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etc.), may fulfill some of these require­
ments. but often the mechanical
properties are not appropriate. We have
found that cotton sheets satisfy most of
the criteria given above.

Having found cotton sheets to be a
suitable carrier. weexamined their ap­
plication to continuous solid phase syn­
thesis. Up to now, all peptide syn­
theses, either in solid or liquid phase.
bad to be performed in batches. since
there was no way to continually supply
the carrier to the solution containing
the activated amino acid or deprotect­
ina mixture and. at the same time. con­
tinually obtain carrier on which one of
the synthetic steps was performed. The
carrier. which is in the form of a con­
tinuous strip. may proceed through the
particular synthetic or washing steps,
bringing the peptide at the end of its
pathway through the various compart­
ments either bound to the carrier or dis­
solved in the solution used for its
cleavage.

Since construction of a complete
machine for continuous solid phase
synthesis is a rather difficult task. we
decided to test the basic idea first using
a simple model system simulating the
continuous synthesis.

EXPERIMENTAL

Synthetic Setup

Synthesis was performed with the
lise of only one shaker bath (5 x 5 em:
and a manzle machine. The latter con­
sisted of t;vo counter-rotating Tetlon
cylinders Oem long. 2.5 em in dia­
meter}, which were pressed together
with adjustable springs. The speed of
rotation could be set from I-3D ern/
min. The cotton strip was removed
from the bath and introduced between
the cylinders together with a Whatman
3MM paper strip which was ca. I cm
wider than the cotton strip. The moist
cotton strip issuing from the mangle
was introduced to the bath containing
the next solution. The strip was sequen­
tially passed through the following
solutions: EtOH 12 mini. DCM 12x2
mini. 20% piperidine in DMF 120
mini. DMF (2x2 min). DCM (2x2
mini. Fmoc-amino acid. DCC. HOBt
in DMF spiked with bromophenol blue
(7) (all components. 0.2 M. coupling
time according to the color of the car­
rier - 0.5 to 3 hi. DMF (2x2 min).
EtOH (2 min).

The high demand for synthetic pep­
tides. stimulated by results of im­
munologists characterizing particular
areas of proteins as potential vulner­
able targets for "magic bullet" drugs.
bas led to the development of several
techniques for rapid and multiple pep­
tide syntheses. Examples of these syn­
thetic procedures are: Synthesis in "tea
bags" by Houghten (5): synthesis on
grafted polyethylene pins (4): synthesis
on paper (3): and multiple continuous
flow synthesis performed in a series of
columns (6). However. all these meth­
ods have certain disadvantages. such as
limited size of the synthetic compart­
ment (tea bags). low physical stability
of the carrier (paper), or extremely low
capacity (pins). It has been shown (2.3)
that paper can be successfully used for
the synthesis of peptides in varied
amounts. the limit being only the
mechanical stability of the support.
Cellulose beads were tested as a solid
support for peptide synthesis by Mer­
rifield in 1963 (8). bur were found to be
inferior to polystyrene resin.

Ideally tbe carrier should be com­
pact in structure. variable in size. easily
separable into well defined parts.
mechanically and chemically stable.
and compatible with the conditions of
peptide synthesis. Any polymeric mat­
erial in the form or a thin membrane.
containing suitable functional groups
(polystyrene. grafted polyethylene or
tcuufluoropolycthylene. polyamide.
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Figure 1. RP-HPLC truce nf crude methionine enkephalln. Conditions: Sphcrisorb ODS II.25 x 0.4­
COl. 3Jl111. D.5ml/min. gradient oO-HO% of MeOH in 0.05% TFA in water in 20 min.detection at2:!2nm.
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Modification of the Cotton Strip

A cotton strip (width 3 em, length
280 em, weight 32.1 rng/cm-) was
shaken for 15 min in a mixture of tri­
fluoroacetic acid (25 ml) and dichloro­
methane (75 ml),washed by dichloro­
methane (3x I00 rnl), 10% DIEA in
dichloromethane (2x 100 ml), dichloro­
methane (3x 100 ml) and dried ill
vacuo .:This pre-treated strip was then
shaken in a mixture of Boc-Gly (4.4 g),
dicyclohexylcarbodiimide (5.15 g),
dimethylaminopyridine (3.05 g) and
dimethylformamide (100 ml) for 4 h at
room temperature. After washing by
DMF (3x100 rnl), ethanol (3x100 ml),
and DCM (3x100 ml), the carrier was
dried. A sample of the carrier (I cm-)
was shaken in a solution of trifluoro­
acetic acid (25%) in DCM, washed by
DCM (3x), 10% DIEA in DCM, DCM,
and then treated with Fmoc-Gly, DCC,
and HOBt in the presence of brom­
phenol blue (7) until the blue color dis­
appeared completely. The sample was
then washed by DMF (3x) and treated
for 15 min with 20% piperidine in
DMF. The piperidine solution was
separated and combined with the DMF
washes. The volume of the solution
was made up to 50 ml and the extinc­
tion of the solution was readat 301 om.
The substitution of the carrier was
found to be 3.1 umol/crn-,

Des-GIv2-Methionine-Enkephalin

The cotton strip (20 em) described
above was shaken in a solution of TFA
(25%) in DCM for 15 min, washed
with DCM (2x), 10% DIEA in DCM
(2x), and with DCM again (3x). The
strip was shaken overnight at room
temperature in 15 ml of DMF solution
of 2.4,5 - trichlorophenylester of 3-(4 ­
fluorenylmethyloxycarbonyl - methio-

nyl-oxymethylphenoxy) propionic acid
(I) (0.2 M) and HOBt (0,2 M), The car­
rier substitution was determined by
cleavage of the Fmoc protecting group
and found to be I Il.ntol/cmz. Tbe car­
rier was acetylated by means of a mix­
ture of acetanhydride (5 011) and pyri­
dine (10 ml) for 30 min at room
temperature, washed by DMF (3x) and
DCM (3x). Three acylation cycles in­
volving Frnoc-Phe, Fmoc-Gly and
Boc-Tyrt Bu') were performed on the
mangle as described above. Tbe carrier
was transferred to a solution of TFA
(50%) and DMS (5%) in DCM. After 2
h, the carrier was washed by the same
solution, eluates were combined, con­
centrated to a small volume and pre­
cipitated by etber. Product was dried,
dissolved in I M AcOH, filtered and
Iyopbilized. Tbe crude material (30
mg) was purified by HPLC (Vydac
C18, 250 x 10 mm), Product (8.6 mg.
28%), pure according to HPLC (Spher­
isorb ODS II, 250 x 4 mrn, 75% MeOH
in 0.05% TFA: k'=6.4). TLC in four
systems and electrophoresis (EHisS.7
0.01. EGlyZ,4 0.73). was obtained.
Amino acid analysis: Gly 1.00, Met
0.92, Tyr 0.89, Phe 0.96. Mass spectro­
scopy: 517 (M+H+). For C2SH32N406S
• CF3COOH • 2 H20 (666.7) was cal­
culated: 48.64% C. 5.59% H. 8.40% N:
found48.87% C, 5.32% H. 8.56% N.

Methionine-Enkephalin

The synthesis was performed analo­
gously to the previous example. with
the exception that Fmoc-Gly was used
twice for the coupling. Product (15.6
mg, 46%), pure according to HPLC
(Spherisorb ODS II. 250 x 4 mm. 75%
MeOH in 0.05% TFA: k'=5.8), TLC in
four systems and electrophoresis
(EHi'S.7 0.01. EGIYl A 0.67). was ob­
tained. Amino acid analysis: Gly 2.00,
Met 0.90, Tyr 0.86. Phe 0.99. Mass

o.
•

spectroscopy: 574 (M+H+).
CnH3SNS07S • CF3 COOH • 2
(723.7) was calculated: 48.13% C,
5.57% H, 9.68% N; found 48.58% C,
5.38% H, 9.42% N.

Methionine-Enkepbalin-Modified
Cellulose

A glycine-modified cellulose strip
(3 x 20 em) was acylated successively
by Fmoc-Met, Fmoc-Phe, Fmoc-Gly,
Fmoc-Gly and Nps-Tyr(But) in the ar­
rangement described above. The Nps
and But groups were cleaved by 7.5 M
HCI in metbanol (20 min). Quantitative
amino acid analysis sbowed tbe en­
kephalin content on tbe carrier to be 1.6
umol/cm-,

Methionine-Enkephalin-Gly

The modified cellulose described in
the previous example (6 crn-) was
shaken in I M NaOH for I h at room
temperature. The solution was acidi­
fied by 1 M HCI to pH 3 and Iyopbil­
ized. RP HPLC purification (Vydac
C18, 25· x I em, gradient 25-50%
MeOH in 0,05% TFA in 25 min, 4
rnl/rnin) afforded 0.95 rna (16%) oftbe
pure product. FAB MS:'631 (M+W):
amino acid analysis: Gly 3.00, Met
0.92. Tyr 0.90, Pbe 0.96.

RESULTS

The experimental setup on whicb
we performed the testing of the idea of
continuous peptide synthesis was very
simple and consisted of only one set of
rollers and a sbaker bath. Thus, all
transfers were performed manually.
We used a cotton strip of 3 em width.
onto which Boc-glycine was coupled
by tbe action of dicyclohexylcarbodii­
mide in tbe presence of dimethyl­
aminopyridine. Pretreatment of the cot­
ton strip with tritluoroacetic acid and
diisopropylethylamine prior to cou­
piing was necessary. sincethe coupling
of protected glycine onto the cotton is
otherwise less efficient (see Reference
3). Tbe carrier was obtained with a cap­
acity of 3.1 umot/cm-' or 0.13 mmol/g.
After cleavage of tbe Boc protecting
group by tritluoroacetic acid solution.
the cotton strip was treated with the 2.
4.5-trichlorophenylester of 3-(4-fiuor­
enylmetbyloxycarbonyl - methionyl ­
oxymetbylphenoxy) propionic acid
(Fmoc - Met - ° -CH2 - C6H4 ­
O(CHl13-COOTcp) (I) and the strip
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Figure 2. Scheme of the continuous synthesis of methionine en kephalin. SP. spacer group attached to
cotton. The structure of growing peptide connected (0 (he particular space of (he couon strip is given. in
parenthesis.

(Het-Sp-r
(Phe-Met-SP-)' : Tyr-Cly-Cly-Phe-Met

(Cly-Phe-Het-SP-)
(Cly-Cly-Phe-Met-SP-J

(Tyr-Cly-Gly-Phe-Met-SP-)'

IrAIqr j:--CJ=;

(M-SP-)

the use of a combination of rollers. In­
dividual amino. acids are sequentially
coupled to the moving carrier, and in
the last comPartmentt1l,,> peptide is
cleaved from the carrier, The carrier
with the regenerated fUIlctionalgroup
Can be directed to the beginning of th~
operation. and the whole synthesis mav
be. in the case of suitable carrier and
spacer, .repeated again-An. acivantage
of this method in comparison to the
classical arrangement of the solid
phase synthesis in which particular
steps must be performed intime se­
quence. is the possibility of performing
all synthetic steps simultaneously. An
additional advantage of this method is
the fact that the product is obtained
continuously and not in batches.

A diagram of one segment of the

GlyGlyPheMet

DISCUSSION

the acid-labile handle. Several side
products were formed during the
alkaline treatment used for cleavage of
the peptide from the carrier.

111e basic concept of an apparatus
continually producing pep tides is il­
lustrated in Figure 2. The synthesis of
methionine enkephalin was chosen as
an example. because we have synthe­
sized this compound in a simulated
manual version of continuous solid
phase synthesis. The solid carrier.
which is in the form of a tape. bears the
functional group onto which the first
amino acid is coupled with the use of
spacers. The carrier is then led through
the desired reagents and solvents with

2 3

acylated successively. by Fmoc-Phe,
Fmoc-Gly, Fmoc-Gly and Boc­
TynObu') in the presence of DCC and
HOBt. The necessary length of time for
the complete coupling was determined
by bromphenol blue monitoring (7) ­
i.e.. until the cotton strip lost its blue
color. After the last step the carrier was
treated with a 50% solution of tri­
t1uoroacetic acid and 5% dimethyl­
sulfide in dichloromethane. The solu­
tion was concentrated in vacuo, the
product was precipitated and purified
by reversed phase HPLC. An RP­
HPLC tracing of crude peptide is given
in Figure 1. Pure methionine enkeph­
alin, obtained in 46% yield and charac­
terized by FAB mass spectroscopy. ele­
mental and amino-acid analysis. was
found to be fully active in the test on
guinea pig ileum in vitro.

Des-Gly'<methionine enkephalin
was synthesized in the same manner.
This analog. as one of the potential side
products of the synthesis of methionine
enkephalin, was chromatographically
compared with the crude reaction mix­
ture from the synthesis of methionine­
enkephalin. Its presence in the reaction
mixture was not detected. As expected.
it was found to be biologically inactive
in the guinea pig ileum test ill vitro,

Another synthesis was performed
directly on the glycine-modified cot­
ton. This approach is useful mainly for
applications in which the peptide
remains covalently bound to the car­
rier. However. even in [his case we
were able (0 cleave the peptide from
[he carrier. purify and characterize it
In this case. the yield of pure peptide
was much worse [han in that involving

's, In­
Itially
nd in
de is
arrier
~roup

,f the
may

· and
uage
, the
solid
cular
~ se­
ning
· An
id is
ined

J>o
· in

the

7 8
Figure J. Scheme of the synthetic compartment in which lin amine acid is coupled to the growing peptide chain. For description. sce texr.

Vol. 2. No. 4i jlJHlJ)
299



syntllesizer is given in Figure 3. The
carrier (Ijcoming from a previous syn­
thetic step is .. compressed between
cylinders (2), thereby removing.redun­
dant •. liquid carried froma previous
wash. Removal of liquid is facilitated
by simultaneous introduction of porous
material.{paper, textile) (3) between
the.cylinders.iThe carrier then goes to
thewashing.bathId), followed again by
compression. between. cyIinders. After
several repetitions of this operation, the
carrier.is introduced into a solution of
the reagent in which cleavageof.the (X~

amino protecting gr()upoccurs (5). The
period of exposure to. the deblocking
bath is determined by the trajectory
through which the carrier in the bath
must pass, The prolongation of it is
achieved by a system of loops in the
bath. The carrier then leaves the
deprotecring bath and undergoes wash­
ing in a series of washing solutions (6).
Subsequently. the carrier passes
through a solution containing the ac­
tivatedprotecred amino acid (7). The
period of .exposure to the activated
species is determined by the time
needed for completion ofthe coupling
reaction. If we use bromphenol blue (7)
to monitor the coupling reaction, it may
be added, for example, to the last wash­
ing solution: and we can control the
progress of the coupling visually, since
the strip must be decoJorized before
reaching the end of this compartment.
In order to speed up the coupling reac­
tion. it is possible to use an ultrasound
bath or .to move the carrier over a
heated cylinder. From the coupling
bath. the carrier enters the system of
cylinders and baths (8) again, and after
that it is ready to enter another cycle in
which the next amino acid is connected
to the growing peptide chain. This
cycle is performed in another segment
which is organized analogously to the
one just described. In principle it is
possible to use the same baths for
washing andicleavage of protecting
groups and to use separate vessels only
for the coupling reactions.

The system can be used for both of
the most important strategies of solid
phase peptide synthesis. i.e.. for the
Boc and Fmoc strategies. Nevertheless.
synthesis using an alkali-labile (X­

amino-protecting group (Frnoc) allows
for a significantly simpler arrangement
(fewer washing steps are needed and
the presently available ucidolytically
cleavable spacers can be used). Taking

into account the nature of the carrier. it
is also possible to use other protecting
groups. We have shown, for example,
that for synthesis on the relatively polar
cotton tape. a-amino protection by the
o-nirrobenzenesulfenyl group isuseful,
in contrast to the difficulties en­
countered in using this group in com­
bination with non-polar polystyrene
carriers.

The described arrangement should
be usefulespecially for the industrial
production of peptides. where the
desired peptide is produced continually
in an amount per time unit given by the
capacity and dimensions of the carrier.
Continuous synthesis of peptides can
also be adaptedJar the small-scale syn­
thesis of a large number of different
peptides. In this case. the carrier in the
form of a string would be passed
through baths containing solutions of
activated amino-acids. and after the
end of the synthesis the whole carrier
would be isolated. This would allow
the synthesis of a great number of pep­
tides of different length. the number
being limited only by the capacity of
the particular baths,
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