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HI“ESI“S are eukaryotic motor proteins in which the module is a motor domain that uses A
"walk" along microtubules. The motor domain is a single fold with multiple conserved regions
an ATP-binding motif. The two motor domains of dimeric kinesin proteins are each connecte
coiled-coil stalk that holds the monomers together. At the other end of the stalk is a globular
can be used for attachment to cargo. The motor domain can be at either end of the sequenc
dle, and is highly conserved, whereas cargo domains are variable

in sequence. Most kinesins are built from parallel dimers and are

involved in vesicle transport or spindle movements. However, in ;
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enome sequencing projects and other large-scale efforts are
generating hundreds of thousands of sequences of new pro-
teins from diverse organisms. The task of discovering the
structure and function of an unknown protein is aided by the fact
that most new genes are related to other genes, and these rela-
tionships can often be detected via sequence similarity. Perhaps
half of all known genes encode members of some 3000 major
families. Family members share sequence and structural similar-
ities, suggesting divergence from a common ancestor. Unlike
proteins that are direct counterparts in different organisms, there
can be many members of a gene family within one organism
that carry out distinct, yet similar, functions. For the organism
itself, the existence of gene families provides a way of generat-
ing diversity in function and specificity from a limited number of
building blocks, which is essential for the evolutionary success
of a genome. Within laige eukaryotic genomes, gene family size
varies tremendously, ranging from a unique member to thou-
sands of members. Even smaller genomes harbor families that
comprise several percent of their genome.
In the image, the tornado symbolizes the powerful forces that
reorganize and disperse the building blocks. Near the bottom,
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card fragments represent building blocks of genes encoding
emerging proteins, complete cards represent functional genes,
and stacks of cards at the top represent gene families. Although
there is a large element of randomness in this process, the tor-
nado is under constraints. These are shown as icons (see
below), which illustrate organizational features. These govern
the evolution of protein modules from motifs, of complete pro-
teins from modules, and of gene families from duplication of
individual genes.

Motifs are short, conserved sequence regions. A module is a
contiguous sequence segment that can consist of a single
motif —#— or multiple motifs in fixed order —*ss—. A protein
may result from a single module —#— or concatenation of multi-
ple, independent modules ~##—. The same module may also
be repeated within a protein —#s— . Gene families can be
tandemly duplicated “=»e»_ or dispersed <=4, . Regions of
chromosomes containing many genes can be duplicated and
dispersed == . These features are illustrated by the
selected examples shown below, and further discussion can
be found in the accompanying article in the 24 October, 1997

issue of SCIENCE.

HH[: I]F[II:EI“S form a family character-

ized by a highly conserved ATP-binding
cassette. The proteins are found in archaea,
bacteria, and eukaryotes and almost all are
transporters that import or export a diverse
group of specific substrates across mem-
branes. Family members are involved in

human hereditary diseases, antigen processing,
and miiltidriia recictance of nrotozoan naracitec
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H"IES"IS are eukaryotic motor proteins in which the module is a motor domain that uses A
"walk" along microtubules. The motor domain is a single fold with multiple conserved regions
an ATP-binding motif. The two motor domains of dimeric kinesin proteins are each connecte
coiled-coil stalk that holds the monomers together. At the other end of the stalk is a globular
can be used for attachment to cargo. The motor domain can be at either end of the sequenc
dle, and is highly conserved, whereas cargo domains are variable
in sequence. Most kinesins are built from parallel dimers and are
involved in vesicle transport or spindle movements. However, in
one group antiparallel dimers form tetrameric motors that are pro-
posed to facilitate microtubule sliding. In addition, some kinesins
are thought to function as monomers, and others consist of het-
erodimeric kinesin proteins that, together with a third nonmotor
subunit, function as heterotrimeric motors.

[afla Finc finger
protems

The intimate relation between
structure and sequence con-
servation is illustrated by the
zinc finger motif, which is often
involved in DNA binding and reg-
ulation of gene expression.The
ribbon cartoon is a structural
representation, and the logo
below it is the correspond-
ing sequence-based rep-
resentation of a zinc
finger. A sequence
alighnment based on zinc
fingers from more than 100
proteins identifies the invariant
and conserved positions. In each posi-
tion of the logo, the degree of conservation

is proportional to the height of each letter, and
colors are assigned to reflect amino acid properties

[http://www-Immb.ncifcrf.gov/~toms/sequencelogo.html]. As seen in the struc-
ture, two cysteine and two histidine side chains coordinate the zinc. The fixed
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HH[: Ilrlltﬂlﬂs form a family character-

ized by a highly conserved ATP-binding
cassette. The proteins are found in archaea,

bacteria, and eukaryotes and almost all are
transporters that import or export a diverse
group of specific substrates across mem-
branes. Family members are involved in
human hereditary diseases, antigen processing,
and multidrug resistance of protozoan parasites
and human tumor cells. In different members of the
family, ATP hydrolysis either regulates or energizes
transport of molecules as diverse as small ions
and large proteins. ABC transporters contain two
transmembrane and two ATP-binding modules. In
different proteins these modules can be encoded
as separate polypeptides or can be fused together
in different orders and combinations.

tefn-coupled
PHOrS (ceore)

_encompass a wide range of
¥  autocrine, paracrine, and
endocrine processes. The
rhodopsin-like GPCRs include
families of hormone, neurotransmit-
*ter, odorant, and light receptors, all of
which transduce extracellular signals through
interaction with g@lanine nucleotide—binding
(G) protein ough individual family
sduce different stimuli into dis-




ulation of gene expression. 1 he
ribbon cartoon is a structural
representation, and the logo
below it is the correspond- .
ing sequence-based rep- %
resentation of a zinc
finger. A sequence
alignment based on zinc
fingers from more than 100
proteins identifies the invariant
and conserved positions. In each posi-
tion of the logo, the degree of conservation

is proportional to the height of each letter, and
colors are assigned to reflect amino acid properties
[http://www-Immb.ncifcrf.gov/~toms/sequencelogo.html]. As seen in the struc-
ture, two cysteine and two histidine side chains coordinate the zinc. The fixed
number of amino acids between the internal cysteine and histidine reflects
constraints on the backbone, whereas the side chains display widely varying
degrees of conservation. For example, the first position after the internal cys-
teine has few constraints, and so a short stack of numerous different residues
is seen. In contrast, the fourth position is preferentially aromatic (orange),
resulting in a tall stack dominated by phenylalanine, tyrosine, and tryptophan.
This conserved residue holds together the second f strand (cyan) and the o
helix (magenta). Combining multiple zinc fingers within a protein allows bind-
ing to neighboring sites in DNA. The combinatorial flexibility that results may
account for the extraordinary proliferation of this small module.
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PRCEPLOrS (crone)

encompass a wide range of
autocrine, paracrine, and
endocrine processes. The
rhodopsin-like GPCRs include
families of hormoge, neurotransmit-
ter, odorant, and light receptors, all of

which transduce extracellular signals through
interaction with nine nucleotide—binding
(G) protein ough individual family
membersitransduce different stimuli into dis-
tinct sets of cellular responses, they are
related by sequences and shared folds. Each
receptor is thought to fold into a con-
served conformational switch,
arranged as a bundle of seven trans-
membrane helices connecting three
external loops to three cytoplasmic loops.
Reflecting functional diversity, sequences
within the helix bundle are somewhat con-
served within receptor families, but are more
variable between them. The rhodopsin-like
GPCRs appear to have arisen via gene
f duplication events from a single ancient
receptor gene. Evolutionary stability of recep-
tor subtypes may be preserved by require-
ments for tissue and regional specialization
(as seen in cardiac versus brain muscarinic
subtypes); for conferring different sensitivities
to the transmitter and to possible modulators,
as well as alternative tranduction pathways
for different effector systems; and for devel-
opmental specializations.
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‘Binuclear Zn cluster (GAL4)
J LysR helix-turn-helix
1  TATA-binding protein repeat (0] 0
Eummumcaﬁﬂn 7 TM rhodopsin-like 0 0
Ser/Thr/Tyr kinase (0] 1
His kinase 24 (24) 0
Kringle (extracellular) 0 (0]
WW (intracellular) (0] (0]
Hnusgkgg&ng Kinesin motor 0 0
J Calponin homology (actin-binding) (0] 0]
BRCT (BRCA1 C-terminal) 1 1
ATP-binding cassette 93 (78) 17 (16
DEAD/H helicase 7 (7) 2(2)
AAA module 1 1
hsp60/GroEL chaperonin 1 1
hsp20 2(2) 0
1 GARS (purine synthesis) 1 0
}
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as well as alternative tranduction pathways
for different effector systems; and for devel-
opmental specializations.
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