
on CAND1 function be applied to other

organisms? This work by Schmidt et al.

is a major contribution toward under-

standing the interplay between the CSN,

CAND1, and CRLs.

REFERENCES

Bornstein, G., Ganoth, D., and Hershko, A. (2006).
Proc. Natl. Acad. Sci. USA 103, 11515–11520.

Bosu, D.R., and Kipreos, E.T. (2008). Cell Div. 3, 7.

Cope, G.A., Suh, G.S., Aravind, L., Schwarz, S.E.,
Zipursky, S.L., Koonin, E.V., and Deshaies, R.J.
(2002). Science 298, 608–611.

Cope, G.A., and Deshaies, R.J. (2003). Cell 114,
663–671.

Deng, X.W., Dubiel, W., Wei, N., Hofmann, K.,
Mundt, K., Colicelli, J., Kato, J., Naumann, M.,
Segal, D., Seeger, M., et al. (2000). Trends Genet.
16, 202–203.

Duda, D.M., Borg, L.A., Scott, D.C., Hunt, H.W.,
Hammel, M., and Schulman, B.A. (2008). Cell
134, 995–1006.

Schmidt, M.W., McQuary, P.R., Wee, S., Hofmann,
K., and Wolf, D.A. (2009). Mol. Cell 35, this issue,
586–597.

Schwechheimer, C., Serino, G., Callis, J., Crosby,
W.L., Lyapina, S., Deshaies, R.J., Gray, W.M.,
Estelle, M., and Deng, X.W. (2001). Science 292,
1379–1382.

Wee, S., Geyer, R.K., Toda, T., and Wolf, D.A.
(2005). Nat. Cell Biol. 7, 387–391.

Zhou, C., Wee, S., Rhee, E., Naumann, M., Dubiel,
W., and Wolf, D.A. (2003). Mol. Cell 11, 927–938.

Molecular Cell

Previews
XPD Helicase Speeds
through a Molecular Traffic Jam

Ilya J. Finkelstein1 and Eric C. Greene1,2,*
1Department of Biochemistry and Molecular Biophysics
2Howard Hughes Medical Institute
Columbia University, 650 West 168th Street, New York, NY 10032, USA
*Correspondence: ecg2108@columbia.edu
DOI 10.1016/j.molcel.2009.08.012

Helicases and other DNA translocases must travel along crowded substrates. In this issue, Honda et al. (2009)
report that the archaeal XPD helicase can bypass a single-stranded DNA-binding protein without either
molecule being ejected from the DNA.
Traffic congestion is an unfortunate part of

everyday life. Few experiences match the

frustration of being stuck on a crowded

highway, in bumper-to-bumper traffic,

ticking away the minutes as the car in front

inches forward. Molecular motors that

navigate along DNA must also cope with

potential traffic jams in a crowded intracel-

lular milieu. Collisions between actively

moving enzymes and stationary or stalled

DNA-binding proteins must occur fre-

quently, and the stakes couldn’t be higher.

Deleterious roadblocks have the potential

to bring transcription, replication, and

DNA repair to a virtual standstill. Several

reports have explored the outcome of

such collisions during replication and tran-

scription (Hodges et al., 2009; Pomerantz

and O’Donnell, 2008; Saeki and Svejstrup,

2009).

In this issue of Molecular Cell, Honda

et al. (2009) extend these studies to

explore what happens when a DNA heli-
case encounters a stationary roadblock.

Helicases employ the energy of ATP hy-

drolysis to translocate along nucleic acids

while destabilizing duplex DNA or RNA

(Singleton et al., 2007). For example,

nucleotide excision repair requires the

XPD helicase, which is an SF2 family

protein that undergoes ATP-dependent,

unidirectional 50 / 30 movement on sin-

gle-stranded DNA (ssDNA). Most bio-

chemical studies of helicases look at

these enzymes as they interact with

naked DNA (or RNA); however, in living

cells XPD must travel along ssDNA that

is coated by ssDNA-binding proteins.

Ferroplasma acidarmanus encodes two

such proteins: RPA1 is a homodimer that

extends ssDNA and competes with XPD

loading, and RPA2 is a monomer that

wraps ssDNA and stimulates XPD activity.

How might F. acidarmanus XPD deal with

the inevitable collisions it must have with

these ssDNA-binding proteins?
Molecular Cell 35, S
Honda et al. (2009) report that XPD has

a trick up its sleeve for dealing with poten-

tial traffic jams: the enzyme is able to

motor along on DNA coated with ssDNA-

binding proteins, seemingly while main-

taining contact with the DNA, and it can

either displace proteins it encounters or

it can slip right past them without either

protein falling off of the DNA (Figure 1).

To study these molecular collisions,

Honda et al. (2009) developed a clever

single-molecule assay to observe the

outcome of XPD motoring along ssDNA

that is bound by RPA1 or RPA2. The

authors exploit a unique feature of XPD:

an FeS cluster in the protein acts as a

molecular dimmer switch that attenuates

the fluorescence emission of a Cy3 dye

linked to the 30 terminus of a single-

stranded oligonucleotide (Pugh et al.,

2008). As XPD approaches the dye, its

fluorescence decreases, but dissociation

or translocation of the helicase away
eptember 11, 2009 ª2009 Elsevier Inc. 549
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from the Cy3 restores the fluorescence

signal. Calibrating the distance depen-

dence of the fluorescence quenching

allowed the authors to determine the rates

of XPD translocation on naked and RPA-

coated ssDNA. RPA1 had little effect on

XPD translocation, yet RPA2 reduced

the translocation rate to roughly half the

rate measured on naked ssDNA. These

distinct outcomes may reflect the dif-

ferent properties of the two RPAs: homo-

dimeric RPA1 occludes 20 nucleotides,

stiffens ssDNA, and competes with XDP

for binding, whereas monomeric RPA2

occludes only 5 nucleotides, promotes

DNA bending, and enhances XPD

loading.

Figure 2. Crystal Structure of XPD Helicase
The ssDNA-binding site forms a deep groove on
the surface the protein. This image was generated
from the coordinates of Sulfolobus tokadaii XPD
(Liu et al., 2008).

Figure 1. XPD Helicase Displaces RPA1 but
Motors Past RPA2 on Single-Stranded DNA
550 Molecular Cell 35, September 11, 2009 ª
To further investigate the effects of RPA

on XPD translocation, the authors labeled

RPA1 or RPA2 with the fluorescent dye

Cy5 and monitored its behavior by fluo-

rescence resonance energy transfer

(FRET) between the Cy3 on the 30

terminus of the ssDNA and Cy5 on the

adjacent molecule of RPA. As expected,

XPD translocation toward the ssDNA 30

terminus was accompanied by a decrease

in both Cy3 and Cy5 fluorescence. Upon

XPD dissociation, the Cy3 fluorescence

at the ssDNA terminus recovered, but

the Cy5 fluorescent signature of RPA1

was missing, indicating that RPA1 had

either dissociated or was displaced by

the rapidly moving XPD. In the presence

of RPA2, a second type of event was

observed: the slower moving XPD heli-

case seemed to slip past stationary

RPA2 without either protein dissociating

from the ssDNA. This shows that XPD

can bypass RPA2 without removing it

from the ssDNA, and the authors suggest

a mechanism whereby XPD interacts with

the phosphodiester backbone while

RPA2 remains associated with the nucleic

acid bases, presumably leaving sufficient

room along the DNA for coexistence of

both proteins. Despite the fact that XPD

can bypass RPA2, existing crystal struc-

tures of the helicase suggest ssDNA is

engaged in a deep groove, which would

seemingly hinder direct bypass of any

RPA-ssDNA complex (Figure 2) (Fan

et al., 2008; Liu et al., 2008), implying

that either XPD must undergo a significant

conformational change or that other

mechanisms might contribute to its ability

to bypass RPA2. For example, XPD may

‘‘hop’’ over the RPA2 (or vice versa) by

releasing the ssDNA upstream of the

roadblock and rebinding further down-

stream, or XPD could step over the road-

block by transiently binding two different

segments of ssDNA separated by the

intervening molecule of RPA2, or XPD

might move past RPA2 via a process

akin to the passage of RNA polymerase

through a stationary nucleosome (Studit-

sky et al., 1997). In this scenario, RPA2

would gradually establish new contacts

with the ssDNA at a location behind the

forward-progressing molecule of XPD

via a looped DNA intermediate. At the
2009 Elsevier Inc.
present, these mechanisms all remain

speculative, and further studies will be

necessary to unambiguously determine

how XPD is able to achieve the feat of by-

passing a stationary DNA-bound protein

without concomitant dissociation.

In summary, these new findings

demonstrate that it is physically possible

for XPD to bypass potential traffic jams

by either displacing the offending ob-

struction or by moving past the obstruc-

tion without either participant dissociating

from the DNA. In moving forward, these

observations must now be placed within

the proper biological context. Is there a

specific reason that XPD can bypass

RPA2 but not RPA1? Do specific pro-

tein-protein interactions between XPD

and either of the RPAs contribute to the

outcome of the collisions? Is this activity

limited to RPA1 and RPA2, or can XPD

displace or bypass other potential road-

blocks? How do other helicases behave

during molecular collisions, and what

role, if any, does the surprising bypass

activity of XPD confer on the biological

function of the enzyme? As future experi-

ments begin to answer these questions,

our understanding of molecular traffic

jams will continue to speed ahead.
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