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Abstract
The ComX pheromone is a posttranslationally modified oligopeptide that stimulates natural genetic
competence in Bacillus subtilis. Various ComXRO-E-2 analogs were synthesized and their biological
activities were studied to investigate structure-activity-relationships. These results showed that the
minimal active unit was the tripeptide, [3–5]ComXRO-E-2, and all residues except the modified
tryptophan residue were replaceable by alanine without total loss of activity.

Bacteria secrete specific extracellular signaling molecules that increase in concentration with
cell density. In a process known as quorum sensing, bacteria regulate their behavior in response
to such molecules.1 Quorum sensing attracts attention as a promising anti-pathogenic drug
target rather than anti-bacterial, notably preventing the emergence of drag-resistant bacteria.
2 The ComX pheromone3 is a signaling oligopeptide that stimulates natural genetic
competence controlled by quorum sensing in Bacillus subtilis.4 In the presence of the ComX
pheromone, the membrane-located receptor histidine kinase ComP autophosphorylates and
donates phosphate via a two-component-system to activate competence gene expression.5
Previous studies indicated that the ComX pheromone is posttranslationally modified by the
addition of an isoprenoid to a tryptophan residue.6,7 Posttranslational isoprenoidal
modification on the cystein residue8 is widely observed in many important proteins such as
the Ras oncoproteins, which plays a crucial role in human tumor and the isoprenoidal
modification is essential for the Ras functions.9 Therefore, the posttranslational isoprenoidal
modification is an attractive target for cancer therapy, but on the tryptophan residue, including
other amino acid residues except cystein, is unprecedented.

Recently the ComXRO-E-2 pheromone 1 from B. subtilis strain RO-E-2,6 was shown to be a
hexapeptide possessing a modified tryptophan residue with a geranyl group. This novel
modification resulted in the formation of a tricyclic structure (Figure 1).10

Since further studies are required to elucidate the details of the function through the interaction
between the ComX pheromone and ComP, various ComXRO-E-2 analogs were prepared using
solid phase peptide synthesis.10–13 The biological activities of these peptides as well as of
ComXRO-E-2 pheromone were investigated using β-galactosidase assays.6,10–12,14 These
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data were used to draw the dose response curves. The biological activities of these peptides
were represented by two values both normalized to the activity of the ComXRO-E-2 pheromone
(Table 1). The first value presents the concentration of each peptide, needed to obtain the same
β-galactosidase activity as that obtained with the ComXRO-E-2 pheromone at EC50. The second
is the maximum activity as a percentage of that obtained with the ComXRO-E-2 pheromone.

Although N-terminal truncated [2–6]ComXRO-E-2 and [3–6]ComXRO-E-2 showed significant
biological activities as previously reported,12 [4–6]ComXRO-E-2 lost all activity (entry 4). The
C-terminal glutamate residue was partially dispensable like the N-terminal glycine. In contrast,
deletion of the glutamic acid and glutamate residues C-terminal to tryptophan dramatically
decreased the activity (entry 5–8). These results indicated that for activity, either the modified
tryptophan must reside at an internal position, or that contacts of the ComP receptor with the
glutamic acid residue are important. A minimal active core within ComXRO-E-2 appears to
consist of the tripeptide, [3–5]ComXRO-E-2 (entry 9). Elongation of ComXRO-E-2 pheromone
by the addition of alanine at either the N- or C-terminus did not affect the activity (entry 10,11).
The roles of individual amino acid side chains were investigated substitution of each residue
except the modified tryptophan with alanine. Surprisingly, none were absolutely essential for
biological activity, although alanine substitution of 3 phenylalanins and 6 glutamate decreased
the activity substantially (entry 12–16).

Earlier work on the structure-activity-relationships of tremerogen A-10,15 which is the sex
pheromone of basidiomycetous yeasts containing a C-terminal farnesyl modified cysteine
methyl ester, revealed that removal of the C-terminus methyl ester or N-terminal residues
decreased biological activity16 in contrast to the present results with the ComXRO-E-2
pheromone, which showed that only tripeptide, [3–5]ComXRO-E-2, still had considerable
activity. These results indicated that the pattern of specific interaction of the ComX pheromone
with its receptor are unique and different from that of the S-isoprenoidal peptides. Furthermore,
the precise structure of modified tryptophan residue was essential for the biological activity,
because synthetic ComXRO-E-2 peptides, containing a geranyltryptophan residue with a geranyl
group replacing a tryptophanyl proton10 or with additional stereoisomers at the modified
tryptophan residue,11,12 showed no biological activities. Although the farnesyl group on
tremerogen A-10 was replaceable by lipophilic long chains,16 the role of the geranyl moiety
in biological activity and in determining pherotype specificity is not yet known. Into investigate
this question, we are synthesizing analogs of ComXRO-E-2 with other side chains replacing the
geranyl moiety.

In summary, various ComXRO-E-2 analogs were synthesized and their biological activities were
studied to investigate structure-activity-relationships. These results showed that the minimal
active unit was the tripeptide, [3–5]ComXRO-E-2, and all residues except the modified
tryptophan residue were replaceable by alanine without total loss of activity.
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Fig 1. Chemical structure of ComXRO-E-2 pheromone
Bold Trp*(Ger) represents the modified tryptophan residue with a geranyl group in the
ComXRO-E-2 pheromone (bold lines).
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Table 1
Biological activities of ComXRO-E-2 analogs

Entry Substance Amino acid sequence EC50
a (nM) EDmax

b (%)

1 ComXRO-E-2 Gly-Ile-Phe-Trp*(Ger)-Glu-Gln 1 100

2 [2–6]ComXRO-E-2 Ile-Phe-Trp*(Ger)-Glu-Gln 6 100

3 [3–6]ComXRO-E-2 Phe-Trp*(Ger)-Glu-Gln 8 70

4 [4–6]ComXRO-E-2 Trp*(Ger)-Glu-Gln >300 15

5 [1–5]ComXRO-E-2 Gly-Ile-Phe-Trp*(Ger)-Glu 20 80

6 [1–4]ComXRO-E-2 Gly-Ile-Phe-Trp*(Ger) 130 60

7 [2–5]ComXRO-E-2 Ile-Phe-Trp*(Ger)-Glu 20 80

8 [2–4]ComXRO-E-2 Ile-Phe-Trp*(Ger) 160 55

9 [3–5]ComXRO-E-2 Phe-Trp*(Ger)-Glu 20 60

10 Ala-ComXRO-E-2 Ala-Gly-Ile-Phe-Trp*(Ger)-Glu-Gln 1 100

11 Ala-ComXRO-E-2 Ala-Gly-Ile-Phe-Trp*(Ger)-Glu-Gln 7 100

12 [G1A]ComXRO-E-2 Ala-Ile-Phe-Trp*(Ger)-Glu-Gln 3 100

13 [I2A]ComXRO-E-2 Gly-Ala-Phe-Trp*(Ger)-Glu-Gln 10 95

14 [F3A]ComXRO-E-2 Gly-Ile-Ala-Trp*(Ger)-Glu-Gln 20 90

15 [E5A]ComXRO-E-2 Gly-Ile-Phe-Trp*(Ger)-Ala-Gln 3 100

16 [Q6A]ComXRO-E-2 Gly-Ile-Phe-Trp*(Ger)-Glu-Ala 20 95

a
Concentration of each peptide showing the same activity to the observed activity at EC50 of ComXRO-E-2 pheromone.

b
Ratio of maximum activity compared with ComXRO-E-2 pheromone.
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