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T he avalanche of new three-dimen- 
sional protein structure determina- 
tions, currently about 50 per week, 

provides an exciting resource for exam- 
ining the evolutionary relationships 
within protein families. This is particu- 
larly important because structural resem- 
blances can often be observed between 
two proteins even when the sequence ho- 
mologies are quite low (I). Most pro- 
teins consist of multiple domains linked 
together in a single polypeptide chain. 
The similarity between domains in many 
multidomain proteins, such as those in 
the immunoglobulin domain superfamily 
(2), indicates that they have evolved 
through gene duplication and fusion. 
However, this mode of evolution need 
not be limited to multidomain structures. 
On page 1546 of this issue, Lang et al. 
(3) present structural data on a common 
single-domain protein, the eightfold pla 
barrel (4), which indicate that this struc- 
ture arose from the duplication and fu- 
sion of the gene of a common half-barrel 
ancestor. The study confirms previous 
proposals based on sequence analyses 
( 5 9 6 ) .  

Lang et al. report the x-ray structures 
of two histidine biosynthetic enzymes, 
HisF and HisA, from a hyperthermophile, 
Thermotoga maritima (3). Both enzymes 
are pla barrels, as previously predicted 
(6).  Remarkably, in both enzymes, the 
loops on opposite sides of the COOH-ter- 
minal face are found to be very similar in 
length and structure (for example, loop 1 
resembles loop 5). Furthermore, HisF 
contains two vhosvhate ions that are locat- 

two identical half barrels, with a similar 
relationship to the current molecules as 
the human immunodeficiency virus 
(HIV) protease homodimer has to the 

and David R. Davies pepsins, which consist of two domains 
formed by a single chain (8).  It would 

be interesting to see whether the 
two half-barrel structures of HisA 
and HisF can assemble to form a 
functional barrel structure. Anoth- 
er pla barrel protein, the a sub- 
unit of tryptophan synthase, can 
be reconstituted from separate 
proteolytic fragments of unequal 
size (9). 

The combined results suggest 
that many, if not all, pla barrels 
have evolved from a common an- 
cestral half barrel, followed by di- 
versification of catalytic function. 
Evolutionary change could result in 
loss of one or both of the phosphate 
binding sites and the addition of 
new regulatory or catalytic sites. 

The classic p/a barrel. The structure, also called TIM Recent work demonstrates that the 
barrel (named for trios? phosphate isomerase), is built PIa provides an 
from eight repeated P strandla helix units. Units 1 and for the creation new enzyme ac- 
5 are shown in pink, 2 and 6 in blue, 3 and 7 in cyan, tivities by rational design and di- 
and 4 and 8 in green. Lang et al. provide evidence that rected evolution (10). 
two new pla barrel structures, HisA and HisF, evolved IS the half barrel the smallest 
from a half-barrel ancestor (3). This figure is based on ancestor? The symmetry of the pla 
the structure of another pla barrel enzyme, the a sub- barrel could reflect evolution 
unit of tryptophan synthase from Salmonella ty- through repetitive duplication of 
phimurium (12). The figure was created with the pro- an even smaller stable unit (I).  
gram Ribbons and the coordinates Ibks from the Pro- Proteins such as the leucine-rich 
tein Data Bank.The original structure has three extra a repeat ribonuclease inhibitor con- 
helices, which have been deleted to create a classic tain as many as 16 repeats of a 
pla barrel. simple pla motif (11). The pres- 

ence of repeated structural motifs 
mine the activity of each enzyme in the in these and many other proteins sug- 
reaction catalyzed by the other. Remark- gests that these proteins also arose from 
ably, HisF is also active in the reaction gene duplication and fusion of relative 
catalyzed by HisA, namely the isomeriza- small subdomains. 
tion of a phosphoribosyl intermediate. 
HisA has no activity in the more comvlil References and Notes 
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of both HisA and HisF superimpose 
closely with root mean square deviations 
from 1.4 to 2.1, A, showing strong struc- 
tural homology. Lang et al. use these 
structural results to align the sequences of 
the four half barrels of the structures. Al- 
though the percentage of similar residues 
is low c22%), five identical residues occur 
in each sequence, including an aspartate 
that may play different catalytic roles in 
HisA and HisF. Finally, Lang et al. deter- 
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closely related in structure not only to 
each other but also to three pla barrel en- 
zymes in the tryptophan biosynthetic 
pathway (TrpC, TrpF, and TrpA) (3). The 
three Trp enzymes are similar in structure 
and bind the phosphate of the substrate at 
the same site (7). This phosphate binding 
site is also found in a number of other pla 
barrels, including the new HisA and HisF 
structures. Thus, it is highly likely that all 
these related pla barrel enzymes arose by 
divergent evolution from a common an- 
cestor or from one another. 

The ancestral pla barrel structure 
was probably a homodimer consisting of 
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