
It is known that natural oligopeptides containing from

2 to 50 amino acid residues [1, 2] are involved in practical�

ly all regulatory processes [3, 4]. Chemical structures are

now known for over 9000 oligopeptides found in more

than 1600 living organisms representing all biological

kingdoms [5]. The spectrum of their functional activity is

very broad. Among them about 700 plant oligopeptides are

described. It became clear that oligopeptides of similar pri�

mary structure can exhibit different functions. Thus,

antimicrobial oligopeptides defensin J1�1 and J1�2 from

pepper Capsicum annuum fruits [6] are homologous to α�

amylase inhibitors SIa�2 and SIa�3 from Sorghum bicolor

seeds [7], toxin zeathionin γ�1 of Zea mays seeds [8], trans�

lation inhibitor γ�hordothionin of barley Hordeum vulgare

endosperm [9], synthesis inhibitors purothionins γ�1 and

γ�2 from seeds and endosperm of wheat Triticum aestivum

[10], and other oligopeptides exhibiting similar functions.

At the same time, such homology is usually not considered

in available structural–functional classifications of antimi�

crobial oligopeptides [11, 12].

Only one oligopeptide has been isolated from grape

and characterized so far [13]. It is highly active in the

plants’ struggle against diseases caused by pathogenic

fungi. In particular, this oligopeptide very efficiently pre�

vents wilt developed in response to such pathogens as

Fusarium oxysporum and Verticillium dahliae.

However, the protein databases contain information

concerning an enormous number of the grape amino acid

sequences that are not characterized in most cases and, by

analogy with polypeptide structures of other plants, can

be precursors of regulatory oligopeptides.

Since oligopeptides play an important role in various

types of regulation (including innate plant immunity

[14]), they are of great interest for biotechnology [15],

and obtaining new information about their structures and

functions is therefore important. Keeping this in mind,

we carried out the computer structural–functional inves�

tigation of all known amino acid sequences of grape Vitis

vinifera to identify new oligopeptide structures exhibiting

antimicrobial and other functions.

METHODS OF INVESTIGATION

A method of computer analysis was elaborated for

this investigation. All amino acid sequences of grape and

of all known plant oligopeptides were compared using
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programs designed by the authors. Information contained

in the protein database Swiss�Prot/TrEMBL (http://

www.expasy.ch/sprot/) on 55,628 amino acid sequences

of grape from over 7 million records was used.

Amino acid sequences of known plant oligopeptides

are contained in this and other specialized peptide data�

bases. Thus, the base PhytAMP (http://phytamp.pfba�

lab�tun.org/statistics.php) was elaborated only for

antimicrobial peptides (231 sequences), APD2

(http://aps.unmc.edu/AP/main.php) for all antimicro�

bial peptides (1726), and AMSDb (http://www.bbcm.

univ.trieste.it/~tossi/antimic.html) for all oligopeptides

of eukaryotes (895). There are also other databases con�

taining data on antimicrobial peptides like ANTIMIC

(http://research.i2r.a�star.edu.sg/Templar/DB/ANTIM�

IC/) and APPDb (http://ercbinfo1.ucd.ie/APPDb/), but

recently access to them has been difficult. In our study we

have used the EROP�Moscow database (http://erop.inbi.

ras.ru/, over 8300 records) that contains more (compared

to other databases) amino acid sequences of peptides both

of all plants (720) including 232 antimicrobial and of all

antimicrobial (1915).

In the course of the investigation, uncharacterized

grape oligopeptide amino acid sequences from Swiss�

Prot/TrEMBL recorded in FASTA format were compared

step�by�step with amino acid sequences of oligopeptides

stored in the EROP�Moscow database in special format. In

the case of similarity criterion no less than 30%, homolo�

gous structures were revealed (with a less strict criterion

informational noise sharply increases). In this case the free

program SignalP 3.0 (http://www.cbs.dtu.dk/services/

SignalP/) was used, which makes it possible to determine

the site of signal peptide cleavage with high (up to 93%)

probability. Then possible functions of the found grape

structures were comparatively analyzed, and in this way

their functional potentials were determined.

RESULTS AND DISCUSSION

Our investigations revealed in the grape amino acid

sequences numerous regions structurally similar to

known oligopeptides of many different plants. It was

found that 35 of them are homologous to oligopeptides

exhibiting functions of antimicrobial agents, enzyme

inhibitors, or toxins.

As shown in Fig. 1, the amino acid sequence with

identification number E07213 is fully identical to the pri�

mary structure of the unique known grape oligopeptide

exhibiting antifungal activity (1.1) [13]. Also, it appeared

that structures of 51 other oligopeptides with different

extent of similarity (from 39.1 to 91.5%) are its homologs.

All of these contain cysteine residues evenly distributed

along the peptide chain. In most structures eight cysteine

residues are located in such manner, and only in one case

(1.51) there are four such residues.

Figure 2 shows amino acid sequences of the grape

polypeptide regions that can exhibit regulatory functions.

The similarity of each detected region is shown only for

one known oligopeptide, maximally similar structurally,

but the same could be observed for a greater number of

homologs. Among found structures there are nine whose

precursors were previously characterized as different

chitinases [16, 56, 62, 65, 66�70].

In addition to the described oligopeptides, we have

also obtained data concerning structures homologous to

the different functional class oligopeptides, but their

characteristics require special analysis.

All revealed amino acid sequences (35 oligopeptides

shown in the Fig. 2) can be initially sorted out using the

precursor cross�reference proposed by the Swiss�

Prot/TrEMBL data base. The first group includes pep�

tides whose precursors are homologous to defensin of

invertebrates, γ�thionin, and γ�purothionin. ESTs

(expressed sequence tags) of precursors of the group 1

peptides are associated with different chromosomes.

The next three groups contain one structure each.

The oligopeptide 5 precursor is homologous to wound�

inducible basic proteins, and precursor of oligopeptide 6

is homologous to proteins fulfilling the following func�

tions: chitin binding, cell wall catabolic process, defense

response to bacteria, and defense response to fungi. The

cross�reference of precursor 7 is distinguished by cysteine

protease inhibitor activity. ESTs of precursors of these

oligopeptides were also identified on different grape chro�

mosomes (table). It is remarkable that ESTs of precursors

6 and 7, associated with chromosomes 14 and 8, respec�

tively, are located in the nucleotide binding sites of genes

involved in formation of resistance to diseases [16].

The other 27 oligopeptides are combined as precur�

sor homologs (group 5) carrying out functions of chitin

binding, chitinase activity, and cell wall and chitin catab�

olism. However, this representative group disintegrates at

least to two parts on the basis of putative precursors (chiti�

nases of class I and IV). Localization on the grape chro�

mosome 5 is characteristic of EST precursors of 10 mem�

bers of this group. 

It should be noted that works of two independent

research groups on decoding of the complete Vitis vinifera

genome contributed to the database with information

concerning precursors of grape oligopeptides. The first

group (Jaillon et al.) used shotgun cloning followed by

computer analysis, and in this case sequence overlapping

made it possible to analyze the genome in 8.4�fold repe�

tition [16]. Another group of authors (Velasco et al.) used

both shotgun cloning (reading repetition 6.5�fold) and

sequencing by synthesis (reading repetition 4.2�fold) to

increase accuracy of analysis [56]. The coincidence of

sequences in the abovementioned works and in previous

studies on analysis of chitinase gene fragments attracts

attention [62, 64, 66, 67, 69]. cDNAs were used for

sequence analysis in works of 1997�2006.
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It is necessary to explain the great number of

sequences whose precursor EST are included in the same

supercontig 72 on chromosome 5 (see table). Since Vitis

vinifera is a paleohexaploid organism [16], it is character�

ized by a high copy number of genes encoding proteins

that are involved in synthetic processes important for the

organism. Thus, stilbene synthetase genes are represented

by 43 copies, while genes of terpene synthetases are rep�

resented by 89 copies of functioning genes and 27 copies

of pseudogenes [16]. Therefore genes of chitinases

belonging to the group of pathogenesis�related proteins

[66] can be also represented in a higher number of copies.

Works on cloning chitinase 4 genes (VvCki4A and

VvCki4B) are also indicative of possible multiple copy

number of chitinase genes [69].

Analysis of oligopeptide structural similarity made it

possible to better regulate sequence sorting (Fig. 3). First

of all, it revealed fully identical structures. This can be

explained by gene duplication and variations in the pre�

cursor amino acid sequence beyond the oligopeptide

region. Besides, in some cases coincidence of structures is

explained by the fact that the same precursors were

obtained by different research groups. Two identical

structures appeared six times, and in one case coinci�

dence was observed three times. As a result, seven struc�

turally homologous families containing from 1 to 13

Fig. 1. Structural family of different plant regulatory oligopeptides obtained by the alignment procedure. There are in succession structure

number, identification numbers of records in databases Swiss�Prot/TrEMBL and EROP�Moscow (always begins with letter E), the name of

the regulatory oligopeptide together with functional property, primary structure with deletions and insertions, similarity percent, and litera�

ture sources for translated and experimentally obtained structures. Amino acid residues retaining their position upon transfer from one struc�

ture to another are shown in bold, while residues localized beyond oligopeptide sequence are shown by small letters. Names of oligopeptides

and plants correspond to international designations.
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members were formed of 27 different amino acid

sequences. The most representative was family I whose

structures with extent of similarity from 54.1 to 62.2% are

homologous to the known antimicrobial oligopeptide

from seeds of the common oat Avena sativa L. avesin [70].

Almost all members of the family, as in the case of struc�

ture 1, contain eight cysteine residues each, with the

exclusion of two (5 and 7) from which these residues are

absent.

Finding a great number of oligopeptide homologs in

the same biological species, including plants, is not rare.

For example, the structure�homologous family of antimi�

crobial oligopeptides found in the West�Australian violet

Hybanthus floribundus consists of 11 members [74]. These

oligopeptides were obtained from combined material of

the above�ground part of plant, i.e. from its various

organs. In the case of grape, oligopeptide structural poly�

morphism can also be explained by the fact that, as fol�

lows from data in the table, their precursors were found in

leaves, berries, and young shoots. Besides, although in all

studies only one grape species Vitis vinifera was used, its

varieties (both with light and dark fruits), reared during a

long time on different continents were different. Among

these varieties there is grape cultivated in Europe [16, 62,

65�68, 71], North America [56], and Australia [64, 69].

At the same time, absolutely identical amino acid

sequences are preserved in different varieties such as

structures 18 and 19 obtained by different research groups

from European [16, 68] and Australian [69] varieties.

However, the reliability of identification of single amino

acid residues in three studied oligopeptide structures can

be doubtful.

In oligopeptide 24 from family I, an arginine residue

is in position 18, where, in accordance with homology of

Fig. 2. Structures of all revealed regions of the grape amino acid sequences together with maximally similar regulatory oligopeptides of other

plants. Symbol J designates pyroglutaminyl formed from glutamine residues at the N�terminus of amino acid sequences [72, 73]. Other expla�

nations as in Fig. 1.
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Cross
reference

1

1

2

3

4

5

Refe�
rence

7

[16]

[56]

[16]

[16]

[16]

[56]

[16]

[16]

[16]

[16]

[16]

[62]

[16]

[56]

[64]

[64]

[64] 
[64]

[65] 
[65]

[66]

[66]

Some characteristics of precursors containing structures of grape regulatory oligopeptides

Material
used

6

n.i.

young
shoot

n.i.

n.i.

n.i.

young
shoot

n.i.

n.i.

n.i.

n.i.

n.i.

berry, leaf

n.i.

young
shoot

leaf, 
berry

leaf, 
berry

leaf, 
berry

n.i.

leaf

leaf

Swiss�Prot
accession
number

3

A7QBX4

A5BBI9

A7QR44

A7QMI0

A5AHS9

A7QX91

A7QVP7

А7РТС9

A7R0S4

Q9FS45

A7R0S0

А5АТ01

Q9ZTK4

A3QRB6 
A3QRB7

Р51613

Q546P8

No.

2

1

2

3

4

8

5

6

7

9

10
10

12

11

13 
13

13
13

14 
15

16

17

Precursor source

4

Chromosome chrl scaffold_75, whole
genome shotgun sequence

Putative uncharacterized protein

Chromosome undetermined scaffold_147,
whole genome shotgun sequence

Chromosome chrl9 scaffold_126, whole
genome shotgun sequence

Putative uncharacterized protein
(Chromosome chr18 scaffold_l, 
whole genome shotgun sequence)

Chromosome undetermined scaffold_215,
whole genome shotgun sequence

Chromosome chrl4 scaffold_190, whole
genome shotgun sequence

Chromosome chr8 scaffold_29, whole
genome shotgun sequen

Chromosome undetermined scaffold_319,
whole genome shotgun sequence

Chitinase (Chromosome undetermined 
scaffold_319, whole genome shotgun
sequence), gene chit lb

Chromosome undetermined scaffold_319,
whole genome shotgun sequence

Putative uncharacterized protein

Class I extracellular chitinase, gene chit 1b

Chitinase class I basic

Basic endochitinase EC=3.2.1.14, gene chit
1b

Chitinase class I (Putative uncharacterized
protein)

Grape cultivar

5

Pinot Noir 40024
genotype

Piont Noir clone
ENTAV 115

Pinot Noir 40024
genotype

Pinot Noir 40024
genotype

Pinot Noir 40024
genotype
Piont Noir clone
ENTAV 115

Pinot Noir 40024
genotype

Pinot Noir 40024
genotype

Pinot Noir 40024
genotype

Pinot Noir 40024
genotype

Pinot Noir 40024
genotype
Ugni Blanc

Pinot Noir 40024
genotype

Piont Noir clone
ENTAV 115

Sultana

Shiraz

Cabernet Sauvignon
Semillon

n.i.

Pinot Noir

Pinot Noir
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all the other disulfide�bonded structures, a cysteine

residue should be present. Our analysis of the cDNA�cor�

responding sequence has shown that the arginyl

nucleotide triplet, following the tyrosine residue triplet

TAC, was read as CGT, whereas it can be one of the cys�

teine triplets TGT. It is possible that during the automat�

ic analysis of sequence using built�in sequencer programs,

C�base duplication occurred due to a signal ambiguity,

and point C substitution for T caused arginyl triplet trans�

lation instead of the cysteine codon.

In oligopeptide 13 from family II, the C�terminus of

the amino acid sequence revealed a cysteine residue in

Note: n.i., not indicated.

1 7

[62]

[16]

[56] 

[67]

[16]

[68]

[69]

[69]

[71]

[56]
[56] 
[56] 
[56]

[16]

[56]

[56]

[16]

[16]
[16] 

[16] 

[16] 

[16] 

[16] 

[16] 

[161

Table (Contd.)

6

berry, 
leaf

n.i.

young
shoot

berry

n.i.

berry

berry

berry

n.i.

young
shoot

n.i.

young
shoot

young
shoot

n.i.

n.i.

3

Q7XAU6

024530

024531

Q7XB39

A5BSD1
A5BSD2 
A5BSD0 
A5C2S9

А5АК36

A5AJB3

A7QAP2
A7QAP8 

A7QAP5 

A7QAQ0 

A7QAQ2 

A7QAP0 

A7QAP6 

A7QAQ7

2

17 
17

17

17

18
18

19

24

26

21
28 
31 
34

20
20

25
25

22
23 

27

29

30 

32 

33 

35

4

(Chromosome chr3 scaffold_8, whole
genome shotgun sequence), gene chit la

Class IV chitinase (Chromosome chr5 
scaffold_72, whole genome 
shotgun sequence)

Class IV endochitinase, EC=3.2.1.14, 
gene VvChi4A

Class IV endochitinase, EC=3.2.1.14, 
gene VvChi4A

Class IV chitinase, gene Chi4C

Putative uncharacterized protein

Putative uncharacterized protein
(Chromosome chr5
scaffold_72, whole genome shotgun
sequence)

Putative uncharacterized protein
(Chromosome chr5 scaffold_72, whole
genome shotgun sequence)

Chromosome chr5 scaffold_72, whole
genome shotgun sequence

5

Ugni Blanc

Pinot Noir 40024
genotype

Piont Noir clone
ENTAV 115 

Cardinal

Pinot Noir 40024
genotype
Pinot Noir

Shiraz

Shiraz

n.i.

Piont Noir clone
ENTAV 115

Pinot Noir 40024
genotype
Piont Noir clone
ENTAV 115

Piont Noir clone
ENTAV 115

n.i.

Pinot Noir 40024
genotype
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addition to the even number already present and occupy�

ing proper positions. In all the other oligopeptides of this

family a serine residue is located in this position. As in the

previous case, TCT (serine) triplet replacement by TGT

(cysteine) could happen. This can also be confirmed by

data showing that the noted residue is included in the

region of the loop joint connecting chitin�binding (cys�

teine�rich) and catalytic domains of this oligopeptide

precursor [62]. The presence in such mobile structural

fragment of a cysteine residue, as a rule forming a bond

with another analogous residue in the polypeptide struc�

ture, is unlikely.

Appeal to the cDNA sequence for oligopeptide 2

from family IV makes it possible to elucidate the signifi�

cance of uncertainty of amino acid residue X in position

37. In the CYT triplet, encoding the abovementioned

residue, the second base was not identified. The coinci�

dence of all residues of oligopeptides 2 and 3, with the

exclusion of one, points to the possibility of the unread

triplet interpretation as CTT, i.e. as encoding leucine.

Factors responsible for substitutions in cDNA

sequence can be both errors of RNA� and DNA�depend�

ent polymerases during mRNA amplification and errors

in signal interpretation during sequencing. The problem

of possible erroneous substitutions during DNA sequenc�

ing presently attracts special attention, because a signifi�

cant number of nucleotide sequences containing false

point replacements accumulated in opened databases.

Owing to this, methods are developed for identification of

real mutations and their distinctions from the false ones

[75, 76], the use of which will with time allow correction

of most errors in nucleotide sequencing.

Of course, real existence in grape of predicted

oligopeptide structures requires experimental confirma�

tion. The final proof will be studying proteolysis of

revealed oligopeptide precursors in living cells as well as

direct isolation and sequencing of oligopeptides.

However, it is also possible to adduce at this stage

additional arguments in favor of their natural existence

apart from homology to structures of known oligopep�

tides and coincidence of the cysteine residue system.

Thus, the C�termini of precursors of oligopeptides 1�4

from family IV and 8 from family V coincide with their

homologs obtained from different plants, while in

oligopeptide 5 from family VI and its precursor the first

residues of the N�terminus coincide as well (Figs. 2 and

3). In all these cases in base sequences the codon of the

last amino acid residue is followed by a stop�codon.

Besides, pre� and post�oligopeptide regions of precursors

of these and some other obtained grape structures are

homologous to the same regions of precursors from other

plants.

The beginning of the oligopeptide amino acid

sequence, i.e. position of the N�terminal residue, can in

some cases be substantiated. Its position is easy to esti�

mate using present�day program software such as the

popular program SignalP 3.0 [77]. As an example, Fig. 4

shows such estimation for oligopeptide 9 of family II,

from which it follows that, most probably, the signal pep�

tide cleavage occurs between residues Gln19 and Gln20.

Thus, the remaining part of the amino acid sequence

begins with the oligopeptide predicted by us.

It is shown in the same figure that cleavage of the

precursor can also happen in other places but at lower

Fig. 3. Structural families of putative grape regulatory oligopeptides. Family numbers are designated by Roman numerals, and numbers of

oligopeptides are designated by Arabic numerals. Symbol “;” is used to note which literature sources correspond to identification numbers of

protein sequences in the Swiss�Prot/TrEMBL database.
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probability, the highest of which is shown for the pair

Gln20 and Cys21. Thus, formation of a shortened

oligopeptide is also possible. Cases of existence of such

oligopeptide multiforms cleaved from the same precursor

are well known, including those in plants. For example,

two substructures of trypsin inhibitor (seeds of melon

Cucumis melo), shortened at N�terminus by 1 and 2 amino

acid residues, were found [78]. Obviously, this type of

structural polymorphism is also possible in grape

oligopeptides.

Functional ambiguity of structurally homologous

oligopeptides, shown in Fig. 1, should be also noted.

Among structurally similar oligopeptides, along with

antimicrobial agents, there are toxins, and inhibitors of

enzymes, translation, and protein synthesis. However,

only a single type of activity was studied for each of them.

At the same time, numerous data show that many

oligopeptides are polypotent. Thus, antimicrobial

oligopeptides of the skin of the frog Amolops loloensis also

have functions of toxins and hormones [79]. Obviously,

functional properties of plants should be studied in differ�

ent tests, although this is usually not done.

It should be noted in conclusion that in plants,

including grape, only a small number of putative regula�

tory oligopeptides have been identified, and those belong�

ing to yet unknown structural families can be among

those still not revealed. In the huge number of uncharac�

terized grape amino acid sequences there can be regions

consisting of oligopeptides now having no samples for

comparison. Therefore, further accumulation of data

concerning structure and functions of regulatory

oligopeptides of various plants will make possible more

complete description of functional abilities of still

unstudied grape regulatory oligopeptides, and these data

might be used in practice, in particular in the struggle

against different diseases of this and other plants.
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