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Abstract—The homology of subunit primary sequence of 40 glutamate decarboxylases (GAD) of different origin was analyzed
by multiple alignment. A phylogenetic tree was designed on the basis of the resulting data. The following groups are distin-
guished in the consensus tree: archeans, bacteria, plant eukaryotes, and animal eukaryotes. The latter are clearly divided into
two branches according to two enzyme isoforms. Borders of PLP domains in each enzyme were detected. The consensus phy-
logenetic tree for PLP domains is structurally rather similar to that obtained for subunits. Twenty homologous motifs of from
15 to 87 amino acid residues were revealed in all GAD studied. The results revealed the division of all of the enzymes into
groups with characteristic sets of motifs in each and a fixed order of their arrangement along the sequence. Thus, we can show
the divergent evolution of the enzyme. The results of multiple alignments during structural analysis of the 40 GAD confirmed
and extended our previous data on conserved residues that arrange the position of the coenzyme (PLP) in the enzyme active
center. The following residues should be noted: lysine forming a Schiff base with the PLP aldehyde group, an adjacent histi-
dine, and aspartic acid that establishes a link with nitrogen of the PLP pyridine ring. The homology of the primary sequence
fragments was also found in the residues in contact with the PLP phosphate group. Comparison of the GAD amino acid
sequence with that of another PLP enzyme, aspartate aminotransferase, revealed a binding site for carboxylic group of the
substrate—glutamic acid. The structures carrying out a particular catalytic function of all GAD studied were detected, i.e.,
convergent evolution of the enzyme was revealed.
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Studies of the structure and catalytic properties of
bacterial glutamate decarboxylase began under the super-
vision of A. E. Braunstein in the frame of the general
problem of pyridoxal catalysis [1]. Glutamate decarboxy-
lase (L-glutamate-1-carboxy-lyase, EC 4.1.1.15) cat-
alyzes the conversion of glutamic acid to y-aminobutyric
acid and carbon dioxide according to the following equa-
tion:

HOOC-CH,-CH,-CH(NH,)-COOH —
— CO, + HOOC-CH,-CH,-CH,-NH,.

y-Aminobutyric acid formed during further metabol-
ic transformations is converted to succinic semialdehyde
and then to succinic acid, which is involved in Krebs
cycle.

Abbreviations: GAD) glutamate decarboxylase; PLP) pyridoxal
phosphate; PLP domains) PLP-binding domains.
* To whom correspondence should be addressed.

Glutamate decarboxylase has been found in animal
and higher plant tissues as well as in yeasts and microor-
ganisms. In animals the enzyme plays an important role
in central nervous system activity because the enzyme
substrate glutamic acid is a mediator of excitation process
and the product, y-aminobutyric acid, is the most impor-
tant mediator of inhibition process in the central nervous
system. Besides, the physiological role of glutamate
decarboxylase is connected with the problem of insulin-
dependent diabetes; it is an autoantigen reacting with
antibodies emerging upon autoimmune destruction of
insulin-producing pancreatic 3 cells. The enzyme of E.
coli controls the pH level in the intestines, thus prevent-
ing acidification of the medium [2].

Different approaches have been used for structural
investigations of glutamate decarboxylase. Preliminary
X-ray experiments were performed on preparations of
natural and recombinant enzymes of E. coli, but the spa-
tial structure of the enzyme is still not established [2].
Secondary and quaternary structures of glutamate
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decarboxylase from E. coli and rat brain were studied by
electron microscopy and circular dichroism; the role of
coenzyme PLP in the formation and organization of the
enzyme macromolecular structure was revealed [3-5].
We considered studying the molecular evolution of the
enzyme as modern approach to the investigation of its
structure. Computer studies of the primary structure
homology of the isozyme GADao and other glutamate
decarboxylases by the pair alignment technique were
carried out both at the subunit and PLP domains levels
[6].

These investigations were continued and extended in
this work, where multiple alignments were used to estab-
lish the primary structure homology for 40 glutamate
decarboxylases of different origin, to design a phylogenet-
ic tree, distinguish motifs, and detect conserved amino
acid residues in the PLP- and substrate-binding sites of
the enzyme active center. These data allowed us to eluci-
date the paths of divergent and convergent evolution of
the enzyme.

METHODS OF INVESTIGATION

Multiple alignment. Primary amino acid sequences
for glutamate decarboxylases of different origin were
obtained from the SWISS-PROT/TrEMBL data bank
using software supported at  the server
http://www.eimb.ru/BIT/, from the NCBI (National
Center for Biotechnology Information): http://www.
ncbi.nlm.nih.gov/entrez/, and from KEGG data bank
(Kyoto Encyclopedia of Genes and Genomes):
http://www.genome.ad.jp/kegg/. Forty proteins with
fully established primary structure were chosen for
investigation. The only exclusion was the amino acid
sequence of GAD from the fish Fugu rubripes which was
obtained from an unfinished genome using the BLAST
program (Basic Local Alignment Search Tool):
http://www.ncbi.nlm.nih.gov/BLAST /fugu.html.
Multiple alignment was carried out using the
CLUSTALW program [7] with following manual adjust-
ment. In determination of structural homology of sub-
units and PLP domains the sum of identical, similar,
and interchangeable amino acid residues was consid-
ered.

Phylogenetic analysis. Phylogenetic trees were
designed in accordance with the maximal probability,
maximal parsimony, and long-distance methods using the
software packages PHYLIP 3.6a2 [8] (PROTPARS,
PROTDIST, NEIGHBOR) and MOLPHY 2.2 [9]. For
each tree, 100 bootstrapped alignments were generated
using the SEQBOOT program, and the consensus trees
were constructed using the CONSENSE program. The
branch lengths were obtained using FITCH algorithm.
Borders of PLP domains were determined as described by
Momany et al. [10] by comparison with PLP-enzymes of
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a known spatial structure, such as aspartate aminotrans-
ferase (PDB ID 8AAT) and ornithine decarboxylase
(PDB ID 10RD).

Search for motifs. A search of homologous motifs in
a block of GAD was carried out in the Supercomputer
Center, San-Diego, on the web-site Multiple Em for
Motif Elicitation, http://meme.sdsc.edu/meme/website/
meme.html.

RESULTS AND DISCUSSION

Present-day data banks contain about two hundred
documents describing amino acid sequences of gluta-
mate decarboxylases. Forty proteins from different
sources whose primary structure was fully established
were chosen for analysis (Table 1). It is seen that the
enzyme is widespread in living nature, it is present in
animals, higher plants, fungi, yeasts, bacteria, and
archeans. In vertebrates the enzyme was found in the
brain and pancreas in two forms of different molecular
mass, 67 and 65 kD (GAD67 and GAD65). Amino acid
sequence of pancreatic and brain GAD differ by only 1%
[11], and these differences do not include conserved
residues; that is why the pancreatic enzyme was not con-
sidered separately. The vertebrate GAD subunits consist
of 555-594 amino acid residues, in the drosophila
enzyme there are 510 residues, in higher plants 496-502,
in yeasts 585, and in bacteria 460-475 amino acid
residues. The Crenarchaeota member Ape is distin-
guished among archeans; here the subunit consists of 454
residues, which is close to plant and bacterial enzymes.
In archeans Euryarchaeota GAD subunits contain only
355-396 amino acid residues, these subunits being the
shortest. The amino acid chain probably elongated dur-
ing evolution. The yeast enzyme is an exception from the
rule: it consists of 585 residues, resembling the animal
enzyme. The length of PLP domains in the studied pro-
teins varies to a significantly lower extent: they contain
254 residues in animals, 244 in higher plants, 242-246 in
bacteria, and 221-228 in archeans. In this case the yeast
enzyme also is an exception, its PLP domains consisting
of 262 amino acids (Table 1). It can be supposed that
PLP domains were more conserved during evolution
than other domains. It appeared to be possible to design
a phylogenetic tree of glutamate decarboxylases on the
basis of data obtained by multiple alignment of amino
acid sequences of the enzyme subunits (Fig. 1). The fol-
lowing groups can be distinguished in the branching:
enzymes from animal tissues, plants, bacteria, and final-
ly, from archeans. Irrespective of the source, the separa-
tion to two groups GAD67 and GADG65 of different
molecular mass is clearly seen within the group of
enzymes of animal origin. A high structural homology
characterizes enzymes from higher plants and bacteria,
including different Gram-positive bacteria and
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Table 1. Glutamate decarboxylases from different sources

Accessing Number of PLP-domains
Symbol Species Class number (bank) amino acids (numbers of
amino acids)
1 2 3 4 5 6
Hsa67 Homo sapiens, human Mammalia Q99259 (s) 594 227-481
Hsa65 Homo sapiens, human Mammalia Q05329; 585 218-472
QI9UDS7 (s)
Ssc67 Sus scrofa, pig Mammalia P48319 (s) 594 227-481
Ssc65 Sus scrofa, pig Mammalia P48321 (s) 585 218-472
Fsi67 Felis silvestris catus, cat Mammalia P14748 (s) 594 227-481
Rno67 Rattus norvegicus, rat Mammalia P18088 (s) 593 226-480
Rno65 Rattus norvegicus, rat Mammalia Q05683 (s) 585 218-472
Mmu67 Mus musculus, mouse Mammalia P48318; 593 226-480
008685 (s)
Mmu65 Mus musculus, mouse Mammalia P48320 585 218-472
035519 (s)
Ggab67 Gallus gallus, chicken Aves AF030355 (e) 590 223-477
Xla Xenopus laevis, frog Amphibia Q91644 (s) 563 223-475
Cau67 Carassius auratus, goldfish Pisces AF045595 (e) 587 220-474
Caub5 Carassius auratus, goldfish Pisces AF045594 (e) 583 216-470
Fru Fugu rubripes, brown puffer Pisces From unfinisht 555 203-457
genome (e)
Dme Drosophila melanogaster, Insecta P20228 (s) 510 208-463
drosophila
Ath Arabidopsis thaliana Planta, Dicotyledon Q42521 (s) 502 101-345
Les Lycopersicon esculentum, Planta, Dicotyledon P54767 (s) 502 102-346
tomato
Phy Petunia hybrida, petunia Planta, Dicotyledon Q07346 (s) 500 101-345
Nta Nicotiana tabacum, tobacco Planta, Dicotyledon AF020424 (e) 496 101-345
Osa Oryza sativa, rice Planta, Monocotyledon BAB32868 (¢) 501 105-349
Sce Saccharomyces cerevisiae, Fungi Q04792 (s) 585 124-386
yeasts
Ner Neurospora crassa Fungi CAB91726 (k) 520 102-346
Bme Brucella melitensis Proteobacteria, AE009725; 473 103-349
alpha subdivision AEO008918 (e)
Bur Burkholderia fungorum Proteobacteria, DOE 134537 (e) 461 101-343

beta subdivision
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Table 1. (Contd.)

1 2 3 4 5 6

Eco Escherichia coli O157:H7 Proteobacteria, P80063 (s) 466 101-345
gamma subdivision

Ecj Escherichia coli K-12 W3110 Proteobacteria, JW3485 (k) 466 101-345
gamma subdivision

Lla Lactococcus lactis Gram-positive bacteria, QI9CG20; 466 101-346
low G + C 050645 (s)

Lmo Listeria monocytogenes Gram-positive bacteria, QI9F5P3; 462 97-342
low G + C Q8Y9S6 (s)

Lin Listeria innocua Gram-positive bacteria, Q928R09 (s) 464 9-344
low G+ C

Cpe Clostridium perfringens Gram-positive bacteria, NP 562974 (e) 464 100-345
lowG + C

Smy Streptomyces coelicolor Gram-positive bacteria, QI9X8J5 (s) 475 113-357
low G + C

Syn Synechocystis sp. Gram-positive bacteria, P73043 (s) 467 105-348
low G + C

Mtu Mycobacterium tuberculosis Gram-positive bacteria, AE007158; 460 100-346
high G + C AE000516 (e)

Ape Aeropyrum pernix Archaea, Crenarchaeota QI9YIMI (s) 454 68-302

Afu Archaeoglobus fulgidus Archaea, Euryarchaeota AAB88962 (e) 367 61-283

Hal Halobacterium sp. Archaea, Euryarchaeota QI9HSA3 (s) 355 56-277

Pab Pyrococcus abyssi Archaea, Euryarchaeota PAB1578 (k) 384 74-302

Pho Pyrococcus horikoshii Archaea, Euryarchaeota PHO0937 (k) 383 73-301

Mth Methanothermobacter Archaea, Euryarchaeota 027188 363 49-275

thermautotrophicus AABS85605 (e)
Mja Methanococcus jannaschii Archaea, Euryarchaeota MJ0050 (k) 396 74-312

Note: s, SWISS-PROT/TrEMBL; e, NCBI: National Center for Biotechnology Information, Entrez, BLAST, k, KEGG: Kyoto Encyclopedia of

Genes and Genomes.

Proteobacteria. The enzymes from Archeans form a sep-
arate group.

Then multiple alignment was performed for amino
acid sequences of PLP domains of all studied proteins,
and a corresponding phylogenetic tree was designed. As
soon as PLP domains include over a half of the subunit,
the phylogenetic tree obtained was rather similar to that
designed for the subunit. The preservation of branching
order and only a slight shift of two-three positions within
the GADG67 branch should be noted.

Further analysis revealed 20 motifs of a repeated
amino acid sequence in the studied proteins; these are
peptides of different composition and length (Table 2).
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Motifs characteristic of animal enzymes are
shown in the diagram in Fig. 2. These enzymes con-
tain a set of seven motifs: 9, 5, 6, 3, 1, 14, and 4. Only
these motifs are present in the GAD sequence of
drosophila, frog, and fish Fugu rubripes. In organisms
of a higher organization level motif 15 is added to the
N-terminal part of seven mentioned motifs, this being
characteristic of all GADG65 as well as of GAD67 from
goldfish. Motif 11 is added at the N-terminus and
supplements the same seven motifs in another
GADG67. Motif 1, present in all sequences, contains a
lysine forming a Schiff’s base with the PLP aldehyde
group.



1184 SUKHAREVA, MAMAEVA

Animals /\ Animals
GAD67 Fsi67 GAD65 10

Hsab7 -
Ssc67
RNo67 4 Cau GE Ssc65
53 Y caues
Mmué7 Dme
mu 38 51 79 Mmu65
Gga67—= 48 99
Xla 3 89 Mth Mja
Nta 67 \36 Afu
100 <100 Ph Archeans
Ape x g 27 63 o
42 644,
Phy 99 » eﬂ/ Yeasts
67 93 84 Sc Bur
Ath Les 99 7278 Bme Proteobacteria
Plants \OzaNcr 68 oo 90 \100
99
Syn 9 100 Eco
Gram-positive bacteria 99 Cpe
(High G + C) Ecj
Lla
Lin
Lmo

Gram-positive bacteria
(Low G + C)

Fig. 1. Phylogenetic tree of glutamate decarboxylase (complete subunit). The consensus tree presented was calculated by methods of max-
imal parsimony (MP), maximal likelihood (ML), and by methods based on distant matrices (DM). Confidence interval values (%) obtained
by the DM method, are shown in nodes. Abbreviations as in Table 1.
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Table 2. Homologous motifs found for 40 glutamate decarboxylases from different sources

Name of Number of Amino acid sequence
motif amino acids

1 80 ERANSVTWNPH(K)MMGVPLQCSAILVREKGIMQGCNQMCAGYLFQQDKQYDVSYDT-
GDKAIQCGRHVDIFKFWLMWKAKGT

2 78 WDFRLPRVKSINTSGH(K)YGLVYPGCGWVIWRDKEYLPEELIFHVNYLGGDQPTFTLN-
FSRPASQVIAQYYNFIRLGFE

3 80 ILIKCDERGKMIPADLEAKILEAKQKGYVPFYVNATAGTTVYGAFDPIQEIADICEKYNL-
WMHVDAAWGGGLLMSRKHRH

4 87 EPQHTNVCFWYIPPSLRGMPDSPERREKLHRVAPKIKARMMESGTTMVGYQPQGDKV-
NFFRMVISNPAATQSDIDFLIEEIERLGQD

5 70 WELSDHPESLEQILVDCRDTLKYGVRTGHPRFFNQLSTGLDMIGLAGEWLTSTANTNM-
FTYEIAPVFVLM

6 80 TLKKMREIIGWPNKDGDGIFSPGGAISNMYSMMIARYKYFPEVKTKGMAAVPRLVLFT-
SEHSHYSIKKAGAALGFGTDNV

7 85 QTSLPKYRMPEHSMPPEAAYQIIHDELMLDGNPRQNLATFCTTWMEPECHKLMMESI-
NKNWIDKDEYPQTTEIQNRCVNMIADLW

8 57 VQVCWEKFCRYWDVEMREVPMSPGHYVMDPEQAVEYCDENTICVVAILGSTYTGEYE

9 57 ETDFSNLFARDLLPACNGEEQTVQFLQEVVDILLNYVRKTFDRSTKVLDFHHPHQLL

10 63 YTLYDLSERLRMRGWQVPAYTMPPNAEHIIVQRVVCREDFSRNMAERLVQDIQKAIHEL-
NTHP

11 80 TSSNAGADPNTTNLRPTTYDTWCGVAHGCTRKLGLKICGFLQRTNSLEEKSRLVSAFK-
ERQSSKNLLSCENSDRDARFRR

12 29 TAVGCSTIGSSEACMLGGMAMKWRWRNRM

13 21 DIPIHVDAASGGFVAPFVYPD

14 21 FENQINKCLELAEYLYNKIKN

15 80 SPGSGFWSFGSEDGSGDPENPGTARAWCQVAQKFTGGIGNKLCALLYGDAEKPAESG-
GSQPPRAATRKVACTCDQKPCNC

16 29 GYRNIMQNCMDNAQYLAEEIEKTGYFWII

17 41 VSSITIDPH(K)MGMAPIPAGGIIFRDKSYLRALSVETPYLTS

18 15 KAQGKPCDKPNIVCG

19 41 SGRILGSMCTMPHPLAREVYCMFIETNLGDPGLHPGTRELE

20 40 PNIIVPKSAHFSFQKAGDMLGVKLRWAPLDQDYRVDVKQV

Note: (K), lysine forming Schiff ’s base with PLP.

Quite a different set of motifs is characteristic of
GAD from archeans, bacteria, and plants (Fig. 3). Motifs
12, 13, and 16 are common for all these proteins.
Enzymes from archeans Euryarchaeota contain only six
motifs: 19, 12, 20, 13, 17, and 16. In this group of proteins
the PLP-binding lysine is located in motif 17. The situa-
tion is more complicated in GAD from Aeropyrum pernix
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(Ape, Crenarchaeota) where a more extended PLP-bind-
ing motif 2 occupies the place of motif 17, and motif 10 is
added at the C-end.

As compared with Ape, motifs 7 and 8 appear in the
enzyme from Mtu and Smy (Gram-positive bacteria), the
structure seeming to be transitive from GAD of Archeans
to GAD of bacterial origin.



1186
Symbol Motifs
Hsab7 1" 9 5 6 3 1 14 4
Ssc67 1 9 5 6 3 1 14 4
Fsi67 1 9 5 6 3 1 H14H 4
Rno67 1 9 5 6 3 1 14 4
Mmu67 4 11 9 5 6 3 1 14 4
Ggab7 14 9 5 § 6 3 1§14l 4 b
Cau67 15 9 5 6 3 1 14 4
Hsab5 15 9 5 6 3 1 H14H 4
Ssc65 15 9 5 6 3 1 14 4
Rno65 15 9 5 6 3 1 14 4
Mmu65 15 9 5 6 3 1 14 4
Cau65 15 9 5 6 3 1 j14 4}
M9H516|3H1 ]
Fru w«m{ 9 LS H 6 L1 4 }
ome«uHﬂsHeu ]
Scale JI [ 1 1 10 L L L L L0 000 b
@-3) 41 50 100 150 200 250 300 350 400 450 500 550

Fig. 2. Diagram of motifs found for sequences of GAD from
vertebrates and invertebrates (Dme). The amino acid composi-
tion of each motif is shown in Table 2.

Bacterial and plant enzymes contain eight motifs: 7
12,18, 8, 13, 2, 16, 10; the PLP-binding lysine is located
in motif 2.

The data described support the division of glutamate
decarboxylases into three groups by their amino acid
sequences: GAD from Archeans, GAD from bacteria
together with plants, and GAD from animals. Each group
is characterized by its own set of motifs, their lengths, and
motifs containing the PLP-binding lysine (motifs 17, 2,
1). Especially strong are distinctions between animal
GAD, on one hand, and enzymes of bacterial and plant
origin, on the other: no identical motifs were found in
them. Thus, the motif diagrams clearly reveal divergent
evolution of the enzyme.

Carrying out catalytic function is connected with
the structure of the enzyme active center, thus it was of
interest to reveal the localization of functionally impor-
tant residues forming the GAD active center. Previously,
a reference point for detection of localization of these
amino acid residues served for structural comparison of
GAD and aspartate aminotransferase, because both
enzymes have one and the same substrate and coenzyme
[6, 10]. These investigations were continued for 40 GAD
analyzed in this work (Table 3). Lysine that binds alde-
hyde group of PLP and aspartic acid, forming a salt
bridge with nitrogen of the PLP pyridinium ring should
be distinguished first among all amino acid residues. A
histidine residue adjacent to PLP-lysine is a specific
guide for decarboxylases for localization of the latter.

SUKHAREVA, MAMAEVA

Table 3 also shows amino acid residues that are in con-
tact with the PLP phosphate group. These are G, A, and
S in GAD of vertebrates; S, S, and A in most plant and
bacterial GAD; and G, T, and A in GAD of Archeans. All
these residues are responsible for the coenzyme position
in the enzyme active center. In addition, there is also an
arginine residue located in the ERL or DRL sequence
(ERL in aspartate aminotransferase) and probably
involved in binding of carboxyl of glutamic acid (sub-
strate). The participation of arginine in substrate binding
was shown previously by chemical modification of gluta-
mate decarboxylase [12].

The carrying out one and the same enzymatic
reaction of glutamic acid decarboxylation is due to
identical (or similar) residues in all GAD irrespective
of the source of their preparation. This reveals
enzyme convergent evolution in which function pre-

Motifs

12 |18)f 8 131 2 |16 10

Symbol

Nta 7

E

Mtu

Ape
Pab
Pho
Mth
:

1o [ 12] 20 -] 17 FL16 |-
N N R N e R

Scale

(a.a) |[I 50 100 150 200 250 300 350 400 450 500 550

Fig. 3. Diagram of motifs found for sequences of GAD from
plants, bacteria, and Archeans. The amino acid composition of
each motif is shown in Table 2. Homologous motifs found for
40 glutamate decarboxylases from different sources.
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Table 3. Conserved amino acid residues in GAD
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Amino acids contacting the PLP Aspartic acid Histidine PLP- Substrate-binding
Symbol phosphate group lysine arginine
1 11 I v v VI VII

Hsa67 G252 A253 S255 D373 H404 K405 R590
Hsa65 G243 A244 S246 D363 H395 K396 R580
Ssc67 G252 A253 S255 D373 H404 K405 R589
Ssc65 G243 A244 S246 D364 H395 K396 R580
Fsi67 G252 A253 S255 D373 H404 K405 R589
Rno67 G251 A252 S254 D372 H403 K404 R588
Rno65 G243 A244 S246 D364 H395 K396 R580
Mmu67 G251 A252 S254 D372 H403 K404 R588
Mmu65 G243 A244 S246 D364 H395 K396 R580
Gga67 G248 A249 S251 D369 H400 K401 R585
Xla G221 A222 S224 D342 H373 K374 R552
Cau67 G245 A246 5248 D366 H397 K398 R582
Caub65 G241 A242 S244 D362 H393 K394 R578
Fru G228 A229 S231 D349 H381 K382 R565
Dme G167 S168 S170 D289 H321 K322 R505
Ath S125 S126 A128 D243 H275 K276 R431
Les S127 S128 A130 D245 H277 K278 R433
Phy S126 S127 A129 D244 H276 K277 R432
Nta S126 S127 A129 D244 H276 K277 R432
Osa S130 S131 Al133 D248 H280 K281 R436
Sce S154 S155 Al157 D277 H317 K318 R542
Ner S154 S155 Al57 D268 H300 K301 R404
Bme S131 S132 Al34 D247 H279 K280 R402
Bur S124 S125 Al127 D241 H273 K274 R394
Eco S126 S127 Al29 D243 H275 K276 R398
Ecj S126 S127 Al129 D243 H275 K276 R398
Lla S124 S125 Al127 D244 H276 K277 R396
Lmo S122 S123 A125 D242 H274 K275 R394
Lin S122 S123 Al25 D242 H274 K275 R394
Cpe S123 S124 Al126 D243 H275 K276 R395
Smy S136 S137 A139 D240 H287 K288 R451
Syn S128 S129 Al31 D246 H278 K279 R445
Mtu S128 S129 Al131 D244 H276 K277 R379
Ape G098 T099 S101 D205 H241 K242 —
Afu G081 T082 A084 D183 H215 K216 R320
Hal G077 TO78 A080 D179 H209 K210 R277
Pab G094 T095 A097 D196 H232 K233 R343
Pho G093 T094 A096 D195 H231 K232 R342
Mth G069 T070 A072 D171 H207 K208 R318
Mja G094 T095 A097 D206 H244 K245 R355
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determines necessary structural peculiarities. Thus,
both divergent and convergent types of enzyme evolu-
tion were revealed by the example of glutamate decar-
boxylase.

This work was supported by the Russian Foundation
for Basic Research (project No. 02-04-49106).
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