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NEWS AND VIEWS 

Hops, steps and jumps 

EvER since 1771, when Luigi Galvani hung out frogs' legs in a thunderstorm, the 
determination of how muscle contraction takes place has been at the forefront of 
biophysical research. In two papers on pages 748 and 751 of this issue, Milligan, 
Sweeney and colleagues take one of the major steps in this quest. The power 
house of contraction is the protein myosin (red and blue in the figure) which acts 
against the filamentous protein actin (white in figure). Through sophisticated pro
cessing of electron microscopy images, the conformation of myosin with (red) and 
without (blue) bound ADP (a change thought to be a major part of myosin's 
powerstroke) is revealed. The head domain remains essentially immobile against 
the actin while an extended 'arm' pivots through upwards of 20• producing a 
potential movement of at least 35 A. (The figure shows an actin filament 
decorated with smooth muscle myosin; graphics by A. J. Olson, D. Goodsell and 
G. Morris of Scripps Research Institute.) Christopher Surridge 

Unlike the cohesion mechanism, the root 
pressure mechanism requires metabolic 
energy to drive the uptake of solute and it 
does play a role in plants in the absence of 
transpiration. The highest root pressures 
measured are around 5 to 6 bar7• Because 
the osmotic pump mechanism cannot 
compete with the loss of water caused by 
transpiration, there is no positive pressure 
in the root xylem during transpiration. 
This would require large amounts of 
nutrient salts to be taken up at high 
energy cost and would cause problems in 
getting rid of the solutes in the shoot as 
the water evaporates. 

Pressure probes8 can be used to punc
ture individual xylem conduits of transpir
ing plants and to measure xylem pressures 
directil-11 , and the results suggest that 
pressures are much higher (less negative) 
than those obtained by conventional (in
direct) techniques. Tensions were found to 
be hardly larger than 5 bar, with only 
subatmospheric (still positive) pressures 
in many cases. It was concluded that 
although there may be some contribution 
of tension to the overall flow, this is not 
the main mechanism. These conclusions 
have brought the validity of the cohesion 
theory into question. 

Holbrook et al.2 and Packman et al.3 

have now added to the debate. Both 
groups used a similar technique which 
circumvents the problems inherent in the 
more direct methods. Stem segments of 
trees were spun in a centrifuge to create 
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tensile forces and equivalent negative 
pressures acting on the xylem sap - a 40-
year-old technique 12 adapted here for 
plants. Holbrook and co-workers detected 
changes in the water potential of the twig 
which were associated with the change in 
tension. Tensions of up to 15 bar could be 
created in the xylem by centrifugation and 
measured as an equivalent decrease in 
water potential. 

Packman et al. measured the increase 
in axial hydraulic resistance caused by cav
itation as a function of tension (spinning 
rate). They were able to detect the critical 
tension that could be maintained in the 
xylem conduits. The results indicated that 
the vessels of the trees used remained 
water-filled at tensions of up to 35 bar, 
depending on the tree species - tensions 
that were never reached using the pres
sure probe. The authors then went a step 
further. They related the critical tension 
that caused cavitation to the external gas 
pressure that produced air seeding in stem 
sections, and found that these pressures 
were quite high and similar to those 
that caused cavitation during spinning. 
Although the approach is indirect, these 
cross-check experiments provide strong 
evidence for the maintenance of fairly 
negative pressures in xylem vessels of 
transpiring plants and support the cohe
sion- tension mechanism. 

It might be argued that the range of 
tensions measured by Packman et al. and 
by Holbrook et al. are too high, and that 

liquid water is unlikely to sustain such 
tension without cavitation (although this 
can be avoided if gas nucleation is sup
pressed). Experimental values for the 
tensile strength of water range between 50 
and 2,000 bar12- 16• They are much lower 
than theoretical estimates in the absence 
of seeding, which has been put down to 
catalytic effects of the walls or of impuri
ties present during the formation of gas 
nuclei 17- 19• Nevertheless, experimental 
values of the tensile strength of water, as 
measured in physics and physical chem
istry, are sufficient to support the new 
results2.3. 

These results also serve as a warning 
that direct measurements of negative 
pressure with probes have to be taken 
with caution because of cavitation prob
lems. We do not yet know whether current 
pressure probe techniques are able to 
measure tensions of the magnitude pre
dicted by the indirect measurements, 
which may be as large as say 20 to 30 bar, 
without cavitation. So far, artificial sys
tems have not been tested to demonstrate 
this crucial point, which means that con
clusions drawn from pressure probe 
experiments about the existence of high 
tensions are suspect. We need further 
improvements in this technique. 

Although the results of Packman et al. 
and Holbrook et al. still provide only in
direct verification of the cohesion theory, 
they indicate that it has a sound physical 
basis and that botanists have not been 
deluding themselves all these years after 
all. 0 
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