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EVOLUTIONARY PROGRESS IN THE FUNCTIONS
OF METALLOTHIONEINS IN THE EVER CHANGING ECOSYSTEMS

Abstract. Metallothioneins (MTs) exist in various organisms ranging from some prokaryotes to
eukaryotes and mammals. MTs are low molecular weight proteins (MW ranging from 500 to
14000 Da), highly rich in cysteine residues and effectively bind with metals. MTs have the capacity to bind
both physiological (such as zinc, copper, selenium) and xenobiotic (such as cadmium, mercury, silver,
arsenic) heavy metals through the thiol group of its cysteine residues, which represent nearly 30 % of its
constituent amino acid residues. Their combination with heavy metals gives rise to metal-thiolate clusters. It
has been suspected that the presence of cysteine in MT is necessary for its functioning and that MT itself is
essential for life, modulating complex diseases and the immune system. All different types of MTs are
classified with respect to so many factors mainly in groups I and II. There are four main distinguished sub
families of the mammalian MT gene families; MT7-1 (subtypes A, B, E, F, G, H, L, M, X), MT-2, MT-3,
MT-4. They are synthesised primarily in the liver and kidneys. Their production is dependent on availability
of the dietary minerals, as zinc, copper and selenium, and the amino acids histidine and cysteine. The rise of
these sub families can be attributed to the different functions fulfilled by them. The absence of one defined
primary common function could certainly be the reason for serial duplications that gave rise to the
respective isoforms. The evolution of MT has been so important to science that they have been considered
valid biomarkers in medicine and environmental studies. MT is not limited to the human system, it has
also been found in other mammals of the animal kingdom vertebrates (such as the chicken,
Gallus gallus, or the mammalian Mus musculus), in higher plants (such as Pisum sativum,
Triticum durum, Zea mays, Quercus suber), in protozoa (ex. the ciliate Tetrahymena genera), in
yeast (such as Saccharomyces cerevisiae, Candida albicans), in invertebrates (such as the
nematode Caenorhabditis elegans, the insect Drosophila melanogaster, the mollusc Mytilus
edulis, or the echinoderm Strongylocentrotus purpuratus and in many prokaryotes (such as the
cyanobacteria Syneccococus spp). The MTs from this diverse taxonomic range represent a high-
heterogeneity sequence (regarding molecular weight and number and distribution of
Cys residues) and do not show general homology; in spite of this, homology is found inside
some taxonomic groups (such as vertebrate MTs).

In this review, we will be looking at the evolution of MTs in respective organisms and the
different roles they perform in each of their respective locations in these organisms. We will
specifically look at the following factors; evolution of the genetic constitution of MTs and their
structural composition and functions.
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EBOJIIOLIWHUA NPOIPEC Y ®YHKLISAX METAJIOTIOHEIHIB
Y EKOCUCTEMAX, LLIO NOCTIMHO 3MIHIOIOTbCA

AHoranisi. Meranorioneinn (MT) € B pi3HHX oOpraHi3amMax, OOYMHAIOYH BiJ IESIKHX
MPOKapioTiB, 10 eykapioTiB i ccaBUiB. MT € mpoTeiHaMu 3 HHU3BKOIO MOJEKYJIAPHOI Macoio (B
inTepBani Big 500 mo 14000 [la), 36aradeHi Ha 3aJUINOK IMCTEIHY i €EKTUBHO 3B'SA3YIOTHCA 3
Metarnamu. MT 31aTHi 3B'a3yBaTH sK ()i3i0M0TIUHI 10HH (HANPHUKIAA, IMHKY, Miji, CEJICHY), TaK 1 10HH
BO)KKUX METaJIiB-KCEHOOIOTHKIB (TakMX SIK KaJgMif, pTyTh, cpi0iio, MHII'SK) 32 PaXxyHOK TiOJOBOI
TPYIH CBOIX 3aJMIIKIB LUCTe{Hy, sKi HpencraBisioTs Omm3pko 30 % cxiaxy amMiHOKHCIOTHHX
3anumKiB. IX 3B'A3yBaHHA 3 BAKKUMH MeTajJaMH TMPU3BOAMTH 1O YTBOPEHHS METAITiONOBUX
KJacTepiB. BBaxaerncs, mo npucytHicTh 1ucteiny B MT HeoOXxigHO 1t Horo (yHKLIiOHYBaHHS, a
TaKOXX Ma€ Ba)KJIMBE 3HAYEHHS U1 BKUBAHHS OPraHi3MiB, TaK sIK MOKe 3MiHIOBaTH IMyHHHII cTaTyc.
Pizui tumn MT knacudikoBai, rojgoBHUM uyuHOM, y Tpynax I i II. Buninsiore 4oTupu ocHOBHI
MiATpyNH ciMeicTBa METANOTIOHEIHIB, SIKi MOIUISIOTH 3aJIeKHO Bix cimeiictB reHiB MT ccaBiiB;
MT-1 (miztumu A, B, E, F, G, H, L, M, X), MT-2, MT-3, MT-4. BoHt CHHTE3YIOTbCS TOJIOBHHM
YMHOM B MEYiHIl Ta HUPKaX. IXHS NPOYKILs 3a€KUTh Bijl HASBHOCTI XapuOBHX MiHEpAiB, TAKUX 5K
[OUHK, MiJb 1 CENIeH, 1 TICTHIUHY aMiHOKHCIOT i mucteidy. I[ligpos3min Ha Oarato miarpym MT
MOB'SI3aHO 3 Pi3HUMH (PYHKINSIMU JaHUX OiNKiB. BincyTHIiCTh OfHIET 3 MEBHOT MEPBUHHOI 3arajibHOI
¢yHk1ii, 6e3yMOBHO, MOXKe OyTH NPHYMHOIO JUIs BHIUICHHS BigmoBigHux izopopm MT B okpemuit
migrun. EBomoriss MT ayjke BaxxiuBa JUisl HAyKH, Tak sIK BiJI3epKaJIfO€ 3MiHY CHEKTPY BaKIHMBHX
OiomapkepiB B MEIMIMHI Ta EKOJOTiYHHX gociiikeHHsX. MT He OOMEXyIOThCsS OpraHizaMoM
JIOAWHK, BOHH TAaKOX 3HAMICHI B IHIIMX CCaBLIB cepel XpeOeTHHUX (Hampukman, Kypku, Gallus
Gallus, abo ccaBuiB Mus Musculus), y BUmnx pociuH (Hanpuknan, Pisum sativum, Triticum durum,
Zea mays, Quercus suber), B HalinpocTimux (Hanp. iHpYy3o0pis Tetrahymena genera), B ApDKIKAX
(manpuknan, Saccharomyces cerevisiae, Candida albicans), y 6e3xpeOeTHIX (HaIPHUKIAL, HEMAaTOIU
Caenorhabditis elegans, komax Drosophila melanogaster, wmomockax Mytilus edulis, a6o
royikomkipux Strongylocentrotus purpuratus i B 6araTthoX NpOKapioTiB (Hampukiaj, nianobakrepil
Syneccococus spp). MT Bix Takoro pi3HOMaHITHOTO TAKCOHOMIYHOTO Jlialla3oHy € Ay)Ke HEOIHOPIIHI
(32 MOJIEKYJIAPHOI0 MacH Ta KUIBKOCTI M PO3MOAiNY 3alMIIKiB HUCTEIHY), YacTillle BCbOIO MAlOTh
HU3BKY CTYIiHb TOMOJOTIi; HE3BaXKAlO4YW Ha 1€, TOMOJIOTiA 3HAXONUTHCA BCEPEIUHI IESIKUX
TaKCOHOMIYHHUX TPy (Hampukiai, xpedetHnx MT).

VY ngaHoMy orismi posrisHyToO eBoironito MT B pi3HHUX opraHizMax 3ajJIeKHO BiJ MiHJIHBOCTI
BUKOHYBaHOI (QyHKII] faHNX OUIKIB 32 IPUCTOCYBAHHS O KOHKPETHUX yMOB ITPOXKUBaHHA. B ormsai
aKIIGHTOBAHO yBary Ha HacTymHi Qakropu: eBomowuis reHiB MT, cTpykTypHa oprasizaiis JaHHX
MOJIEKYJI, 1X QyHKII.

Kniouosi cnosa: memanomioneinu (MT), cmpykmypa, kiacugixayis, esonioyis, 2eHu, QyHKyis.
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3BONMIOUMOHHbIA MPOIPECC B ®YHKLUUAX METANNIOTUOHENHOB
B NOCTOAHHO MEHAIOLLMNXCA S3KOCUCTEMAX

AnHoTanusi. Metammornonenasl (MT) uMmeroTcs B pa3iWYHBIX OpPTraHU3MAax, HAa4WHAs OT
HEKOTOPBIX IPOKapHOT, M0 JYyKapHoT W Miekomurarommx. MT sBiadioTcs OenkamMu ¢ HHU3KOM
MOJIEKYJIsIpHON Maccoit (B mHTepBaie ot 500 no 14000 [la), oboramieHsl ocTaTKaMu IHCTCHHA H
a¢dexTHBHO CBs3bIBalOTCA ¢ MeTayuaMd. MT CIIOCOOHEI CBSI3BIBATH KaK (DH3HOJIOTUYECKHAEC HOHBI
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(Hampumep, IIMHKA, MU, CEJIeHa), TaK M HOHBI TSDKENbIX METAIOB — KCEHOOMOTHKOB (TaKHUX Kak
KaJIMHUH, PTyTh, CepeOpO, MBIIMIBSK) 32 CUET THOJIOBOM I'PYMIIBI CBOMX OCTaTKOB LIMCTEHWHA, KOTOpHIE
npeacTaBisaioT okoigo 30 % cocTaBa aMHHOKHMCIOTHBIX OCTAaTKOB. VX CBS3bIBaHHE C TSDKENIBIMU
MeTaJUIaMH MIPUBOIUT K 00pa30BaHMIO METAITHOJIOBBIX KIacTepoB. [Ipenmnonaraor, 4To MpHCyTCTBHE
nucrenHa B MT HeoOXoauMo i ero (pyHKIMOHHPOBAHUS, a TAaKKe MMEET BaXHOE 3HAUCHHUE UIS
BBDKMBACMOCTH OPraHM3MOB, TaK KaK MOTYT MU3MCHSATh MMMYHHBIH craryc. Pasmuuneie Tamer MT
KJIacCU(UIMPOBAHEI, TIABHBIM 00pa3oM, B rpynmax [ u II. Beiaensror 4eThipe OCHOBHBIX HOATPYIIITBI
ceMeiicTBa METaNIOTHOHEHHOB, KOTOPBIE IMOAPA3ICIsIOT B 3aBUCUMOCTH OT cemeicTB reHoB MT
miekonuratomux; MT-1 (montuner A, B, E, F, G, H, L, M, X), MT-2, MT-3, MT-4. Ouu
CHUHTE3UPYIOTCS B OCHOBHOM B IIEYCHM M IMOYKaX. VX MpoayKIMs 3aBUCUT OT HAIMYUS MHIIEBBIX
MHUHEPAJIOB, TAKUX KaK IIMHK, MEJb U CeJIeH, ¥ THCTUANHA aMHHOKHCIIOT U IiicTenHa. [lonpaznenenne
Ha MHOecTBO moarpymn MT cBszaHO ¢ pasnuuHbIME (QYHKIHMAMHE JaHHBIX OeikoB. OTCyTCTBHE
OITHOHM W3 Ompe/eleHHON MepBHYHON oOmel (QyHKUIUH, 0e3yCIIOBHO, MOXET OBITh MPUYMHOU IS
BBIJICJICHHSI COOTBETCTBYIOMMX H30hopM MT B oTnenpHbIi monTuml. Dsomtonus MT oueHb BaxkHa IS
HAYKH, TaK KaK OTpaKaecT U3MCHCHHE CIICKTPA BAYKHBIX OMOMAapKEepOB B MEIUIIMHE U YKOJOTUICCKUX
UCCJICIOBAHUSX.

B nannoM 0630pe paccmorpeHa 3Bogronus MT B pasnuuHbIX OpraHM3Max B 3aBUCUMOCTH OT
W3MEHYMBOCTH BBINOJHSAEMONW (YHKUMHM JaHHBIX OENKOB B YCIOBHAX HPHUCIOCOONIECHUS K
KOHKPETHBIM YCIIOBHSAIM OOHMTaHHA. B 0030pe akueHTHpOBaHO BHHUMaHHE Ha cileayromue (GhakTopbl:
9BOJIONMS TeHOB MT, CTpyKTypHast OpraHu3aLusl JaHHBIX MOJICKYJ, UX (YHKIIHH.

Knruesvie cnosa: memaniomuoneunvt (MT), cmpykmypa, kiaccugpuxayus, 3601104us, 2eHbl,

Gynkyus.

INTRODUCTION

Evolution is change in heritable traits of biological populations over successive
generations in the ecosystem. Evolutionary processes give rise to diversity at every level of
biological organisation, including the level of species, individual organisms, and at the
level of molecular evolution (Brian, 2011). The use of the name metallothionein was first
mentioned in 1957 to describe a protein isolated from equine renal cortex containing large
amounts of sulphur and cadmium (Margoshes & Vallee, 1957; Kagi & Vallee, 1960) and to
date, there has been unraveling of more structures and functions implying that MTs
evolution is equally a fast growing process. Metallothioneins are rich cysteine low
molecular weight proteins that are said to be essential in the detoxification of the
mammalian system. They are also said to be heat stable and metal binding (Margoshes &
Vallee, 1957).

The human body expresses at least ten known very closely related MT proteins. The
production of MT is zinc and selenium dependent from dietary minerals as well as histidine
and systeine present in the body. They are largely synthesized in the liver and the kidney in
humans but are found at a number of other sites.

Its main functions are said to be the detoxification of metals (heavy metals in
particular) like mercury and cadmium, the homeostasis of essential metals including
Cupper and Zinc, anti-oxidation against reactive oxygen species, protection against DNA
damage, oxidative stress, cell survival, angiogenesis, apoptosis, as well as increase
proliferation, in the body (Higashimoto et al., 2009).

Since the discovery of MTs in 1957, many experiments have been carried out to date
with different organisms. It has been found in many of these organisms that MTs exist in
different locations and are very vital for the existence of these organisms. Most of these
organisms embody many isoforms of these MTs and each has a function all though some of
their roles have yet to be highlighted as are their mechanisms as well. Mammals, including
humans, have four isoforms but the first two (MT7-1/ MT-2) had been known to be the major
isoforms expressed ubiquitously by most mammalian organs including the brain (Cherian et
al., 2003) but recent studies have identified M7-3 as the major metalloprotein in the brain
and CNS (Egli et al., 2006). MT-4, although found in the squamous epithelial and also
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known to have life saving functions, is still to be studied on a large scale as have been the
previous three.

In other organisms like insects, each of the studied type has its own distinguished MT
features and functions. Some of the functions have been confirmed to be common in certain
insects, like the predominance of MTs in the brain in the case of Drosophila melanogaster
(four MTs), Orchesella cincta (one MT), and Oxya chinensis (two MTs) characteristically
for protection against toxicity from heavy metals (Liu et al., 2014) but strangely, Oxya
chinensis has also been found to contain a significant amount of MTs in the gut (Klaassen
et al., 2009). As far as D. melanogaster is concerned, MT-C and MT-D have not yet been
found to possess strong roles due to their inability to bind strongly with heavy metals.

Metallothionein structure and classification

MT is not limited to the human system, it has also been found in other mammals of
the animal kingdom vertebrates (such as the chicken, Gallus gallus, or the mammalian Mus
musculus), in higher plants (such as Pisum sativum, Triticum durum, Zea mays, Quercus
suber), in protozoa (ex. the ciliate Tetrahymena genera), in yeast (such as Saccharomyces
cerevisiae, Candida albicans), in invertebrates (such as the nematode Caenorhabditis
elegans, the insect Drosophila melanogaster, the mollusc Mytilus edulis, or the echinoderm
Strongylocentrotus purpuratus and in many prokaryotes (such as the cyanobacteria
Syneccococus spp). The MTs from this diverse taxonomic range represent a high-
heterogeneity sequence (regarding molecular weight and number and distribution of Cys
residues) and do not show general homology; in spite of this, homology is found inside
some taxonomic groups (such as vertebrate MTs).

Fowler et al. were the first to establish a classification of MTs in 1987 into three
classes; Class I was made to include polypeptides related in the positions of the Cys to
equine MT-1B (MTs homologous to horse MT), Class II included MTs non homologous to
horse MT, and Class III comprised phytochelatins, cys-rich enzymatically synthesized
peptides (polyisopeptides composed of atypical gamma- glutamylcysteinyl units and are no
therefore direct gene products) (Fowler et al., 1987). The second classification was
performed by Binz and Kagi in 2001, and takes into account taxonomic parameters and the
patterns of distribution of Cys residues along the MT sequence. It results in a classification
of 15 families for proteinaceous MTs (Binz & Kagi, 1999). Family 15 contains the plant
MTs, which in 2002 were further classified by Cobbet and Goldsbrough into 4 Types (1, 2,
3 and 4) depending on the distribution of their Cys residues and a Cys-devoid regions
(called spacers) characteristic of plant MTs.

MTs are classified base on the similarities of their structures. All mammalian MTs are
placed Class I. The amino acids sequences of MTs of mammalian origin contain
approximately 6laa of similar composition. They all contain 20 cysteine residues that
remain unchanged along the aa sequence. These systeines participate in the coordination of
7mol of Cd or Zn per mol of MT, explaining why they have a high affinity for Cd (10%)
and Zn (10™"*) (Kagi & Vallee, 1960).

In mammals, 20 totally conserved cysteine residues (Cys) bind, in the reduced form, a
complement of 7 equivalents of polarizable bivalent metal ions giving rise to two unique
metal-thiolate clusters with characteristic spectroscopic features (Binz & Kagi, 1999). The
spontaneous refolding of the native structure upon metal addition attests to a guiding role of
the positions of the Cys and other AAs conserved in the polypeptide chain. The invertebrate
holo-MTs studied thus far display similar clusters with structural and compositional
variations due to different numbers and relative positions of the Cys residues on the
polypeptide chain.

Table below shows how much MTs in various ecosystems have marginally evolved.
The characterization and structurization of MT have been revealed by only a few articles.
Its three dimensional structure was first reported by X-ray crystallography and NMR
spectroscopy in the 1990s. Later structural studies have shown that MT with 61aa can bind
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Structure of Metallothionein

with both essential (Zinc and Copper) and toxic (Cadmium and Mercury) metals in two
distinct cluster within the molecule. One cluster is closer to the N-terminal and three metal
atoms bound structures to nine cysteines with three bridging sulphur atoms, while the
second cluster is closer to the C-terminal and four metal atoms bound to 11 cysteines with
five bridging sulphur atoms figure (Schicht & Freisinger, 2009).

Specific Functions of MTs

Metallothioneins have been found to exist in various tissues of different species,
ranging from eukaryotes to mammals, playing significant roles in their respective locations
for the life of the individuals. MTs are stress proteins that bind with metals and regulate the
homeostasis of essential trace metals, counteracting the toxic effects of heavy metals such
as Cd, Hg and Ag in insects (Viarengo et al., 1999). Looking at the different types of MTs
and their functions in different organisms will portray a manner of evolution that has
captured the attention of a huge audience of the scientific world in modern times.

MTs and their functions have been studied in insects such a Drosophila melanogaster,
Orchesella cincta, and Oxya chinensis with some similar and very dissimilar patterns of
distribution and function. D. melanogaster has four MTs (MT-A, MT-B, MT-C, MT-D), all
of which are transcriptionally induced by heavy metals through the same metal-responsive
transcription factor, MTF-1 (Egli et al., 2006), while Orchesella. cincta has only one
identified MT. Two MTs (OcMT-1 and OcMT-2) have recently been identified in Oxya
chinensis (Liu et al., 2014).

MTs B, C, D are located in the same gene cluster and encode very similar peptides
(67 % amino acid identity) (Egli et al., 2003). Drosophila MT-A and MT-B were classified
as copper-type thioneins due to their metal binding properties. (Valls et al., 2000;
Domenech et al., 2003). The expression of MTs at the gene level is transcriptionally
regulated by metal-responsive transcription factor 1 (MTF-1), homolog to the mammalian
MTF-1. The mechanism is such that MTF-1 binds to the short DNA motifs termed metal-
responsive elements (MREs) in the MT promoter upon metal load. These MREs are
necessary and sufficient to mediate the transcriptional response to heavy metals (Stuart et
al., 1984). Basal and induced levels of transcription in both mammals and in Drosophila
depend on MTF-1 activity, and consequently a mutation of MTF-1 in both organisms
dramatically increases the sensitivity to heavy metals (Egli et al., 2003, Wang et al., 2004).
MT-A and MT-B are of major importance to the heavy metal defense of Drosophila, with a
leading role of M7-A and MT-B for Cu and Cd load respectively. Individual activities of
MTs are achieved by the corresponding specificity in induction and, probably some metal-
cluster features that confer a more optimal character to the Cu-MT-A and Cd-MT-B
complexes, respectively (Egli et al., 2006). This has been shown already for MT-B under
high cadmium load (Domenech et al., 2003). The roles played by MT-C and MT-D are still
to be well elucidated as their metal-binding capacity is very insignificant as compared with
the capacity of MT-A and MT- B.

The two MTs obtained from O. Chinensis possessed different coding sequences,
peptides and cysteine concentrations (11). The amino acid sequence of OcMT1 protein was
similar in length to those of MT-A, MT-B, MT-C and MT-D in Drosophila, varying from
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40aa to 44aa (Egli et al., 2003) and are much shorter than the MTs of most other species,
ranging in size from 58aa to 61aa. Both OcMT1I and OcMT?2 code for most of the conserved
cysteine residues and functional motifs such as (C-C, C-X-C, C-X-Y-C) (10). A total of 16
cysteine residues were found along the entire OcMT2 sequence, and cysteine and lysine
(Lys, K) were adjacent at four positions. The Cys residues adjacent to Lys have been
suggested to play roles in the structures and stabilities of the metal-binding sites of the
protein (Chung et al., 1991). These important structural characteristics suggest that OcMT1
and OcMT?2 may be involved in heavy metal detoxification by capturing the metal within
the tissues and that these residues may serve as primary chelating sites (Ren et al., 2010).
The two OcMT genes were found to be widely expressed in the brain, the optic lobe and the
digestive tissues (FG, GC, MG and HG) (Liu et al., 2014). The expressions levels of
OcMTI and OcMT?2 in the fat bodies were higher compared with those in the other tissues
with the exception of the brain and optic lobe. These findings suggest that OcMT1 and
OcMT? can detoxify exogenous chemicals. The higher expression levels of OcMT?2 in the
ovaries suggest that this MT may be related to the protection of O. chinensis reproduction
from metal toxicity or from oxidative stress (Klaassen et al., 2009). Therefore, the two MTs
may play important roles in the detoxification of exogenous chemicals (Liu et al., 2014).

Mammalian MTs are mainly consisted of MT-1, MT-2, MT-3, and MT-4. They originated
through a series of duplication events. In a general sense, MT-1 and MT-2 encode for ubiquitous
proteins while MT-3 and MT-4 evolved to accomplish specific roles in the brain and epithelium
respectively. Further expansion of the MT-1 gene has occurred in the primate lineage reaching
in humans a total of 13 paralogs, five of which are pseudogenes, while the remaining eight are
still functionally active. In humans, the reading frame of all five M7-/ pseudogenes is
reconstructed by sequence homology with a functional duplicate revealing that loss of invariant
cysteines is the most frequent event accounting for pseudogeneisation. Expression analyses
based on EST counts and RT-PCR experiments show that, as for M7-/ and MT-2, human MT-3
is also ubiquitously expressed while MT-4 transcripts are present in brain, testes, esophagus and
mainly in thymus (Moleirinho et al., 2011).

Mammalian M7-1 and MT-2 are conserved proteins that play a critical role in heavy-
metal homeostasis and are transcriptionally induced by metal (Beach & Palmiter, 1981) and
glucocorticoids (Hager & Palmiter, 1981).

Since its discovery (Palmiter ef al., 1992), MT-3 has been frequently associated with
the protection against neuronal injury (Chung & West, 2004; Hozumi et al., 1995). The
mammalian MT3 protein shows a characteristic insertion of six residues at the a-domain
when compared to that of M7-1 and M7-2 and an extra residue in the b domain (Thr),
which is responsible for neuron growth inhibitory activity in Alzheimer disease (Cai et al.,
2006; Romero-Isart et al., 2002). Although the expression of MT-3 has been almost
exclusively related to brain tissues, it has also been demonstrated that MT7-3 is a
ubiquitously expressed gene. In this regard, it is worth mentioning that MT-3 associates
with other proteins in mouse brains as part of a multiprotein complex (Lahti et al., 2005)
suggesting function diversification and involvement in various physiological processes.

MT-4 retains a high degree of conservation between humans and mice, yet it shows
the highest sequence divergence when compared with any other MT family member
(Moleirinho et al., 2011). It has been shown that mouse Mt-4 retains the capacity to bind Zn
(Quaife et al., 1994; Tio et al., 2004), Cd and Cu as the ubiquitously expressed MT-1/MT-2,
although the affinity to Cu is higher (Tio et al., 2004, Meloni et al., 2006). Suggestions
have been made that MT7-4 is inactive in some individuals (Moleirinho et al., 2011). It is
tempting to assume that the loss (pseudogeneization) of M7-4 can be compensated by
functional equivalents. In this context, M7-1 and MT-2 would be the most likely candidates
for a number of reasons. First, the metal binding properties of M7-1 and MT-2 overlap that
of MT-4 in mice (Cai et al., 2005). Second, it has been demonstrated that some MT-/
duplicates have cellular specificity (Schmidt & Hamer, 1986; Cherian et al., 2003) and
some of them are expressed in epithelium. Third, previous experiments in Drosophila
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melanogaster demonstrated that the number of functional gene duplications correlates to
the resistance to Cd (Maroni et al., 1987; Maroni et al., 1986) and Cu (Maroni et al., 1987)
as a direct consequence of the increased gene expression.

CONCLUSION

There exist a general consensus as to the principal functions of MTs; detoxification
and homeostasis, but the common impression is that we are still a long way from seeing the
end of their evolution. As the various ecosystems continue to evolve, so do every micro and
macro components in the ecosystems. Many isoforms and sub-isoforms from various
organisms have been identified but most functions are yet to be attributed to a lot of them.
A very common factor about the MTs is that they are triggered by the presence of heavy
metals, enabling homeostatic, detoxification and oxidative stress functions. From the time
of their discovery till today, MTs have evolved massively with the latest researches being
carried out to find treatment for various diseases especially in the battle against cancer. At
the rate at which their evolution continues to unravel via experiments, it is only a matter of
time before many functions are figured out and their uses are expanded.
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