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Abstract: In the current study, the biosynthesis of germin was determined in the organs of wheat
embryos during germination. The temporal and spatial determination of germin protein was carried
out by employing an anti-germin sera in gel-blot analysis. Germin was detected in the coleoptile, roots
and vascular transition region of and 6-day-old germinated wheat seedlings. It was shown that the leaf
tissue acquires germin accumulation only at the late stage of germination. The pellet fraction of protein
homogenate obtained from embryos at different ages revealed higher germin accumulation than the
supernatant fraction from the same sources.
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Germin Biyosentezinin Bugday Dokularinda Yersel ve Zamansal Tespiti

Ozet: Bu calismada germin proteininin cimlenen bugday embriyo organlarindaki biosentezi
belirlenmistir. Germin protein sentezinin yersel ve zamansal analizi germin antikor serumu kullanilarak
gel-blot teknidi ile belirlenmistir. Germin proteini 2, 3, ve 6 giin sireyle ¢imlendirilmis olan bugday
fidelerinin koleoriza, Koleoptile ve kdk bdlgelerinde belirlenmistir. Detayli calismalar germin protein
sentezinin yaprak dokusunda ancak cimlenmenin ileri devresinde oldugunu gdstermigstir. Degisik
yaslardaki embriyolardan alinan protein homowenatlar! icinde pellet fraksiyonlarinin supernatant
fraksiyonlarina gére daha ¢ok germin icerdigi belirlenmistir.

Anahtar SézcukKler: Erken bugday embriyo gelisimi, Germin, Western blotting.

Introduction

In plants embryogenesis is a developmental stage which covers the time period beginning
with the formation of the zygote and ending with the formation of a mature embryo within a
seed. When the mature embryo, which is a structurally and functionally organised miniature of
the adult plant, is provided with ample water and oxygen at an appropriate temperature, water
is taken up by imbibition to initiate germination. Upon germination an embryo in a quiescent
stage turns into a very active stage of development which is characterised by vigorous metabolic
processes. In quiescent seeds, the germination period comprise; three stages: (i) activation of
metabolic processes (ii) preparation for elongation, and (iii) preparation for seedling growth (1).
The boundary between stages (i) and (ii) is the termination of so-called phyical imbibition,
whereas the seedling emergence (radicle protrusion) due to cell elongation manifests the
transition from the second to the third stage which is characterised by the appearance of a
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nascent protein which is called germin (2). Germin is a water soluble homopentameric
glycoprotein with 125 kDal polymeric weight. Germin revals unusual resistance to dissociation
by various agents (e.g. SDS) and to degradation by proteases including pepsin (3). Although
germin was first detected in germinating ceraeals (4), the proteins showing homology to germin
have been shown to occur in other organisms as well (5-9).

Germin accumulation was shown to occur in wheat embryos from 16 hours up to 6 days
post-imbibition. Germin has neither been detected in mature wheat plant organs nor in
germinated embryos until 16 hours of imbibition (10). The germination-related germins of
cereal embryos have been found to have oxalate oxidase activity (EC 1.2.3.4)-an activity which
utilizes oxalate to generate hydrogen peroxide (11,12).

In early development wheat seedlings exhibit extensive root and shoot growth. The primary
and lateral roots rupture the coleorhiza, which has limited growth, and extend up to a few
centimetres in length. Similarly, the shoot-which remains sheathed with the rapidly elongating
coleoptile-extends up to 2 cm in length by 48 hours of imbibition; whereas tissues like coleorhiza
and coleoptile, the tissues surrounding roots and leaf primordium respectively, have limited
growth in plant life. Thus the development of the seedling growth can be characterised in terms
of distinct populations of cells undergoing proliferation or expansion growth in a temporally and
spatially co-ordinated manner Thus the aim of the current study was to establish the tissue
specificity of germin biosynthesis at various stages of wheat development.

Materials and Methods
Plant Material

Spring wheat seeds (Triticum aestivum L. var. Tonic) were obtained from Kenneth Wilson
Grain, Leeds, UK. Dry seeds were surface sterilised by incubation for 15 minutes in a 10%
solution of domestic leach (ca. 1% free Cl,) and washed five times with sterile distilled water.
Seeds were germinated by incubation on two layers of water-soaked 3MM chromatography
paper (Whatman) at 25°C.

Protein Isolation From Wheat Embryos

Embryos (5 gm) were homogenised with 10 ml extraction buffer [Tris-HCI (pH: 7.5) 25
mM, KCI 50 mM, MgCl, 5 mM and B-mercaptoethanol 5 mM] in a Eppendorf tube. To get the
supernatant fraction, the total protein extract was centrifuged at 12000 x g for 5 minutes at
RT. Supernatant was taken and recentrifuged at 12000 x g for another 5 minutes at RT. After
this, the supernatant was transferred into a fresh tube and stored at -20°C until needed for the
analysis. To get pellet fraction, the total protein extract was homogenised in extraction buffer
and centrifuged at 12000 x g for 5 minutes at RT. The supernatant was discarded and 150 pl
sample buffer was added [Tris-HCI (pH: 6.8) 7.5 g/I, gycerol 100 g/I, SDS 23 ¢/l and B -
mercaptoethanol added to final solution as 5%] to further homogenise the extract. The extract
was centrifuged at 12000 x g for another 5 minutes at RT and the supernatant was discarded.
At this stage the pellet was boiled for 5 minutes and centrifuged at 12000 x g for 5 minutes at
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RT. The supernatant was discarded and 150 pl sample buffer was added to the pellet. The
centrifugation was repeated. The final supernatant was collected to use in the determination of
cell wall bond germin proteins. The protein concentration was estimated by the dye-binding
assay (13).

SDS-PAGE electrophoresis

The preparation of supernatant and pellet fraction of wheat embryos was denatured by
boiling for 2 minutes is 30 ml SDS sample buffer [Tris-HCI (pH: 6.8) 7.5 g/l, gycerol 100 g/,
SDS 23 g/l and B-mercaptothanol added to final solution as 5%] and loaded onto a 12%
polyacrylamide gel. Resolution of proteins was carried out according to Laemmli (14) at 40 mA
for 4 hours. After separation by electrophoresis, proteins were either stained in the gel with
Coomassie blue or transferred onto nitrocellulose membrane by Western blotting.

Western Blotting of Protein Gels

A modified method of Towbin et al. (15) was used for the electrophoretic transfer of
proteins from gels to nitrocellulose sheets. After electrophoresis, the polyacrylamide gel was
washed in 200 ml transfer buffer [mix: 100 ml 10x electrophoresis buffer (glycine 141 g/l, tris
base 30 g/I, SDS 10g/l), 200 ml methanol and 700 ml distilled water] for 30 minutes. Proteins
were electrophoretically blotted onto nitrocellulose membrane for 1 hour at 2 mA/cm? in a semi-
dry transfer apparatus. After electroblotting, the membrane was washed in PBS solution
[Disodium hydrogen orthophosphate 0.08 M, Sodium dihydrogen orthophosphate (pH: 7.5)
0.02 M, Sodium Chloride 0.1 M] and air dried.

The transfer membrane was blocked in PBS solution containing 5% (w/v) milk powder,
overnight. Following washing in PBS, the membrane was incubated for one hour in a 1/4000
diluted anti-germin antibody. The membrane was then washed several times in PBS solution
prior to incubation with horseradish peroxidase-linked goat anti-rabbit antiserum that was
diluted 1/2000 with PBS for one hour. Following this incubation the membrane was throughly
washed with PBS. The position of germin proteins was identified by the Enhanced
Chemiluminesence system (ECL, Amersham UK) as described by the suppliers.

Results and Discussion
Determination f Germin in Wheat Tissue Extracts

[In this study it was found that at 48 hours of germination, the roots, shoot (coleoptile plus
leaf perimordium) and vascular transition region (the part remaining when the shoot and root
are dissected from the embryo) retain germin protein. Although germin is a relatively rare
protein (ca. 0.1%) in the germinating embryos (4), in this study it was found to be abundant
enough to be detected in 100 pg and 25 pg (not shown) soluble protein extracts obtained from
wheat embryos at 48 hours post-imbibition (Figure 1.). The accumulation of the germin protein
was determined to be the highest in the vascular transition region among the organs of wheat
embryos. The gel blot indicated that the roots retain higher germin expression than the shoot
(Figure 1). This result is in accordance with that of Hurkman and Tanaka (16) who also
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demanstrated the highest levels of germin accumulation in the vascular transition region in
wheat seedlings. Inconstrast, these authors found the root to be the organ with the greatest
germin accumulation in barley seedlings. Grzelczak et al. (4) reported that in early wheat
seedling development (35 hours post-imbibition) the “stem” had the highest levels of germin
expression among roots, stem and leaves. However, at a later stage of development (7 days)
when root growth is greater than stem growth, the roots showed the highest levels of
accumulation of the germin protein.

At a later stage of wheat seedling development (6 days post-imbibition) where root growth
is more conspicuous than shoot growth, the immunoblot results indicated that germin was
approximately equally distributed between the roots and the vascular transition region (Figure
2). A further analysis of the shoot indicated that germin was equally expressed in the different
parts of the shoot when extracts taken from the shoot tip, central region and the region nearest
to the vascular transition region were analysed (Figure 2). However, the overall germin content
of the shoot was not as great as that in the roots or in the vascular transition region.

Figure 1. Distribution of germin
among 48-hour-old
wheat seedling organs.
Equal  quantities  of
protein from 48 hours
wheat seedlings (1) roots,
(2) shoot, and (3)
vascular transition
regions were analysed for
germin accumulation by
electroblotting using
antigermin serum.

1 2 3 4 5 Figure 2. Determination of germin
in  6-day-old  wheat
seedling organs. Equal
quantities of protein from
6 day old wheat seedlings
(1) roots, (2) vascular
transition regions, (3)
shoot tips. (4) shoot
middle regions, (5) shoot
basal  regions  were
analysed  for germin
accumulation by
elelctroblotting using
antigermin serum.
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Germin Detection in Pellet vs. Supernatant Fractions of Homogenates of Wheat
Tissues

Germin is a water-soluble homopentameric glycoprotein. Further investigation by electron
microscopy localisation indicated that some germin was cell wall-bound and that this wall-
associated germin accounted for about 40% of the total germin in germinating wheat embryos
(17). 1t was therefore important to compare the wall-bound form of germin (associated with
the pellet fractions of homogenates) with the soluble from, detected in soluble protein extracts
(in the supernatant fractions) among the tissues of wheat embryos at different stages of
development.

The pellet fraction of 3-day-old germinated wheat embryo hologenates was found to contain
greater quantities of germin than the supernatant fractions of the same tissues. In all organ
systems, the pellet fractions (from coleoptiles, roots and vascular transition regions) had a
higher germin content than the corresponding supernatant fractions from the same tisssues
(Figure 3). When the germin was investigated in the pellet and supernatant fractions of protein
extracts from the wheat seedlings (6-day post-imbibition) and the later stage of development,
the pallet fractions showed a higher germin expression than the corresponding supernatant
fractions from the same tissues (Figure 4). The only organs in young wheat seedlings in which
germin accumulation was not detected were the leaves. Germin was not detected either in the
pellet fraction or in the soluble fraction of leaves from 3 or 6-day-old germinated seedlings
(Figure 3 and 4).

Temporal Analysis of Germin Synthesis in Wheat Leaves

It has been reported that germin-like proteins are expressed in cereal leaves in response to
infection by the powdery mildew fungus (18-20); therefore it is clear that the leaves retain the
potential for germin gene expression although no germin was detected in 3 and 6-day-old wheat

Figure 3. Determination of germin in pellet vs supernatant fractions of homogenates of 3-day-old wheat tissues. Equal
quantities of protein from 3-day-old wheat seedlings (1) coleoptile supernatant, (2) coleoptile pellet, (3) leaf
supernatant, (4) leaf pellet, (5) root supernatant, (6) root pellet, (7) vascular transition region supernatant
and (8) vascular transition region pellet were analysed for germin accumulation by electroblotting using
antigermin serum.
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seedling leaves (Figure 3 and 4). In some species it was shown that germin-like proteins are
responsive to photoperiodic treatments (21). An experiment was set up to find out whether
darkness or light induces germin accumulation in leaves of germinating wheat embroys. The
shoots of 4 and 7-day-old seedlings grown in darkness and light were dissected to coleoptile and
leaves. The immunoblot indicated that at this stage of development, the leaf tissue does not
retain germin proteins in wheat seedlings grown in darkness or light (Figure 5). Following that
a more extensive survey of leaf development was therefore undertaken to determine when the
leaves first gain germin accumulation. Leaf protein extracts from seedlings of increasing age (3,
7, 9 and 13 days post-imbibition) were analysed by immunoblotting, and it was found that

Figure 4.

Figure 5.
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Determination of germin in pellet vs supernatant fractions of homogenates of 3-day-old wheat tissues. Equal
quantities of protein from 6-day-old wheat seedlings (1) vascular transition region supernatant, (2) vascular
transition region pellet, (3) coleoptile supernatant, (4) coleoptile pellet, (5) leaf supernatant, (6) leaf pellet,
(7) root supernatant annd (8) pellet were analysed for germin accumulation by electroblotting using
antigermin serum.

Analysis of germin synthesis in leaves of wheat seedlings grown in darkness and light. Equal quantities of
protein from (1) Leaves of 4-day darkness, (2) Leaves of 4-day light, (3) Leaves of 7-day light, (4) Coleoptiles
of 7-day light, (5) Leaes of 7-day darkness and (6) Coleoptiles of 7-day draknss were analysed for germin
accumulation by electroblotting using antigermin serum.
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germin accumulation could first be detected in leaves after 9 days of germination (Figure 5).
Prior to this, the only detectable germin protein in the soot parts of the seedling occurred within
the coleoptile. While in 3 and 7-day-old wheat seedlings leaves germin was not detected, in 9
and 13-day-old seedlings, leaves germin protein accumulation was determined (Figure 5).

In early wheat embryo development, the vascular transition region was shown to have the
highest germin accumulation among the organs. The vascular transition region, which is a
protective tissue of embryonic roots, has limited growth in early wheat embroy development.
Like the vascular transition region, the coleoptile has limited growth and is characterised by
germin accumulation. The coleoptile is a protective tissue of the leaf primordium in the early
shoot development. The leaf tissue gains germin expression comparatively late during
gerimantion. It is known that in seedlings grown in darkness there is extensive etiolation of the
coleoptile and relatively little leaf expansion. Since germin was found to be greatly associated
with the cell wall bound fraction, it could be speculated that its role in early wheat embryo
development might be a contribution to the cell wall modification.

1 2 3 4 Figure 6. Temporal analysis of germin
accumulation in  leaves.
Germin accumulation was
investigated in (1) 3-day
seedlings’ leaves, (2) 7-day
seedlings’ leaves, (3) 9-day
seedlings’ leaves and (4)
13-day seedlings’ leaves by
electroblotting using
antigermin serum.

References

1. Obroucheva, N. V. and antipova, O. Physology of the initiation of seed germination. Russian Journal of Plant
Physiology, 44(2): 250-264, 1997.

2. Lane, B. G. and Tumaitis-Kennedy, T. D. Comparative study of levels of secondary processing in bulk mRNA from
dry and germinating wheat embryos. Eur. J. Biochem., 114: 457-463, 1981.

3. McCubbin, W. C., Kay, C. M., Kennedy, T. D. and Lane, B. G. Germin: physicochemical properties of the
glycoprotein which signals onset of growth in the germinating wheat embryo. Biochem. Cell Biol., 65: 1039-
1048, 1987.

4. Grzelczak, Z. E, Rahman, S., Kennedy, T. D. and Lane, B. G. Germin. Comparatmentation of the protein, its
translatable mRNA, and its biosynthesis among roots, stems, and leaves of wheat seedling. Can. J. Biochem. Cell
Biol., 63: 1003-1013, 1985.

781



Temporal and Spatial Determination of Germin Biosynthesis in Wheat Tissues

20.

21.

782

Lane, B. G., Bernier, F, Dratewka-Kos, E., Shafai, R., Kennedy, T. D., Pyne, C., Munro, J. R., Vaughan, T., Walters,
D., and Altomare, F. Homologies between membres of the gremin gene family in hexaploid wheat and similarities
between these wheat germins and certain Physarum spherulins. J. Biol. Chem. 266 10461-10469, 1991.

Michalowski, C. B. and Bohnert, H. J. Nucleotide sequence of a root-specific transcript encoding a germin-like
protein from the halophyte Mesembryanthemum crystallinum. Plant Physiol., 100: 537-538, 1992.

Delseny, M., Gaubier, P. Hull, G., Saez-Vasquez, J., Gallois, P., Raynal, M., Cooke, R. and Grellet, F.: Stress-induced
gene expression in plants. Basra, A. S. (ed). 1994, Harwood Academic Publishers, 25-59.

Heintzen, C., Fischer, R., Melzer, S., Kappeler, S., Apel, K. and Staiger, D. Circadian oscillations of a transcript
encoding a germin-like protein that is associated with cell walls in young leaves of the long day plant Sinapis alba
L. Plant Physiol, 106: 905-915, 1994.

Domon, J. M., Dumas, B., Laine, E., Meyer, Y., David, A. and David, H. Three glycoslated polypeptides secreted
by several embryogenic cell cultures of pine show highly specific serological affinity to antibodies directed against
the wheat germin apoprotein monomer. Plant Physiol., 108: 141-148, 1995.

Caliskan, M. and Cuming, A. C. Spatial specificity of H,0O,-generating oxalate oxidase gene experission during
wheat embryo germination. The Plant Journal, 15(2):165-171, 1998.

Lane, B. G., Dunwell, J. M., Ray, J. A., Schmitt, M. R., and Cuming, A. C. Germin, a protein marker of early plant
development, is an oxalate oxidase. J. Biol. Chem., 268: 12239-12242, 1993.

Dumas, B., Sailland, A., Cheviet, J-P, Freyssinet, G. and Pllatt, K. Identification of barley oxalate oxidase as a
germin-like protein. C. R. Acad. Sci. Paris, Sciences de la vie/Life sciences, 316: 793-798, 1993.

Bradford, M. M. A rapid and sensitive method for the xuantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal. Biochem., 72: 248-254, 1976.

Laemmli, U. K. Cleavage of structural proteins during the assembly of the head of bacteriophage T4. Nature, 227:
680-685, 1970.

Towbin, H., Staehelin, T. and Gordon, J. Electrophoretic transfer of proteins from polyacrylamide gels to
nitrocellulose sheets: procedure and some applications. Proc. Natl. Acad. Sci. USA, 76:4350-4354, 1979.

Hurkman, W. J. and Tanaka, C. K. Effect of salt stress on germin gene expression in barley roots . Plant Physiol.,
110: 971-977, 1996.

Lane, B. G., Cuming, A. C., Fregeau, J., Carpita, N. C., Hurkman, W. J., Bernier, F., Dratewka-Kos, E., and
Kennedy, T. D. Germin isoforms are discrete temporal markers of wheat development: pseudogermin is a uniquely
thermostable water-solubleoligomeric protein in ungerminated embryos and like germin in germinated embryos, it
is incorporated into cell walls. Eur. J. Biochem., 209: 961-969, 1992.

Dumas, B., Freyssinet, G. and Pallett, K. E. Tissue-specific expression of germin-like oxalate oxidase during
development and fungal infection of barley seedling. Plant Physiol., 107: 1091-1096, 1995.

Zhang, Z., Collinge, D. B. and Thordal-Christensen, H. Germin-like oxalate oxidase, a H202-producing enzyme,
accumulates in barley attacked by the powdery mildew fungus. Plant J., 8: 139-145, 1995.

Hurkman, W. J. and Tanaka, C. K. Germin gene expression is induced in wheat leaves by powdery mildew
infection. Plant Physiol., 11: 735-739, 1996.

Ono, M., Sage-Ono, K., Inoue, M., Kamada, H. and Harada, H. Transient increase in the level of mRNA for a
germin-like protein in leaves of the short-day plant Pharbitis nil during the photoperiodic induction of flowering.
Plant Cell Physiol., 37: 855-861, 1996.



