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The metalloenzymes are proteins with enzymatic activity which contain metals tightly bound in their active sites
to display a chemical action. This review describes the recent developments and success of using computational
methods and algorithms for designing industrial enzymes. A recent approach based on functional amino acids or 
peptides  as characteristic molecular moieties and their conservations,  has  led to a significant expansion of the
field of enzyme designing or enzyme mimics. Evolutionary conservation is accounted to consider  designing en-
zymes while the metalloenzymes are a major concern due to their extensive role in catalytic activity and stability. 
The enzymes from methanogens may provide useful biocatalysts and may be even more valuable for biotrans-
formation reactions, but their biotechnological applications are restricted. Therefore, a method based on the
evolutionary hypothesis of conserved domain of sequences obtained from methanogens would make a significant 
interest in synthetic enzyme biotechnology. 

Keywords:  metalloenzymes designing, methanogens, evolutionary conservation.  

The transitions metals are essential cofactors in the phy-
siology of all organisms. Unfortunately, naturally avai- 
lable enzymes are usually not optimally suited for the
industrial applications due to a lower stability of the en- 
zymes under process conditions [1]. The protein engi-
neering is an alternative strategy for changing different
enzyme properties simultaneously [2]. The develop-
ment of enzyme technology has been recently shown
by a progress in the  theory concerning a mode of enzy-
mes function and how it is related to their primary struc-
ture through the formation and configuration of their
3D structures [2, 3]. Generally, an enzyme design is ba- 
sed on the knowledge about the structure, architecture
and functional properties of native enzymes. It is well
known that  enzymes contain a binding site and a cata-
lytic site consisting of two or more catalytic amino acid
groups [4, 5]. Exploitation of the diverse reactivity of

metal center cofactors has presented a profitable strate-
gy to introduce catalytic activity into proteins. Compu-
ter-aided enzyme modeling has taken an important ef-
fort to design metalloenzymes so as to perform chemi-
cal reactivity with good catalytic efficiency in biotrans- 
formation processes.

Several different potential reactions toward a single 
substrate  are often exhibited on a metal centre for desig-
ning and engineering enzymes [6, 7]. The successful de-
sign of small monomeric proteins [8], protein oligo-
mers [9], and redesign of natural proteins to confer no-
vel functionality have been achieved earlier. The gene-
ration of active biocatalysts from dramatically reduced
amino acid alphabets provides a strong support for the
idea that the primordial enzymes were made from only
a handful of building blocks [9]. The success of current
protein design methods is based largely on optimizing
the packing of atoms. The proposed natural design pro-
perties were not necessary conditions for producing

432

ISSN 0233–7657. Biopolymers and Cell. 2011. Vol. 27. N 6. P. 432–435

 Institute of Molecular Biology and Genetics, NAS of Ukraine, 2011 



433

CURRENT SCENARIO ON COMPUTER-AIDED METALLOENZYMES DESIGNING 

well-folded and perhaps even functional artificial
proteins [10]. Chellapandi and Balachandramohan ha-
ve introduced an in silico approach to design similar
biocatalysts from small molecule mimics of enzyme
active sites by combining in a small molecule with
emphasis to evolutionary conservation of sequences
[11, 12].

Structural homology-based approach is a power-
ful approach, which has produced a number of new
designed metalloproteins [6, 13–15]. Dezymer [16,
17] and ORBIT [18] were the first computer based
approaches developed for designing metalloenzymes. 
Metal Search [19] program has been developed to aid
for   designing  metal-binding sites into proteins [20].
Structure-based computational design techniques ha-
ve also been used to construct catalytically active si-
tes in proteins of known structure [10]. An increa-

sing effort has been made to combine rational design
features into Darwinian evolutionary protocols [21,
23]. TransCent program has been developed for sup-
porting the transfer of active sites from one enzyme to 
an alternative scaffold [24]. Therefore, to effectively
develop a rational modeling paradigm for enzymes,
detailed understanding of the mechanism of  a rate de- 
termining step in the catalytic process and a compre-
hensive database of chemical structures with their ra-
te data are required so far. The list of enzymes com-
putationally designed is presented in Table. Manga-
nese superoxide dismutase by molecular mechanics
calculations (CAChe system) [25, 26] and rational
design using DEZYMER algorithm [7], nuclease and
protease by modification of protein scaffold [27],
deoxyribose-phosphate aldolase by recapitulation of
active sites of native enzymes [28], isochorismate py- 
ruvate lyase by quantum mechanics/molecular mecha-
nics [29], and chorismate mutase by computing empi- 
rical valence bonds [30] have already been success-
fully obtained by computational approaches. How-
ever, these approaches are more complex and used
altered protein scaffold or amino acids. Unfortunately 
the resulting models were significantly less effective
than the corresponding natural enzymes [31] and the
reasons for rather limited success are not completely
clear [30]. A few successful experimental enzyme de- 
signs have been made for proteinase K invariant by
machine learning algorithms [32], β-glycosidases by
amino acid replacements [34], L-aminoacylase by al-
ternation of metal ions [34] in the recent years. Using
evolutionary conservation of catalytic domain, co-
balt-dependent β-methylaspartate mutase [11] and ce- 
sium-dependent formyltetrahydrofolate ligase [12]
constructs from the sequences of archaea [35] have
been already designed, and the designing strategy is
schematically represented in Figure. Chellapandi has
comprehensively reviewed the enzyme engineering
and designing algorithms and associated computa-
tional programs in conceptual trends, which will en-
sure a competitive edge in developing improved en-
zymes [36].

The application of wide range of archaeon enzy-
mes and the usage of organisms themselves in biotech-
nology are fairly restricted due to the complicated puri-
fication strategies and lack of expression  systems. How- 

Enzyme Approach Reference

Mn-superoxide dismutase CAChe system [25]

Mn-superoxide dismutase Molecular mechanics
method [26]

Mn-superoxide dismutase DEZYMER algorithm [7]

Nuclease Chemical modification 
of protein scaffold

[27]

Protease Chemical modification 
of protein scaffold

[27]

Deoxyribose-phosphate
aldolase

Recapitulation of ac-
tive sites of native en-
zymes

[28]

Isochorismate pyruvate
lyase

QM/MM methods [29]

Chorismate mutase Computing empirical
valence bonds

[30]

Proteinase K Machine learning
algorithms

[32]

β-Glycosidases Amino acid
replacements

[33]

L-Aminoacylase Alternation of metal
ions

[34]

Co-dependent
β-methylaspartate mutase

Molecular-evolution
directed approach

[11]

Cs-dependent formyl-
tetrahydrofolate ligase

Molecular-evolution
directed approach [12]

List of enzymes computationally designed 



ever, the increasing interest in applying enzymes in in-
dustrial processes has spurred the search for biocatalysts
with new or improved properties. The use of biotrans-
formation in industry will raise as it has been claimed that
a doubling of the number of industrially established bio-
catalytic processes every decade is probable. 
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П. Чел ла панді

Су час ний сце нарій ком п’ю тер но го ко нстру ю ван ня 
ме та ло фер ментів

Ре зю ме

Ме та ло фер мен ти – це білки, що функціону ють як фер мен ти.
Вони містять ме та ли, які взаємодіють в ак тив них сай тах, що
за без пе чує їхню хімічну ак тивність. У пред став ле но му огляді
опи са но останні роз роб ки та успішне за сто су ван ня ком п’ю тер -
них ме тодів і ал го ритмів для ко нстру ю ван ня про мис ло вих фер -

ментів. Ви ко рис тан ня су час но го підхо ду на основі функціональ -
них аміно кис лот або пеп тидів як ха рак тер них мо ле ку ляр них ком-
по нентів та їхньої кон сер ва тив ності доз во ли ло знач но роз ши ри -
ти сфе ру ко нстру ю ван ня або іміту ван ня фер ментів. Ево люційна
кон сер ва тивність важ ли ва при ко нстру ю ванні фер ментів, се ред
яких основ ну зацікав леність пред став ля ють ме та ло фер мен ти
че рез їхню суттєву роль у ка талітичній ак тив ності та стабіль-
ності. Фер менти ме та но генів мо жуть слу гу ва ти біока таліза -
то ра ми і навіть бути ціннішими для ре акцій біот ран сфор мації,
однак їхнє за сто су ван ня у біот ех но логії об ме жене. Зва жа ю чи на
це, ме тод, осно ва ний на ево люційній гіпо тезі про кон сер ва тив -
ний до мен послідов нос тей, от ри ма них із ме та но генів, може ста -
ти ко рис ним у сфері біот ех но логії син те тич них фер ментів. 
Клю чові сло ва: ком п’ю тер не ко нстру ю ван ня ме та ло фер мен -

ти, ме та но гени, ево люційна кон сер ва тивність. 

П. Чел ла пан ди

Сов ре мен ный сце на рий ком пью тер но го ко нстру и ро ва ния 
ме тал ло фер мен тов

Ре зю ме

Ме тал ло фер мен ты – это бел ки, функ ци о ни ру ю щие как фер мен -
ты. Они со дер жат ме тал лы, вза и мо де йству ю щие в ак тив ных
сай тах, что об ес пе чи ва ет их хи ми чес кую ак тив ность. В дан ном
об зо ре опи са ны по след ние раз ра бот ки и успеш ное при ме не ние
ком пью тер ных ме то дов и ал го рит мов для ко нстру и ро ва ния про -
мыш лен ных фер мен тов. Исполь зо ва ние со вре мен но го под хо да на
осно ве функ ци о наль ных ами но кис лот или пеп ти дов как ха рак -
тер ных мо ле ку ляр ных ком по нен тов и их кон сер ва тив нос ти по -
зво ли ло зна чи тель но рас ши рить сфе ру ко нстру и ро ва ния или
ими ти ро ва ния фер мен тов. Эво лю ци он ная кон сер ва тив ность
важ на при ко нстру и ро ва нии фер мен тов, сре ди ко то рых основ -
ной ин те рес пред став ля ют ме тал ло фер мен ты бла го да ря их зна -
чи тель ной роли в ка та ли ти чес кой ак тив нос ти и ста биль нос ти.
Фер мен ты ме та но ге нов мо гут слу жить би о ка та ли за то ра ми и
даже быть бо лее цен ны ми для ре ак ций би от ран сфор ма ции, но их 
при ме не ние в би о тех но ло гии огра ни че но. Всле дствие это го ме -
тод, осно ван ный на эво лю ци он ной ги по те зе о кон сер ва тив ном
до ме не по сле до ва тель нос тей, по лу чен ных из ме та но ге нов, мо -
жет стать по лез ным в сфе ре би о тех но ло гии син те ти чес ких
фер мен тов.
Клю че вые сло ва: ком пью тер ное ко нстру и ро ва ние ме тал ло -

фер мен тов, ме та но ге ны, эво лю ци он ная кон сер ва тив ность. 
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