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organelle transport: Microtubule-based or-
ganelle transport driven by dynein is 
blocked by mitotic Xer~opusegg extracts, 
and dynein (like myosin-V) detaches from 
organelles under these conditions (7) .This 
finding raises the possibility that myosin-\: 
1s released from its cargo so that it may en- 
gage in mitosis-specific activities (8.  Y),  a 
possibility also suggested by the discovery 
that a yeast class V myosin is required for 
orienting the spindle apparatus prior to cell 
division ( / / I ) .  

The obvious unanswered question is 
the identity of the putative receptor for 
myosin-V on melanosomes. Intriguingly. 
recent evidence indicates that small guano- 
sine triphosphatases (GTPases) of the rab 
family may be involved in linking class \' 
myosins to their cargoes (see the figure). 
Each of the -60 or so rab proteins in verte- 
brates appears to be associated with a spe- 
cific membrane compartment. and these 
proteins are essential for membrane traf- 
ficking and transport of vesicles through 
the exocytic and endocytic pathways of the 
cell. Thus, it is extremely exciting that 
mammalian myosin-Va appears to require 
a specific rab. rab27a. for attachment to 
rrlelanosomes ( I  I).Myosin-Vb binds di- 
rectly and specifically to a different rab 

protein. rabl la,  and the two proteins colo- 
calize to an endosomal compartment that 
is important for recycling certain mole- 
cules to the plasma membrane (12). Ge- 
netic analyses suggest that Myo2p, a yeast 
class \' myosin, interacts with the rab pro- 
tein Sec4p. Both of  these proteins are 
thought to be elements of  an organelle 
transport complex required for polarized 
secretion in budding yeast ( 1 3 ) .  Although 
recruitment of motors to organelles by rab 
proteins would provide an elegant connec- 
tion between motors and membrane traf- 
ficking. the actual sequence of events in 
docking of motors to their cargoes remains 
largely unknown. 

The intriguing results of Karcher et ul. 
raise many other questions: Does the cell 
cycle switch regulating binding of myosin- 
V to melanosomes direct the binding of 
other class V myosins to their cargoes? 
What is the relationship between the cell 
cycle-dependent regulation of motor-car- 
go docking reported by Karcher et al. and 
rab-dependent docking during membrane 
trafficking and vesicle transport? Why 
would cells regulate attachment of a pro- 
cessive motor such as myosin-V by phos- 
phorylating the motor rather than by phos- 
phorylating its receptor on the melano- 

Nickel to the Fore 
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N~ckeiwas long thought not to be a 
metal of  b~olog ica l  importance 
T h ~ s  changed in 1975. when Zern- 

el d~scobered that urease is a nickel en- 
rx me ( 1) Since then, fl\ e other Important 
enLqmes that depend on nickel for activity 
hCnc been identified ( 2 )  The high-resolu- 
tlon crkstal structure of one of them, car- 
bon nlonoxide (CO)  dehydrogenase from 
'inaerobic microorganisms ( 3 ) . is reported 
h\ Ilobbek rJta1 on page 1281 of this IS-

w e  (4)The structure offers surprising in- 
\ ~ g h t s  Into the actibe site and the likely 
n ~ e c l l a n i s ~ i ~through which the enzyme 
lid1I 2st5 electrons from CO 

The \lx nickel enzymes known to date 
c d t d l l ~ e  different reactions Comparison 
of the ' z~a~lab le  crystal structures shows 
that the nickel centers in their active sites 
11150 \arq n i d e l y  ( see  the f i g u r e )  .As 
Dobbek ei 01 shou. CO dehydrogenase 
conta~nsa [\1-4Fe-5S] cluster (4) In other 
n~ckel enzymes. the metal is coordinated 
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in a tetrapyrrole complex (S), a dinuclear 
NiFe complex (6).  and a dinuclear NiNi 
complex (7) 

Nickel CO dehydrogenase catalyzes the 
reversible dehydrogenation of  CO and 
H 2 0  to COz An iron-sulfur protein (FeSP ) 
serves as both electron acceptor and donor 
in the reaction 

CO + H.0 4 FeSP FC 0 2+ FeSP2-+ 2H 

where both the forward and the backward 
reactions are of biological importance. The 
enzyme is found in many anaerobic mi- 
croorganisms, both bacteria and archaea, 
but appears to be absent in aerobic mi- 
croorganisms. 

Nickel CO dehydrogenase has many 
functions in anaerobic microorganisms. In 
Carbo.u?;dothermus hydrogenoforw~ans (8) 
and Rhodospirillum rubrum (9). it is in- 
volved in converting CO and H 2 0  to C 0 2  
and HZ. In sulfate-reducing bacteria and ar- 
chaea, it assists the oxidation of acetate to 
two C 0 2  molecules, in methane-producing 
archaea the disproportionation of acetate to 
C 0 2  and CH,, and in many acetate-generat- 

some membrane? Do cells in interphase 
(phases of the cell cycle between cell divi- 
sions) regulate attachment of motors in the 
same way, or do they use other signals 
such as calcium (which is believed to regu- 
late myosin-Va motor activity)? Answers 
to these questions will require determina- 
tion of the exact nature of the motor-cargo 
attachment-does the motor become at- 
tached to the cargo through an as yet un- 
characterized cargo receptor, a rab protein. 
membrane phospholipids. or a combina- 
tion of these elements? 
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ing bacteria and autotrophic anaerobes the 
total synthesis of acetate from 2CO:. Up to 
10% of the organic compounds generated 
each year by photosynthesis are estimated 
to be remineralized bv anaerobic microor- 
ganisms involving CO dehydrogenase (10). 
This enzyme thus plays a quantitatively im- 
portant role in the global carbon cycle. 

Dobbek et al. crystallized the enzyme 
from C. h,vdrogenoforn~ans.In this organ- 
ism, CO dehydrogenase is loosely attached 
to the inner aspect of the cytoplasmic 
membrane After cell lysis, it can be recob- 
ered and purified from the soluble cell 
fraction (8) 

In most other anaerobes studied, the en- 
zyme forms a tight complex with a second 
nickel-containing cytoplasmic enzyme, 
acetyl-coenzyme A synthaseldecarbon- 
ylase, which catalyzes the reversible de- 
carbonylation of acetyl-coenzyme A to 
CO. coenzyme A, and a (bound) methanol 
( 1 1 - 1 3 )  In the complex, the active sites of 
the two enzymes are connected by a tunnel 
through which CO can diffuse from one 
site to the other. 

Crystal structures of this complex or of 
its components are not yet available, but se- 
quence comparisons have shown that all 
known nickel CO dehydrogenases are phy- 
logenetically related (4). Especially the 
amino acids involved in coordinating the ac- 
tive site pi-4Fe-SS] cluster are highly con- 
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served, as is now evident 
from the crystal struc- 
ture. The coordination of 
nickel in the active site 
of all nickel-containing 
CO dehydrogenases 
should therefore be very 
similar. 

The biggest surprise 
from the crystal struc- 
ture is the novel [Ni- 
4Fe-5S] cluster in the 
active site (see the fig- 
ure). The nickel is bound 
by four S atoms and shares three 
S atoms with the four Fe 
The nickel atom is comple 
tegrated in the cluster, allowing 
delocalization of electrons upon 
reduction. This may expl 
even in the CO-reduced enzyme, 
the nickel formally remains in 
the Ni2+ oxidation state (and thus Active site nickel centers. The oxidation state of nickel in 
silent in electron paramagnetic active CO dehydrogenase, hydrogenase, and urease is +2, 
resonance spectra) despite the and in active methyl-coenzyme M reductase, it is +1. I n  t h e  
fact that the nickel is the likely catalyt ic cycle o f  CO dehydrogenase, methyl-coenzyme M 
site of CO oxidation. But this reductase, and hydrogenase, t h e  nickel center changes i ts  

will have to be shown directly by redox state, whereas in t h a t  of urease it does not. 
determining the structure of the 
enzyme with CO bound; the reported which each monomer harbors one active 
structure is that of the dithionite-reduced site [Ni-4Fe-5S] cluster and one [4Fe-4S] 
enzyme, which probably does not bind CO. cluster; an additional [4Fe-4S] cluster 

Active CO dehydrogenase from Clos- bridges the two subunits. The location of 
tridium thermoaceticum was obtained by the five metal clusters relative to one an- 
cloning and heterologous expression of its other in the dimer indicates that electron 
gene in Escherichia coli, an organism that transport proceeds from the active site mi- 
does not naturally contain this nickel en- 4Fe-5S] cluster of one subunit to the [4Fe- 
zyme (14). This indicates that the [Ni-4Fe- 4S] cluster of the other subunit and then to 
5S] cluster can be assembled in E. coli. the bridging [4Fe-4S] cluster. From the lat- 

Another surprise is that nickel CO de- ter, the electrons can be transferred to the 
hydrogenase is a functional homodimer, in iron-sulk protein electron acceptor (4). 

PERSPECTIVES:  LASER P H Y S I C S  

Getting to Grips with Light 
Tom Brown, Wilson Sibbett, Ewan M. Wright 

w hat is light? This question might 
at first sight seem an odd one to 
ask-light is all around us and 

generally taken for granted. But any attempt 
to really get to grips with the nature of light 
takes one on a fascinating journey into the 
heart of physics. The report by Shelton et al. 
on page 1286 of this issue (I) does just that 
and opens up important areas of research in 
the generation and synthesis of light fields. 

The authors are at the ULtrafast Photonics Collab- 

Light can be thought of as a wave made 
up from very fast oscillations in an electric 
field. A typical light wave may have a 
wavelength of 800 x m, which, bear- 
ing in mind the speed of light (-3 x lo8 
mls), gives a frequency for the wave of 
3.75 x 1014 Hz. This means that one cycle 
of the electric field in the light wave takes 
place in just 2.7 x 10-l5 s, or 2.7 femtosec- 
o n d ~  (fs). In most situations, this fast vari- 
ation in the electric field is too rapid to be 
noticed and what is observed rather is the 
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The crystal structure was obtained for 
an enzyme with a specific activity of 
14,000 pmol min-' mg-'. Previous analy- 
ses with other methods were mostly per- 
formed with enzymes with much lower 
specific activity. This indicates that con- 
siderable amounts of inactive enzyme 
were present and may explain some of the 
differences in properties reported. 

Some aerobic bacteria can also grow on 
CO, but their CO dehydrogenase contains 
molybdenum and copper rather than nick- 
el. The Mo-Cu enzyme (15) and the nickel 
enzyme (4) are not phylogenetically relat- 
ed, and their crystal structures have com- 
pletely different topologies. The two en- 
zymes do, however, catalyze essentially the 
same reaction with different electron ac- 
ceptors-the same and not the same (16). 

References 
1. B.Zerner, Bioorg. Chem. 19,116 (1991). 
2. U. Ermler et  dl.. Curr. Opin. Struct. 8/01. 8. 749 

(1998). 
3. C. 8. Diekert. E.-C. Graf, R. K.Thauer, Arch. Microbial. 

122,117 (1979). 
4. H. Dobbek, V. Svetlitchnyi, 1. Cremer, R. Huber, 0. 

Meyer, Science 293,1281 (2001). 
5. W. Grabarse et al.,j. Mol. Biol. 309,315 (2001). 
6. E. Garcin et dl., Structure Fold. Des. 7,557 (1999). 
7. M.A. Peanon et aL, Biochemistry39.8575 (2000). 
8. V. Svetlichnyi. C. Peschel, G.Acker, 0. Meyer.1. Bacte- 

rial., in press. 
9. j. Heo, C. R. Staples, P. W. Ludden, Biochemistry 40, 

7604 (2001). 
10. H. L. Drake, Acetogenesis (Chapman & Hall, New 

York, 1994), pp. 273-504. 
11. C. Y. Ralston et al.. 1. Am. Chem. Soc. 122. 10553 

(2000). 
12. E. 1. Maynard, C. Sewell, P. A. Lindahl, 1. Am. Chem. 

SOC. 123,4697 (2001). 
13. E. Kocsis, M. Kessel, E. DeMoll, D. A. Grahame, 1. 

Strud Biol. 128,165 (1999). 
14. H. K. Loke, C. N. Bennett. P.A. Lindahl. Proc. Natl. 

Acad. Sci. U.S.A. 97,12530 (2000). 
15. 0. Meyer et a/., 6/01. Chem. 381,865 (2000). 
16. R. Hoffmann, The Same and Not the Same (Columbia 

Univ. Press, NewYork. 1995), pp. 3-51. 

light beams produced by a laser are coher- 
ent; that is, a fixed phase relationship ex- 
ists in the output, in contrast to light en- 
countered in every day life. Some modern 
laser systems are designed to produce light 
in the form of very short, regularly spaced 
pulses rather than in the more familiar 
continuous wave (CW) or "always-on" for- 
mat (2). The pulse periodicity is governed 
by the physical size of the laser, and the 
output is a sequence of abrupt short pulses 
(see the inset of the figure). The pulse du- 
ration is short compared with the pulse 
repetition rate, and the average power from 
such systems is thus relatively low, but the 
peak power of the pulses is several orders 
of magnitude higher. 

Recent studies have shown that ultra- 
short-pulse lasers made from crystals of tita- 
nium-doped sapphire can produce pulses of 
light with durations of less than 5 fs, corre- 
sponding to only two cycles of the electric 
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