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Xylem tension was experimentally imposed by centrifugal force to assess the stability of 
negative pressures within the xylem and the estimation of those pressures with a pressure 
chamber. Balancing pressure measurements of leaves attached to a spinning branch at 
the axis of rotation closely agreed with tensions calculated from the rotational velocity. 
This agreement demonstrates that the xylem is capable of sustaining large negative 
pressures and directly validates the balancing pressure technique. 

T h c  cohesion theory of sap 'iscent states viously exlstlng In the xylem. This ,nethod 
that \vatcr is p ~ ~ l l e J  through tlie plant by a has been successf~~lly compared 1~1th psy- 
tcnsilc force ge~ieratcd by thc  evaporation chrometric and cell pressure probe i l e t e r ~ ~ ~ l -  
of [vatcr from leaf surfaces 1 1 ). A corollary 1s ~la t ions  of lcaf water statiw 17. 8). None of , , 

that a c o n t ~ n ~ ~ i ) ~ ~ s  column of water exlsts these techniques, l~on.cvcr, prov~des a i l l -  

he t~vcen sol1 and lea\-es, nhose contlnulty rect measurcmeiir of sylem pressure, leax-ing 
~ l n d c r  tensloll is lnai~itai~ieil  by the strong open thc  criticism that the pressure cham- 
attract1011 1~etn.ce11 water mi~lecules (2 .  3) .  ber tcchnicjile has never been explicitly ver- 
In enereetlc terms the cohesion thcorv is ifled with a moLdel system in nh ich  kni)nn 
attractive in its simplicity; it al1on.s plants 
to harness solar energy iilrectly for n.ater 
uptake in the  form of evaporation. Negative 
pressurcs (bclo~v \-acuum) , ho\vever, w o ~ ~ l i l  
have to exist n i th in  the xylem to overcome 
rnatric an! oslnotlc forces In tlie soil as \yell 
as the  grax-itat~onal anil frictional encrgy 
losses that occur during transport (4) .  

T h e  cohesio~l theory was first proposed 
100 years ago (5) hut hecame wiLlcly accept- 
cd ollly aftcr a ~netliod a-as developed for 
measuring xylem prcssure, the  results of 
n , h ~ c h  ~ n ~ d i c ~ ~ t c d  thc csistcncc of tensions 
sufficient to move watcr from sod to leaves 
(6,  7). Accord~ng to the cohesion thcory, 
n l icn the  tension in the  xylem is abruptly 
relicveii by cutting, lvater 1s dr'i~vn from the  
xylem into livlng cclls hy osmosis illitil 
eq~~illbrlurn 1s ,icli~eved between the surface 
tension of thc new air-water intcrfaccs 
xvithin the xylem and the  cell n.ater poten- 
t~als .  Measurement of xylem tensLon in- 
volves pressurizing the gas phase surround- 
ing thc  leaf until water is forceil from the 
relati\-cly elastic-nalled li\:inp cells hack 
into the  rigid xylem elements. T h e  balanc- 
ing pressure is reached n.hen the dlstribu- 
tion of n.ater n i th in  the  leaf or tn i e  is 
restored to its coniiitlon ~mmediately before 
cutting (as iniiicatecl by the appearance of 
water at tlic cut surface). A t  this poult the 
extcr~lally aCplieil pressure i , ~  cons~clered to 
be eililal in magnitude to thc  tension pre- 
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tensions could hc cxpcrimcntally gcncrated 
( 9 ,  1C). 

Efforts to use a lnodifieii pressurc probe 
to ciirectly measure xylem pressures have led 
to the  suggestion that both the  cohesion 
theory ancl thc  balancing pressurc methoii 
need to be recxalllincd ( 9 ,  1 1 ) .  Data col- 
lected n l t h  thc  modificd prcssure prohe sug- 
gest that xylelll pressurcs are freijuently bc- 
tween 0 and +0.1 blPa ancl only rarely f ~ l l  
bclo\v -0.1 to -0.3 MPa ( 9 ,  1 1 ,  12);  mea- 
suremcnts of miilday sylcm prcssure by thc  
l,,ilanci~ig pressure method are typic,illy an 
order of ~nagnitucie morc negatlve (1 ) .  Sub- 
stantial disagreement betxveen tlie results 
from tlic two tcch~iiqucs persists cven \vhen 
measurements are madc on thc same plant 
( 1  2 ) .  Proponents of the xylelll pressure 
probe argue that tlic halancing prcssure 
methoii overestimates the  tension in the 
xylcm because air-filled spaces in tlie lcaf 
interfere with tlie propagatloll of prcssure 

Hydrophilic vinyl poiysiloxane impression materiai 
(Dental impression polymer) 

\ Attached leaf 

Fig. 1. Experlmenta apparatus used to Impose 
xylem tensons. The unattached leaf experenced 
the same temperature and rotailon as the at- 
tached leaf and thus sewed as a control 

across the tissuc anil bccause energy must be 
expcncleii in colnpressing air spaces ( 9 ) .  

W e  useii rotational motlon to create 
k n o ~ v n  tc~isions in the xylem to experimen- 
tally tcst the pressure chamher t ech~ i i i~uc .  
\Xlhen an  object unilcrgoes simple circular 
motLon, its inertia is expericnccii, in thc  
object's reference f ranc,  as a n  outn.ard 
(centrif~lgal) forcc. T h e  m a x i m ~ ~ m  tension 
(T) in the  .pinning n.ater column is calcu- 
lated hv integrating the  formula for centrif- ,-, L 

~lgal  forcc ovcr tlic length of the  tube, re- 
sulting in 7 = 0.5tro2 R2 ,  whcrc u is the 
clensltv of thc fluid, o 1s the aneular veloc- 
ity, a h  R is the  distance froniithe axis of 
rotation to the  enil of the Lvater column (3) .  
T h e  experinlent entalleel spinning a branch 
about its lniciroilit at a constant angular 
vclocity (Fig. 1). Each b ra~ ich  had a singlc 
lcaf attached at the axis of rotation, the 
xylem of nlilch experienced tensions eilual 
to the maximum value calculated from the 
ri)tational \-eloclty anii branch length (1 3) .  
A scconil leaf, not attached to tlic hranch. 
was simultaneously spun In thc samc appa- 
ratus as a control. 

T h e  balancinn nressure of the  attached 
L 7  L 

leaf closely agreed ~ v i t h  the calculated rota- 
tlonal tenslon (Flg. 2) .  Balalicing pressures 
of thc control lcavcs varied between 0.2 and 
0.4 h1Pa (0.29 % 0.0s  h'IPa, mean + SD)  
anii showed n o  relation n.ith the calculateii 
rotational tc~is ion ( 7  = 0.626). All balanc- 
i ~ i g  pressurcs hefore spillnlng v\ere lcss than 
0.05 MPa, indicating that the  branches 
n.erc eilually 11ydratcJ a t  thc  start of tlie 
exoerimcnt. 

T h e  translnisslon of tensions induceid 
\zithin tlie sp inn~ng  branch to tlie attached 

Calculated rotational tension (MPa) 

Fig. 2. Relation behveen xylem tension as deter- 
lnined by balancing pressure measurements of the 
leaf that was attached to the branch dui-ng spn- 
ning and the calculated rotational tenslon In the 
branch. Each pon i  represents a dffereni branch: 
dashed lines indcate the 95% confidence inter& 
The linear regression [balance pressure (MPa) = 

0.96 x calc~~lated tension (MPa) -0.05. coeticient 
of determination r', IS 0.881 \was hlghly signlflcant 
iP < 0.001). The slope and y niercept of this rela- 
tlon were not s~gn~ficantly dltierent (P > 0.5) from 
1.0 and 0.0, respectively. 
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leaf indicates that a t  least some of the  sy- 
l e ~ n  elements are capable of sustaining pres- 
sures helo\? 1 . 5  M". This contradicts 
measurements made with the  xylem pres- 
sure probe in ~ v h l c h  cavitation generally 
occurred at much liiglier pressures (>-0.4 
M") (9,  1 1 ,  12).  It 1s also a t  odds with 
predictions of the  stability of water in the  
xylem based o n  measurements of cavitation 
thresholds in artificially constructed water 
columns subjected to  cen t r i f~~ga l  force (14). 
In  the  latter study, tlie mean cavitation 
threshold for distilled water in a glass tube 
was -0.26 MPa; stability belo\\, 1 . 0  MPa 
only occurred when stringent standards 
governing the  purity of the  water and clean- 
liness of all surfaces were observed. O n  the  
basis of these experimental results. Smith  
( 14) concluded that  xylem pressures Inore 
negative than  -1 MPa are highly improba- 
ble. A n  alternative explanation consistent 
\\rith the  data presented here is that  glass 
tubes are a n  inappropriate model system for 
assessing the  stability of water under ten- 
sion in the  xylem. 

T h e  imolications for water transmlrt 
mechanisms proposed o n  the  basis of xylem 
pressure probe lneasurelnents versus the  bal- 
ancing pressure  neth hod are profc~und (1 5).  
T h e  balancing pressure technique indicates 
that hydrostatic gradients in the  xylem are 
adequate to  explain observed rates of water 
movement. T h e  much smaller tensions 
measured by the  xylem pressure probe re- 
uulre the  existence of a n  additional, un- 
known rnechanis~n for water transport in  
plants. Agreement between the  balancing 
pressure and experimentally generated ten- 
sion in the  xylem provldes empirical vali- 
dation of the  ability of the  balancing pres- 
sure technique to  measure negatlve xylem 
pressures, s u p p ~ r t i n g  the  cohesion theory as 
the  primary mechanism for nrater transport 
in  higher plants. 
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Inhibitors of HIV Nucleocapsid Protein Zinc 
Fingers as Candidates for the Treatment of AIDS 
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Raymond C. Sowder II, Larry 0. Arthur, Louis E. Henderson 

Strategies for the treatment of human immunodeficiency virus-type 1 (HIV-1) infection 
must contend with the obstacle of drug resistance. HIV-1 nucleocapsid protein zinc 
fingers are prime antiviral targets because they are mutationally intolerant and are required 
both for acute infection and virion assembly. Nontoxic disulfide-substituted benzamides 
were identified that attack the zinc fingers, inactivate cell-free virions, inhibit acute and 
chronic infections, and exhibit broad antiretroviral activity. The compounds were highly 
synergistic with other antiviral agents, and resistant mutants have not been detected. Zinc 
finger-reactive compounds may offer an anti-HIV strategy that restricts drug-resistance 
development. 

Successful therapeutic management of 
HIV-1 infection and the  associated acquired 
immunodeficiency syndrome (AIDS) may 
be achieved by antiviral strategies targeted to  
retroviral features that are highly conserved 
and thus ~llutationally intolerant. Sequence 
analysis of retrc~viral components has re- 
vealed a highly conserved structural motif, 
termed the retroviral-type zinc finger, that is 
arranged in  a peptide segment Cys-X,-Cys- 
X4-His-X4-Cys (CCHC; X, any ammo acid) 
and coordinated ti) zinc (1,  2) .  T h e  chelating 
residues ( 3  Cys, 1 His) and the spaclng of the 
zinc flnger array are absolutely conserved 
among all known lentiretroviruses and on- 
cornoretroviruses, and mutations in the zlnc- 
chelating residues result in noninfectious vi- 
rus (3). Two such CCHC-type zinc fingers 
are contained within the  HIV-1 p7 nucleo- 
capsid (p7NC)  protein, a maturational prod- 
uct of the Pr5 iX"%nd Pr 1 60"'"-''"' precursor 
polyproteins. Withln the  precursor polypro- 
teins the fingers function in packaging of 
viral genomic R N A  into progeny virions, 
whereas the same zinc fingers of the  pro- 

cessed p7NC function in a n  early phase of 
retroviral infection (3, 4) .  

T h e  nucleophilic CCHC zinc finger do- 
nates electrons to  the  C-nltroso group of 
3-nitrosobenzamide and certain other elec- 
trophilic groups (5),  resulting in modiflca- 
t lon of the zinc-coordinating cysteine thio- 
lates, ejection of zinc from the  array, and 
inactivation of HIV-1 infectivity. Hence, 
electrophilic disulfide-substituted benz- 
arnides (DIBAs) discovered as active 
against HIV-1 by the  National Cancer In- 
stltute's drug screening program were iden- 
tified as potential zinc finger-reactive c o n -  - 
pounds. Molecular structures of flve of the  
DIBA-type compounds are shown in Fig. 1. 
DIBA-1 and DIBA-2 are closely related 
congeners differing by only a single acetyl 
group, and DIBA-3 is a low molecular 
weight derivative of DIBA-1. DIBA-4 1s a 
coneener of DIBA- 1 In which rhe b-arnlno- 
phenyl sulfonamlde molety has been re- 
 laced with a DL-isoleucine resldue, and 
DIBA-5 is a para-para positional lsomer of 
DIBA-1 in which the  spatial relation be- 
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