
J. Am. Chem. Soc. 1990, 112, 1249-1250 1249 

The fact that an intermediate in glycolysis is an extremely potent 
inhibitor of this enzyme, although mechanistically reasonable, 
raises unexpected questions concerning the location and function 
of prolidase. Freeze-clamp studies have shown that the physio­
logical concentration of P-enolpyruvate in whole rat kidney, as 
in other mammalian tissues, is approximately 5 X 10-5 M." Thus, 
the physiological concentration of P-enolpyruvate is roughly 
6000-fold higher than the K1 value that we observed for inhibition 
of prolidase. The concentration of enzyme in whole kidney, based 
on the purification procedure, is in the neighborhood of 10"7 M.12 

The Km value observed for a typical substrate, Gly-Pro, is 1.7 X 
10~3 M, so that extremely high substrate concentrations, well in 
excess of 1 M, would be needed to completely overcome the 
inhibitory effects of intracellular P-enolpyruvate.13 

Earlier evidence suggests that prolidase is located in the cy­
toplasm,45 but its existence at other locations does not appear to 
have been excluded. Recent work has identified another renal 
peptidase, which does not act on proline-containing dipeptides, 
as an ectoenzyme anchored to the cell surface through phos-
phatidylinositol.14 In a similar location, prolidase would pre­
sumably escape inhibition by cytoplasmic P-enolpyruvate. The 
enzyme might then be susceptible to inhibition by ionized com­
pounds approaching from the cell's exterior, simplifying the design 
of potent inhibitors that would be active in vivo. These possibilities 
remain to be explored. 
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The ability of nucleic acids to act as templates for self-repli­
cation has been unique. In living systems, single strands act as 
templates during phosphate transfer reactions. In nonenzymatic 
systems, autocatalysis' can be observed during these reactions. 
Here we show that base pairing can also enhance acyl transfer 
reactions. 

The reaction involves the coupling of the amino adenosine 1 
to the pentafluorophenyl ester 2a (Scheme I), and its shows the 
following features: 

1. The reaction exhibits autocatalysis. Addition of the product 
3 the reaction mixture results in an increase in the initial coupling 
rate (Figure 1, entries c-e) . 
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Figure 1. Initial rates of product formation (Scheme I). Plots of initial 
appearance of coupling products vs time as determined by HPLC. All 
reactions were performed with initial concentrations of [1] = [2] = 8.2 
mM in CHCl3 with 4 equiv of Et3N added as a general base. Each run 
was independently performed in triplicate, and error bars represent 
standard deviations for each point, (a) Reaction of 1 and the N-
methylated 2b. (b) Reaction of 1 and 2a with 1 equiv of 2,6-bis(acyl-
amino)pyridine. (c) Reaction of 1 and 2a. (d) Reaction of 1 and 2a with 
0.2 equiv of 3 added as autocatalyst. (e) As in d with 0.5 equiv of 3. 
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2. The product is self-complementary. Dimerization occurs 
(3 -* 4, Scheme I), and the value measured by NMR dilution 
studies2 for the dimerization constant is K6 = 630 M"1. This value 
is consistent with expectations involving base pairing and aryl 
stacking, with some attenuation by steric effects in the middle 
of the structure.3 

3. The reactions of 2a proceed through the formation of 
base-paired complexes. The imide 2a reacts some 10 times faster 
than the iV-methyl derivative 2b, a factor that can hardly be 
attributed to classic steric effects at a site so remote from the 
reacting centers. Moreover, 2,6-bis(acylamino)pyridine acts as 
a competitive inhibitor by forming a nonproductive complex, 5 
(Scheme II). Titration of 2a with 5-0-acetyl-2',3'-0-iso-
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propyl ideneadenosine gave an association Kh of 60 M"1 under these 
conditions, a value that serves as a reasonable estimate of K1 for 
the formation of complex 6. 

4. The initial product of the intramolecular acyl transfer is 
a cis amide. Modeling shows that the distance between the 
hydrogen-bonding surface and the active ester can be spanned only 
by such a conformation of the amide. The product does not appear 
to remain in this conformation; rather, cis —» trans isomerization 
occurs (7 —* 3, Scheme II) and the hydrogen-bonding surfaces 
become exposed for dimerization or autocatalysis. 

Three mechanisms are involved in the reaction of 1 with 2a: 
the slow aminolysis of Scheme I, the more efficient base-paired 
version of Scheme II, and the autocatalytic component of Scheme 
III. An estimate can be made for the formation of the termo-
lecular complex 8. Assuming independent (noncooperative) 
binding sites on the template 3, the value for A3 should be Kt

2 

or 3600 M"2. Using this figure, one can calculate that only about 
2% of 1 and 2a are in the form of 8 under the autocatalytic 
conditions (runs d and e, Figure 1) while about 25% are in the 
form of the base-paired 6. The observed enhancements (>40% 
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in rate) caused by added 3 suggest that the intramolecular acyl 
transfer of Scheme HI is very efficient, indeed. 

The synthesis of the molecules involved is outlined in Scheme 
IV. Kemp's5 triacid 9 was converted to the imide acid chloride 
10a as previously described.3 Coupling6 of 10a to the MOM ester 
lie followed by deblocking (H3O

+, acetone) and activation 
(SOCl2) gave the acid chloride 4a, from which 2a was prepared 
(HOC6F5/Et3N). A parallel sequence gave 2b from 10b. 

In summary, we have observed autocatalysis in a self-replicating 
system.7 At best, this can be regarded as a primitive sign of life; 
at the very least, the system offers a bridge between the infor­
mation of nucleic acids and the synthesis of amide bonds. It should 
be possible to design systems capable of peptide synthesis on a 
nucleic acid backbone and thereby provide models for events that 
occurred some time ago. 
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