
history

picture story

was in place for studying even the largest
macromolecular complexes by mass
spectrometry. Practically, one obstacle
remained: the dissociation of complexes
during their transition from macromol-
ecules in solution to gas phase. This phe-
nomenon, exploited previously for
examining protein ligands within large
complexes, had to be overcome to record
spectra of intact assemblies. Our initial
attempts to record time-of-flight mass
spectra of the 14 noncovalently bound
subunits of the chaperonin GroEL
invariably resulted in spectra of
monomeric protein. To overcome this it
was necessary to manipulate the pressure
gradients within the mass spectrometer,
introducing inert collision gas at various
stages during the flight path to dampen
the excess translational energy of the
ions. The first spectrum of the intact
GroEL14 complex was a landmark for us

since it demonstrated that species with a
molecular mass close to 106 Da could be
maintained intact during flight12.

At the start of our research program the
prospect of using mass spectrometry to
study intact macromolecules of the size
and complexity of ribosomes would have
been unimaginable. Today the ability to
maintain this macromolecular assembly
and selectively dissociate groups of pro-
teins that interact in dynamic complexes13

is just one example of the phenomenal
development of electrospray during the
last century. For a technique that evolved
from the spraying of paints and protective
coatings on surfaces to early mass spectra
of polymers through individual proteins
to macromolecular particles, electrospray
is now established as a major force in
structural biology. I look forward to the
next period of its development with high
expectations.

Carol V. Robinson is Professor of Mass
Spectrometry in the University Chemical
Laboratory, University of Cambridge,
Lensfield Road, Cambridge, CB2 1EW, UK.
email: cvr24@cam.ac.uk.

1. Dole, M., Mack, L. & Hines, R. J. Chem. Phys. 49,
2240–2249 (1968).

2. Fenn, J.B., Mann, M., Meng, C.K., Wong, S.F. &
Whitehouse, C.M. Science 246, 64–71 (1989).

3. Chait, B.T. & Kent, S.B.H. Science 257, 1885–1894
(1992).

4. Roder, H., Elove, G.A. & Englander, S.W. Nature
335, 700–704 (1988).

5. Udgaonkar, J. & Baldwin, R. Nature 335, 694–699
(1988).

6. Radford, S.E., Dobson, C.M. & Evans, P.A. Nature
358, 302–307 (1992).

7. Miranker, A., Robinson, C.V., Radford, S.E., Aplin,
R.T. & Dobson, C.M. Science 262, 896–899 (1993).

8. Robinson, C.V. et al. Nature 372, 646–651 (1994).
9. Robinson, C.V. et al. J. Am. Chem. Soc. 118,

8646–8653 (1996).
10. Loo, J.A. Mass Spec. Rev. 16, 1–23 (1997).
11. Verentchikov, A., Ens, W. & Standing, K. Anal.

Chem. 66, 126–133 (1994).
12. Rostom, A.A. & Robinson, C.V. J. Am. Chem. Soc.

121, 4718–4719 (1999).
13. Rostom, A.A. et al. Proc. Natl. Acad. Sci. USA 97,

5185–5190 (2000).

506 nature structural biology • volume 9 number 7 • july 2002

A pathogenic family business

Many invasive bacteria employ a special-
ized system, called type III secretion sys-
tem, to inject toxins into the host cell. For
example, the pathogenic species of
Yersinia, including the causative agent of
the bubonic plague, produce and secrete
six toxins that function in concert to
counteract the host’s defense system; one
of these toxins is YopT. At the cellular
level, the toxicity of YopT is characterized
by the disruption of the host’s actin
cytoskeleton and rounded cell morpholo-
gy. However, the biochemical activity
underlying these phenotypes has not been
established. The study of Shao et al. (Cell
109, 575–588; 2002) now provides
insights into this activity.

The authors first identified that YopT is
a prototypical member of a family of 19
proteins involved in bacterial pathogene-
sis. Sequence alignment of the YopT fami-
ly suggests that three invariant residues —
a Cys, a His and an Asp — may be impor-
tant for YopT function. To verify the role
of these invariant residues in YopT patho-
genesis, the authors made single muta-
tions at each of these sites. When
expressed in HeLa cells, wild type YopT
caused the previously observed effects —
that is, rounded cell morphology and dis-
rupted actin stress fiber (left panel). In

contrast, cells expressing mutant proteins
had normal morphology and intact actin
stress fiber (right panels); the expression
level of the mutants was similar to that of
wild type protein. These results demon-
strate that all three residues are essential
for the toxicity of YopT. Further experi-
mentation established that YopT removes
the membrane anchor of the Rho subfam-
ily of G-proteins, which are known to reg-
ulate actin cytoskeleton. This biochemical
activity therefore is likely responsible for
the observed cytotoxic effect.

Shao et al. hypothesized that the invari-
ant Cys/His/Asp residues may constitute
the catalytic triad of cysteine proteases. In
fact, the predicted secondary structure of
YopT bears certain resemblance to that of
a clan of cysteine proteases. The authors
showed that a selective cysteine protease
inhibitor blocked the biochemical activity
of YopT — removal of the lipid anchor
from RhoA and its subsequent membrane

detachment. The authors further demon-
strated that the C-terminal cysteine in
RhoA bearing the lipid anchor was also
removed by YopT. These observations
provide experimental evidence that YopT
is a bona fide cysteine protease.

To test whether the cysteine protease
activity is a general property of the YopT
family, the authors performed experi-
ments on another YopT family member,
AvrPphB, from bacteria that are patho-
genic to plants. The results confirm that
AvrPphB also has protease activity, 
which critically depends on the invariant
Cys/His/Asp residues. This activity is
essential for eliciting the hypersensitive
response (a form of programmed cell
death) in plants. Thus, the study of Shao
et al. establishes that the cysteine protease
activity of the YopT family functions in
bacterial pathogenesis in both mam-
malian and plant cells.

Hwa-ping Feng
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