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Abstract: Here we report the synthesis of the N-terminal hexapeptide H-Pro-Arg-Arg-Arg-Val-lle-OH of the
E. coli ribosomal protein S7, the C-terminal hexapeptide H-Lys-Glu-Ala-Lys-Lys-Lys-OH of L6 and the
C-terminal hexapeptide H-Pro-Gln-Val-Leu-Asp-Ile-OH of L13. All peptides were prepared by SPPS following
the Fmoc-strategy, using DIC/HOBt and/or HBTU as coupling reagents and 2-chlorotrityl chloride resin
as the solid support. The carrier linked synthetic peptides were injected into rabbits and elicited an anti-
peptide response. These anti-hexapeptide antibodies were found to recognize the corresponding peptides
and proteins. Copyright © 2002 European Peptide Society and John Wiley & Sons, Ltd.
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INTRODUCTION

Synthetic peptides are used extensively for the
induction of antibodies specific for the corre-
sponding primary amino acid sequences in intact
proteins [1-4]. Therefore, antibodies for relevant
surface-exposed sequences of ribosomal proteins
from E. coli are valuable probes for studying the
fine structure at the surface of the ribosome and its
functions [5-10].

The S7 ribosomal protein of the small subunit
of the E. coli ribosome consists of 177 amino
acids and interacts specifically with 16S RNA [11].
Furthermore, the N-terminal decapeptide is located
close to or at the peptidyltransferase centre [12].
L6 is an ubiquitous protein and has been found in
prokaryotes, archaebacteria and eukaryotes with a
highly conserved primary structure. In E. coli the
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C-terminal domain of L6 protein is associated with
23S ribosomal RNA and it also influences the acyl-
tRNA binding site [13]. Protein L13 seems to have
contact points with widely separated regions of the
23S RNA within the subunit. Studies on the 50S
assembly in vitro revealed that the L13 protein is
essential for the formation of the RI*5, intermediate
particle. Omission of L13 prevents the formation of
this intermediate and of the 50S particle [14].

Here we report the synthesis, for the first time, of
three hexapeptides corresponding respectively to the
N-terminal sequence of the S7 and the C-terminal
sequences of the L6 and L13 ribosomal proteins of
E. coli. Conjugates of the peptides with ovalbumin
were prepared and used to induce anti-peptide
antibodies.

MATERIALS AND METHODS

Materials

All amino acid derivatives and 2-chlorotrityl-chloride
resin were purchased from the Chemical and
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Biochemical Laboratories of Patras (Greece). All
other reagents and the solvents were purchased
from Sigma Chemical Co (Germany) and used
without further purification.

Synthesis of H-Pro-Arg-Arg-Arg-Val-lle-OH (l)

Fmoc-lle-O-resin. 2-chlorotrityl chloride resin
(0.5 g, 0.8 mmol active chloride)] was swelled in
5 ml DCM. Fmoc-Ile-OH (177 mg, 0.5 mmol) and
DIEA (0.35 ml, 2 mmol) were added and the reaction
mixture was stirred for 25 min at room temperature.
Subsequently, MeOH:DIEA 9:1 (1 ml) was added
in order to destroy the excess of active chloride
on the resin and stirring was continued for a
further 15 min. The resin was filtered, washed
with 2 x DCM : MeOH : DIEA (92:5:3), 3 x DCM,
2 x isopropanol and 2 x diethyl ether and dried in
vacuo for 24 h. The yield was 75%.

H-lle-O-resin. Fmoc-Ile-O-resin (0.64 g) was treated
with 6 ml of 20% piperidine in DMF for 25 min
at room temperature. The resin was filtered,
washed with 3 x DMF, 2 x isopropanol, 3 x DMF,
2 x isopropanol, 1 x diethyl ether and dried in vacuo
for 24 h.

Fmoc-Val-lle-O-resin.  Fmoc-Val-OH (339 mg,
1 mmol, 3-fold excess of the resin substitution)
and HOBt (135 mg, 1 mmol) were dissolved in 1 ml
DMF:DCM 1:1 and chilled at 0°C. DIC, (155 pl,
1 mmol) was added and the resulting solution was
stirred for 15 min at 0°C and for a further 10 min
at room temperature. The precipitated DIU was
filtered, washed with DMF and the combined fil-
trates containing Fmoc-Val-benzotriazolylester were
transferred to the solid phase reactor containing
the corresponding deprotected peptide-resin. NMM
(110 pul, 1 mmol) was added and the reaction mix-
ture was stirred for 24 h at room temperature. After
coupling, the resin was washed with 3 x DMF, 2 x
isopropanol, 3 x DMF, 2 x isopropanol, 1 x diethyl
ether and dried in vacuo for 24 h. The yield of the
reaction was estimated with Kaiser’s test and found
to be ~99%.

H-Pro-Arg(Pbf)-Arg(Pbf)-Arg(Pbf)-Val-lle-O-resin.
Following the above procedure, Fmoc-Arg-(Pbf)-
OH and Fmoc-Pro-OH were added and the
final hexapeptide, obtained as Fmoc-Pro-Arg(Pbf)-
Arg(Pbf)-Arg(Pbf)-Val-lle-O-resin was treated with
piperidine, as mentioned above, for the removal of
the N-terminal protecting group.
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H-Pro-Arg-Arg-Arg-Val-lle-OH. The partially pro-
tected peptide-resin ester was cooled in an
ice bath and treated with a cool mixture of
TFA:phenol: thioanisole: HbO:EDT  82.5:5:5:5
:2.5 (10ml) for 2h at room temperature. The
resin was separated by filtration and washed with
DCM (2 x 10 ml). The combined filtrates were con-
centrated in vacuo to a volume of 1-2 ml and the
residual solution was diluted with a ten-fold excess
of H,0O. Scavengers were extracted with an equiv-
alent amount of cold Et;O and the peptide was
obtained as a solid material by lyophilization.

H-Lys-Glu-Ala-Lys-Lys-Lys-OH (ll)

This was synthesized following steps simi-
lar to the above procedure and obtained
as Fmoc-Lys(Boc)-Glu(BuY)-Ala-Lys(Boc)-Lys(Boc)-
Lys(Boc)-resin. It was deprotected with TFA:H;O
95:5 and precipitated by addition of cold Et,0.

H-Pro-GIn-Val-Leu-Asp-lle-OH (lll)

This was obtained as Fmoc-Pro-GIn(Trt)-Val-Leu-
Asp-(BuY)-Ile-O-resin. It was deprotected using the
mixture TFA:H,O:EDT 95:2.5:2.5 and isolated as
described above for peptide I.

The three hexapeptides were also synthesized
using HBTU as the coupling reagent and the yields
were comparable.

HPLC Purification

The fully deprotected peptides were purified by RP-
HPLC on a C18 column, under isocratic conditions
with HyO/acetonitrile 70: 30, containing 0.1% TFA
as eluent, flow rate 1 ml/min, at room temperature.
The UV detector was set at A 210 nm.

N-terminal Sequencing and Mass Spectrometry

Peptides I, II and III were analysed by amino
acid hydrolysis with 6N HCI at 110°C, N-terminal
sequencing and nanoelectrospray tandem mass
spectrometry. N-terminal sequence analysis was
performed in a PE Biosystems sequencer (Procise
494; Foster City, CA, USA).

For mass spectrometric analysis, the peptides
were desalted and concentrated on a pulled cap-
illary, containing approximately 100 nl of POROS
R2 reverse phase material (Perseptive Biosystems,
Framingham, MA), and eluted with 1 pul of 60%
methanol in 5% formic acid directly into the nano-
electrospray needle. Electrospray mass spectra were
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acquired on an API 365 triple quadropole mass
spectrometer (PE-Sciex, Torondo, Canada) equipped
with a nanoES ion source. Q1 scans were per-
formed with a 0.2 Da mass step. For operation in
the MS/MS mode, Q1 was set to transmit a mass
window of 2 Da and spectra were accumulated with
0.2 Da mass steps. Resolution was set so that the
fragment masses could be assigned with an accu-
racy better than 1 Da.

Carrier-linked Peptides

Peptide | with ovalbumin (method A). One ml
of citraconic anhydride solution in H,O (3.6 mg)
was added dropwise to 1 ml of peptide I solu-
tion in HyO (3.6 mg/ml) and the mixture was
incubated at room temperature for 1h. The
pH was adjusted to 8.5 with NaOH, 20 mg
of 1-ethyl-3-(3'-dimethylaminopropyl)-carbodiimide
hydrochloride (EDC) was added and the mixture
was stirred for 5 min. Subsequently, 5 mg of oval-
bumin was added and the reaction mixture was
incubated at room temperature for 4 h. The reaction
was terminated by adding sodium acetate buffer,
pH 4.2, to a final concentration of 100 mm and stir-
ring for 1 h. The conjugate was separated from the
non-reacted peptide by dialysis, first against sodium
acetate buffer and then against PBS (four changes
overnight).

Peptides Il and Il with ovalbumin (method B).
Peptide II (10 mg) was dissolved in PBS (100 ul) and
33 ul of this solution was added to 5 mg ovalbumin
in 2 ml of PBS. An equal volume (2 ml) of 0.2%
glutaraldehyde in PBS was added dropwise and the
mixture was incubated at room temperature for 1 h.
The reaction was stopped by adding glycine 1 m in
PBS (pH 7.2) to a final concentration of 100 mm and
stirring for 1 h. The conjugate was separated from
the non-reacted peptide by dialysis against PBS (four
changes overnight).

The same procedure was followed for the conjuga-
tion of peptide III with ovalbumin, but with a higher
concentration of glutaraldehyde (2%).

Immunization Procedure

Six-month old New Zealand rabbits received sub-
cutaneous injections of 1 ml peptide-ovalbumin
conjugate emulsified with 1 ml Freund’s complete
adjuvant. After 1, 2 and 3 months, the rabbits
were boosted with an equal quantity of conjugate
emulsified with 1 ml Freund’s incomplete adjuvant.

Copyright © 2002 European Peptide Society and John Wiley & Sons, Ltd.

Blood samples were obtained 6 days after each
boost. The blood was centrifuged and the serum
was stored at —20°C.

Purification of the Antisera

Each antiserum was centrifuged at 3000 rpm for
30 min for the removal of debris. Subsequently,
while the antibody solution was being stirred in an
ice bath, an equal volume of saturated ammonium
sulphate solution was added and stirring was con-
tinued for 1 h at 0°C. The solution was centrifuged
at 3000 rpm for 30 min, the supernatant was dis-
carded and the pellet was resuspended in half of
the starting volume of the antiserum with PBS.
Finally, the solution was dialysed against PBS (three
changes overnight) and centrifuged at 3000 rpm for
15 min.

ELISA Assessment of Peptide Binding

Wells of microtitre plates (MaxiSorp F96, Nunc)
were coated, by overnight incubation at 4°C, with
1 ug peptide per well in 100 ul of 50 mm sodium
carbonate buffer, pH 9.6. The coated plates were
washed with PBS (3 x 10 ml), and then the wells
were saturated with 200 ul of PBS-2.5% BSA
for 1 h at room temperature. After PBS washes
(8 x 10 ml), antiserum diluted (1/100 and 1/1000)
in 100 ul of PBS-0.2% BSA was added to the
wells and incubated for 3h at room tempera-
ture. After further washes with PBS-0.05% Tween
(1 x10ml and PBS (1 x 10ml), 100 ul of goat
anti-rabbit IgG conjugated with horseradish per-
oxidase, diluted (1/1500) in PBS-0.2% BSA was
added and incubated for 1.5h at room temper-
ature. The wells were washed with PBS-0.05%
Tween (3 x 10 ml) and with PBS (3 x 10 ml), then
the bound sera were measured by adding the
peroxidase substrate, containing 2,2-azino-bis(3-
ethylbenzthiazoline-6-sulfonic acid) (ABTS) and
H30,. The colour developed approximately after
20 min and was measured at 405 nm using a
microtitre plate reader.

Immunoblotting

Ribosomal proteins from the large and the small
subunits of E. coli were separated by SDS-PAGE
electrophoresis on 15% acrylamide/bisacrylamide
(29:1) gel, under reducing conditions, electrotrans-
ferred to a nitrocellulose membrane and subjected
to immunoblotting.

dJ. Peptide Sci. 8: 118-124 (2002)
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The membrane was incubated initially in 10 ml
PBS-5% milk for 1.5 h and washed with phosphate-
buffered saline (PBS-0.05%) Tween 20 (polyoxyethy-
lene(20)sorbitan monolaurate) (2 x 10 ml). Subse-
quently, antiserum was added, diluted (1:1000) in
10 ml PBS-5% milk and incubated for 2 h at room
temperature. After washes with PBS-0.05% Tween
(2 x 10 ml), goat anti-rabbit IgG, labelled with alka-
line phosphatase was added, diluted (1:2000) in
10 ml PBS-5% milk-0.05% Tween and incubated
for 2 h at room temperature. The membrane was
washed with PBS-0.05% Tween (2 x 10 ml) and with
PBS (1 x 10 ml) and finally the bound proteins were
detected (stained) adding the alkaline phosphatase
substrate, containing 66 ul NBT (nitroblue tetra-
zolium) and 33 ul BCIP (5-Bromo-4-chloro-3-indonyl
phosphate) in 10 ml of the alkaline phosphatase
bulffer.

Fmoc-Ile-OH

2-CI-Trt-Cl resin

Fmoc-Ile-O-Resin

a) 20% piperidine/DMF | b) Fmoc-Val-OH,
DIC, HOBt

Fmoc-Val-Ile-O-Resin

a) 20% piperidine/DMF | b) Fmoc-Arg(Pbf)-OH
DIC, HOBt

Fmoc-Arg(Pbf)-Val-Ile-O-Resin

a) 20% piperidine/DMF | b) Fmoc-Arg(Pbf)-OH
DIC, HOBt

Fmoc-Arg(Pbf)-Arg(Pbf)-Val-Ile-O-Resin

a) 20% piperidine/DMF | b) Fmoc-Arg(Pbf)-OH
DIC, HOBt

Fmoc-Arg(Pbf)-Arg(Pbf)-Arg(Pbf)-Val-Ile-O-Resin

a) 20% piperidine/DMF | b) Fmoc-Pro-OH
DIC, HOBt

Fmoc-Pro-Arg(Pbf)-Arg(Pbf)-Arg(Pbf)-Val-Ile-O-Resin

a) 20% piperidine/DMF | b) TFA:phenol:thioanisole:H,0:EDT
82.5:5:5:5:2.5

H-Pro-Arg-Arg-Arg-Val-Ile-OH

Scheme 1 Synthesis of hexapeptide I.
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RESULTS

Scheme 1 shows diagrammatically the synthesis of
peptide I, using DIC/HOBt as coupling reagents.
Similar synthetic routes were used for peptides II
and III. The overall yield of synthesis for peptides
I, II and III was found to be 29%, 38% and 35%,
respectively. In the case of HBTU, the yields were
slightly higher, 32%, 40% and 43%, for peptides I, II
and III, respectively. Anchoring of the C-terminal
amino acids to the resin gave a 75% yield for
Fmoc-Ile-OH (peptides I and III) and 70% for Fmoc-
Lys(Boc)-OH (peptide II).

The fully deprotected peptides were analysed by
amino acid hydrolysis, N-terminal sequencing and
HPLC. Amino acid analysis yielded a satisfactory
correspondence between experimental and expected
values for all peptides. Figure 1 shows the HPLC
separation of peptide III as obtained after final
deprotection and isolation. Peak 6 (with a retention
time of 3.27 min) corresponds to peptide III, as
judged by amino acid analysis and electrospray
mass spectra. Peptides I and II were eluted, under
the same experimental conditions with retention
times of 3.45 and 2.18 min, respectively. Mass
spectra of the purified products gave (M + H)"™ at
796 corresponding to peptide I, (M + H)™ at 731 for
II and 685 for III.

The study of the anti-peptide antisera against the
synthetic peptides and the corresponding ribosomal
proteins was carried out by ELISA and immunoblot-
ting, respectively. ELISA tests showed that the
anti-peptide sera for peptides I and II recognize
the corresponding peptides and there is also cross-
reaction between antisera and peptides.

Figure 2 shows the immunoblots of the ribosomal
proteins of E. coli with anti-peptide sera I, II and III.
According to this figure, analysed with the computer
program GelPro Analyzer, antiserum I recognizes
ribosomal proteins with molecular weights ~20 kDa
and 17.5 kDa from the small subunit of the E. coli
ribosome, which presumably correspond to S7 and
S5, respectively. Antiserum II seems to recognize the
ribosomal protein L6 (18.7 kDa), while antiserum III
recognizes L13 (16 kDa).

DISCUSSION

In this report, we describe the synthesis of the
N-terminal hexapeptide H-Pro-Arg-Arg-Arg-Val-Ile-
OH of the E. coli ribosomal protein S7, the C-
terminal hexapeptide H-Lys-Glu-Ala-Lys-Lys-Lys-
OH of L6 and the C-terminal hexapeptide H-Pro-
Gln-Val-Leu-Asp-Ile-OH of L13, the production of

dJ. Peptide Sci. 8: 118-124 (2002)
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Figure 1 HPLC analysis of peptide III. Conditions as described in Materials and Methods.

Mr 44.5 kDa

Mr29.1kDa —Jp -

Mr 18.8kDa —P s

Mr 15.6 kDa

Figure 2 Immunoblotting of ribosomal proteins of E. coli
with antisera I, II and III. Immunoblotting of 30S ribosomal
subunit with antiserum I (lane a); immunoblotting of 50S
ribosomal subunit with antiserum II (lane b); immunoblot-
ting of 50S ribosomal subunit with antiserum III
(lane c).

antisera elicited from the above peptides and their
study against the E. coli ribosomal proteins.
Potential antigenic determinants of proteins can
be predicted combining the results from calculation
of hydrophilicity [15,16], turn structure predictions
and f{flexible regions of proteins [17]. We chose
small regions from the terminal sequences because
they fulfil the above mentioned criteria of known
antigenic sites. In addition, we selected hydrophilic
regions because they have a high probability for
surface exposure, whereas hydrophobic regions

Copyright © 2002 European Peptide Society and John Wiley & Sons, Ltd.

are not soluble. The N- and C-terminals of the
protein chains are less constrained for rigidity
than the internal regions and are considered to be
flexible. Proteins containing sequences in which «-
helices can be interrupted are known as possible
antigenic sites. The peptides were synthesized
by the solid phase method using 2-chlorotrityl-
chloride resin [18] and Fmoc [19] as the N-terminal
protecting group of the amino acids. For protection
of the guanidine group of arginine, 2,2,5,7,8-
pentamethylchroman-6-sulphonyl group (Pmc) [20]
and the 2,2,4,6,7-pentamethyldihydrobenzofuran-
5-sulfonyl group (Pbf) [21] were used in two different
experiments. It was found that the Pbf-group is the
preferable protecting group because deprotection
resulted in fewer impurities. For the synthesis
of these peptides, DIC/HOBt [22] and HBTU [23]
were used as coupling reagents. Both are excellent
coupling reagents providing satisfactory yields. The
yield of each coupling reaction was estimated
with Kaiser’s test. Problems occurred when the
incorporated amino acid was Fmoc-Arg(Pbf)-OH or
Fmoc-Arg(Pmc)-OH, Fmoc-Ile-OH and Fmoc-Pro-OH
and the reaction step had to be repeated in these
cases.

For the final deprotection of peptides, the selection
of the deprotection mixtures was based on the
composition of the particular peptides. For peptide I
that contained three residues of protected arginine,

dJ. Peptide Sci. 8: 118-124 (2002)
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ethanodithiol and phenol were used as scavengers
and thioanisole for the acceleration of the reaction.
In the case of peptide II, with the presence of Boc-
and tBu- protecting groups, TFA:H,O was used,
whereas for peptide III ethanodithiol was used as
the scavenger for the Trt-protecting group.

Since HPLC analysis of the fully deprotected
peptides showed that the peptides were over ~80%
pure, they were used for conjugation with ovalbumin
without further purification. It is known that
haptens, generally, are not immunogenic, so they
have to be conjugated with a protein-carrier. Such
proteins, including keyhole limpet hemocyanine,
bovine serum albumin, ovalbumin etc, provide the
class II-T cell receptor binding sites, and thus
contain regions which are helper T-cell epitopes
and are detected by T-cells during the immuno-
response processing. In the case of ovalbumin, the
region I333—Rss9 is the possible epitope [24]. For the
conjugation of peptide I to ovalbumin, EDC was
used, while the free imino-group and the guanidine
groups of arginine residues were protected with
citraconic anhydride. The conjugation of peptides II
and III to ovalbumin was done using glutaraldehyde.
In the case of peptide II, a very low concentration of
glutaraldehyde was used, and the pH of the reaction
was adjusted to below the pK of the amino group
to avoid the participation of the ¢-amino groups of
lysine residues in the conjugation process.

The study of the anti-peptide antisera against
the synthetic peptides carried out by ELISA tests,
showed that anti-peptide sera raised against pep-
tides I and II recognize the corresponding peptides
and there is also cross-reaction between antisera
and peptides. Anti-peptide serum III was unable to
bind to peptide III (which was less hydrophilic than
the other two peptides), possibly due to unsatisfac-
tory immobilization of the peptide in the microplates.

Further, the immunoblotting experiments showed
that the anti-peptide antibodies directed to these
synthetic hexapeptides recognize the corresponding
S7, L6 and L13 ribosomal proteins of E. coli.

In conclusion, the results presented here establish
the generality that synthetic oligopeptides from
various domains of proteins with a hydrophilic
character are useful tools for the production of
antibodies reactive with the corresponding proteins.
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