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SUMMARY: 

Tentoxin and two of its analogs, Sar'-tentoxin and D-MeAla'-tentoxin, all 
of which inhibit coupling factor 1 ATPase at low concentrations, are capable of 
significantly enhancing enzymatic activity at high concentrations. 

Tentoxin [eyelo (-N-methyl-L-alanyl-L-leucyl-N-methyl-(Z)-dehydrophenyl- 

alanyl-glycyl-)I2 is a species-selective inhibitor of chloroplast coupling factor 1 

ATPase (1). This inhibition is uncompetitive with respect to ATP (2) and involves 

the binding of tentoxin to a single site located on the a and H subunit complex 

(3). 

The inhibition of CFr ATPase by tentoxin and tentoxin analogs has been in- 

vestigated, and the relationship between conformation and inhibitory activity 

examined (4). During these investigations we found that tentoxin and some of 

its analogs also are capable of significantly enhancing CFl ATPase activity, 

provided that their concentration is sufficiently great. Some details of this 

phenomenon are reported herein. 

MATERIALS AND METHODS 

Coupling factor 1 was prepared from lettuce chloroplasts following the 
method of Lien and Racker (5). It was purified by 5% polyacrylamide gel electro- 
phoresis as previously described (2), then activated by mild trypsin treatment (5). 
Tentoxin was purified from culture filtrates of Altemaria alternata (6). The 
tentoxin analogs, Sar'-tentoxin [oyclo (-N-methyl-L-glycyl-L-leucyl-N-methyl- 
(Z)-dehydrophenylalanyl-glycyl-)] and D-MeAla'-tentoxin [eye20 (-N-methyl-D- 
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alanyl-L-leucyl-N-methyl-(Z)-dehydrophenylalanyl~ly~yl-)], were prepared syn- 
thetically (7, 8). The biologically active conformers of D-MeAla'-tentoxin 
(conformer 2 L) were isolated at 4'C by thin-layer chromatography of D-MeAla'- 
tentoxin on silica gel G F254 plates developed with ethyl acetate:methanol (95:5), 
followed by recovery of the slower-moving conformers (Rf 0.13) using methanol. 
This separation was performed immediately before use because of the rapidity of 
conformer interconversion into inactive forms (Rf 0.28, t& : 200 min in water 
at 27'C) (4). The concentrations of tentoxin and its analogs were determined 
by UV absorption at 282 nm. 

Assays for CF1 ATPase were done by incubating varying amounts of tentoxin 
or an analog with 5-10 pg of protein in 0.8 ml of 40 mM Tricine-NaOH buffer 
(pH 8.0) for 18 minutes. Following this treatment, the assay tubes were brought 
to 27OC over a 2-min period and then ATP and CaClz were added to give concentra- 
tions of 2 mM ATP and 10 mM Ca+* in a total volume of 1 ml. After an additional 
15 minutes, the reaction was stopped with 1 ml of 0.5 N trichloroacetic acid and 
phosphate release determined by the method of Taussky and Shorr (9). 

RESULTS AND DISCUSSION 

The response of CF1 ATPase to tentoxin over a millionfold concentration 

range is quite unusual (Fig. 1). At a concentration of about 3 X lo-' M, tentoxin 

almost compl,etely inhibits CFI ATPase (Ki z 5 X lo-' M) (4), but as the tentoxin 

concentration is increased to 5 X 10B5 M, enzymatic activity is restored; 10s4 M, 

catalytic activity is stimulated almost 3-fold with respect to the control. 

The phenomenon does not appear to be caused by a stimulation of a "latent" 

ATPase that might have been present in the enzyme preparation. Activated and 

nonactivated forms, produced by either trypsin or heat treatments, were separated 

from each other on 5% polyacrylamide gels, eluted and assayed in the presence of 

10-g to 1o-4 M tentoxin. All forms behaved similarly , although the nonactivated 

ones had comparatively little activity. Thus, it appears that the same enzyme 

species that is inhibited, is also stimulated depending upon the tentoxin concen- 

tration. 

The inhibition-stimulation appears to show structural specificity. Sar'- 

tentoxin, an analog which can adopt a conformation identical to tentoxin except 

for the deletion of a methyl group (lo), strongly inhibits CFI ATPase (Ki = 

14 x 1o-g M) and also restores catalytic activity at concentrations comparable 

to those required by tentoxin (Fig. 1). In contrast, D-MeAla'-tentoxin, an analog 

that is a much weaker inhibitor (Ki = 6-10 X 10s6 M) (4), restores enzymatic 

activity only at very high concentrations (Fig. 1). Conformational r-ladies have 
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Figure 1. Effect on CF1 ATPase activity of tentoxin (X), Sar'-tentoxin (0) and 

D-MeAla'-tentoxin (2 L) (A). The enzyme preparations had a specific 

activity of 8.2 - 11.1 uM Pi mg-' min -1 when assayed as described 

in the text. The enzyme concentration varied from 15 - 30 nm. The 

tentoxin:CFl ratio at minimal activity was approximately 1O:l. 

shown that D-MeAla'-tentoxin cannot adopt a conformation identical with that of 

tentoxin (11) although portions of both molecules are closely related (4). Thus, 

the stimulatory and inhibitory effects appear to be related. This implies that 

similar structural features are required for the interaction of tentoxin and its 

analogs with the site(s) responsible for these effects. This observation also 

suggests that a single site may be involved, but thattwomodes of binding are 

available. 
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