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Structures of Revertant Signal Sequences of Escherichia coli Ribose
Binding Protein
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ABSTRACT Recently we reported (Yi et al., 1994) that the a-helical content of the signal peptide of Escherichia coli ribose
binding protein, when determined by circular dichroism (CD) and two-dimensional NMR in trifluoroethanol/water solvent, is
higher than that of its nonfunctional mutant signal peptide. In the present investigation, the structures of the signal peptides
of two revertant ribose binding proteins in the same solvent were also determined with CD and two-dimensional "H NMR
spectroscopy. According to the CD results, both of these revertant signal peptides showed an intermediate helicity between
those of wild-type and mutant signal peptides, the helical content of the revertant peptide with higher recovery of the
translocation capability being higher. On the other hand, the a-helix regions of the wild-type and the revertant peptides as
determined by NMR were shown to be the same. This discrepancy may be due to the difference in stability between identical
a-helical stretches in wild-type and revertant peptides. A good correlation was observed between the helical content of these
four ribose binding protein signal peptides in TFE/water as studied by CD and their in vivo translocation activities. It appears,

therefore, that both the proper length of the helix and the stability are of functional significance.

INTRODUCTION

Although translocation of newly synthesized proteins
through the plasma membrane of Escherichia coli has been
the subject of intensive studies (Wickner et al., 1991; Wolin,
1994; Tokuda, 1994), its mechanism is still poorly under-
stood. Most of the secretory proteins exported from E. coli
have signal sequences attached to the N-terminal end of the
mature domains. Although the importance of the signal
sequence for the translocation has been clearly established,
its exact role has not yet been defined. It is thought that the
signal peptides are involved in the targeting and modulation
of the folding of the mature part. Also, because no homol-
ogy of primary sequence of all known signal sequences has
been found (von Heijne, 1985), the overall characteristics
such as hydrophobicity and conformation have been pro-
posed to be important in the translocation of the nascent
protein (Gierasch, 1989).

Several studies of the conformations of isolated signal
sequences suggested that the tendency of the sequences to
assume ca-helical conformation is important to their func-
tions. Gierasch and her co-workers investigated the struc-
tures of wild-type and various mutant signal sequences of
LamB protein (Briggs, 1986; Bruch et al., 1989; McKnight
et al., 1989; Bruch and Gierasch, 1990) and OmpA protein
(Rizo et al., 1993). In all these peptides, the a-helix was
found to be the predominant structure in a 50% 2,2,2,-
trifluoroethanol(TFE)/water solution that mimics an am-
phiphilic environment. The results from combined circular
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dichroism (CD) and two-dimensional (2D) NMR studies
indicated that the stability of the a-helical structure in a
hydrophobic core is important.

In our previous investigation, the CD and 2D NMR
experiments were carried out to elucidate the conformations
of the wild-type signal sequences of the E. coli ribose
binding protein (RBP; Metl-Asn2-Met3-Lys4-Lys5-Leu6-
Ala7-Thr8-Leu9-Val10-Ser11-Alal2-Vall3-Alal4-Leul5-
Ser16-Alal7-Thr18-Val19-Ser20-Ala21-Asn22-Ala23-
Met24-Ala25) and the signal sequence of a mutant (Yi et al.,
1994). The mutant peptide (L9P) contains a Pro at position
9 instead of Leu as in the wild-type peptide. The precursor
RBP with the mutant signal peptide does not show any
translocation (lida et al., 1985). The wild-type signal pep-
tide was found to form an 18-residue-long a-helix starting
from the N-terminal region through the hydrophobic stretch
in a solvent consisting of 10% dimethylsulfoxide, 40%
water, and 50% TFE (by volume). The nonfunctional mu-
tant peptide does not have any secondary structure in this
solvent but forms a 12-residue-long a-helix within the hy-
drophobic stretch in a TFE/water (50:50 by volume) sol-
vent. Thus, it is apparent that the length of the a-helix
segment in the signal peptide is important for the translo-
cation of the precursor RBP.

To obtain an additional correlation between the structure
and translocation capability, we studied the structures of
two revertant signal peptides that function as intragenic
suppressors of the L9P mutant mentioned above with a
second mutation within each signal sequence. One of them,
first observed by lida et al. (1985), has a double mutation
(L9P, S11F) in the signal peptide, the mature domain being
the same as that of the wild-type pRBP. Although the first
mutation, L9P, abolishes the translocation, the second mu-
tation, S11F, significantly recovers the translocation capa-
bility, as determined by pulse chase experiments (Teschke
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et al., 1991). The T8I mutation in another revertant signal
peptide, in which the Thr at the position of 8 is replaced by
an Ile, also overcomes the translocation deficiency brought
about by the L9P mutation in the signal peptide, as judged
from the swarm plate experiment (T. Song and C. Park,
Korea Advanced Institute of Science and Technology, per-
sonal communication). No quantitative translocation exper-
iments had been performed for the (L9P, T8I) revertant. In
the present investigation, the structures of both of these
signal peptides (L.9P, S11F revertant peptide and L9P, T8I
revertant peptide) in TFE/water were analyzed by CD and
2D NMR and compared with those of the wild-type and
mutant signal peptides. The reason for choosing the TFE/
water solvent for this study was discussed previously (Yi et
al., 1994). Earlier, it was reported that the structure of
peptides in a TFE/water solution is qualitatively similar to a
membrane mimetic environment such as SDS micelles and
phospholipid vesicles (Briggs, 1986; McKnight et al.,
1989). Furthermore, this provides a simple system to com-
pare critically the a-helix-forming propensity of the four
RBP signal peptides studied in this laboratory.

A quantitative translocation experiment for the (L9P,
T8I) revertant was also performed so that the relationship
between the secondary structure and the translocation capa-
bility for this mutant could be assessed.

MATERIALS AND METHODS
Synthesis and purification of signal peptides

Revertant signal peptides were synthesized by a solid phase method with a
MilliGen 9060 automated peptide synthesizer. The peptides were purified
by the reverse phase HPLC using a Phenomenex W-porex Cg column (15
cm X 1.0 cm), elution being made with a water-acetonitrile linear gradient
containing 0.1% trifluoroacetic acid. The sequences of the purified pep-
tides were confirmed with a MilliGen/Biosearch 6600 prosequencer.

Circular dichroism

The CD spectra were obtained on a Jasco J-600 spectropolarimeter using a
1-mm cell. The peptide concentration range used was 10 uM-2 mM. The
peptide concentration was determined by quantitative amino acid analysis.
The temperature was maintained at either 25°C or 50°C by a NESLAB
RTE-210 temperature controller. The mixed solvent used contained 50%
(by volume) unbuffered water and 50% TFE (Sigma, St. Louis, MO),
which is equivalent to 20 mol % TFE. Its pH was adjusted to 3.0 with 0.1-N
HCI solution at room temperature. All CD spectra obtained were the
average of seven consecutive scans from 250 to 200 nm and were baseline
corrected and smoothed.

Nuclear magnetic resonance spectroscopy

NMR spectra were obtained at 500 MHz on a Bruker AMX 500 spectrom-
eter at 25°C and pH 3. The peptide concentrations used were 1.2 mM for
the (L9P, S11F) revertant signal peptide and 2 mM for the (L9P, T8I)
revertant signal peptide. Both peptides were dissolved in a mixed solvent
of 50% trifluoroethanol-d, (Cambridge Isotope Laboratories, Andover,
MA) and 50% unbuffered water (by volume).

Sequential assignments were obtained by total correlation spectroscopy
(TOCSY) (Davis and Bax, 1985), double quantum filtered (DQF) corre-
lation spectroscopy (COSY) (Rance et al,, 1983), and two-dimensional
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nuclear Overhauser effect spectroscopy (NOESY) (Macura et al., 1981).
TOCSY results were collected with a mixing time of 75 ms. An MLEV-17
composite pulse (Bax and Davis, 1985) was used for the spin locking. To
prevent phase distortion in the case of water suppression, the trim pulse
was not used.. The mixing time for the NOESY experiments was 240 ms.
The water resonance was suppressed by preirradiation during the relaxation
delay for TOCSY and DQF COSY. In the NOESY experiments, the HDO
resonance was suppressed by irradiation during the relaxation delay and
mixing period. The relaxation delay was 1.3 s in all experiments, and the
carrier frequency was set on the HDO resonance. The 2D experiments were
recorded with 512 t, measurements and 2048 data points in the t, dimen-
sion. 88-352 transients were collected for each increment of t, in the
NOESY experiments, and 80 transients were acquired in the TOCSY
experiments. The DQF COSY was recorded with 512 t, transients and
4096 data points in the t, dimension to determine the J-coupling constants.

The 2D NMR data were processed with the Bruker program, UXNMR,
on a Bruker X-32 workstation or with Felix 2.3 (Biosym Technologies,
Inc., San Diego, CA) on an IRIS 4D-20 workstation (Silicon Graphics,
Inc., Mountain View, CA). All 2D data sets were collected in the phase-
sensitive mode by the time-proportional phase incrementation method
(Marion and Wiithrich, 1983). The data were zero-filled to 1 K in the t,
dimension. Before Fourier transformation, a 60°-shifted squared sine bell
function was multiplied to free induction decays in the NOESY, DQF
COSY, and TOCSY experiments. A polynomial baseline correction was
applied to the entire spectral range except for the water resonance region.
The spectra were analyzed in both unsymmetrized and symmetrized forms,
and the data sets presented are in unsymmetrized form.

Determination of translocation rate by
puise labeling

The isolation of the revertant was carried out with the procedure described
in the literature (Teschke et al., 1991). The AI287 (rbsB::Tnl0) strain
harboring plasmid pAI27, which carries the rbsB103 mutation, was used to
isolate the revertants that could suppress the export-defective signal se-
quence mutation, rbsB103. Two of the revertants have the mutational
changes (L9P, S11F) and (L9P, T8I), respectively (lida et al., 1985; T.
Song and C. Park, Korea Advanced Institute of Science and Technology,
personal communication).

Cells (strains used: CP627, CP631, TS23) were grown to a density of
10® cells/ml in a M9 minimal salts medium supplemented with 0.4%
glycerol and 15-ug/ml chloramphenicol at 35°C; vigorous shaking was
applied. These cells were radiolabeled for 30 s by introduction of 30-
uCi/ml [>3S]methionine. Immediately afterward, an equal volume of non-
radioactive 0.75% methionine was added. The time course of translocation
was monitored by pipetting of 0.8 ml of the culture into 0.7 ml of 10%
trichloroacetic acid. The samples were immunoprecipitated with an anti-
serum to RBP, and the precipitates were analyzed by SDS-PAGE. The gels
were dried and overlaid with an x-ray film, and the bands of RBP were
quantified by densitometry.

RESULTS
Circular dichroism

Each of these two revertant signal peptides showed practi-
cally identical spectra at pH 3 and 7 (in 50% TFE and 50%
50 mM phosphate buffer by volume), suggesting that the
conformation is not dependent on pH. No change in the CD
spectra was observed when the concentration of these pep-
tides was changed from 10 uM to 2 mM, suggesting that no
aggregation occurred in the concentration range studied.
Fig. 1 presents the CD spectra of revertant signal peptides
obtained at 25°C and 50°C. The CD spectra of the wild-type
peptide and the mutant peptide previously obtained (Yi et
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FIGURE 1 CD spectra of RBP signal peptides in a 20 mol % TFE/water

solution at pH 3; (L9P, S11F) revertant at 25°C (c) and at 50°C (c'); (L9P,
T8I) revertant at 25°C (d) and at 50°C (d'). The CD spectra of the wild-type
peptide at 25°C (a) and at 50°C (a’) and of the mutant peptide at 25°C (b)
and at 50°C (b’) in the same solvent (Yi et al., 1994) are also presented for
comparison.

al., 1994) are also shown for comparison. All the CD spectra
show minima at 206-208 nm with a shoulder near 222 nm,
which is indicative of the presence of an a-helical structure.
The isodichroic point observed at 200—202 nm is consistent
with a helix-random-coil interconversion. The CD spectra
were curve-fitted by the least-squares method into the ref-
erence CD spectra of four conformations, a-helix, B-sheet,
turn, and random structure, based on five proteins, myoglo-
bin, lactate dehydrogenase, lysozyme, papain, and ribonu-
clease (Yang et al., 1986). The estimated values of the
a-helix contents of wild-type, mutant, and revertant pep-
tides are shown in Table 1. Although the a-helical contents
of these peptides decreased significantly with increasing
temperature, the fractional decreases are similar.

TABLE 1 a-Helical contents of the RBP signal peptides
obtained from CD spectra

a-Helix Contents*

At 50°C (%)

Signal Peptide At 25°C (%)

Wild type 69 56
Mutant 33 28
(L9P, S11F) revertant 57 43
(L9P, T8I) revertant 46 35

*Obtained by curve fitting to the reference spectra based on five proteins,
myoglobin, lactate dehydrogenase, lysozyme, papain, and ribonuclease
(Yang et al., 1986). The average error range was * 2%.
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Resonance assignments

The 'H resonances in the NMR spectra of the (L9P, S11F)
revertant peptide (Table 2) and the (L9P, T8I) revertant
peptide (Table 3) were assigned by sequential assignment
methodology (Billeter et al., 1982; Wiithrich, 1986). First,
the complete spin system of amino acid residues was iden-
tified by use of the TOCSY spectra. Next, the sequential
connectivities of the backbone protons were established by
following the fingerprint region of the NOESY spectra
(Fig. 2).

Secondary structure of revertant
signal peptides

The fingerprint region of the NOESY spectra of the rever-
tant peptides in 50% TFE/water solution at 25°C is shown
in Fig. 2. The NOESY spectra of the (L9P, S11F) revertant
peptide at pH 3 and at pH 7 (not shown) were nearly
identical. This agrees with the CD result, suggesting that the
structures of these peptides at pH 3 and pH 7 are the same.
The NOE crosspeaks in the NOESY spectra of these two
revertant peptides are very similar. The NOESY spectra
provide strong support for the presence of secondary struc-
tures in the peptide. A large number of crosspeaks connect-
ing neighboring amide protons were observed from residues
3 to 20. Some NH({)/NH(i+ 1) crosspeaks may have over-
lapped the diagonal line because the neighboring amide
protons have very similar chemical shift values. The strong
NH(@)/NH(@i+1) connectivity of NOE crosspeaks is consis-
tent with the presence of «-helical segments in the peptide.
The NH region of the NOESY spectra indicated that resi-
dues 3-20 of these peptides form a-helical structures.
Medium-range C_H(i)/NH(i+3) interactions, which are
also typical of a helical conformation, were clearly observed
in residues 10-20 of these peptides, although some of them
are apparently overlapped with other cross-peaks. The pres-
ence of these medium-range interactions in residues 3-9
was not apparent. The discrepancy between short-range
interaction and medium-range interaction may simply re-
flect the difference in the conformational populations in
different parts of the molecule. That is, the helical popula-
tion of residues 3-9 is smaller than that of residues 10-20
because the helical structure is less stable in the N-terminal
end than in the hydrophobic core region. The observed
NMR parameters result from conformational averaging
when more than one conformation interconverts. The aver-
age short-range NH({))/NH(i+1) NOE interaction may be
strong enough to be observed even in the N-terminal region,
whereas the average medium range C_H(i{)/NH(i+3) inter-
action in this region is too weak to be observed (Bruch et al.,
1989). With a longer mixing time, such as 270 ms, some
medium-range C_H(i)/NH(i+3) interactions can be seen:
3-6 in the (L9P, S11F) revertant peptide and 3—6 and 8-11
in the (L9P, T8I) revertant peptide. However, their intensi-
ties were much smaller than those of medium-range inter-
actions in the hydrophobic core. The *J;;y,, values estimated
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TABLE 2 Chemical shift values for (L9P, S11F) revertant signal peptide of E. coli RBP in TFE/water at 25°C*

Residue NH <H gH A Others

Met-1

Asn-2 8.71 4.80 2.79, 2.90 ,NH, 6.73, 7.63

Met-3 8.51 4.40 2.01, 2.13 2.57 .CH; 2.01

Lys-4 8.10 4.15 1.69, 1.81 1.40 sCH, 1.78; .CH, 2.99; ,NH,* 7.62
Lys-5 7.82 4.16 1.70, 1.81 1.41 sCH, 1.78; .CH, 2.98; NH,* 7.62
Leu-6 7.61 4.28 1.66 1.59 sCH; 0.72

Ala-7 7.76 4.34 1.39

Thr-8 7.67 4.47 4.25 1.23, 1.40

Pro-9 441 2.00, 2.27 2.00 sCH; 3.81

Val-10 7.43 3.74 2.03 0.89, 0.97

Phe-11 7.55 4.32 3.15 Ring 2,6H 7.18, 4H 7.24, 3,5H 7.27
Ala-12 7.74 4.00 1.45

Val-13 7.73 3.58 2.17 0.89, 1.01

Ala-14 8.03 4.03 1.42

Leu-15 8.57 4.03 1.59 1.43 sCH, 0.83

Ser-16 7.98 4.10 3.95,4.03

Ala-17 8.48 4.12 1.49

Thr-18 7.93 3.99 4.39 1.23

Val-19 8.40 379 2.14 0.93, 1.02

Ser-20 8.00 4.24 392, 4.00

Ala-21 7.92 4.21 1.48

Asn-22 7.93 4,61 2.80 NH; 6.71, 7.57

Ala-23 8.01 4.29 1.46

Met-24 7.84 447 2.04, 2.16 2.55 .CH; 2.04

Ala-25

*Chemical shifts are in ppm relative to 3.88 ppm for trifluoroethanol methylene resonance. The estimated error is +0.02 ppm.

from the DQF COSY spectrum were found to be less than
6 Hz for the residues from 3 to 20 for both revertant
peptides, which supports the notion that these polypeptide
chains are mostly in the form of an « helix. Only a few

NH())/NH(i+2) and CaH(i{)/NH(i+4) interactions were ob-
served. It is usually difficult to observe NOEs between
protons more than 3.5 A apart in small peptides having
fewer than 30 residues because of the short correlation time

TABLE 3 Chemical shift values for (L9P, T8I) revertant signal peptide of E. coli RBP in TFE/water at 25°C

Residue NH H sH JH Others
Met-1
Asn-2 8.71 4.80 2.79, 2.90 ,NH, 6.76, 7.63
Met-3 8.51 442 1.98, 2.12 2.55 -CH; 1.98
Lys-4 8.10 4.16 1.68, 1.80 1.38 sCH, 1.50; ,CH, 2.98; .NH,* 7.60
Lys-5 7.80 417 1.75, 1.83 1.37 sCH, 1.48; ,CH, 2.97, ,NH,"* 7.60
Leu-6 7.63 420 1.64 1.61 sCH; 0.84, 0.88
Ala-7 7.79 4.27 1.36
Tie-8 7.62 4.30 1.87 1.13, 1.48 ,CH; 091, ;CH, 0.84
Pro-9 447 1.99, 2.21 1.99 sCH, 3.67, 3.76
Val-10 7.73 3.79 2.05 0.93, 1.00
Ser-11 791 4.19 3.89, 3.98
Ala-12 7.86 4.17 1.46
Val-13 7.69 3.59 2.15 0.90, 0.99
Ala-14 8.05 4.05 1.43
Leu-15 8.28 4.12 1.73 1.64 sCH; 0.86
Ser-16 8.04 4.11 3.95, 4.05
Ala-17 845 4.11 1.48
Thr-18 791 3.98 4.39 1.22
Val-19 8.35 3.78 213 0.92, 1.02
Ser-20 8.00 4.11 3.89, 3.98
Ala-21 7.91 4.19 1.47
Asn-22 7.87 4.59 2.78 ,NH; 6.70, 7.54
Ala-23 7.99 423 1.44
Met-24 7.81 444 2.04, 2.14 2.55, 2.64 -CH; 2.04
Ala-25 7.73 4.30 1.42

*Chemical shifts are in ppm relative to 3.88 ppm for trifluoroethanol methylene resonance. The estimated error is +0.02 ppm.
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FIGURE 2 Fingerprint region of NOESY spectra of the (L9P, SI1F)
revertant peptide (A) and the (L9P, T8I) revertant peptide (B) in TFE/water
(50%:50% by volume) at 25°C and pH3. The CaH(@)/NH(), CaH@)/
NH(i+3) and CBH({)/NH(i+1) crosspeaks are labeled by amino acid
sequence numbers.

in solution. The distances of NH({)/NH(i+2) and C_H(i)/
NH(i+4) are approximately 4.2 A in the a-helix.

There are NOE connectivities between 8CH of the Pro
and NH of the preceding residue in both revertant peptides
(Fig. 2), suggesting that the Pro residues are involved in the
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a-helix formation. Helical structures containing a Pro have
also been observed in melittin in methanol and in dode-
cylphosphocholine micelle solution (Bazzo et al., 1988;
Inagaki et al., 1989), in artificial signal sequences of human
lysozyme in a 50% TFE/water solution (Yamamoto et al.,
1990), and in the transmembrane helices of many integral
proteins (Williams and Deber, 1991). These studies have
indicated that the helix is distorted with a bent angle of
120°-160° to form a Pro kink (Woolfson and Williams,
1990; von Heijne, 1991). A smaller helical population in the
N-terminal regions in these revertant peptides may be due to
the presence of the nearby Pro residue.

Schematic diagrams summarizing the various connectivi-
ties observed in the NOESY spectra of wild-type, mutant,
and two revertant peptides are shown in Fig. 3.

Determination of translocation rate by
pulse labeling

The time course of the processing of (L9P, T8I) revertant
pRBP, as studied by the pulse-labeling experiment, was
similar to that of (L9P, S11F) revertant pRBP (Teschke et
al., 1991) and reaches the saturation point in less than 2 min.
The efficiency of translocation is defined as the fraction of
the precursor RBP processed into the mature RBP. These
values were corrected to compensate for the distribution of
methionine. The translocation efficiency of (L9P, T8I) re-
vertant RBP was found to be 83%. The value for (L9P,
S11F) revertant RBP was shown to be 93% (Teschke et al.,
1991).

DISCUSSION

The primary aim of this investigation was to determine the
correlation between the a-helix-forming propensity of the
several signal peptides and the translocation efficiency of
the corresponding precursor RBP. The CD results have
shown that the helical contents of the revertant peptides are
intermediate between those of the wild-type (69%) and the
nonfunctional mutant peptides (33%). This result and the
observation that the a-helical content of the (L9P, SI11F)
revertant peptide (57%) is higher than that of the (L9P, T8I)
revertant peptide (46%) suggest that the overall a-helical
content is important for the function of signal peptides.
The a-helical content values obtained by CD experiments
may reflect both the length of the a-helix stretch and the
stability of the stretch. For the case of the mutant peptide,
the NMR results agree with the CD results, indicating that
it has a shorter a-helical segment than the wild-type peptide
(Yi et al., 1994). However, the NMR results in this inves-
tigation also showed that both of the revertant peptides have
a-helical stretches identical to those of the wild-type pep-
tide, from residues 3 to 20. This apparent discrepancy in the
results of CD and NMR experiments may simply mean that
the wild-type peptide has a higher population of a-helix in
this region than the (L9P, S11F) peptide, whereas the a-he-
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Wild type MNMKKLATLVSAVALSATVSANAMA
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FIGURE 3 Schematic representation of the summary of NMR data. The
residues that have Ty, values of less than 6 Hz are represented by open
circles. The thicknesses of the lines represent the intensity of NOE, and the
question marks indicate the crosspeaks that are indistinguishable because
of their proximity to the diagonal. The dashed lines in the medium-range
NOEs are the crosspeaks overlapped by other crosspeaks such as intraresi-
due crosspeaks. Diagrams for the wild-type and the mutant type peptides
given in a previous publication (Yi et al., 1994) are also shown for
comparison.

lix population of (L9P, T8I) peptide is even smaller. This is
corroborated by the observation that, unlike in the wild-type
peptide, the medium range NOE interaction is absent in the
N-terminal region of the revertant peptides. This indicates
that the stability of the a-helical segment, which is reflected
on the a-helical population, is also important for the func-
tion of the signal peptide. On the other hand, the mutant
peptide, with the shortest a-helical stretch, has no translo-
cation capability. It is possible that both the critical length of
the a-helical segment and its stability are essential for the
function. The fact that a second mutation, which overcomes
the shortening of the a-helical segment by the first muta-
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tion, largely recovers the translocation capability again sug-
gests the importance of the length and the stability of the
a-helical segment.

A similar conclusion was drawn by Gierasch and her
co-workers in connection with the signal peptides of wild-
type LamB and its mutants (Bruch and Gierasch, 1990).
Although the lengths of the a-helical segments of wild-type
LamB and RBP in TFE/water solution are similar, the
locations of these segments within the signal peptides are
different. This suggests that the general requirements for the
function of a signal peptide may not be the location of the
helix but rather the proper length and stability of the helix.
The common requirement of an a-helix stretch of proper
length and stability in these diverse precursor proteins is of
considerable interest because targeting mechanisms of pre-
cursor proteins may be different. For example, LamB is
translocated through the SecB/SecA pathway posttransla-
tionally, whereas RBP is, at least in part, cotranslationally
translocated via the Ffh/SecA route (Wolin, 1994). It may
be that the a-helical structure of the signal peptides is
important when the peptides form complexes with SecA
and/or either one of the chaperone proteins. The proper
length of helix is thought to be that required to span the
membrane directly or to occupy the binding site of the
protein components of translocation machinery (Bruch and
Gierasch, 1990).

It must be stressed that the present work merely correlates
the a-helix contents of RBP signal peptides in the artificial
environment of a TFE/water solution with the translocation
capabilities of corresponding precursor RBPs. Although the
propensity for a-helix formation by signal peptides appears
to be important for the translocation, the real biological
significance of the present observation is unclear, primarily
because the detailed mode of interaction between the signal
peptide and the translocation machinery of E. coli is un-
known. For many of the E. coli proteins that are secreted
into the periplasmic space the initial interaction of targeting
is with SecB, but pRBP is apparently independent of this
chaperone. Recently it was shown that the Ffh protein,
which is analogous to the 54-kDa subunit of the mammalian
signal-recognition particle, is at least partly involved in the
RBP targeting. Ffh has several Met-rich patches of some 25
amino acid residues that may form amphiphilic a-helical
structures. It was proposed that these patches form a hydro-
phobic groove with flexible hydrophobic Met residues ac-
commodating the signal peptides of a variety of amino acid
sequences (Bernstein et al., 1989). It is possible that the
environment of TFE/water may be akin to that of the groove
lined with Met and other hydrophobic side chains.

Another interesting feature of our results is the change in
the length of the a-helical segment brought about by the
amino acid substitution. The length of an a-helical structure
in proteins is thought to depend on the interaction of the
helix-end residues with the side-chain groups of the neigh-
boring residues (Presta and Rose, 1988; Richardson and
Richardson, 1988). Of particular interest here is how the
amino acid substitutions on both sides of the Pro9 of the
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mutant peptide bring about the extension of the a-helical
segments toward the N-terminal end of the peptide beyond
Pro9. This is an important and interesting problem to be
addressed.
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Science and Engineering Foundation and also by the Korea Research
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