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TRANSPORT PROPERTIES OF BEAN VESICLES IN THE PRESENCE OF 
FUNGAL COMPONENTS 
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Abstract -Se&d membrane vesicles were isolated from hypocotyls of two varieties of French bean (Phaseolus 
culgarti). The preparations were shown to contain vesicles in which H * transport and ATPase were sensitive to nitrate 
but insensitive to vanadatt. These sensitivities suggest the vesicles were enriched for tonoplast. Fractions prepared from 
the z and j? races of the fungus Co~lefotr~h~ ~i~~~thi~~rn inhibited H l transport in the vesicks isolated from cvs. 
Dark Red Kidney and Great Northern bean tissue. These data arc discussed in terms of the biochemical mechanisms 
operating in plant&athogen interactions. 

..- - ..- - --- 

lNTuODUcnON RESULTS AND DtS43_SSION 

Membrane transport has been studied in several higher 
plant systems [ 11. Scaled membrane vesicles isolated from 
various plant tissues [I-3] demonstrate that membrane 
associated ATPases can directly transport protons. 
Proton-transporting vesicles have been isolated from the 
plasma membrane [4] and the tonoplast [S]. The two 
types of vesicles can be distinguished by differences in ion 
stimulation of proton transport, inhibitor sensitivity and 
intrinsic membrane density [3 71. A major goal of 
this laboratory is to understand at the biochemical kvel 
the responses observed when Phaseolus uuigaris is chal- 
kqed by various raas of the fungus Coilerorrichum 

fi~ern~Ih~~. When certain bean cultivars are chal- 
lenged by some races of the fungus a hypersensitive 
response, characteristic of plant resistance, is observed 
[S-IO]. Gccurring concurrently at the plant cell level arc 
major metabolic changes which result in the prodtiion 
and accumulation of oxidized polyphcnols and phyto- 
akxins (8,93. These phytoakxins have antifungal pro- 
pcrties [I If and are only produced rapidly and in large 
quantities in hypersensitive type reactions [SJ. Fungal and 
non-fur@ compounds have been shown to induce 
phytoztlrxin productJon in many systems [ 1 I- 143. These 
compounds have been termed ‘cldtors’. Studies per- 
formed with plantpathogen systems whtch involve elici- 
tors [ 12 3 indicate that plant membranes arc mvolved. In 
the present paper, WC report that culture filtrates from two 
races of C. Iindemurhianum and fungal wall material 
isolated from the /? race effect the proton transport of 
membrane vesicles isolated from the bean cvs. Dark Red 
Kidney and Great Northern. These data arc discussed in 
relation to cultivarjrace specificity. 

isolation of sealed vesicles 

The membranes isolated from cv. Dark Red Kidney had 
ATPase activity sensitive to nitrate and vanadate 
(Table 2). The membranes isolated from cv. Great 
Northern had ATPase activity sensitive to nitrate but less 
sensitive to vanadate (Table 3) or oiigomycin (data not 
shown). Nitrate caused substantial inhibition of H’ 
transport with membranes from cv. Dark Red Kidney 
(Fig. 1, Table 1) and complete inhibition with the mem- 
branes from cv. Great Northern. Transport in membranes 
from cvs. Great Northern and Dark Red Kidney was 

TabIe I. H’ transpon in mcmbcanc vcaicks from P. vdgmis 
M Dark Red Kidney arut Ctrat Nonhem 

l Prescrn addrcs.s NPI. Untvasityof Utah Rcscarch Park.417 
Wakara Way. Salt Lake City. Utah 84106. U.S.A. 

t Rcscnt address: Dcpanmcnt of Agronomy 1102 S. Goodwin 
Avenue. Umvcrstty of lllinots Urbana. lllmo~s 618Ol. U.S.A. 

lnterp~ vuicks H’ transport 
tn the presnxc of (Reduction tn 9, quenchrmg protein) 
inhibuon Dark Ral Great 
and fun@ fmclions Krdacy ban* Northern bean* 

-- 

Control 0.0 00 
a Fl 2.4 1.5 
z F2 34.7 2.3 
@PI 10.3 3.5 
fl F2 11.3 40.5 
fl wall FI 7.0 36.0 
KNO, 87.7 100.0 
Na,VO* 2.7 15.5 
se 2.4 2.9 

*Values givea are the mean of three indcpcndcnt estimate. 
tValucs given arc :hc ttxart of two indcpcndent cstimata. 
Sc - standard error. 
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Tabk 2 Phosphohydrolase activities of membrane vaicks from P. wlgmiscv. 
Dark Red Kdncy hypccoryls In the absence and presence of funpi fractions 

- 

Inrerphnx: vesicks ATPase acIinIy (~1 Pi;hr.:mg) 
and fungal fracrions Control A KNO,* A Na,VO.* 

- -_ - 

vcsicks alone 12.6(100:,) 7.6(1OO%J 7.3 (1004J 
VaicksandaFI 10.9 (86%) 9.4 ( 123 “/) 6.2 (85:‘) 
Vesicles and u F2 5.6 (4s :z,) 5.1 (670,,) r.o&, 
Vesicles and &i F I 10.7 (84 “,,) 7.9 (104 >J 7.0(%0’) 
Vaiclc; and j? F2 10.4 (83 3:) 6.9 (91 ?J 6.4&) 
Vcsicks and jt wall Ft 9.6 (76 :.) 7.2t (95 O/b) 5.4 (74 YJ 

Values given are the mean of three indcpcndcnt atuuatcs. Pcmtager arc in 
parcnrheses. 
l inhibiIor-~sitive components of ATPast, see Expertmenral for further 

&tads. 
t Mean of Iwo values. 

Fig. 1. Transport of H * by se&d vesicks uolafed from 
P.uulgrpir cv. Dark Red Kidney hypocoryb. Fhror*wmct 
quenching was reversed by the sddilion of 5 NM gmmridin D 

aI Iime denowd by G. 

hardly affected by vanadate (Tabk 1). Studies performed 
with membranes from many different plants [l, 31 
strongly suggest that AWase activity that is nitrate 
sensitive but insensitive to vanadate, azide or ohgomycin 
is associated with tonopkst. In contrast, ATPase activity 
and transport that is sensitive to vanadate but insensitive 
to nitrate may represent vesicks derived from the plasma 
membrane 133. In quantitating H l transport, measured 
optically by the quenching of quinacrine fluorescence [ IS], 
we have expressed the data in terms of the steady state pH 
gradient atabtishcd across the vesick membrane. This is 
taken as the fluorescence (“/,, restored from the steady 
state level of fluorescence by the addition of gramicidin D. 
a channel-forming ionophorc (ionophore reversibk 
quench, Fig. 1). From the ATWe-inhibition studies, the 
vesicks isolated from both cvs. Dark Red Kidney and 
Great Northern represent a mixed population most likely 
derived from both the plasma membrane and tonophut. 
The H l transport data, however, suggest that the se&d 
vesicks which are competent in H’ transport arc of 
tonopkst origin. Rarch currently in progress on 
characterizing these H+ transporting vcsicks (Rogers, 
personal communication) reaffirms that for both cultivars 
they are derived mainly from the tonoptast. 

isolation of extrocehtor producls ad ceil wuli fractions 
for Colktotrichum lindemuthianum 

The raoc-cultivar specificity observed when certain bean 
cultivars are inoculated with spores of specific faces of 

Tabk 3. Ph~p~hydro~ activities of membrane vesicks from P. vulgaris cv. 
Great Northern hypccotyls in the absena and prwna of fungal fractions 

-- -- 

Interphase vesicles ATPaw activity (4 mol PI; hr;mg) 
and fungal fracrions Control A KNO,* A Na,VO,* 

.-- -- 

Veaicks alone 5.3 (I@“,:) 2.5 (100%) 1.7 (IOO~J 
VaicksandaFl 4.9 (92 7-t 2.7 (108%) 2.5 (147Yb) 
Vesrka and I F2 4.4 (83 *‘I 3.6 (144%) 1.6 (94”/,) 
Vaicksand#JFl 4.2 (79;) 2.7 (108:;) 1.2 (71 Yb) 
Varh and fi F2 3.8 (72 7;) 3.1 (124:b) 2.0 (lIR”,J 
Valch and fi wall Fl 5.3 (100%) 2.7 (IOR”‘) 1.7 (1009:) 

___-.__- - 
Values gjven are the mean of IWO independent estimates. Percentnges are in 

parentheses. Standard error = 0.25 
l Inhibitor-sensitive components of ATPase. see Experimental for funhtr details. 
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C. lindemurhianum was apparent when cotyledons from Isol~ion oJ exrrnrellular producrs nnd cd wafls Jrom 

cvs. Dark Red Kidney and Great Northern were treated Colktotrichum Imdemuthianum. Ex~raallular products were 

with the culture filtrate preparations. Elicitor activity of isolated from a and /I races of C. lindrmu&anum using methods 

z Fl and F2 was evident when filtrate preparations were described by Anderson [ 131. The fr&onr obtamcd from 

applied to cotyledons from c-v. Dark Red Kidney. No chromatography on Sepharose 6B were pooled to gtn three 

browning or phytoalcxin production was observed when fractions; fraction I. the void volume of the column, fraction 2. 

the /I Fl and F2 fractions were applied to Dark Red the intennedtate volume, and fraction 3. the fully mcluckd 

Kidney cotyledons. No elicitor activity was observed on volume. All the fracttons were lyophilued to dryness for storage. 

treatment of Great Northern cotyledons with a or j? race Fracttons I and 2 from the x and B culture tihrata were used rn 

culture filtrate products. In contrast, the /I cell wall this study. Cell walls were dated from the fl r-ace using the 

preparation had elicitor activity on both Great Northern methods prevrously descnbcd 1141. Ehcttor acttvtty [IO] and 

and Dark Red Kidney. No phosphate was detected in the phosphate assays [ 171 were performed on the cell wall and culture 

culture filtrate or all wall fractions. filtrate fractions. 

Eflecr ojjurgal _fracrions on proton transport 

Proton transport in membrane vesicles from cvs. Dark 
Red Kidney and Great Northern was inhibited by certain 
fungal fractions from the a and /I races. Strongest 
inhibitions were observed with the I F2 fraction on Dark 
Red Kidney vesicles and the j.3 F2 and wall Fl on Great 
Northern vesicles. This spccihcity in the inhibition of 
proton transport is interesting. Inoculation with z raa 
spores resulted in a resistant response in Dark Red 
Kidney, and susceptibility in Great Northern. Spores of 
the /I race produced large ksions on Dark Red Kidney and 
limited lesions on Great Northern. It is clear that the 
ability to inhibit proton transport in tonoplast vesicles 
does not directly correlate with elicitor activity of the 
preparations. However, the transport inhibition may 
participate in the complex metabohc changes that ac- 
company hypersensitivity. 

EwJme aw.v. ATPase assays were performed uxmg a modifi- 

cation of the method ckscnbed by Bnskm et 01. [I]. Phosphate 

hydrolysmg act~vny of the vesicles was measured m a l.Oml 

ratctton volume in the presenct of 3 mM ATP. 3 mM h&SO,. 

50 mM KCI. 30 mM Trir Ma. 5 pM Na,MoD,. pH 7.2. and 

30 SO pg of membrane protein. The rekasal Pi was determuted 

by the method of Ames [ 171. The reactions were carnal out for 

30min at 25’. Inhibitor sensittvc components of ATPase rep 

resented the difference between the control act~vny and the 

activtty m the presence of 50 mM KNO, (A KNO,) or SO ph4 

Na,VO, (A Na,VO,). The effect of the fungal prcpxratton on 

ATPase activity was examined by adding 0 I mg (dry wt) of the 

funpl extract to the reactton mixtures. IO mm before commenc- 

mg the enzyme assay. 

The mechanism by which H’ transport is inhibited is 
unrc?iolvcd currently. Initial data (Tables 2 and 3) sug- 
gested that ATPasc activity was inhibited by certain 
fractions. However. later studies (Rogers and Anderson. in 
preparation) do not demonstrate that the fungal fractions 
which inhibit proton pumping cause reduction in fungal 
preparations on ATPasc activtty. Rather these studies 
support data (Tables 2 and 3) that ATPax activity may be 
slightly stimulated. Consequently, the effect of fungal 
prcducts on proton pumping in the tonoptast may not be a 
simple inhibition of the ATPasc activity. 

Opf~cal measuremtn~s o/ rhe r~srcle pH grodrenr. Proton 

transport rn membrane vcsicks was measured in the presence of 

250 mM sorbitol. 5 mM ATP. 5 mM MgSO,. SO mM KCI. 5 pM 

qumacnnc. 25 mM bis-trts propane:Ma pH 7.2 and ti mg of 

membrane protcm. Nitrate (KNO,) when present was at 50 mM 

and vanadate I Na,VO.) was at 50 MM [I R]. The fungal extracts 

were used as IOmgl solns and were added to the reactton 

mixture IO min before commenctng proton transport measure- 

ments. Fluorcscemx quenching was reversed by the addttton of 

5 PM gramicidm D. The fluorescence measurements were made at 

room temp. (25’) with a Pcrkm Elmer LS5 spectrofluonmeter 

wtth the exatation monochromator se1 at 430nm and the 

emuston monochromator set at 500 nm 
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Plonr marerio/. Bean seeds (Phaseolus dgw cv. Dark Red 

Kidney and cv. Great Northern) were surface stcnlized m 207, 

commercial Ctorox. washed with H,O and sown in vermiculite. 

The seeds were germmated and grown m darkness at 22”. After 7 

days the hypocotyls were harvested for membrane vesicle 

isolation 
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