
Theor Appl Genet (1996) 93. 997 1005 �9 Spnnger-Verlag 1996 

P. T o u z e t  �9 F. R i c c a r d i  �9 C. M o r i n  �9 C. D a m e r v a l  
J . -C.  H u e t  �9 J . -C.  Perno l l e t  �9 M.  Z i v y .  D. de  V i e n n e  

The maize two-dimensional gel protein database: 
towards an integrated genome analysis program 

Receix ed: 8 August 1995 / Accepted: 10 May 1996 

Abs t rac t  This paper describes the first maize database of 
proteins separated by two-dimensional electrophoresis. 
Fifty-six coleoptile proteins and 18 leaf proteins from two 
maize lines were partially microsequenced. Thirty-six pro- 
teins (49%) displayed high similarity with database pro- 
teins. Nine of these proteins, representing five different 
functions, had never been described in maize. No conclu- 
sive function could be found for 45 polypeptides (61% of 
the microsequenced proteins). In addition, an alternative 
identification method, based on amino acid analysis, al- 
lowed candidates to be proposed for 17 proteins out of 44 
additional proteins analyzed in the coleoptiles. These re- 
suits are stored in a database which also includes, when 
available, genetic information about the chromosomal lo- 
cation of structural genes and regulatory factors of proteins. 
This database is being used in the context of a project on 
the genetic mapping of the expressed genome in maize. 

K e y  w o r d s  Maize �9 Two-dimensional electrophoresis �9 
Coleoptile proteins �9 Leaf proteins - Protein database 

Introduction 

High-resolution two-dimensional electrophorests (2-DE). 
first developed by O'Farrell  (1975), is the most powerful 
technique available at present for analyzing complex pro- 
tein mixtures. Up to 1000 silver-stained proteins can be re- 
solved in a single two-dilnensional gel. The applications 
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of this technique are numerous. For instance, in plants 2- 
DE is the technique of choice for detecting and quantify- 
ing modifications in genome expression during develop- 
ment, under different stresses or in response to hormones, 
pathogen infections and symbiosis (reviewed in Damerval 
et al. 1988). In genetics, 2-DE is a source of monogenic 
and codominant markers that are useful for diversity stud- 
ies (Klose 1982: Zivy et al. 1984: Goldman et al. 1987, 
etc.) and genome mapping (Bahrman and Damerval 1989: 
de Vienne et al. 1996). Quantitative variations in proteins 
may provide predictors for heterosis and traits of agronom- 
ical interest (Damerval et al. 1987; Leonardi et al. 1991). 
Recently, Damerval et al. (1994) showed that in maize it 
is possible to map the loci involved in quantitative varia- 
tions of individual proteins using a computer-assisted 
system for spot quantification and applying the methodol- 
ogy for mapping QTL (quantitative trait loci) (Helentjaris 
1987; Paterson et al. 1988). 

The routine identification of many proteins excised 
from 2-DE gels would reinforce interest in the physiolog- 
ical and genetic applications of 2-DE. This can now be 
achieved using methods for obtaining N-terminal or inter- 
nal amino acid sequence information from microgram 
amounts of protein in a single spot (Bauw et al. 1987). We 
report here the results of  a sequencing project for maize 
proteins extracted from etiolated coleoptiles and leaves. 
Data obtained from an alternative identification method, 
based on amino acid composition, are also presented. 

Materials and methods 

Plant material 

Tx~o genencally distant maize lines were used: F2, a flint line from 
the Institut National de la Rechmche Agronomique (France), referred 
to as Lc; and Io, an American dent line from the Iodent group. The 
kernels were allowed to germinate in the dark at 24~ for 8 days. 
The enolated coleoptiles were then removed and immediately fro- 
zen in liqmd nitrogen. 

The sixth leaf of six-to-seven-leaf-stage plants (25 days after 
planting) was removed and immediately frozen in liqmd nitrogen. 
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Protein extraction 

Denaturing protein extraction (TCA-acetone extraction) was as de- 
scribed in Dainerval et al. (1986) for most of the proteins, except that 
60 btl of resolubilization solution was used to resuspend 1 mg of pel- 
let. Proteins of low abundancy were concentrated using a TRIs-HCI 
extraction procedure (Zivy et al. 1983), followed by differential pre- 
cipitation with acetone. 

model 120A phenyltluohydantoln amino acid analyser or an Applied 
Blosystems 477A sequencer, catrylng out the chemical reacttons ac- 
cording to the manufacturer 's suggestions. 

Internal sequences from coleoptde proteins described as position 
variants and from leaf proteins were obtained by the Laboratoire de 
Microsdquenqage des Protdines, Institut Pasteur (,Paris-France). 

Similarity search of amino acid sequences 

Gel electrophoresls 

AnaIyttcal 2-D electrophoresis 

The isoelectrofocusing and SDS-PAGE dimensions were as de- 
scribed by Damerval et al. (1987). Approximately 45 p_g of protein 
was loaded onto each gel. The silver staining was as described m 
Damerval et al. (1987~ with the modifications described by Burstin 
et al. t 1993). The various steps of the procedure were carried out at 
22~176 

The amino acid sequences were compared to the 175 933 sequences 
of the Non-redundant Peptide Sequence Database. Feb. 27 1996, of 
the National Center for Biotechnology Information using the BLAST 
ptogram (Altschul et al. 1990). This database includes: Brookhaven 
Protein Data Bank April 1995 Release; SWISS-PROT 32.0: PIR 47 0, 
CDS translations from Genbank 93: Kabat Sequences of Proteins of 
Immunological Interest, June 1995; TFD transcription factor database 
7; Translatmns of selected Alu repeats from REPBASE. In addition, 
weekly or daffy updates from SWISS-PROT and Genbank were also 
interrogated. The BLAST program was run using the default param- 
eters proposed by the NCBI server with a BLOSUM62 matrix. 

Preparatii,e 2-D electJophoresis 

The preparative 2-DE conditions were similar to those of the analyt- 
ical 2-DE, with the following modificatmns. About 500 big of pro- 
teins was loaded onto lsoelectrofocusing gels (3 mm m diameter): 
the 2-D gels were 1.5 mm thick, with stacking gels. The gels were 
either stained with Coomassie Blue, dried and stored at room tem- 
perature prior to concentration in a second SDS PAGE (Rasmussen 
et al. 1991), or stained with Amtdo Black, following the Chen et al. 
procedure (1993). prior to in s~tu gel digestion. 

Detection of glycosylatlon 

Coleoptile proteins separated by 2-DE were transferred onto nitro- 
cellulose membranes (Biorad') and reacted with a peroxidase-cou- 
pied concanavahn A (L Faye, CNRS. Rouen) according to the pro- 
cedure of Faye and Chrispeels t 1985). 

Amino acid analysis 

Protein electrotransfer 

Proteins were electroblotted onto PVDF ProBlott membranes tAp- 
plied Biosystems) using 50 lrd~,I Tins-base, 50 mM boric acid as the 
transfer buffer. Prior to transfer, the gels were equihbrated for 10 min 
in transfer buffer containing 0.1% SDS, whereas the membrane was 
soaked in methanol for 5 rain and then rinsed with distilled water. 
Protein transfer was carried out using a Bto-Rad Trans-blot Cell over- 
night at 4~ under 20 V, with the amperage limited to 0.15 A. 

Amino acid sequence analysts 

N-terminal ammo-acM sequence analysis 

One to twelve 2-DE spots per protein were pooled for the amino ac- 
id analysis. The blotted proteins were hydrolyzed automatically or 
manually. The autohydrolysis was conducted at 155~ for 75 min, 
using an Apphed Biosystems 420H according to the manufacturer 
recommendations tUser bulletin 9, Applied Biosystems). For man- 
ual hydrolysis, the pieces of PVDF membranes were sealed vacuo in 
glass tubes containing 6 N HCI and 0.1% phenol. Hydrolysis was 
conducted overnight at 112~C. Amino acids were dertvatized with 
phenylisothmcyanate (PITC) (quantified as phenylisocarbonyl-aml- 
no acids) on an Apphed Biosystems 420A derivatizer. 

Amino acid contents were measured for 15 amino acids: Phe, 
Leu. Ile, Val, Ser. Pro. Thr, Ala, Tyr, His, Lys, Arg, Gly, Asp+Asn 
(Asx), Glu+Gln (Glx). For a given protein, the composmon in l ami- 
no acid corresponded to the ratio of the quantity of this amino acid 
m picomoles to the sum of all the 15 amino acids in picomoles. 

Prior to sequencing, the pieces of membranes were cut into several 
fragments and deposited on a glass fiber filter in the cai'mdge of the 
Applied Biosystems 470A sequencer. 

lnretnal amino actd sequence analysis 

Internal ammo acad sequences of coleoptlle and leaf proteins, separ- 
ated by 2-DE, were obtained using several methods: in SltU protease 
cleavage on the membrane, as described by Fernandez et al. ( 1992): 
gel in situ protease cleavage as described by Kawasaki et al. (1990) 
or Rosenfeld et al. (1992). Trypsin (Sigma), modified trypsin (Pro- 
mega) or lysylendopeptidase (Boehringer-Mannheim) were used. 

The combined peptide solution was loaded onto a narrow-bore 
reversed phase colunm [C8 0.21x i0 cm, (Applied Bmsystems) or 
C18, 0 . 2 1 x l 5 c m  (Vydae)]. A ion-exchange precolumn [DEAE 
AX-300 Aquapore 0.46 x 3 cm. (Applied Biosystems)l was connect- 
ed in series in the case of in-gel digestmn in SDS buffer (Kawasaki 
and Suzuki 1990). The peptides detected by UV absorbance at 
215 nm were collected manually. An internal sequence was obtained 
by pooling 8-105 spots to reach a total of at least 100 plnol 

Automated Edman degradation of the peptides was performed 
using either an Applied Bmsystems 475A sequencer and its on-line 

Database of amino acid compositions 

Plant protein sequences were extracted from the PIR release 43 us- 
ing the ACNUC progiam from the BISANCE server (Dessen et al. 
1990). 

Sequences refened to as fragments were excluded, and amino ac- 
id composition, pI and Mr were computed for each sequence, m its 
native as well as processed form when necessary, just as in the BI- 
SANCE server. For each protein the composition database, which 
comprised 5657 amino acid compositions, contained the mnemo, 
computed Mr and pI. rank of first and last amino acid (allowxng the 
user to know whether it ~s a native or processed protein), the coin- 
position for each of the 20 amino acids (in number of amino acids) 
and the function of the protein, also extracted from PIR. 

Identification by comparing amino acid compositions 

In order to compare amino acid compositions, the program extract- 
ed from the database all of the proteins that belong to a pI-Mr win- 
dow around the protein that is being analyzed. The pI and Mr inter- 
vals were +1 pH unit and _10% respectively The pI interval was 
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Fig. la, b Schematic representation of a silver-stained 2-D gel of a 
coelectrophoresis l : l ofploteins from the two maize lines Io and Lc. 
Right to left first dunension, top to bottom second dimension, pI and 
molecular weight (kDa) (right margin) scales are indicated. The 
black spots correspond to the microsequenced proteins. The allehc 
proteins are connected by a line. a coleoptfle proteins, b leaf pro- 
teins 

chosen quite large because of possible effects of sequence variation 
and/or post-translational modifications on pl. 

Database Glx and Asx and composition relative to the 15 mea- 
sured amino acids were computed so that database and experimen- 
tal compositions were directly comparable. 

Relatedness parameters 

Two parameters were used for the comparisons between composi- 
tions. The first one was a relative Euclidian distance. 

1 ~, - . ~  

d = ,,"s 
,tl, ~, B, j 

where .4, as the content  in amino acid o f  the analyzed prote in A.  B, 
~s the content  in the same amino amd o f  the database prote in  B. The 
second parameter r is the cor re lauon between prote in A and prote in 
B values for  the 15 amino acid contents. Two other parameters ~ere  
computed" r '  and d'. The)'  were computed  m the same way as r and 
d, except  that the 2 amino acids w i th  the highest re lat ive dig- 

f' A, - B, "~ 
ference . - - - ( ~ J  were not taken into account This was empnical- 

13, done to limu possible biases due to poorly esmnated amino acid 
contents. 

The program produces a result file in which all the database pro- 
teins within the pI-Mr window and satist}'ing the following con&- 
tions ( and ) or [( or ) and (d'<0.7 and/>0.92)] are selected as "'can- 
didate" functions. These thresholds are discussed in Touzet et al. 
(1996). Briefly. the combination of the four thresholds allowed us to 
select less than 10% false positives while retaining a good seusmv- 
ity (approximately' 85% good candidates selected). 

R e s u l t s  

Choice of the proteins 

Some of the proteins analyzed were selected because they 
were present in abundance,  but for most of them the choice 
was based on genetic criteria. When  2-D gels from homo- 
zygous lines were compared, two kinds of polymorphis ln  
were observed: 

- allelic position shifts (PS), which are most l ikely due to 
coding sequence polymorphism in the structural genes of 
the proteins (Touzet et al. 1995; de Vienne et al. 1996): 
- quanti tat ive variations of proteins, i.e. the variable pro- 
teins are not identical ly expressed in the two genotypes. 
Loci responsible for these variations (PQL for protein 
quanti ty loci) can be mapped using a marker-based quan- 
titative genetics approach (Damerval  et al. 1994). 

Six genetically unvariable  proteins, 43 proteins corre- 
sponding to 23 PS variants (in 3 cases, only one member  
of the pair was microsequencedL 7 quanti tat ively variable 
proteins from coleoptile and 18 leaf proteins possibly as- 
sociated with maize responses to drought stress were mi- 
crosequenced. Forty-four addit ional coleoptile proteins 
were tentatively identif ied by comparing their amino acid 
composi t ion with the amino acid composi t ion of plant pro- 
teins stored in databases. 

Sequence similarity 

The 56 coleoptile proteins and 18 leaf proteins that were 
analysed are shown in Fig. 1. "Fable 1 contains the se- 
quences and the results of similari ty searches. 
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Coleoptile proteins 

Genetically mn,ariable polypeptides. Some of those pep- 
tides present in abundance in the coleoptile that were com- 
mon to the two genotypes and not quantitatively variable 
were chosen at the beginning of our program in order to 
test the methodology. 

Polypeptides COL0007 and COL0016 were found to 
share the same N-terminal sequence. The N-terminal se- 
quence and several internal sequences allowed us to iden- 
tify them as being a/~-glucosidase (EC 3.2.1.21) (Brzob- 
ohaty et al. 1993). This protein is abundant in the coleop- 
tile since it represents 5-8% of the total soluble proteins 
(Esen et al. 1992). It plays a role in the maturation of phy- 
tohormones (Brzobohaty et al. 1993), and its activity may 
be highly correlated with growth (Esen et al. 1992). In an- 
other genetic background, polypeptides COL0007 and 
COL0016 exhibit a position shift in the same direction that 
is controlled by a single locus (PSL84 and 86 on chromo- 
some 10; de Vienne et al. 1996). The occurrence of these 
two different forms could then be explained by post-trans- 
lational modifications. In addition, COL0007 is more ex- 
pressed than polypeptide COL0016 in the coleoptile, 
whereas in the leaf polypeptide COL0016 (or LEF 1305) is 
more expressed than COL0007. This nfight suggest that 
post-translational modifications of the product of the /~- 
glucosidase gene are also organ-specific. Two additional 
forms have been reported in the leaf (LEF0159 and 
LEF0092) that have a smaller weight and a more basic pI 
(see below). 

Polypeptides COL0415 and COL0443 share the same 
N-terminal sequence, which is similar to that of a maize 
cytosolic L-ascorbate peroxidase (EC 1.11.1.11) (Koshiba 
1993). The presence of the four internal sequences of 
COL04 l 5 confirm this identity with other k-ascorbate per- 
oxidases from different species. This cytosolic ascorbate 
peroxidase could be involved in the indole-3-acetic acid 
biosynthesis pathway from tryptophan (Koshiba 1993). 
Another ascorbate peroxidase has been reported in maize, 
but it does not share the same N-terminal sequence and is 
not strictly identical to the internal sequences of COL0415 
(Van Breusegem et al. 1995). The polypeptides COL0415 
and COL0443 could be the products, post-translationally 
modified, of the same gene. 

Lastly, polypeptide COL0445 shows a similarity to S- 
adenosyl methionine synthetase (EC 2.5.1.6) in several 
plant species. Hordeum vulgare, Actinidia chinensis, Pop- 
ulus deltoides, Dianthus ca13'ophyllus and Arabidopsis 
thaliana. 

Position shift variants (PS). Among the 23 PS variants 
characterized, the amino-acid sequences of 3 variants were 
found to be strictly identical to those of maize proteins al- 
ready characterized: PS 16 is identical to bisphosphogly- 
cerate-independent phosphoglycerate mutase (EC 5.4.2.1) 
(Grana et al. 1992), an enzyme of the glycolytic pathway: 
PS28 to glutathione S-transferase IIl (EC 2.5.1.18) (Grove 
et al. 1988); and PS18 to a chloroplastic isoform of cys- 
teine synthase (EC 4.2.99.8) (EMBL ZMCSOATL). 

Four PS variants were found to be similar to proteins 
from plants other than maize or from other species out of 
the plant kingdom: methionine adenosyltransferase (EC 
2.5.1.6) of Lycopersicon esculentum, Popuhts deItoides 
and OJ3'za sativa (PS 10); cinnamyl alcohol dehydrogenase 
of Arabidopsis thaliana and Nicotiana tabacum (PS23); 
glucose-6-phosphate 1-dehydrogenase (EC 1.1.1,49) of 
SoIanum tuberosum (PS39). A maize expressed sequence 
tag (csuh00350) sharing the same homology with this last 
protein has been described (Keith et al. 1993). Surprisingly, 
PS47 shares similarity to the histone-binding protein 
N l/N2 of Xenopus laevis. This last protein is described as 
being nuclear and involved in the nucleosome assembly. 
Nevertheless, an important discrepancy exists between the 
pI of the PS variant and the pI of this protein. In addition 
only one out of two internal sequences shows such a strong 
similarity (14/15 AA) to the histone binding protein (Tou- 
zet et al. 1995). 

Quantitative variants. Proteins COL0207. COL0206 and 
COL0237 show a similarity with proteins that are induced 
by several types of stress, but their functions are not well- 
defined. 

Two out of the five sequences of COL0207 show sim- 
ilarity with the auxin-regulated genes of tobacco, soybean 
and potato that have a conserved N-terminal region, which 
might confer a glutathione S-transferase function (Droog 
et al. 1993). The three remaining dissimilar sequences 
would then correspond to the less conserved regions. 

Proteins COL0206 and COL0237 are similar to abscisic 
stress and ripening proteins of tomato and might belong to 
the same gene family. These proteins, induced by ABA or 
drought stress, might reveal a genetic ability of the plant, 
already expressed in its early stage, to face these kinds of 
stress. 

Proteins COL0224, COL0447 and COL0474, the quan- 
tities of which are regulated by loci on chromosome 10 (Da- 
merval et al. 1994 and Damerval, unpublished data), are not 
the products of the same gene. The two sequences of 
COL0224 show similarity with the initiation factor 5A of 
Medicago sativa, a protein that promotes the first peptide 
bond during protein biosynthesis (Pay et al. 1991). Protein 
COL0447 shows a surprising similarity with the trithorax 
protein of Drosophila (7 successive amino acids): however, 
the important size discrepancy between the two proteins (30 
kDa for COL0447 against 145 kDa for the trithorax pro- 
tein) does not allow us to identify them together. In addi- 
tion, the fact that the similar region does not seem to play 
a known functional role makes the identification of the func- 
tion of COL0447 difficult (Mazo et al. 1990). Lastly, the 
short sequence of COL0474 corresponds to the signature 
of a glycosyl hydrolase family (Prosite, Bairoch 1991). 

Leaf proteins 

The 18 leaf proteins were sequenced in the context of a 
drought-stress project. Among them, 9 were similar or 
identical to proteins previously characterized in maize: 



~-glucosidase (EC 3.2.1.21) (3 forms), ferritin, triose phos- 
phate isomerase (EC 5.3.1.1), catechol O-methyl transfe- 
rase (EC 2.1.1.6), malate dehydrogenase (EC 1.1.1.37), en- 
olase (EC 4.2.1.11) and fructose 1.6-biphosphate aldolase 
(EC. 4.1.2.13). The three ~-glucosidases seem to be the 
products of two different genes: peptide LEF1305 might 
correspond to the product of a first gene also expressed in 
the coleoptile (COL0007 and COL0016) (Brzobohaty et 
al. 1993). whereas peptides LEF0159 and LEF0092, with 
a more basic pI and a smaller weight, could be the prod- 
ucts of another gene (Bandaranayake and Esen 1996). 
Three other proteins were found to be similar to glutamate 
1-semialdehyde 2,1-aminotransferase (EC 5.4.3.8) of Hor- 
deum vulgare, phosphoribulokinase (EC 2.7.1.19) of sor- 
ghum and soluble inorganic pyrophosphatase (EC 3.6.1.1) 
of Solanum tuberosum. 

Conclusion on sequence similarity 

With respect to the two organs, the coleoptile and the leaf, 
we identified 11 functions previously reported in maize: 
/3-glucosidase (4 forms, possibly 2 genes), 2,3-biphospho- 
glycerate-independent phosphoglycerate mutase (2 allelic 
forms), glutathione S-transferase III (2 allelic forms), glu- 
cose 6-phosphate 1-dehydrogenase (2 allelic forms), t,-as- 
corbate peroxidase (2 forms), ferritin, triose phosphate iso- 
merase, catechol O-methyl transferase, malate dehydrog- 
enase, enolase and fructose 1,6-biphosphate aldolase. We 
tentatively identified 5 proteins which had never been de- 
scribed in maize: methionine adenosyl transferase (3 
forms, possibly 2 genes), initiation factor IEF-5A, cinna- 
myl alcohol dehydrogenase (2 allelic forms), glutamate 1- 
semialdehyde 2,1-aminotransferase, phosphoribulokinase 
and soluble inorganic pyrophosphatase. Finally we were 
unable to propose any conclusive function for 45 polypep- 
tides (61% of the microsequenced proteins), due either to 
the lack of strong similarity or because the proteins 
matched are physiologically poorly characterized (e.g. pro- 
teins induced by, ABA or auxins). Surprisingly, functions 
found in the leaves under water-stress conditions were also 
found in the coleoptile: fl-glucosidase, ABA-induced pro- 
teins. Actually more than a third of the identified coleop- 
tile proteins (9/24) are related to hormonal pathways. This 
is the case for fl-glucosidase, auxin-regulated proteins, 
ABA-regulated proteins, ascorbate peroxidase, glutathi- 
one S-transferase. It must be noted that the biases that we 
introduced in the choice of the proteins are the relative 
abundancy in the coleoptile and their genetic variability. 
These proteins are also revealed in coleoptiles from non- 
etiolated plants and thus cannot result from possible stress 
caused by growth under etiolated conditions (not shown). 

5.0 6.0 

I 
o o o  

~ o  ~ , o  o o o o o  o 

8- - - c ~ ,~ 1} OoOOq5 . . . . .  n ~ 

o i o o o ~ o ~g o �9 v _ -  

0 oo O 0~ 'O ~ ~ q b  o~ ~-Do~O ~ c 8 ~ 
~ o ~  ~.~'oo ~ , ~  o 0 ~,,0~>~ ~ o % ~ o  ~4o > ~  

0 ~ o  o ~ o % O U "  , . ~ o o O n o @  ~,,,oo re, (-Mo~ o 

a~ ~ o o~ o o oo ~ "~~ - 
~ )  s  0 ~ oo ~ ~ o o oo~o oo w 
"6 �9 Oo o o 0O~o o ~ 2 ~ , -  

~  O ~ 1 7 6  O ~ '  u '  O 
8 ~  0 o % .  oo co o co o o , ~  

0 o o . J  
o o 0 OOAn0@ms'w'w'w'w'w'w'w'w ~ o  ~ o # 9 o ~  o ~ 

0 o o ~ o O  ~ r  o o  0 0 ~ 0 

o~ o o ~  o ~ ~ ~  o o o 0 o 
0 0 0 O~ 0 

o 0 0 o Oo 
o 0 

o 

~ '3~O O 0 0 I O 

o o  

1003 

7.0 

- -  9 4  

- -  6 7  

- -  4 3  

- -  3 0  

- -  2 0  

Fig .  2 S c h e m a t i c  l e p r e s e n t a t i o n  of  a s i l v e r - s t a i n e d  2 -D ge l  o f  a co-  
e l e c t r o p h o r e s i s  1 : 1 o f  p r o t e i n s  f i o m  the two  m a i z e  h n e s  Io and  Lc.  
The  black spots c o r r e s p o n d  to the 44  a d d i t i o n a l  p o l y p e p n d e s  tha t  
w e r e  a n a l y z e d  for  t he i r  a m i n o  a c i d  c o m p o s i t i o n  

Amino acid compositions were compared through the 
use of two independent parameters, a relative Euclidian 
distance and the correlation coefficient between the amino 
acid compositions. These were used to assess the related- 
ness between proteins separated by 2-DE and plant pro- 
teins extracted from a database (see Materials and meth- 
ods). 

We used this method to try to identify, 44 additional co- 
leoptile proteins separated by 2-DE (Fig. 2). An identifi- 
cation was considered as reliable when only one function 
was proposed among the first rank candidates on the tour 
parameters. Table 2 gives the list of the 17 proteins that 
were putatively identified. It can be noted that new func- 
tions were proposed, e.g. H+-transporting ATPases, tubu- 
lins, actin, enolase, glutamate ammonia ligase, pyruvate 
orthophosphate dikinases, etc. Interesting enough, a simi- 
lar pyruvate orthophosphate dikinase cluster has also been 
described in sorghum (Monroy et al. 1988). Other isoforms 
of proteins previously identified by microsequencing, e.g. 
a phosphoglycerate mutase, an ascorbate peroxidase, were 
also detected. 

Amino acid composition analysis 

Amino acid analysis as a tool for rapid identification of 
proteins was recently investigated in our lab (Touzet et al. 
1996). 

Conclusion 

We have described the first maize protein database includ- 
ing sequence and amino acid composition data. This data- 
base is currently being used in the context of a genetic map- 
ping of the expressed genome in maize project. The large 
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Table 2 Candidate proteins for the 44 additional coleoptlle proteins 
analyzed for their amino acid composition 

Spot Putative function 

COL0008 
COL0012 
COL0015 
COL0023 
COL0024 
COL0039 
COL0041 
COL0042 
COL0047 
COL0056 
COL0065 
COL0098 
COL0101 
COL0102 
COL0144 
COL0162 
COL0280 

H+-transporting ATP synthase 
Pyruvate orthophosphate dikinase 
Enolase 
Oryzain 
Beta-fructofuranosidase 
3-Isopropylmalate dehydrogenase 
Tubulin beta chain 
Actin 
Pyruvate orthophosphate dikinase 
H+-transporting ATP synthase 
Chaperonin hsp60 
Phosphoglycerate mutase 
Tubuhn alpha chain 
NRrilase 
Glutamate ammonia ligase 
Ascorbate peroxidase 
Ribonucleoprotein 

scale c D N A  sequencing projects  deve loped  in maize  
(Kei th  et al. 1993; Shen et al. 1994) and rice (Kurata  et al. 
1994) are va luable  sources of  probes  in mapping  the struc- 
tural genes coding for the ident i f ied  proteins.  In addit ion,  
whenever  the prote in  is pos i t iona l ly  var iable ,  the locat ion 
of  the locus respons ib le  for the posi t ion shift  can be com-  
pared to the mapp ing  data  from rest r ic t ion f ragment  length 
p o l y m o r p h i s m  analyses .  In case o f  mul t i locus  profi les ,  the 
PS locus reveals  which  locus is expressed  and t ranslated 
in the s tudied organ. This p rog ram consequent ly  provides  
a complemen ta ry  insight  on genome organiza t ion  and ex- 
press ion  by reveal ing  the por t ion  that is actual ly  t ranslated.  
In an F 2 p rogeny  f rom the two maize  l ines Io and Lc, 42 
pos i t ion  shift variants  were  observed  by 2-D PAGE,  and 
this enabled  the mapping  of  the loci  respons ib le  for 39 of  
these pos i t ion  shifts (Damerva l  et al. 1994). More  gener-  
ally, de Vienne et al. (1996), r ev iewing  studies on maize~ 
barley,  pea and mar i t ime  pine,  showed that about 10% of  
the po lypep t ides  d i sp layed  PS var ia t ion be tween  dis tant  
genotypes  for a given organ. Increas ing  the number  of  gen- 
o types  and ana lyz ing  severa l  contras ted  organs would  dra- 
mat ica l ly  increase this percentage.  Thus, a s ignif icant  
number  of  s tructural  genes could  be mapped  using this ap- 
proach.  

The nove l ty  of  this database  consists  in connect ing  the 
prote in  data  to genet ic  and genome mapping  data, f rom 
structural  genes to loci  contro l l ing  prote in  quantity.  This  
approach  could  prove to be a useful  tool  to reveal  candi-  
date genes involved  in the quant i ta t ive var ia t ion of  po ly -  
genic  traits. The pept ide  sequences  were submi t ted  to 
SWISSPROT,  and this maize  prote in  da tabase  is access-  
ible via  internet  (h t tp : / /moulon. inra . f r / imgd) .  
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Note added in proof 

Accession numbers in SWISS-PROT of the pepnde sequences: 
P80607-P80642 


