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Abstract

In European silver fir (Abies alba Mill.) the enzyme system
of aspartate aminotransferase (AAT) was supposed to be encod-
ed by three gene loci. After applying improved extraction and
electrophoretic separation procedures we succeeded in resolv-
ing four different AAT activity zones in zymograms which were
found to be encoded by four loci. Whereas the two most anodal
isozymes (AAT-A and AAT-B) and the most cathodal isozyme
(now AAT-D) were already well-known, an intermediate AAT
activity zone (now AAT-C) became for the first time visible fol-
lowing electrophoretic separation of seed tissue ( megagameto-
phyte) extracts. Possible associations of these four isozymes
with different subcellular compartments were discussed.

Key words: Abies alba, AAT inheritance, aspartate aminotransferases,
allozymes, megagametophyte.

Introduction

Aspartate aminotransferase (AAT or GOT, EC. 2.6.1.1) is an
important enzyme, of the primary metabolism, which plays a
key role in both nitrogen and carbon metabolism in many
organisms (IRELAND and JOY, 1985). This enzyme system cat-

alyzes the reversible reaction between an amino acid and a
keto acid leading to the exchange between the α-amino group
and the keto group:

Aspartate + α-ketoglutarate �
�

oxaloacetate + glutamate

Aminotransferases are specific for acceptor and donor of 
an α-amino group, but aspartate aminotransferase besides 
L-aspartate and L-glutamate reacts also with L-tyrosinate, L-
cysteine sulfonate, homocysteinate and also some aspartate
analogous (KEESEY, 1987). The prosthetic group of aminotrans-
ferases is pyridoxal phosphate.

In conifers the AAT system is generally found to be encoded
by three gene loci the isozymes of which are presumably con-
fined to different subcellular compartments (CONKLE, 1981).
Similarly, three AAT (or GOT) loci could be identified in several
fir species (e.g. A. balsamea – NEALE and ADAMS, 1981; A. lasio-
carpa – SHEA, 1988; A. pinsapo – PASCUAL et al., 1993), which
was in accordance with the results on silver fir (A. alba) where
three polymorphic loci (AAT-A – AAT-C) were identified in all
seed and bud tissues (MEJNARTOWICZ, 1979, 1996; HUSSENDÖR-
FER et al., 1995; LEWANDOWSKI et al., 2001).

Based on improved extraction with non-ionic detergents and
electrophoretic separation procedures it was possible to detect
a fourth AAT activity zone in zymograms of seed tissue
extracts. The investigation of the novel AAT patterns and their
genetic control is presented in the following report.
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Figure 1. – Schematic illustration of the banding patterns found for AAT
(GOT) in Abies alba megagametophyte. The diagram shows the position
of all the bands observed and the genetic interpretation of the alleles of
respective loci. Doted box C6 denoted recessive (null) allele.

Material and Methods

For this study megagametophytes of seed samples collected
from 260 open pollinated silver fir trees of 11 natural popula-
tions in the Polish Sudeten and Carpathian Mts. were
analysed. For details of provenances see MEJNARTOWICZ (2000).
The AAT isozymes were resolved by means of discontinuous
horizontal starch gel electrophoresis, using. 0.2 M boric acid-
lithium hydroxide, pH 8.1, as tray buffer and Tris/citric acid
+10% electrode buffer and 2% sucrose, pH 8.3, as gel buffer.
The starch-gel slabs (11,5%) had a distance of 12 cm and the
separation was performed at constant power of 50 mA for about
5 hours.

The extraction buffer was a 0.1M Tris/HCl solution (pH 7.2)
containing 150 µl mercaptoethanol / 100 ml buffer and in order
to solve the membrane-bounded aminotransferases 200 µl of
detergent Triton X-100 / 100 ml buffer was added. Seven
megagametophytes from each individual tree were homoge-
nized with this extraction buffer. The staining solution consist-
ed of 100 ml 0.1 M dibasic sodium phosphate, pH 7.4, contain-
ing 100 mg Fast blue BB salt, 6.6 mg pyridoxal-5’-phosphate,
130 mg α-ketoglutaric acid, 230 mg L-aspartic acid and 6 mg
Bovine albumin fraction V. The above methods are similar to
those proposed by WENDEL and WEEDEN (1989).

Results and discussion

In almost all studies on isozyme inheritance and variation in
silver fir, three distinct AAT (or GOT) zones have been identi-
fied so far, which were found to be controlled by three separate
gene loci (MEJNARTOWICZ, 1979; FADY and CONKLE, 1993;
HUSSENDÖRFER et al., 1995). Two zones (AAT-A, AAT-B or AAT-
1, AAT-2) are migrating towards the anodal front in zymo-
grams, whereas the third zone (AAT-C or AAT-3) is located near
the origin of zymograms and is composed of two co-migrating
bands (double-banded variants). 

After using the improved extraction and separation proce-
dures, we have found in total four AAT activity zones in
megagametophytes tissues of trees from several Polish moun-
tain populations. Whereas the two more anodal zones corre-
spond with the well-known AAT-A and AAT-B and possess two
allelic variants each (A1, A2 and B1, B2), a new activity zone
appeared in the middle part of zymograms and revealed a con-

siderable amount of variation that was not affected by the band
variation of the other AAT zones (Fig. 1 and Fig. 2). This zone,
now designated AAT-C, is found to be controlled by a separate
gene locus, since two variants occurred alternatively and
showed no significant deviation from a 1:1-ratio of segregation
among the haploid megagametophytes of single putatively het-
erozygous trees e.g. Lądek No. 90, No. 82: and Międzygórze No.
62 (Table 1). In total five allozymes could be detected for AAT-C
of which C1 is overlapping with allozymes of AAT-B and C5
with those of AAT-D (Fig. 1). Furthermore, one variant of AAT-
C appeared to be a so-called null allele, and designated as:
AAT-C6, since no activity could be detected in zymograms of
haploid megagametophytes (Fig. 2 and Fig. 3). The fourth AAT
zone (former AAT-C) is now called AAT-D and showed the well-
known double-banded variants near the cathodal end of zymo-
grams (Fig. 2 and Fig. 3).

Plant aminotransferases were found to be associated with
four different subcellular compartments, such as plastids
(pAAT), mitochondria (mAAT), glyoxisomes (gAAT) and cytosol
(cAAT) (LIU and HUANG, 1977). Therefore, it is assumed that
the four AAT loci now identified in silver fir encode the
enzymes for these compartments. This result is in agreement
with other studies on tree species where four AAT loci could be
established, as for instance, in Populus deltoides and P. nigra
(RAJORA, 1985), in Ficus (ELISIARIO et al., 1998) and in Pinus
roxburghii (SHARMA and V. WUEHLISCH, 1998).

It is generally accepted that nuclear genes code for the
isozymes functioning in different subcellular compartments
(for review, see WADSWORTH, 1997), hence the results of the
inheritance studies of AAT in silver fir are in agreement with
this finding. However, it cannot be established which of the
four loci is coding for which compartment isozyme in silver fir,
since no cell fractionation experiments were performed. In
many plants organelle-specific isozymes are often migrating
faster than cytosolic forms and are displaying only relatively
little variation, so it is imaginable that AAT-A and AAT-B are
mitochondrial and/or plastid isozymes and the more variable
AAT-D a cytosolic form. The isozyme AAT-C which could not be

Table 1. – Observed segregation of allozymes of zone AAT-C among seed
megagametophytes from heterozygous trees of silver fir.

Figure 2. – Gel photograph showing AAT banding patterns of the hap-
loid Abies alba Mill. megagametophyte from 3 trees. Genotypes AAT of
tree a: A2A2B1B2C4C6D3D3, genotype of tree b: A2A2B1B1C4C4D3D3,
and tree c: A1A2B1B1C4C4D1D1.
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Figure 3. – Examples of AAT variation in locus AAT-C from 10 megagametophytes of Międzygórze tree No.62 and from Lądek
population tree No. 90. Photos and schematic illustrations.

detected in earlier studies may be associated with the glyoxi-
somes (or peroxisomes) and becomes visible only after libera-
tion from this organelle with the aid of a particular extraction
procedure having non-ionic detergent as Triton X-100, solubi-
lizing of membrane proteins and stabilizing the enzymes.

Conclusion

Based on the results of AAT electrophoresis of seed megaga-
metophytes from silver fir, it is evident that the isozymes of
this system are encoded by four loci. They are probably associ-
ated with different subcellular compartments, such as mito-
chondria, plastids, cytosol and glyoxisomes. At present state of
knowledge it is not possible to establish which locus is coding
for which subcellular isozyme. To solve this problem additional
studies on cell fractionation of seed tissues from silver fir are
needed.
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