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Esterase, aspartate aminotransferase, glutamate dehydrogenase, malate dehy-
drogenase, shikimate dehydrogenase isozymes, proteins extracted in 2% glu- i
tathione buffer (separated from leaves and seed in non-denaturing PAGE ‘
system) and seed proteins separated in SDS-PAGE were used as biochemical

markers for evaluation of polymorphism level in three spelt wheat varieties
(Hercule, Rouquin, Altgold), three breeders’ spelt lines (H92.27, H92. 28, ‘
M92.20 originated from hybridisation between spelt and common wheat) and i
reference common wheat variety (Brea). Only evaluation of three marker Sys-

tems showed differences among common wheat variety *Brea’ and spelt va-

ricties and spelt breeders’ lines. |

spelt wheat; biochemical markers: seed proteins; isozymes; electrophoresis I

INTRODUCTION

In the development the spelt wheat (Triticum spelta 1.) represents an older (i
form of | i‘u\m& hexaploid wheal forms with the genetic structure AA BB DD. l}
Winzeler and Riigger (1990) reported that spelt wheat is an original ‘
lnfjepelmcnt form of cultural wheat varieties, but not hexa aploid hulled form |
f Triticum aestivum.
Swige traditional distribution of spelt wheat is in south-western Ger many and \

erland. In recent years the interest in cultivation of spelt wheat has been w
8Towing even in the Czech Republic. It can be explained by the requirement

of
lhcm “l\_» or greater variegation of foods in rational nutrition together with
Sys Possibility to use wheat in the systems of ecological agriculture or in the
Stem of “|oyw input” management, respectively, for which spelt wheat is a
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suitable crop (Vlasak, 1995). Compared with common wheat, spelt wheyy
is less demanding for soil and weather conditions, it has better health congj.
tions and is more valuable for its nutritional structure, particularly regardin
essential amino acids (Grella, 1996; Ranhotra et al., 1996). On the
contrary, lower yield, susceptibility to lodging, greater costs connected with
grain hulling and worse technological quality of grain (Vlasdk, 1995) iy
majority of traditional varieties are some disadvantage.

These disadvantages are removed mainly by purposeful hybridisation with
common wheat (mostly of English provenance). Genetic determination be-
tween original common wheat and these spelt wheat hybrids 1s much difficulg
due to still mostly high percentage of common wheat genome in new hybrids,
For these reasons, biochemical or molecular markers (Harsc h etal., 1997),
respectively, started to be used in identification of spelt wheat varieties.

Selection of suitable marker system has to be based on the following
requirements:

1. Sufficient frequency of genetic variants.
2. Expression independent on environmental conditions.
3. Suitable electrophoretic and detection instruments (N elsen, 1985).

Proteins may well fulfil the criteria for genetic markers, as a high degree
of genetically fixed polymorphism, condominant heritability, differentiation
of alleles in individuals and some extent of independence on external condi-
tions mark them. Storage proteins or isozymes (molecular forms of enzymes)
may represent such systems. Basically, all proteins, which demonstrate ge-
netic polymorphism, may be used as differentiation markers (Sykorova,
Hadacova, 1992).

Four distinctly soluble protein fractions can be found in a wheat grain.
These are as follows: albumins — soluble in water and weak salt solutiolns,
globulins — insoluble in water, but soluble in salt solutions, prolamin fragtloﬂ
is then formed by gliadins — soluble in 70 to 90% of ethanol, and glutenins =
soluble in weak acids and bases. The main differential factor of baking qué}hty
as well as a suitable genetic marker for determination of genotypes 1544
variability in the share of main storage protein in grain — in fraction ©
prolamins, which is in spelt wheat grain approximately 80% of the tota
protein (Peyne, 1987).

Methods based on detection of storage proteins (prolamins) se
polyacryl amide gel in acid medium — Acide PAGE (Radic-Mie
al., 1998; Harsch et al, 1997) can be mentioned of some exampl .
possible identification of spelt wheat varieties and their hybrids. They a(r)
followed by methods of detection of total proteins under the pl‘cb‘?“Ce :
amino active detergent sodium dodecyl sulphate — SDS (Radic- Mieh

parated in
hle &
es 0
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et al., 1997, 1998). Sasek and Cerny (1997) were dealing with evalu-
ation of spelt wheat genome among the Czech authors.
westermeier (1990) reports that methods based on presence of SDS

Jetergent may be more suitable compared with other methods. The most of

all wheat protein is solved in the presence of SDS. SDS is bound to protein
in a constant ratio given by its size; moreover, it eliminates hydrogen bridges
and other covalent forces, so linearization of protein molecule appears. Pro-
tein molecules modified in such a way are of similar both shape and size of
charge per area unit (Krdlova, Rauch, 1995).

The aim of the contribution is a methodological evaluation of usability of
selected biochemical markers for possible identification of spelt wheat varieties.

MATERIAL AND METHOD

Six spelt wheat varieties were used to verify methodology of analysis of
biochemical markers: two Belgian varieties — Hercule and Rouquin, Swiss
variety Altgold and three breeders’spelt lines originated from Switzerland —
H92.28, H92.27 and M92.20. The Czech common wheat variety Brea was
used as a reference variety. Different marker systems were evaluated in dis-
continuous vertical electrophoresis Hoefer SE 600 on polyacryl amide gel
(PAGE).

The systems of isozymes (aspartate aminotransferase — AAT, esterase —
EST, glutamate dehydrogenase — GDH, malate dehydrogenase — MDH, shiki-
mznc.c.id)ydrogenase. — SDH), native protein (extraction in non-denaturing
condmgns and separation in PAGE medium) and total protein (extraction and
Separation in denaturation medium SDS-PAGE) were tested among biochemi-
cal markers.

Dl‘y fat-extracted or one-day germinated grain or the first right leaf was
used for analyses.
bufi\:&(litm‘g l‘C()lrpplej)(e‘sr o\f}en:/,ymcs .und native pl"otein: 2% glutathione
SDS - ‘{;,;:!10 %1 dfnfmc—rcduud fgrm, titrated 2M Trizma up to pH = 7.6);
COmmcn‘i Y(A)lolun. 0.0625 M Tris-HCI, pH = 6.8, 5% BME, 2% SDS (sce

Ntary in the part Results).
Bpgfll)(}f?;ingi-buffers: native pro_tein and isozymes — 60% glycerol, 10 mg
0,605 I\T [ﬂ;{ SDS - total protein — 50% glycerol, ?% BME, 2% SDS in
0 MUTRIS-HCI, pH = 8.0, 10 mg BPB/100 ml of buffer.

Elec
“leCtrophorefie o 3 N . .
ophoretic separation of isozymes and native protein

Electranhmrac: . . : :
i trophoresis proceeded in non-denaturing discontinuous PAGE system.

li‘ﬂg gel of pH = 6.8, separation 7.5% gel and electrode buffer Tris-
l pH = 8.3 (EP-2), were used to separate isozyme markers.

% focyg
e
sl¥Cine
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Samples were applied into the cells in an amount 25-30 pl under g,
surface of electrode buffer. Electrophoresis proceeded under 25 mA/ge| ang
110-200 V at 6-8 °C for four hours. After finishing of electrophoresig gelg
were rinsed with distilled water, equilibrated 15 minutes in buffer used fop
detection of enzymatic activity (at 4.6 °C) and coloured.

SDS-electrophoresis of proteins

Division of proteins proceeded in discontinuous denaturing PAGE Sys-
tem — 4% focusing gel of pH = 6.8 + SDS and separation 10% gel of pH =
8.8 + SDS, electrode Tris-glycine-SDS buffer of pH = 8.3.

Samples were deposited in cells in an amount of approximately 25-3( ul
under the surface of electrode buffer. Electrophoresis proceeded at 40 mA/gel
and 150-200 V at 6-8 °C for about four hours. After finishing of electropho-
resis gels were rinsed with distilled water, equilibrated 15 minutes in buffer
used for detection of enzymatic activity (at 4.6 °C) and coloured by Coomas-
sie Blue.

Detection of enzymatic activity on gel

Aspartate aminotransferase (AAT): 200 mg of aspartic acid, 100 mg of
o-ketoglutar acid was solved in 100 ml of 0.1 M Tris-HCI of pH = 8.3; after
dissolution 150 mg of Fast Blue BB salt is added together with 10 mg of
pyridoxal-5-phosphate; coloration for 30-60 minutes at 28 °C in the dark.

Esterases (EST): 40 mg o and B-acetate naphthyl (as 1% solution in 50%
acetone), 100 mg Fast Blue BB salt, 100 ml 0.1M Tris-HCI buffer of pH =
7.2, coloration 2 times for 15 minutes at 37 °C in the dark.

Glutamate dehydrogenase (GDH): 30 mg NAD, | ml 1 M CaCl,
800 mg L-glutamate, Na-salt, 200 mg MTT, 4 mg PMS, 100 ml 50 mM
Tris-HCI buffer, pH% 8.0; coloration up to 2 hours at 37 °C in the dark.

Malate dehydrogenase (MDH): 400 mg DL-malic acid (to modify pH to
7.5 using NaOH), 30 mg NAD, MTT 20 mg, 4 mg PMS, 100 ml 50 mM
Tris-HCI buffer, pH = 8.5; coloration 1-2 hours at 37 °C in the dark.

Shikimate dehydrogenase (SDH): 50 mg shikimic acid, 5 mg NADP,
10 mg MTT, 2 mg PMS, 100 ml 50 mM Tris-HCI buffer, pH = 8.5; coloration
at 37 °C in the dark.

Detection of proteins using Coomassie Blue

Using coloration Coomassie Blue (i.e. Coomassie Blue R-250, Brillif\“t
Blue R, Coomassie Brilliant Blue R-250, C.1. 42660) gels are coloured during

2
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. oht in the mixture methanol chilling acetic acid — water — inratio5 : [ : 4
1ig . . .

6 1% Coomassie Blue R-250 (colorant was solved in methanol, acetic
' | and water, different affinity to protein is possible, when other

the

with o
scid was added and water, ditte ; ; ‘
4 thod of preparation of solution was used). Discolouration proceeds in the
m'xtul‘c ethanol — acetic acid — water in ratio 2.5 : I : 6.5. After discolouration
mi - 5 - : o T a, ; 0 -

sels were fixed and dehydrated in the mixture 45% ethanol + 3% glycerol.
o

RESULTS AND DISCUSSION

optimised methodologies of procedures for evaluation of the above-men-
tioned marker systems were elaborated.

Analysis of native protein

One-day germinated grain or 3 cm long segment of the first leaf was used
for evaluation of the total native protein.

Analysis of native protein from seeds

The most suitable seemed to be 2% glutathione buffer for extraction of
protein from grain. Extraction proceeded on ice at 4 °C. Amount 160—-180 ul
glutathione buffer per one ground grain was proved to be the best. Values
above or below this limit, respectively, brought much worse results. After
four-minute centrifugation at 10 000 g all supernatant (100-200 pl) was
transferred into a new centrifugation test tube with 25 ul of applying buffer.

Samples prepared in this way can be stored in the freezer at 20 °C.
Samples were applied on the gel in the amount 25 ul. Electrophoresis pro-
ceeded 4-5 hours at the voltage 200-220 V and current 25 mA per gel. Gels
were coloured through night in the mixture with Coomassie Blue R-250.
Discolouration lasted eight hours in discolouring mixture with 2-3 multiple
exchange of solution. After sufficient discolouration gels were dipped into
“{mlti(m solution. After fixation gels were dried in cellophane on the glass for
Minimum two days.

It followed from clectrophoreograms that the storage time of samples at

=20 °C is rather limited and after 14-day freezing marked losses appeared in
;mcnsaiy of bands particularly in upper (high molecular) parts of spectrum.
Mmed;

ate application of samples without their freezing seemed to be the
foeill. Despite it, it has not been succeeded till now to fully optimise the system
s better detection of narrow bands in upper and central parts of spectrum.

O Increase concentration of protein and hence to bring up these bans, lyo-

phllllation of germinated one-day grains was tested. Unfortunately, neither
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1. Seed proteins extracted in 2% glutathione buffer — leaf

For Figs. 1-6:

| — HERCULE (T. spelta)
2 — ALTGOLD (7. spelta)
3 — ROUQUIN (7. spelta)
4 — H92.28 (T. spelta)

5 — M92.20 (T. spelta)

6 — H92.27 (T. spelta)

7 — BREA (T. aestivum)

this method brought more distinct shift in the character of spectrum. To detect
genotypes only one to two distinct bands in the lowest parts of spectrum have
sense (Fig. 1). Low variability in the spectrum of bands, their high coinci-
dence in position and in narrower bands in the upper and central parts of
spectrum are caused evidently to certain degree by extraction agent that can
give us comparison of genotypes only on the basis of certain fraction of
extracted proteins — albumins and globulins. These fractions are a part of the
majority of enzymatic systems whose polymorphism is usually generally
lower. This hypothesis should be also confirmed by results obtained for
evaluation of enzymatic systems.

Analysis of native protein from leaves

Analogous procedure for extraction and detection, like in the case of 6Vallu'
ation of native protein from grain, was chosen. 3 cm long segment of the first
upper leaf was used for extraction, which was extracted by 50 ul of gl
tathione buffer. Spectrum of bands was placed in the first third of gel af
compared with outputs of spectra of proteins from seeds, the spectrum 4

1,[82
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2. Seed proteins extracted in 2% glutathione buffer — seed

native protein was a little richer and was disintegrated into greater number
of narrow bands. Despite the seed, a marked lower zone of one to two bands
was missing (Fig. 2).

Analysis of isozymes

One-day germinated grain was used to evaluate isozymes and even leaves
were used in the case of isozymes of esterases. Extraction proceeded analo-
gously as in the above mentioned methods of analysis of native protein.
Exq:pl esterases and complex of enzyme AAT, electrophoreograms of re-
Mmaining enzymes (GDH, SDH, MDH) exhibited only one or two, respec-
tively, distinct bands in the upper part of gel.

Two zones of bands were found in grains in esterases. Two to three bands
Wel‘? fie.téjc:tcd in the upper part corresponding to the position for substrate
?I‘:Ectmtj!ll}’ to acetate ot—.n‘.ap‘hthyl and three bands in the lower part correspond-

& 10 substratum specificity to acetate B-naphthyl (Fig. 3).
grzflljf ii\,l‘crase complex in le‘aves showed two zones of hands similarly to
(X-na‘)f):g;“ vertheless, a part of bands corresponding to specificity of acetate
Sll‘atel . f\_,\/l_ flppeared in the second zonc‘of three bands characterising sub-

pecificity to acetate B-naphthyl (Fig. 4).

WT:::)“,:TLS of bz}nds.wer%‘ also fpund in the complgx of AAT enzymes.
es[era:egr v:ljs(t] lijflc:toumty of tlesteq :jsozymf? spectrab(wxlh 'some? c.x'ccptlf)}.] of
tion o di‘\f‘\- sozyme cc‘)mp exes do not seem to be suitable for identifica-

ltiferent genotypes).
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3. EST seed

4. EST leaf

Analysis of the total protein in the SDS medium

Three starting types of material were used for analyses:

. crushed defatted grain (whole-grain grout)

2. grain or grout, respectively, that was extracted before the analysis alon®
in IM NaCl in 0.1 M Na-phosphate buffer at pH = 7 (in the amount 300 l
per grain) and centrifuged 15 minutes at 6000 g; solid residue was us®
for extraction in extraction buffer SDS

. grain or grout, respectively, that was extracted before the analysis alon®
in IM NaCl in 0.1 M Na-phosphate buffer at pH = 7 and centrifuged 1
minutes at 6000 g; remaining sediment was extracted by 70% ethanol (8

W

y)
178 SCIENTIA AGRICULTURAE BOHEMICA, 32, 2001 (3): 171-18

poth extraction solutions in the amount 300 pl per grain); solid residue

was 1n extraction buffer SDS.

Residues of extraction agents from sediments were removed by lyophilization.

The crushed grain or pre-extracted grout, respectively, was homogenized
in microcentrifuge test tube with 170 ul of extraction buffer SDS. After
four-hour extraction at the temperature 4 °C samples were centrifuged
10 minutes at 10 000 g. All clear supernatant was transferred into a new
microcentrifuge test tube (100-200 pl) with 20 ul of applying buffer. Samples
were stored at the temperature —20 °C. Despite it, in this case, too, better
results were obtained when samples were applied immediately after extrac-
tion. Before the proper application samples were denatured in a hot water
path (100 °C) and then applied on gel in the amount 25-30 pl. Electrophoresis
proceeded approximately 2-3 hours at the voltage 280 V and the current
45 mA per gel.

Ad 1) Electrophoreograms obtained of evaluated grains without previous
extraction in phosphate buffer manifest relatively rich spectrum of bands
along the whole length of a gel. With decreasing molecular weight their
sharpness is falling too and their distinction is rather complicated in the
central and lower parts of the gel (from molecular weight 45 kDa). Bands
were coalesced and shifted in samples stored for a longer period of time.

Ad 2) Fig. 5 shows the gel after extraction by Na-phosphate buffer. Elec-
trophoreogram is marked by relatively rich spectrum of somewhat narrower,
nevertheless well bounded bands which did not show any tendency to degra-
dation even after longer storage.

Ad 3) Fig. 6 shows electrophoreogram after extraction by Na-phosphate
buffer and 70% ethanol. It is characterised by greater sharpness of bands and
absence of initial two basic bands of molecular weight ranging from 116 and 84
kDa_ Absence of these bands can be explained by extraction capacity of ethanol
ml({ the part of prolamin proteins (gliadins). The reason of not fuzziness and
Partial decomposition of bands should consist in denaturing effect of ethanol on
fesidual not extracted protein (glutenins and residual insoluble fractions).
d_‘MCthods I and 2 seemed to be the best for resulting identification of
m]::ttiloui[ gtsnotypes‘ For better focusing of bands in the above mentioned

b ch!‘JL‘,‘s‘d 2 the ou%put on 20% po]yacryl amlde_ gel was used. H(m‘/ever,
mové,ﬁ(ﬁ" bi,]?.rp on 20% gel, nevertbel?ss, blgh density of gel prevcr}ted better
Pl C,mt o high-molecular protein fractions al?d these thcr} r-e.rpzunec‘i close

“* other, what worsens their mutual determination possibilities. Though
used, certain sharpness of bands can be seen despite it during
¢ alcohol. High density of gel caused also its uneven drying out
ation of maps) embarrassing more perfect digitalisation of gel.

0 gel was
CXtraction py,
(1()1-”] *
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5. SDS seed protein preextracted in Na-phosphate buffer (10% gel)

11 22 33 4 4556677

6. SDS seed protein preextracted in Na-phosphate buffer and in 70% ethanol (10% geb)

CONCLUSION

Three basic marker systems were evaluated in total: complex ;
isozymes, native protein and total SDS protein. All marker sys.tejms_weo
proved on eletrophoreogram, nevertheless, their usability for identlf[Catlor;,
varieties of spelt wheat due to their polymorphism is different. Enzy™

-18
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es of

systems, except some variability of complex of esterases, showed a high
Lmiforml‘@’ and are not very suitable for the proper identification. The situ-

ation 18 @ little better in evaluation of native protein extracted from grain and

af.

1CLThe method based on extraction of protein under the presence of SDS
seemed to be the best for resulting identification of genotypes, from which it
was possible to read certain differences among some genotypes. Neither this
method itself should be certain to distinct different genotypes for 100 per
cent. For reliable detection it will be necessary to use more marker systems,
starting by traditional phenotypic determination (if it is possible) and finish-
ing by combination of methods of different biochemical or molecular mark-
er;. respectively.
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Izoenzymy, tj. esterdzy, aspartat aminotransferdza, glutamat dehydrogenaza, malat
dehydrogendza a shikimat dehydrogendza, nativni protein extrahovany v 2% glutha-
thionovém pufru, separované z listu a semene v prostiedi nedenatura¢niho PAGE
systému a SDS zdsobni protein v SDS-PAGE byly pouzity jako biochemické markery
pro vyhodnoceni polymorfismu u tff odrd pienice $paldy (Hercule, Rouquin, Alt-
gold) a u tfi novodlechténi penice Spaldy (H92.27, H92.28, M92.20) vytvofenych
kfizenim mezi pSenici setou a referenéni odriidou pienice seté (Brea). Pouze tii
markerovaci systémy (SDS zésobni protein, EST a nativni protein extrahovany v 2%
gluthathionovém pufru ze semene) vykazovaly polymorfismus umoZiujici zjistént
diferenci mezi referencni odridou pienice seté Brea a odriidami pSenice $paldy.

pienice $palda; biochemické markery; zdsobni proteiny; isoenzymy; elektroforéza
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