixe3, of Bet v 1, a
part of the primary structure which is little conserved
even among the IPR proteins alone. Most notably, side
chain hydrophobicity is conserved at sequence posi-
tions which in Bet v 1 are occupied by residues form-
ing the three important hydrophobic clusters dile
Leugs, llegs, Tyrizq), [lless, lless, Phesg], and [Phey,
Pheo, lleigg. An usually large internal cavity is
present in the molecule, which therefore does not have
a central hydrophobic core.

Shown below the sequence alignment is the sec-
ondary structure of the X-ray structure of Bet v 1
along with the secondary structure prediction of the
IPR family and the MLP family, respectively. The
prediction was performed using the PHD method [9,
10], which reportedly has an accuracy of 72% on av-
erage. The programme predicts the conformation of
each amino acid in the sequence as being either ex-
tended (E), helical (H), or neither. For Bet v 1 the
programme predicts the structure with an accuracy of
72.3% (not shown). Improved accuracy can be ob-
tained by performing a PHD prediction on alignments
of homologous sequences; Figure 1 shows the results
of a PHD prediction of 25 aligned IPR sequences (only
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one from each species of many almost identical iso-
forms of, for example, the tree pollen allergens was
included) and of the 13 MLP sequences, respectively.
For the IPR proteins the prediction is 83.6% in agree-
ment with the structure of Bet v 1, and in the case
of the MLP sequences this number is 71.2%. One of
the larger discrepancies in both cases is at the position
of the @2 helix with the unusual conserved proline
in the middle, but apart from that the location of the
secondary structural elements is in excellent agree-
ment throughout the peptide chain. Not only does
this strongly suggest that the proteins are indeed of
common origin, but also that the overall structure is
remarkably conserved. This is sustained by the few
and short gaps present in the alignment, a fact that
indicates that the extent of structural elements is very
much the same in the proteins with short connecting
loops, as it is the case in Bet v 1. It is, however, not
unexpected that the agreement is better among the IPR
proteins than between the MLP’s and Bet v 1 which
only share between 14% and 24% identity and are
liable to show local differences in some parts of the
structure, e.g. at the N-terminus®8.

In conclusion, we find that there is compelling ev-
idence that the MLP and the IPR proteins are indeed
related. Consequently, they are likely to play similar
roles in the different plants, which should be kept in
mind in further studies of members of both families.
The exact biological function of the molecules remains
to be revealed as does the reason why they exist in two
different subfamilies.
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