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Structure of Key Cytoskeletal 

Five years ago, Kenneth Downing and Eva cell biologists say, because it reveals how the 
Nogales set out to accomplish with an elec- two subunits that make up tubulin interact 
tron microscope what with each other and 
x-ray crystallographers 4 with other mol- 
had tried and failed -> 4 ecules. ~ndeed, Har- 
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to achieve for de- 
cades: solving the 
three-dimensional 
(3D) structure of the 
protein tubulin. Few 
people gave them 
much chance of suc- 
ceeding with the te- 
dious technique, called 
electron crystallogra- 
phy, that they brought 
to bear on this elusive 
molecule. 

But at last month's 
annual meeting of the 
American Society for 
Cell Biology in Wash- 
ington, D.C., Downing 
and Nogales, bio- 
physicists from the 
Lawrence Berkeley Na- 
tional Laboratory in 
Berkeley, California, 
announced that their 
long pursuit has paid 
off. They dazzled their 
audience with the first 
detailed view of tu- 

try a whole host of approaches that made it 
work," says Erickson. "It wasn't obvious even 
2 years ago that it was going to." 

First, Nogales explains, she and Downing 
had to work out procedures for growing and 
preserving large tubulin sheets one molecule 
thick. They mixed tubulin's two component 
proteins-called a-tubulin and$-tubulin- 
and then caused the sheet to form, adding 
taxol to stabilize it. 

To avoid damaging the sample, the re- 
searchers used an extremely dim electron 
beam and recorded the diffraction patterns as 
the electrons scattered off the target. Special 
computer averaging techniques were needed 
to get rid of the noise that arises from using 
such a dim beam and to discern the repetitive 
patterns of electron density. To get a 3D per- 
spective, the team tilted the specimen and 
repeated the process from many different 

$ old Erickson, a cell 
biologist at Duke 

5 University in Dur- 
2 ham, North Caro- 
2 lina, describes the 

structure as "a huge 
milestone in the 
cytoskeleton field." 

And it's not the 
only one: In a second 
paper in this week's 
Nature, Jan Lijwe and 
Linda Amos at the 
Medical Research 
Council's lab in 
Cambridge, United 
Kingdom, report on 
the atomic structure 
of a bacterial protein 
called FtsZ that ap- 
pears to be tubulin's 
ancestor. Its struc- 
ture, "to an inexperi- 
enced eye, is indis- 
tinguishable" from 
tubulin's, says mo- 
lecular biologist 

Familial -bla-. The similar structures bwe. This indicates, 

angles. A set of computer programs then com- 
~ i led  all these data into the final structure. 

bulin: a map of the of the bacterial FtsZ protein (top) and the two says Downing, "that 
protein's structure subunits of mammalian tubulin (middle and bacteria have an 
down to 3.7 bottom) reveal their relatedness. evolutionary precur- 

sufficient to see the sor of tubulin." 
precise arrangement of its amino acids. The discoveries could also lead to bio- 

Cell biologists had been waiting eagerly medical advances, such as new cancer drugs 
to get a good look at tubulin because it is the and antibiotics that disrupt cell division by 
building block of one of the major compo- targeting the microtubules or FtsZ. For ex- 
nents of the cell's internal skeleton-the mi- ample, the anticancer drug taxol works by 
crotubules. These structures play key roles in stabilizing microtubules, and now drug com- 
many cell functions: They shuttle proteins panies should have an easier time trying to 
and other molecules through the cell, for improve it. "It's the first view of what amino 
example, and form the mitotic spindle that acids [taxol] interacts with," says Ted Salmon, 
pulls the chromosomes to the two daughters a cell biologist at the University of North 
when cells divide. Yet, despite years of bio- Carolina, Chapel Hill. "The work is seminal." 
chemical and biophysical studies, research- Previous efforts to determine the 3D 
ers do not yet fully understand such critical structure of tubulin by x-ray crystallography 
aspects of microtubule function as how their failed because researchers simply couldn't 
tubulin subunits assemble and disassemble- grow tubulin crystals of sufficiently good 
information also needed to help understand quality. So, Downing and Nogales turned to 
how cell division is controlled. electron crystallography, a technique that 

The new structure, which the Berkeley researchers have only recently adapted for 
Lab team also describes in the 8 January issue solving high-resolution structures. "It was 
of Nature, should help resolve those issues, their conviction, courage, and willingness to 

But while electron crystallography is 
challenging, the approach has its advan- 
tages. The tubulin is imaged the way it exists 
in the cell-as part of a polymer. That would 
not have been the case had a crystal of iso- 
lated tubulin molecules been examined. "We 
have extra information that could not have 
been gained by x-ray crystallography," says 
Nogales. They now know, for example, 
which amino acids link tubulins into thin 
strands called protofilaments, as well as 
which allow protofilaments to bundle to- 
gether to form the final microtubules. 

The structure also explains a long- 
confusing observation about the two tubulin 
subunits. Both a- and p-tubulin have bind- 
ing sites for the high-energy molecule GTP, 
whose breakdown into GDP helps micro- 
tubules grow and shrink. But only the GTP 
in 0-tubulin undergoes that breakdown. 
II&ing and ~ o ~ a L s  found that's because 
p-tubulin masks the GTP-binding site on 
a-tubulin, preventing access of water, the 
other molecule needed for the GTP reaction. 

This new view of tubulin should give cell 
biologists plenty of such insights into how 
tubulin works. Together with the structure of 
the bacterial protein FtsZ, it should also pro- 
vide clues to the molecule's evolutionary 
role. Cell biologists long wanted a better look 
at FtsZ's structure because its amino acid se- 
quence, although different from that of tubu- 
lin, had enough of a resemblance that many 
thought the proteins might be related. More- 
over, like tubulin, FtsZ also plays a role in cell 
division; it helps dividing bacterial cells 
pinch in two. But x-ray crystallographers 
had trouble making good crystals that could 
be resolved at the atomic level. 

Amos and Lawe succeeded, partly because 
they used the FtsZ gene from Methatlococcus 
jmmhii, a microbe that lives in deep-sea hot 
vents. When they made the protein by clon- 



ing the gene in the bacterium Eschench cob, 
they found they could get good crystals but 
had trouble getting enough FtsZ to work with 
because the bacteria degraded the protein rap- 
idly. By heating up the E. cob, Lijwe and Amos 
caused the enzymes that degrade FtsZ to break 
down, while the FtsZ, which had evolved to 
tolerate heat, remained stable. As a result, 
they could produce crystals in sufficient quan- 
tity for x-ray studies and have now solved the 
protein's structure to a resolution of 2.8 ang- 
stroms. This revealed that FtsZ. which is iust a 
single protein, looks most like 8-tubulin, espe- 
cially in the GTP-binding region. In both 
cases, the nucleotide binds to the tip of the 
proteins, rather than deep within an interior 
fold as in most other GTP-binding proteins. 

Other aspects of the two proteins' struc- 
tures are also similar, even though their 
amino acid sequences show only minimal 
homology. But there is one notable differ- 
ence: FtsZ lacks two helices found on one 
end of tubulin. These helices make up the 
outer surface of the microtubule; there they 
could provide points of contact for a range 
of other molecules, such as the motor pro- 
teins that transport molecules along the mi- 
crotubules. "My guess is that [the helices] 
have been added so that the special motor 
proteins could interact [with the micro- 
tubule]," says Amos. 

With both structures in hand, Lowe 
hopes to be able to apply what's known about 
the polymerization of tubulin to learn about 

Immortality Gene Discovered 
F o r  cells, aging and cancer are often oppo- tion contributes to cancer development. 
site sides of a genetic coin: With "heads," The discovery of MOW4 is an outgrowth 
cells will eventually stop dividing, reaching of previous work, in which the Baylor group 
a permanently quiescent stage called senes- and others showed that mutations in anv one 
cence, as do i o A a l  human ;ells in lab cul- 
tures. With "tails," the cells with genetic 
defects can become immortal and never 
stop dividing-a common characteristic of 
cultured cancer cells. Now, a group at 
Baylor College of Medicine in Houston has 
found a gene that may help determine which 
side the coin lands on. 

Last month, at the annual meeting of the 
American Society for Cell Biology,* Michael 
Bertram reported that his group at Baylor, led 
by Olivia Pereira-Smith and James Smith, 
had cloned a gene that, when mutated, helps 
make some types of cells immortal. ~ l t h o u i h  
researchers have identified many genes in 
which mutations lead to loss of normal mowth u 

control, at least for a number of generations, 
this is the first one s~ecificallv linked to im- 
mortality. The finding !'is going to give us 
insights into the whole process of [cellular] 
immortality," predicts Harvey Ozer, a mo- 
lecular and cell biologist at the New Jersey 
Medical School in Newark. 

The Baylor team doesn't know exactly 
how the new gene works. But the structure of 
the gene, called MORF4 (for MORtaliri Fac- 
tor from chromosome 4), suggests that it makes 
a transcription factor, a protein that controls 
the activity of other genes. The hope is that 
it will be possible to track down those genes, 
shedding light on both the cellular causes of 
immortality and its opposite number, senes- 
cence and aging. In addition, the work could 
also help provide a better understanding of 
cancer, because MORF4 may act as a tumor- 
suppressor gene-one whose loss or inactiva- 

'The meeting was held in Washington, D.C., 
from 13 to 17 December 1997. 

of four different sets of 
genes can cause cultured 
cells to become immor- 
tal. They did this by fus- 
ing various kinds of im- 
mortal cells with either 
normal senescent cells or 
with one another. These 
experiments showed that 
the gene defects causing 
immortality are reces- 
sive: They could be cor- 
rected bv the presence of , - 
the normal gene. The re- 
searchers also found that 
all of the 40 lines of im- 
mortal cells they exain- 
ined fell into four dis- 
tinct groups, each appar- 
ently having different 
gene mutations, be- 
cause the hybrids be- 
tween members of dif- 
ferent groups showed 
normal senescence. 

Bv fusing immortal 

polymerization by FtsZ, which is much less 
well understood. "We can try to predict what 
the FtsZ polymer would look like," he ex- 
plains. That should lead to a better under- 
standing of the exact role FtsZ plays in bacte- 
rial cell division. 

Other researchers will use the structures to 
make sense ofwork they have already done on 
microtubule structure and function. They 
want to know, for example, what causes 
microtubules to grow in certain directions and 
how transport along them can be uni- 
directional. "An awful lot of people have been 
working on tubulin for 20 years," Downing 
points out. "This really provides the frame- 
work for understanding their results." 

-Elizabeth Pennisi 

Two years ago, when a graduate student 
tried to introduce chromosome 4 into a cell 
line for unrelated experiments, only a small 
piece of it was properly incorporated. "Just 
for the heck of it," recalls Pereira-Smith, the 
student decided to check if that small uiece 

contained the critical 
senescence gene. To the 
group's surprise, putting 
the DNA chunk into 
group B cells made them 
senescent, an indication 
that the segment carried 
the normal version of a 
gene whose mutation was 
critical to those cells' 
immortality. 

The Baylor team 
found that the piece 
contained five genes. 
Of these, only one- 
MORF4--caused group 
B cells to become senes- 
cent, while having no ef- 
fect on other immortal 
cells. Thev also found 
that the gene was up- 
regulated in senescent 

L. 

and quiescent cells, but 
down-regulated in ac- 
tively dividing cells. 
The researchers still do 

cells'with "kicrocells" Becoming mortal. MORF4 caused im- not know exactly what 
containing only single mortal cervical cancer cells f t q )  to en- MOW4 does, although 
chromosomes, the Bay- large and dividing permanently. they suspect it encodes a 
lor team and others transcription factor, be- 
identified chromosomes carrying the muta- cause its protein product contains two "mo- 
tions, but the amount of DNA on each chro- tifs"-a helix-loop-helix and leucine zipper- 
mosome stvmied their efforts to identifv the found in known transcri~tion factors. 
genes themselves. They succeeded in identi- The Baylor team now hopes to find the 
fying only M O R F 4 4 n e  of perhaps a num- genes this protein might regulate and to un- 
ber of genes responsible for immortality in derstand their functions. That might put 
the group designated B, which includes brain them on the way to learning how cells can 
and cervical cancer cells-through "pure ser- live forever-and how normal cells age. 
endipity," Pereira-Smith says. -David Ehrenstein 
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