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The amino-terminal amino acid sequence of the pili protein from Pseudomonas
aeruginosa K pili is presented. The sequence is compared with those reported by
others for pilin obtained from Neisseria gonorrhoeae and Moraxella nonlique-
faciens. All three sequences are highly homologous, contain only two hydrophilic
residues in the first 22 positions, and contain an unusual amino acid, N-mono-
methylphenylalanine, at the amino terminus.

The polar PSA pili of Pseudomonas aerugi-
nosa K (PAK) mediate the infectious process of
several Pseudomonas bacteriophages (2, 4). A
pilus retraction stage is evidently involved in the
phage infectious process since Bradley (2) has
isolated a nonretractile mutant (PAK/2PfS)
which is both phage resistant and multipiliated.
In an earlier publication (10), we demonstrated
that PAK/2PfS pili are identical to the wild-
type PAK pili and that they comprise a single
protein subunit of molecular weight 17,800. The
pilin subunit was found to lack histidine and to
contain 43% hydrophobic amino acids. The N-
terminal residue was shown to be N-mono-
methylphenylalanine (11).
The present communication describes the se-

quence of the first 22 amino acids of the amino-
terminal region of PAK pilin and compares this
to the amino-terminal sequences of pilin ob-
tained from Neisseria gonorrhoeae (12) and
Moraxella nonliquefaciens (9). Automated Ed-
man degradations were performed on 1 to 5 mg
of protein with a Beckman model 890B Sequen-
cer, utilizing either the standard 1 M Quadrol
buffer system of Edman and Begg (8), or the 0.1
M Quadrol system of Brauer et al. (5). All re-

agents used were "Sequanal" grade (Pierce
Chemical Co.), and all solvents were "Distilled-
in-glass" grade (Burdick and Jackson Labora-
tories Inc., Muskegon, Mich.). Residues were

identified by a combination of three methods.
Portions of the sequencer products, the anili-
nothiazolinone derivatives, were converted to
the corresponding phenylthiohydantoin by ex-

posure to 1 M HCI at 80°C for 10 min (8) in
order to permit identification by gas-liquid chro-
matography on a column (1.2 m by 2 mm) of
10% SP-400 on 100/120 Supelcoport (Supelco,
Inc., Bellefonte, Pa.), using a Beckman GC-45
gas chromatograph (14). Thin-layer chromatog-
raphy of these phenylthiohydantoin derivatives

on silica gel plates (F254, Merck and Co., Inc.,
Rahway, N.J.) utilizing the solvent systems chlo-
roform-ethanol, 98:2 (vol/vol), and chloroform-
ethanol-methanol, 88.2:1.8:10 (vol/vol) was also
employed (6). In addition, amino acid analysis
by a Durrum D-500 analyzer after hydrolysis of
the thiazolinone derivatives with hydroiodic acid
(Ultrapure grade, Alfa Chemicals Ltd., Mon-
treal, Quebec) at 127°C for 20 h was used (15).
Identification of the amino-terminal residue by
these methods, together with mass spectroscopy
and proton magnetic resonance spectroscopy,
has already been described (11).
The first 22 amino acid residues were cleaved

and identified as:

1 5 10
MePhe-Thr-Leu-Ile-Glu-Leu-Met-Ile-Val-Val-

15 20
Ala-Ile-Ile-Gly-Ile-Leu-Ala-Ala-Ile-Ala-Ile-Pro

It is of interest to compare the foregoing se-

quence of PAK pilin to corresponding amino-
terminal sequences obtained for pilin derived
from M. nonliquefaciens (9) and N. gonor-
rhoeae (12). As shown in Fig. 1, all three amino-
terminal sequences are highly homologous. The
only differences are Val-Ile exchanges in posi-
tions 10, 13, and 19, and an Ile-Leu exchange in
position 21. Whereas Fr0holm and Sletten (9)
did not identify the N-terminal residue, their
evidence suggests that it is N-methylphenylala-
nine. It is of interest that both M. nonliquefa-
ciens and P. aeruginosa K pilin yielded a single
N-terminal residue, suggesting that 100% of the
pilin subunits contained N-methylphenylala-
nine. In N. gonorrhoeae pili, on the other hand,
about half the pilin molecules lacked the N-
methylphenylalanine amino-terminal residue
(12).
To our knowledge, N-methylphenylalanine

has not yet been detected in nonpilus proteins,
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1180 NOTES
1 ~~5 50

PAK: MIPhe Thr LeuII Clu Lou Ma Ih Val Val Al IleI le Gly

NEISSERIA: MePhe Thr Lou le Glu Lou Mi le Vai lie Ala Ile Vl Gly

AORAXELiA: X - Thr Lo le Glu Lsu JM Ile Val Ile AlIleIle Gly

is 20
PAK: Ile leu AlAe lbe Ale Ie Pro

NEISSERIA: lle LaU All Ala Val Ala Lou Pm Ala Tyr Gin

AbRAXELiA:Ie Lou Al Ala le Ala Lou Pro Ala Tyr Gin

FIG. 1. PAK: amino-terminal amino acid se-

quence of the pili protein of P. aeruginosa K. NEIS-
SERIA: amino-terminal amino acid sequence of the
piliprotein ofN. gonorrhoeae, from Hermodson et al.

(12). MORAXELLA: amino-terminal amino acid se-

quence of the piliprotein ofM. nonliquefaciens, from
Fr0holm and Sletten (9).

although it has been shown to be a constituent
of the peptide antibiotic Staphylomycin S (16).
It is worth noting thafPettigrew and Smith (13)
have reported the finding of dimethylproline at
the amino terminus of Crithidia oncopelti cy-
tochrome C557, whereas Chen et al. (7) have
shown that certain ribosomal proteins of Esch-
erichia coli contain N-monomethylalanine or N-
monomethylmethionine as amino-terminal resi-
dues. Unfortunately, the biological significance
of a-methylated N-terminal amino acid residues
is not understood.
The occurrence of a highly hydrophobic, com-

mon sequence at the amino terminus of pilin
produced by three relatively unrelated microor-
ganisms suggests this common sequence may be
important to pilus function. For example, the
finding by Beard and Connolly (1) that F pilin
subunits are found in the outer membrane of E.
coli suggests that other types of pili may also be
assembled in this region ofthe cell. It is therefore
conceivable that the highly hydrophobic amino-
terminal portion ofthe pilus protein may provide
a pilot function which facilitates the transport
of pilin subunits from the cell interior to the
outer membrane. Once the pilin subunits are

assembled into pili, the highly hydrophobic
amino-terminal sequence would presumably be
buried within the subunit or involved in subunit-
subunit interactions.
Although it is tempting to suggest that the

foregoing ideas may be applicable to many other
pilus systems, it is noteworthy that the amino-
terminal sequence (12) of type 1 pili of E. coli
(previously called common pili) bears no homol-
ogy to the three sequences discussed in the
present communication, and contains no N-
methylphenylalanine. Clearly, further studies on

the structure of a wide variety of pilus types are
needed to elucidate the structure-function rela-
tionships of these interesting filamentous struc-
tures.
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