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blneSlnS are eukaryotic motor proteins in which the module is a motor domain that uses r 
"walku along microtubules. The motor domain is a single fold with multiple conserved regien 
an ATP-binding motif. The two motor domains of dimeric kinesin proteins a 
coiled-coil stalk that holds the monomers together. At the other end of the 
can be used for attachment to cargo. The motor 
dle, and is highly conserved, whereas cargo do 
in sequence. Most kinesins are built from paral 
involved in vesicle transport or spindle movement 
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enome sequencing!projects and other large-scale efforts a 
generating hundreds of thousands of sequences of new PI 
teins from diverse /organisms. The task of discovering the 

structure and function ff an unknown protein is aided by the fad 
that most new genes are related to other genes, and these rela- 
tionships can often be etected via sequence similarity. Perhaps 
half of all known encode members of some 3000 major 
families. Family members share sequence and structural similar- 
ities, suggesting divehence from a common ancestor. Unlike 
proteins that are direct bounterparts in different organisms, there 
can be many membe 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 functiod and specificity from a limited number 01 
building blocks, which ;is essential for the evolutionary success 
of a genome. Within lafge eukaryotic genomes, gene family size 
varies tremendously, ranging from a unique member to thou- 
sands of members.  den smaller genomes harbor families thal 
comprise several percdnt of their genome. 

In the image, the torhado symbolizes the powerful forces thal 
I 

reorganize and disperqe the building blocks. Near the botto~ 



orts are card fragments represent building blocks of genes encoding 
lew pro- emerging proteins, complete cards represent functional genes, 
ring the and stacks of cards at the top represent gene families. Although 
the fact there is a large element of randomness in this process, the tor- 
!se rela- nado is under constraints. These are shown as icons (see 
'erhaps below), which illustrate organizational features. These govern 
0 major the evolution of protein modules from motifs, of complete pro- 
similar- teins from modules, and of gene families from duplication of 
. Unlike individual genes. 
IS, there Motifs are short, conserved sequence regions. A module is a 
rganism contiguous sequence segment that can consist of a single 
rganism motif -or multiple motifs in fixed order -. A protein 
jenerat- may result from a single module or concatenation of multi- 
mber of ple, independent modules -. The same module may also 
success be repeated within a protein . Gene families can be 
nily size tandemly duplicated or dispersed + . Regions of 
to thou- chromosomes containing many genes can be duplicated and 
lies that dispersed -. These features are illustrated by the 

selected examples shown below, and further discussion can 
ces that be found in the accompanying article in the 24 October, 1997 
bottom, issue of SCIENCE. 

ized b i  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 

bstrates across mem- 
bers are involved in 

, antigen processing, 
rfitn~n-n m ~ r a e i t n e  



Klneslns are eukaryotic motor proteins in which the module is a motor domain that user 
"walk" along microtubules. The motor domain is a single fold with multiple conserved regic 
an ATP-binding motif. The 
coiled-coil stalk that holds 
can be used for attachment to cargo. The motor domain can 
dle, and is highly conserved, whereas cargo domain 
in sequence. Most kinesins are built from parallel di 
involved in vesicle transport or spindle move 
one group antiparallel dim 
posed to facilitate microtubule sliding. In 
are thought to function as 
erodimeric kinesin proteins that, tog 
subunit, function as heterotrimeric - 
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CzH2 Zinc finger 
proteins 
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 
alignment based on zinc 

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 t 

d, [http://www-lmmb.ncifcrC.g0v/-tomdsequencelogo.htm]. As seen in the struc- 
ture, two cysteine and two histidine side chains coordinate the zinc. The fixed 





ABC ttroteins form a family character- 
ized bb a highly conserved ATP-binding 

t cassette. The proteins are found in archaea, 
bacteria, and eukaryotes and almost all are 
transporters that import or export a diverse 

of specific substrates across mem- 
mbers are involved in 

transmembrane 

kduce cjiffgTent stimulijn@ dis- 



ulation of gene expression.The 
ribbon cartoon is a structural 
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nu* of arim adds beDwech me LMem'ralcyteine and histidiine reflects cc+ 
cormtminb on SSle backbone, whereas the sick chains display widely varying , 

degrees df cansewation. F;gr m~3;mpte, the first posilon after the internal cys- - 
teine has few constraint%, and $6 a short stack of numerous different residues 
jl~i ~eaeri~ In coart~ast, the fwrtfr position is preferentitrlly aromatic (orange), 
rmItJxsg h 8 tall st&& dominated by pkenytalaraine, tymine, and tryptophan. 
This mnwrv9ci residue hol& together the second P strand @an) and the a 
helix [magenta). Combining multiple zinc fingers within a protein allow bind- 
ing to neighboring sites in DNA. The combinatorial flexibility that results may , 

account for the extraordinary proliferation of this srnall module. 

Databases of Protein Families 
The inforniation embedded in protein families is an essential resource for refine 
homology searching, identifying critical residues in a module, predicting second 
structure, deriving phylogeny of organisms and subfamily relationships, homology 
modeling of three-dimensional structure, and gene prediction. The BCM search launc 

ttp:Nkiwi.imgen.bcm.tmc.edu:8088/search-launcher/launcher.html-is an excel 
tarting point for exploring many of these methods. For more tools, a well-orga- 
list of links can be found at http://www-biol.univ-mrs.fr/english/logligne.html. 

any individual protein families are described in detail at dedicated sites; see 
http://www.proweb.org for a current guid 
interested in establishing new sites. 

Sequence Similarity 
~ ~ ~ ~ l ~ ~ - h t t ~ : / / ~ w . e x p a s ~ . c h / s ~ r o t l ~ r o s i t e . h t m l  
Blocks--http://www.blocks.fhcrc.orgl 
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Pr ints-http: / lwww.biochem.ucl .ac.uk/bsm/dbb~ :, ::y:$<&~?% 

ProDom-http://protein.toulouse.inra.fr/ rp; swj,,4 

Pfam- http://www.sanger.ac.uWPfam/ 
http://genome.wustl.edu/Pfam/ 

ProClass-http://diana.uthct.edu/proclass. htm 





,,,or is thought to fold into a ,, 
_ _ ved conformational switch, 
arranged as a bundle of seven tran 

Gervedswithin receptor families, but are more 
Irar&le between them. The rhodopsin-like MCRS appear to have arisen via gene -";.jmQU <&A +- Ge z 

duplication events from a single ancient $!*:-&.+&: 
receptor gene. Evolutionary stability of r ece~ i ' ~ '~  ' 

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 

stribution of Wel 
This table reflects the current state of building block classification; as new sequences 6ecome available and comparison 

methods improve, the percentage of proteins classified into families increases and new families are delineated. A biologi- 
lily meaningful comparison can be made by counting the occurrence of particular modules in different organisms. Some 
~ les  are found in all organisms examined, whereas particular organisms may favor different modules for an analogous 
le,a.,..reaulatlm.$&$a@c~bt@n)~ IJI- the larast famil~th~C2H2-Zn finger proteins, the _module hasdiverse functbns.- - 
vely, GARS is an example of a true ortholog, performing the identical enhmatic function in the different organisms shown. 
xrunts were obtain& from OWL v.29.3 and family counts from ProClass v.1 . l  . Modules were tallied by searching OV 
ILprotein,dat$mse,,wlth expI,usyrrl-wdundant entries frc " " ' 

.: - ' . ' ,A ' . .,"*:--.A, P 
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methods i 
V cdly rheanin 

Total number of known proteins 4,253 
Percent of anticipated total 
Percent classified into families 

Occurrences of the Module (Number of Proteins Co 

SerRhrTTyr kinase 

BRCT (BRCA1 C-termin 
ATP-binding cassett 
DEADIH helicase 

hsp6OIGroEL chaperonin 

and Gridding Services Custom DNA C 



/= as well as alternative tranduction pathways 
for different effector systems; and for devel- 
opmental specializations. 

Distribution of Well-Studied Buildinu Blocks 




