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Self-replicating peptide systems hold great promise for a wide (a)
range of technological applications, as well as to address funda-
mental questions pertaining to the molecular origins oflifiche
development of peptide self-replicators, however, requires high
catalytic efficiency that is highly dependent on the stability of the
product-template compleX.Under optimum conditions and in the
absence of product inhibition, self-replicating systems should exhibit
exponential growth while product inhibition causes growth to be
parabolic for dimeric systems. The design of self-replicating
compounds capable of high efficiency has remained elusive,
although recently Kiedrowski and co-workers reported the develop-
ment of a self-replicating DNA analogue in which solid-phase
cycling circumvented product inhibitiohHere we describe the
development of a highly efficient peptide self-replicator with a
catalytic enhancement that is close to that of known enzymes.

In an effort to improve the catalytic efficiency of the self-
replicating peptide E1E2we sought to destabilize its coiled coil
structure. Fairman and co-workers achieved dramatic decreases in
stability for tetrameric coiled-coil peptides by shortening the chain (b)
lengths? and Hodges and co-workers found similar effects with R1.26: Ac-LEKELYALEKELACLEKELYALEKEL-CONH
dimeric coiled coil peptide$With these precedents as a basis, @ RI-26a: Ac-LEKELYALEKELA-COSR ’
peptide was designed for self-replication, RI-26, that contains 3 Rr1.26b: CLEKELYALEKEL-CONH
full heptad repeats within the coiled coil, one shorter than the ’
original E1IE2 sequence. RI-26 maintained the design principle of
E1E2 in that glutamate residues were positioned atetla@d g
positions of the helical heptad repeats to achieve pH-based controlcatalytic rate constantk,, of 50.6 & 0.5 M9 s! and a
over helicity (Figure 1). RI-26a and RI-26b, therefore, correspond noncatalytic rate constark,, of 5.04+ 0.03x 104 M1 s 1 with
to the two fragments of RI-26 that may undergo thioester mediated a catalytic efficiency{ = ky/ky) of 1.0 x 1CP. This is a remarkably
chemical ligation to produce RI-26. efficient system when compared to other self-replicating molecules;

The full length template, RI-26, was found to adopt a helical self-replicating peptides and oligonucleotides have displayed cata-
conformation in a pH-dependent fashion; at pH 7.0 the helical lytic efficiencies in the range of 24 to 37066.The efficiency
content was only 28% as determined by circular dichroism, and observed with RI-26 is comparable to that observed for some
increased to 87% when the pH was lowered to 4.0 as was observedenzymatic systems, such as glutathione transfefagés. unin-
with E1E2% The helicity of RI-26a and RI-26b increased by 45% structed noncatalytic or background reaction, presumably a result
and 16%, respectively, in the presence of RI-26 at pH 4.0, indicating of the association between the two fragments, is also much slower
the ability of RI-26 to act as a template for its fragments. Analytical in this peptide system than any of the other reported peptide self-
ultracentrifugation was used to determine the aggregation state ofreplication system&8e- This is most likely due to the presence of
RI-26 at pH 4.0, and interestingly this peptide was found to exist fewer leucine residues in the shorter fragments, thereby reducing
as a tetramer. E1E2 by contrast exists as a dimer under similarthe hydrophobic interactions between them.
conditions. The order of the self-replicating reaction was determined by

To determine if RI-26 had self-replicating properties, the finding the best fit for the catalytic and noncatalytic reaction rates,
fragments RI-26a and RI-26b were incubated at pH 4.0 with and using SimFit, and was found to be 0.210.04. A linear relationship
without added RI-26. As is indicative of an autocatalytic system, was also found between the initial rate for each reaction as a
adding increasing amounts of the template led to a dramatic function of the concentration of the template to the power of 0.91
acceleration in product formation (Figure 2). By contrast, the (Figure 3). Since RI-26 forms a tetramer in solution, one possible
reaction at pH 7 was insensitive to added template and, therefore,ligation complex would be composed of RI2B426[» (RI-26);. For
not autocatalytic. The experimental data were analyzed with the a self-replicating tetramer the reaction ordgr\ould be expected
program SimFit based on the empirical equations developed by to be 0.75 if the system exhibited product inhibitift.For RI-26
Kiedrowski (Figure 2f. The SimFit analysis provided an apparent a significantly higher reaction order was observed, thereby
classifying this replicating system as weakly exponential
* Corresponding author. E-mail: chml@purdue.edu. (0.75 < p <1). This is the first self-replicating system to date that

Figure 1. Helical wheel diagram (a) and sequence (b) of RI-26 and its
fragments. An arrow indicates the residues where chemical ligation occurs.
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Figure 2. RI-26 production from two fragments, RI-26a and RI-26b (500 F/gure 4. Thermal denaturation of 26M E1E2 (») and RI-26 #) in the
M each), at 23C in 100 mM MOPS buffer (with 1% 3-mercaptopropionic ~ Presence 06 M GdnHCl in a pH 4.0, 100 mM MOPS buffer.
acid) at pH 4.0 as a function of time with varying initial concentrations of efficiency for self-replication. By shortening the peptide to the

template: ©) no template, @) 10 uM RI-26, (a) 20 uM RI-26, and Q) - . . . .
40 uM RI-26. Error bars reflect standard deviations of two independent minimum_length necessary for coiled-coil formation a highly

experiments. Curves were generated with Sififjtsimulations based on  €fficient self-replicating system was obtained due to very low
the reaction model: RI-26& RI-26b— RI-26 (k,); RI-26a+ RI-26b+ background reaction rates, bringing the efficiency close to naturally

0.91 RI-26— 1.91 RI-26 ). occurring enzymes. An added benefit of the reduction in peptide
size was a decrease in the stability of the coiled-coil leading to

017 effective suppression of product inhibition. The design of auto-
. catalytic peptit_jes with _high efficiencies and onv produc_:t inhibition
' enhances their potential for future technological applications and
. onl their consideration as pre-biotic precursor molecifles.
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