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Structural and Functional Evolution of Class |
Aldolase Gene

Tatsuo Kai

<Abstract>

FBP aldolase (EC 4.1.2.13) is a glycolytic enzyme widely distributed in almost all organisms. It
catalyzes reversibly the fission of a hexose bis- or monophosphate, i.e., FBP or F1P, yielding dihydroxya
cetonephosphate and glyceraldehyde 3-phosphate or glyceraldehyde. Regarding the enzyme as a suitable
model of isozyme systems, numercus works have been done for elucidating the molecular mechanisms
of enzymatic function as well as for understanding the evolutional differentiation of isozymes from the
standpoint of comparative biology. For the same purpose, the gene structures and mRNA expression of
aldolases has been well investigated. This article was devoted to a review on the hitherto established
knowledge about aldolases: classification of aldolases from general sources, characteristics of vertebrate
aldolases with special reference to gene structure and expression, and finally some aspects of the D.
melanogaster aldolase, giving some notion on the gene evolution by comparing vertebrates and the

insect.
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Class I and Class IT aldolases

Rutter (1964) divided FBP aldolases into two
classes (Class 1 and Class II). Class I aldolases
were found in animals, higher plants, and some
prokaryotic species. These are tetrameric proteins
which form a Schiff base as reaction intermediate
and is, thus, active in the absence of divalent
ions, Tt has a native molecular weight of 160,000
composed of four identical subunits each of
which is 40,000 (Kawahara and Tanford, 1966).
Sequence studies of a number of vertebrate
class I aldolases have led to the identification
of the substrate-binding lysyl residue and have
uncovered extensive structural homology in
the adjacent positions of the polypeptide chain
(active site peptide) (Lai and Oshima, 1971; Lai
and Chen 1971; Gibbons ef al., 1972, Ting et ol.,
1971a, 1971b; Forcina and Perham, 1971; Morse

and Horecker, 1968; Mareschal ef al., 1975; Lee
et al. 1975; Guha et al., 1971), The position of
active-center lysyl residue was confirmed by
isotope labeling with NaBH, reduction under the
presence of a substrate (Lai and Oshima, 1971,
Ting et al., 1971a, 1971b).

Class I aldolases were found in fungi (Rutter,
1964) and in most prokaryotes including all
cyanobacteria as far as investigated so far. Class
II aldolases are dimeric proteins which form an
endiole as reaction intermediate and depend on
divalent ions and therefore are inhibited in the
presence of EDTA. A metal ion functions as an
electrophilic center for substrate polarization. It
has anative molecular weight of 80,000 composed
of a subunit of 38,000. There is no significant
sequence homology between the two classes
of aldolase. In terms of evolution, this implies
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that class II aldolase cannot be the progenitor
of class I aldolase nor vice versa. Interesting
facts are that E.coli contains both a class [ and
a class Il aldolase (Stribling and Perham, 1973)
and that Euglena gracilis contains a plastidic
class T and a cytosolic class 1I aldolase (Mo et
al., 1973). The plastid and cytosol aldolase of
plants are well investigated and characterized for
the evolutional differentiation between the two
classes of aldolase (Anderson and Advani, 1970;
Kruger and Schnarrenberger, 1983; Lebherz ef
al., 1984a, 1984b; Schnarrenberger, 1987; Kelly
and Tolan, 1986, Hidaka ef al., 1990; Flechner ef
al., 1999; Gross ef al., 1999).

Enzyatic properties of aldolase isozymes fram
vertebrates

Vertebrate aldolases have three distinct
isozymes A, B, and C which show tissue-specific
distribution (Lebhartz and Rutter, 1969; Penhoet
et al., 1966). Aldolase A, which prefers FBP as
substrate to FIP, exists predominantly in the
muscle as well as in the brain and certain other
tissues. The activity ratio of FBP/FI1P of this
isozyme is 50. Aldolase B, which utilizes equally
FBP and F1P, and hence whose FBP/F1Pratiois 1,
is present mainly in the adult liver. Aldolase C, the
third isozyme, is brain-specific and has an FBP/
FlPratioof 10. Aldolase A is involved primarily in
glycolysis taking place in the muscle. On the other
hand, aldolase B plays in the liver a major role in
gluconcogenesis and in the catabolism of F1P, the
major intermediate involved in the breakdown of
dietary fructose. Aldolase C functions both in
glycolysis and glycogenesis in the brain. These
isozymes change their distribution patterns during
development. In early embryonic stages aldolase
A appears predominantly in the liver along with
a small amount of aldolases B and C, but before
birth aldolases A and C progressively diminish,
while aldolase B begins to rise in amount and
becomes a major form in the adult liver (Rutter et
al., 1963; Matsushima ef a/., 1968). In Xenopus
laevis, mRNA expression of aldolase isozymes
arc well studied (Shiokawa et al.,, 2002). That

is, aldolase A and C mRNAs are major aldolase
mRNAs in early stges of Xenopus embryogenesis
which proceeds utilizing yolk as the only energy
source. Aldolase B mRNA, on the other hand, is
expressed only later in development in tissues
which require aldolase B for dietary fructose
metabolism. The resurgence of a fetal isozyme
in cancer was often observed (Schapira, 1981).
Aldolase A reappeared in a fast growing hepatoma
with concomitant disappearance of aldolase B that
is abundant in the normal adult liver (Gracy et af.,
1970; Horecker ef al., 1972; Schapira, 1981).

Amino acid sequences of aldolases

Comparison of amino acid sequences of
vertebrate aldolase isozymes reveals that the
proteins are composed of the sequences with
three different characteristics: CCS (common
conserved sequence), IGS (isozyme group
specific), and divergent sequences (Kitajima
et al., 1990; Takasaki and Hori, 1990). These
features are shown in Figure 1. CCSs are the
major constituents of eighi-fold TIM-barrel
structure (see below) in which the active site
of the enzyme is located (Kitajima et af., 1990;
Takasaki and Hori, 1990}, The I1GSs are located
at three sites on the amino-terminal region (IGS-
1, 2, and 3) and at a site on the carboxyl-terminal
region (1GS-4) of the enzymes (Kitajima et al.,
1990). The carboxyl-terminal region bearing the
Tyr** and the amino-terminal region spanning
amino acid residues 34-108 were required to
determine the characteristics as isozyme A: a high
catalytic activity toward FBP and a low catalytic
activity toward FIP, thus a high FBP/FIP ratio
(Kitajima er al., 1990; Takasaki and Hori, 1990).
The significance of the carboxyl-terminal region
in determining the characteristics of isozyme A
was demonstrated by several different studies
such as chimeric enzyme construction (Kitajima
et al., 1990; Takasaki and Hori, 1990, 1992),
enzyme modifications (Drechsler ef al., 1959;
Rutter et af., 1961), and site-directed mutagenesis
(Takasaki et al, 1990a, 1990b). Recent study
revealed that 1GS-1 in concert with IGS-4 are
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Figure 1. Amino acid sequences of Class | aldolases (A, B, and C). Amino acids identical to the human aldolase A
sequence are expressed by dashes. Regions residing in commonly conserved sequence (CCS) are boxed and
darkly shaded (boxed numbers 1-7). Similarly, isozyme group specific (IGS) residues are marked by asterisks,
boxed and lightly shaded (circled numbers 1-4). The active-site Lys®* is indicated (#) in the sequence frame.
Regions in a-helix (caaa-aa, 1, A1-H2) and B-sheet (BPPP-BP. a-h) structures of rabbit aldolases A (Sygusch et
al., 1987) are diagrammed over the sequence. Lilerature sources are as foliows: Human aldolase A (Sakakibara
et al., 1985a), human aldolase B (Sakakibara ef al., 1985b), human aldolase C (Rottmann of al., 1987), rat
aldolase A (Joh ef al., 1985), rat aldolase B (Tsutsumi ef al., 1985), rat aldolase C (Kukita ef al., 1988), rabbit
aldolase A (Tolan ef al., 1984), chicken aldolase B (Burgess and Penhost, 1985) and mouse aldolase C (Paolella
et al., 1986).
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mainly responsible to exhibit the characteristics
as isozyme A. Moreover, amino acid residues at
positions 41 and 45, both of which are isozyme-
specific, possibly have an important role in
determining the catalytic activity of aldolase
isozyme (Motoki ef al., 1993).

Role of C-terminal region

The three-dimensional structures of rabbit
muscle aldolase and human muscle aldolase have
been determined by X-ray crystallography at
2.7 and 3.0 A resolution (Sygusch er al., 1987:
Gamblin et af., 1990, 1991), respectively. The
basic feature of the FBP aldolase subunit is the
eight-stranded a/B-barrel (TIM-barrel) found
also in other glycolytic enzymes (Alber ef af.,
1981; Stuart ef al., 1979; Mavridis et al., 1982).
The conformation at the carboxyl-terminal region
has not been well-known, but it was revealed that
the carboxyl-terminal arm is flexible and mobile

5

and is possibly responsible for the opening and
closing of the active site cleft during the catalytic
process (Hester et al., 1991),

Gene structure of aldolase isozymes

Genes for all the three isozymic forms of
aldolases A, B, and C have been cloned from the
rat and human (Joh et al., 1986; Mukai ef af.,
1987, 1991a; Maire ef al., 1987, Tsutsumi et al.,
1985; Rottman ef af., 1987), the B gene from the
chicken (Burgess and Penhoet, 1985) and the C
gene from Xenopus laevis (Yatsuki ef al., 1998).
As for the protein-coding exons, all these genes
have essentially the same structure; the coding
sequences are interrupted by the introns at the
same sites in all of the aldolase genes analyzed
(Figure 2). The genes encoding these subunits are
not identical and are assumed to be located on
the separate chromosomes (Penhoet et al., 1967;
Benfield et al., 1979; Lai, 1975). The genes for the
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Figure 2. Structures of aldolase isozyme genes in veriebrates (Joh et al., 1990). Scales for drawing are different
among genes for different forms. Size of the gene is shown below the name of the gene. Solid boxes indicate
exons. Arrows above leader exons represent the respective franscription initiation codons. Splicing patterns
are indicaled with lines between adjacent exons. Open and closed triangles show the positions of translational
initiation site and termination site, respectively. In rat aldolase A gene, broken boxes represent the regions

homologous to human L1 exons.




Aldolase Gene Evolution

human aldolases A, B and C have been mapped
to the chromosomes #16 (Kukita ef a/., 1987), #9
(Henry ef al., 1985) and #17 (Tolan et al., 1985),
respectively. Xenopus aldolase genes are localized
on different chromosomes as a single copy gene
(Shiokawa et al., 2002), These facts indicate that
these genes are derived from a common ancestral
gene via polyploidization (Ohno, 1973; Ohno ef
al., 1986).

mRNA expression of aldolase genes

The expression of these genes show
multiple patterns and scems to be regulated
independently; the three kinds of subunits are
synthesized not the
same cell or tissue but one or two of them are
expressed. However, in some instances a manner
of mutual influence is suggested: (1) Fetal cells
and hepatoma cells sometimes contain all the
three isozymes (Lebhertz and Rutter, 1969;
Penhoet ef al, 1966; Lebherz, 1975), and (2)
the increase in concentration of a particular type
during development or carcinogenesis is often

accompanied by an decrease in level of another

simultaneously within

pre-existing type; e.g., the levels of the A and
B types in the liver change reciprocally during
development or hepatocarcinogenesis (Schapira
et al., 1963, 1975; Ikehara et al., 1970; Numazaki
et al., 1984). The study of these closely related
aldolase genes is of interest, with respect to the
problem whether the control of expression is
related to their specific structures, especially in
the regions regulating transcription, and whether
the expression of these genes is regulated in
different ways.

The aldolase A genes (of the human and rat)
differ from the aldolase B and C genes in the
number of exons which encode the 5'-untranslated
region of mMRNA. The former has multiple exons,
three for the human (exons L1, M, and 1.2) and
two for the rat {exons M1 and AH1) (Mukai ef
al., 1991a), whereas the latter has a single exon.
Furthermore, the lengths of the corresponding
introns of these genes are quite different (Hori et
al., 1987). Exons M1 and AH1 of the rat aldolase A

gene correspond to exons M and L2 of the human
gene, respectively. Although an homologous
sequence to exon L1 of the human gene was
found in the upstream region of the rat gene,
mRNA with this sequence was not detected in the
rat (Mukat ef af., 1991b). These leader exons are
selectively used for gene expression in different
tissues (Mukai et af., 1986). In conseguence
multiple mRNAs with different 5'-untranslated
sequences are expressed from a single gene (see
the arrows in Figure 1). These mRNAs share a
common profein coding sequence. Aldolase B
and C genes so far examined have the same exon-
intron organization (2 exons and 8 introns), while
these genes from the human, rat, and chicken
are different in size. The difference is due to
the length of the corresponding introns. The
first exon of the rat and human aldolase B genes
and the rat aldolase C gene generates multiple
mRNA species which start from closely located
but different sites on the first exon (Arai ef al,,
1989).

Although the significance of multiple
promoters of the aldolase A genes is not yet
understood, one possible explanation is that the
rat M1 promoter had been created after diversion
to fulfill a demand of skeletal muscle for high
glycolytic activity levels (Joh ef af., 1990). Two
liver-specific DNase 1 hypersensitive sites were
detected in the rat aldolase B gene and related
to transcription (Gregori ef al, 1991). One
located just upstream from the cap site (weak
core promoter), the second in the middle of the
first, 4.8-kbp-long intron (strong activator). The
L1 and L2 type mRNAs of the human A gene
are rich in human hepatoma biopsies, although
barely detectable in the normal liver (Gautron et
al., 1991),

D, melanogaster aldolase

Aldolase of D. melanogaster belongs to class
I. Thus the insect's aldolase has been targeted
to investigate to get a clue to the evolutional
differentiation flow of class I aldolase genc
by the comparative study with vertebrate. The
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pupal aldolase from D. melanogaster has been
well characterized previously, showing close
resemblance fo vertebrate aldolases (Brenner-
Holzach and Zumsteg, 1982; Brenner-Holzach,
1979a, 1979b; Lai and Horecker, 1972). The
complete amino acid sequence of the pupal
aldolase was already determined (Malek et al.,
1985}). It is a tetrameric enzyme containing four
identical subunits of 360 amino acid residues
with a molecular weight of 158,000. The
aminoterminus is blocked by an acetyl group and
terminal tyrosine is essential for the enzymatic
activity toward FBP like other class 1 aldolases
{Brenner-Holzach and Zumsteg, 1982; Brenner-
Holzach, 1979, 1979b; Malek et al., 1985).
Active-center lysine was identified for pupal
aldolase (Brenner-Holzach and Zumsteg, 1982).
The pupal aldolase has a broad range of optimum
pH between 6.8-8.0. The Km values for both of the
substrates FBP (2.7x10-°M) and F1P (1.85x102
M) closely resemble to those of the rabbit muscle
enzyme {Brenner-Holzach and Leuthardt, 1967),
but the FBP/F1P activity ratio (2,700/200=13.5)
(Brenner-Holzach and Leuthardt, 1969) at
substrate saturation is considerably lower than
that of rabbit muscle aldolase.
AsshowninFigure 1, the amino acid sequence
of the pupal aldolase has strong homology
to the rabbit muscle aldolase (71% identity)
(Malek et al., 1985) and shows essentially the
same secondary-structure prediction as the
vertebrate enzymes with one notable exception
of the strongly predicted helix at residues 90-
100 (Sawyer et al., 1988). The core structure of
D. melanogaster aldolase is essentially identical
to those of the vertebrate aldolases and also has
TiM-barrel structure (Brenner-Holzach and Smit,
1982; Hester et al, 1991). The pupal aldolase
subunits could form stable hybrid guarternary

structures with subunits of certain mammalian

aldolases (Brenner-Holzach and Leuthardt,
1972), indicating that the pupal enzyme had a
similar spacial structure as those of mammalian
enzymes. On the other hand, there are substantial
differences in amino acid composition. The D.

melanogaster aldolase contains only half the
number of cysteinyl and histidyl residues present
in the rabbit muscle aldolase (Brenner-Holzach,
1979a). Moreover, comparative studies of SH
peptides have shown (Brenner-Holzach, 1979a,
19796} that the insect aldolase does not have the
two cysteinyl residues, one of which is suggested
to be essential for enzyme function in the rabbit
muscle aldolase (Cys™ or Cys?¥). This finding
highlighted the usefuiness of further comparative
sequence analysis for delineating the amino
acid side chains essential for the class I aldolase
catalysis {(Brenner-Holzach and Zumsteg, 1982).
Using the numbering employed for rabbit
muscle aldolase by Tolan et al (1984), the D.
melanogaster aldolase lacks a residue in positions
239, 334 and 353. There are also differences in
total number of acidic amino acid residues. While
both polypeptide chains carry nearly the same
number of strongly basic residues (K+R=42 for
the D. melanogaster pupal aldolase, K+R=41 for
the rabbit muscle aldolase), the D. melanogaster
aldolase contains more acidic residues (D+E=42)
than the rabbit muscle aldolase (D+E=38), in
agreement with the lower isoelectric point of the
insect enzyme.

An aldolase ¢cDNA was cloned from the
cDNA library constructed from the adults of D.
melanogaster (Kusakabe, 1990; Sugimoto et al.,
1990) and the cDNA was probed to clone the
genomic DNA (Kai ef al., 1992). The aldolase
gene from D. melanogaster was found to have
an structure from which three distinct mRNAs
could be generated by alternative splicing of the
same primary transcript (Kai ef al., 1992; Shaw-
Lee et al, 1992; Kim ef al., 1992). The gene
has three last exons, the selection of which can
give rise to three isozyme forms differing at the
carboxyl-terminal sequence. The schematic view
of the gene structre is described in Figure 3. The
entire aldolase gene except for 5'-terminal 8 bases
of exon 2 and exon(s) 1 which is the noncoding
exon(s). The coding region starting from cxon 2
was 3.8 kb in length and had 5 exons (2, 3, 4a,
4B, and 4y) separated by 4 introns. The exons 4a,
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4B, and 4y were similar to each other but non-
identical in nucleotide sequence. These cognate
exons are capable to encode three different
carboxyl-terminal amino acid sequences (29,
31, and 31 residues, respectively) of aldolase. D.
melanogaster aldolase gene is therefore predicted
to generate three isozymes (referred to as a-, p-,
and y-types) from the same primary transcript by
alternative splicing of the three final exons 4a, 4§,
and 4y. The deduced amino acid sequence of the
y-type aldolase (360 amino acids) corresponds
completely to the reported sequence of the pupal
enzyme (Malek ef al., 1985). In particular, the
occurrence of two novel type mRNA species
which retain two of the three last exons unspliced

were confirmed. All of the five mRNAgs, including
those of the usual types and the novel types,
were shown to occur at different developmental
stages and the tissue specific expression was also
found in the adult flies. The recombinant aldolase
isozymes expressed in E. coli were functionally
active and differed in enzymatic properties from
each other (Kai er al, 1992; Sugimoto ef al.,
1995; Kai et al., 1991a, 1991b).

Evolutional differentiation of the aldolase gene
comparing vertebrates with D, melanogaster

In the D. melanogaster aldolase gene, exon
2 would be formed during evolution by fusion
of the corresponding multiple exons (2 to 7 of
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Figure 3. A: The D. melanogaster aldolase gene structure in comparison with the cDNA 4-3 structure (Sugimoto
et al., 1995). Open and closed boxes indicate noncoding and coding sequences, respectively. The number
of amino acid residues encoded by each exon is indicated under the base pair number, both compared with
corresponding numbers from human and rat aldolases A and B. Methionine residue encoded by the initiation
codon (ATG) is not included in the numbers. B: Comparison of the exan-intron structures of the aldolase genes
from D. melanogaster and the human. Shaded regions represent translated sequences. Singte horizontal lines
represent introns. Position of closed triangle (s) indicate an amino acid delefion.
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the mammals). On the other hand, the exons
4q, 48, and 4y would be formed through tandem
duplication of a single ancestral exon on the same
chromosome. This is again in contrast to the
mammals, where the three genes for the aldolase
isozymes A, B, and C are located on different
chromosomes, a fact which can be explained by
assuming the occurrence of twice tetraploidization
processes during evolution.

As was shown by reverse transcriptase PCR
assay (Kai et al., 1992), the presence of a-, B-,
and y-mRNA species, which were predicted to
be generated through one of the three 3'-terminal
cxons (4a, 4P, and 4y), strongly supports the
idea that the alternative splicing event actually
takes place in vivo. The sn-glycerol-3-phosphate
dehydrogenase gene of D. melanogaster was
also shown to generate three isozymes from the
same transcript by alternative usage of exons 6,
7, and 8 (Cook ef af., 1988; Bewley and Cook,
1990). Similarly to the case of aldolase gene,
exons 6, 7, and 8 has its own poly(A) addition
site and each functions as final exon, generating
proteins with different numbers of amino acid
residues. This is a manner classified into a type of
alternative polyadenylation sites. To the author's
knowledge, aldolase and sn-glycerol-3-phosphate
dehydrogenase of D. melanogaster provide sole
examples in which the type-7 alternative splicing
give mature mRNAs differing in sequence at
coding regions. In both cases, each transcript
and its cognate isozyme are at least to some
extent stage- and tissue-specific in expression.
Regulatory factors relating to alternative splicing
and to polyadenylation must be linked or
associated closely.

Northern hybridization analysis showed
that aldolase mRNAs are expressed at various
developmental stages. The gene expression at
the larval and adult stages was much stronger
than at the embryonic and pupal stages. This
fact might be accounted for by the following
assumptions. The aldolase is highly expressed
and utilized in glycolysis to supply much energy
for dietary behavior and active movements of the

insects at the larval and adult stages, respectively.
In contrast, gluconeogenesis requires rather
moderate aldolase expression at the embryonic
and pupal stages which are closed systems in
terms of nutrition.

Reverse transcriptase PCR assay revealed
the occurrence of two novel forms of mRNA
for the D. melanogaster aldolase in vivo: af-
and py-mRNAs. The af-mRNA corresponds to
cDNA clone 4-3, whose precise structure was
analyzed first by Kusakabe (1990} and Sugimoto
et al. (1990). The presence of aff-mRNA was
also predicted, although ambiguously, by the two
groups (Shaw-Lee ef al., 1992; Kim ef a/., 1992).
The py-mRNA is a novel finding in the present
study. There is no direct evidence to show that
the af-type and By-type mRNAs are functional
in D. melanogaster tissues. However, the E. cofi
expression plasmid of cDNA clone 4-3, which
derived from the af-type mRINA, was shown to
be functional, generating the active isozyme in the
host cells. The enzyme was found to have similar
mobility on Zymograph to the recombinant
a-type isozyme engendered from the pDAa
expression plasmid. The expression plasmid for
the py-mRNA remains to be constructed. Since
the af-mRNA was strongly expressed in the adult
abdomens, and the py-mRNA was expressed in
the adult head and to some extent at the pupal
stage, isozymes corresponding to these novel type
mRNA species could in part be produced under
certain physiological conditions in the aduit flies,
although definite conclusion will be drawn after
additional experiments.

Muitiple types of poly(A) signal may be
present (Birnstiel ef al., 1985) but the typical one,
AAUAAA works most efficiently than the other
untypical ones in cleaving and polyadenylation
during mRNA maturation (Sheets et al,
1990; Proudfoot, 1991). Thus the presumed
poly(A) signals of exons 4a (AUUAAU) and
48 (AAUAUA) would be used less efficiently
in the gene expression than the typical poly(A)
signal seen in exon 4y. The lower efficiency is
probably involved in the cause of the skipping of
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signal function, thus producing the novel types of
mRNAs with duplicated final exons,

As the y-type isozyme appears to be the major
component of the isozymes and is abundant in the
insect tissues throughout development, it is likely
that the y-type mRNA is produced efficiently and
serves as the major mRNA species to generate
the enzyme. Since the mRNA for the a-isozyme
was expressed in all the developmental stages
and in all of the adult tissues tested, the enzyme
appears to be ubiquitous, like vertebrate aldolase
A (Mukai et af., 1986). On the other hand, the
mRNA for the p-isozyme was mainly expressed
in the adult abdominal region, although it seems
to be expressed slightly in other parts of the body
and at earlier developmental stages, indicating
that this isozyme plays a major role in the tissve-
specific glycolytic metabolism in the abdominal
region of adult flies. At present, there is no
direct evidence that the y-isozyme functions in
nerve tissues like vertebrate aldolase C, but it is
noteworthy that the mRNA for the y-isozyme is
mainly expressed in the heads and partly in the
thoraxes of adult flies.

The y-type isozyme has been found at
the pupal stage as a tetrameric enzyme with
four identical subunits (Malek ef al, 1985).
Analyses of gene structure and expression of D,
melanogaster aldolase strongly suggest that three
different isozymic forms, «-, B-, and y-types,
of the insect aldolase should exist, although the
o- and P-isozymes have not been isolated and
characterized yet. The revealed characteristics of
recombinant o-, -, and y-isozymes produced in
E. coli host cells indicated that these isozymes
are enzymatically active. Furthermore, these
isozymes exhibit different catalytic activities
toward the substrates (FBP and F1P) and the -
isozyme exhibited the strongest activities to both
of the substrates.

The recombinant aldolase v showed different
specific activity both to FBP and FIP from the
natural aldolase y which is the only aldolase
purified and characterized at present. Thus, certain
modification on the y-isozyme must be occurring

in vivo. This situation is in quite contrast to the
human aldolases where the natural enzymes
and artificially expressed enzymes exhibited the
same characteristics (Sakakibara et al., 1989;
Takahashi et al., 1989; Kitajima ef al., 1990). It is
of interest to isolate the natural a- and B-isozymes
and characterize their enzymatic properties
in comparison with those of the expressed
isozymes. This may serve as an approach to solve
the activation mechanism probably needed to the
nascent aldolases.

The insect isozymes share short stretches
with different amino acids at the carboxyl-
terminal regions, In addition, the hydrophathy
profile of the three isozymes are significantly
different in the stretches at positions 334-340
and 347-359. Another interesting feature is the
diversity of amino acid residues in these regions,
particularly in the positions 347-359. Therefore,
the three isozymes of D. melanogaster seem to
be destined to have different general properties
only by receiving which of the stretches at the
carboxyl-terminal region. Possibly, the three
isozymes of D. melanogaster aldolase take part
in developmental stage- and/or tissue-specific
sugar-phosphate metabolisms.
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