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Heavy met als, such as mer cury and cad mium, are very
toxic in liv ing or gan isms, which have there fore evolved
var i ous de fence and con trol mech a nisms. Even for met als
that are es sen tial for the cor rect func tion ing of liv ing or -
gan isms, their pres ence within the cells has to be tightly
con trolled to avoid neg a tive ef fects. In most cases, and cer -
tainly in the case of cad mium, the ac tual toxic ef fect is in
part due to the ox i dant prop er ties of these met als.

We have solved the struc ture of YodA, a novel pro tein
im pli cated in cad mium stress is E. coli. This pro tein has
been sug gested as a mem ber of a new fam ily of cad mium-
 re sponse pro teins in bac te ria (1). While there is no se -
quence sim i lar ity to pro teins with known folds, the three-
 di men sional struc ture shows that YodA is a memeber of
the lipocalin/calycin fam ily. At the same time, we show
that YodA is a metalloprotein, with a high-af fin ity site for
di va lent cat ions such as zinc, nickel and cad mium.

We shall de scribe the struc ture of the pro tein and pro -
pose hy poth e ses for its func tion in bac te ria.
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14-3-3 pro teins were the first sig nal ing pro teins to be iden -
ti fied as dis crete phosphoserine/phosphothreonine bind ing
mol e cules. These pro teins play an im por tant role in the reg -
u la tion of sig nal transduction, apoptosis, cell cy cle con trol,
and nu tri ent-sens ing path ways [1,2]. The 14-3-3 pro teins
are a con served fam ily of acidic pro teins (mo lec u lar mass
rang ing from 27 to 32 kDa) pres ent in high abun dance in all 
eukaryotic or gan isms stud ied so far. Many or gan isms ex -
press mul ti ple isoforms; for ex am ple, in mam mals seven
isoforms have been iden ti fied. All 14-3-3 isoforms can
form sta ble homo and het ero-dimers. Though 14-3-3 pro -
teins per form dif fer ent func tions for dif fer ent lig ands, gen -
eral mech a nisms of 14-3-3 ac tion in clude changes in
ac tiv ity of bound en zymes, con trol in sub-cel lu lar lo cal iza -

tion of 14-3-3 bound pro teins, and al ter ations in pro -
tein-pro tein in ter ac tions of bound lig ands with other pro -
teins. 

Crys tal struc tures of hu man 14-3-3 zeta and tau
isoforms, and struc tures of 14-3-3zeta bound to var i ous
pep tides rep re sent ing 14-3-3 bind ing mo tifs pro vided first
struc tural in sight into un der stand ing of the bi o log i cal func -
tion of 14-3-3 pro teins [3, 4]. These struc tures il lus trate the
con served fold of the 14-3-3 pro teins, where each mono -

mer is com posed of nine antiparallel a-he li ces, and two
mono mers form cup-shaped dimers with a large deep chan -
nel in the cen ter run ning the length of the dimer. The walls
of the chan nel con tain amphipathic grooves that are ~30 C
long, and res i dues lin ing the grooves are mostly con served
among the dif fer ent isoforms. Phosphoserine-con tain ing
pep tides were ob served to bind in an ex tended con for ma -
tion within these grooves. Re cently, the struc ture of
14-3-3zeta bound to an en zyme se ro to nin N-acetyl -
transferase in com plex with a bisubstrate an a log, was
solved [5]. This struc ture al lowed to de scribe how 14-3-3
in ter acts with an en zy mat i cally ac tive pro tein - 14-3-3 sta -
bi lizes the con for ma tion of an ad ja cent re gion in the en -
zyme, caus ing en hanced sub strate bind ing and prod uct
for ma tion.
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Plectin and its isoforms are ver sa tile cytolinker pro teins of
very large size (mo lec u lar mass over 500 kDa) that are ex -
pressed in a wide va ri ety of mam ma lian tis sues and cell
types. Bio chem i cal data in di cate that plectin plays an im -
por tant role in cytoskeleton net work or ga ni za tion and reg -
u la tion, with con se quences for viscoelastic prop er ties of
the cy to plasm and the me chan i cal in teg rity and re sis tance
of cells and tis sues. De fects in plectin genes cause
autosomal re ces sive or dom i nant he red i tary dis eases, char -
ac ter ized by se vere skin blis ter ing with or with out mus cu -
lar dys tro phy. Plectin has been well char ac ter ized
bio chem i cally and ge net i cally. Elec tron mi cros copy re -
vealed that the pro tein has a dumb bell-like struc ture com -
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