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ABSTRACT

Cotton as a new suppoit for the solid-
phase synthesis of peptides wus evalnated
under the conditions of both Boc/Bzl and
Finoc/Bu® strategy. Syntheses of peptides
containing. only bifunctional amino acidys
gave comparable results, but peptides con-
taining (rifunctional amine acids are
clearly advantageously swhesized wsing

the Fmoc approach. The comparison of

cotton with other planar carriers (paper
or palypropylene membranes) and with
classical pellicular ones has shown practi-
cal applicability of cotton as the replace-
ment of more sophisticated carriers. N-
Methylimidazole was shown ro be the op-
timal acylution catalyst for the modifica-
tion of the cellulose carrier. Stability of
the ester bond to the cotton was studied
and shown o be adequate for the syn-
theses of small to medium size peptides. A
relatively low level of substinution of cor-
ton carvier in connection with its ability 1o
soak the solvent was used for the complete
elimination of a synthetic vessel. Cou-
plings can be performed by wetting the
carvier with the coupling solurion, and all
solvents can be removed either by squeez-
g it together with a porons material
{paper) or by centrifugation. This leads to
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a significant decrease of sofvent consump-
tion. The efficiency of selvent elimination
by centrifugation was demonstrated by the
synthesis of model peptide ACP 65-74 in
which only one wash between coupling
and deprotection and between deprotec-
tion and coupling was used and which af-
Jorded the product of the same qualiry oy
the produet synthesized using the standard
protocol. Bromophenol blue monitoring
has been proven as the optimal way of
monitoring the acylation reaction prog-
ress. Peptides directly bound to corton
were shown to be usefil in enzyme-linked
immunosorbent assay tests,

INTRODUCTION

The increase in efficiency by solid-
phase synthesis of peptides (32) (for
review see, e.g., Reference 4) over syn-
thesis performed in solution was
valued by biochemists, cell biologists,
immunologists and others who needed
a relatively rapid supply of defined
peptide  sequences. More recently,
however, their demands are not being
fulfilled as new biochemical tech-
niques are becoming available, and the
need for flexible and quickly respond-
ing sources of peptide sequences
remains. The only solutions which
would satisfy this demand would be
either to perform the multiple peptide
synthesis on comparimentalized sup-
ports or to synthesize several peptide
sequences in one reaction vessel using
the resolving power of HPLC after
their cleavage from the carrier (14,38).
Apparently the'latter approach has its

" ly, or one sequence can be synthes;

limitations, given the resolving N
of HPLC which is complicateq b
necessity of very careful anafy
characterization of all products gy
synthesis.

The first approach, simujy,
multiple peptide synthesis, depe
compartmentalizing the carrier
the synthesis. Then on a given. i
of n carrier segments, 1 differen; 4
tides can be synthesized simultangﬂ

under 1 conditions, allowing fg
fast process optimization, :
The segmentability of the ¢4

to individual acylation reactions:
out cross-contamination. The capg
segmentation can be achieved ejthe
the inclusion of conventional be:
carrier resins into polypropylen
(21), syringes (24) or microtiter.
{35), or by use of a compact .ca
material that can be divided intg di
tinct pieces such as polyethylen,
(18), membranes (6,11}, cellat
paper (12,16) or cotton (26,28),
Planar carriers are well suited
segmentation because of their
Their size can be chosen individuall
according to the desired amou
peptides to be synthesized. Cellul
carriers are inexpensively availablé
paper and cotton in various sha
Their hydroxyl groups can be:ea
modified for peptide synthesis.

MATERIALS AND METHOD!

General

A cotton strip (width 3 cm, VEB
Bandtex Pulsnitz) was used
carrier for all investigations:
syntheses. For comparative stu
Whatman 540 paper, polypropylent
membrane coated with hydroxypr
acrylate (11) and benzhydrylas
resin (Fluka, 0.08 mmol/g, 1% di
benzene (DVB)) were used. Boc-2
acids and bifunctional Fmoc-
acids were prepared in our labora
Tert-butyl-type side-chain-pro
Fmoc-amino acids were purt
from Serva or Bachem, Fmoc-His(l1
and Fmoc-Arg(Mur) from Fluk
Fmoc-Arg(Pmc) from Nova Biocher
Further chemicals were obtained
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. Synthetic Protocols Used in the Syntheses on Planar Carriers

BB = bromophenol blue

__'mber of washes may be decreased

tep Reagent Time (min}
0c-AA
1. coupling Box-AA/DCC or DIC/ until decolorization
HOBt in DMF + BBRB# of the carrier
2. wash DMF 2x3
3. washb ethanol 2x3
4. wash DCM 2x3
5. deprotection 25% TFA/DCM 20
6, wash DCM 2x3
7. neutralization 10% DIPEA/DCM 2x3
8. wash DCM 2x3
1. caupling Fmoe-AA/DCC or DIC/ urdit decolorization
HOBt in DMF 4 BB# of the carrier
2. wash DMF 2x3d
3. washb ethanol 2x3
. washt DCM 2x3
. deprotection 20% piperiding/DMF 12
. wash DMF 2x3d
. washt DCM 2x3

following companies and used
out pretreatment: TFA, DIPEA,
A; bromopheno! blue, Merck:; DCC,
NMI, Fluka; HOBt, Berlin-Chemie;
iding, Reachim (USSR); CAE,
nisches Kombinat Bitterfeld.

el filtrations were carried out on a
adex® G-10 (column: 30 x | em)
3% acetic acid as eluant or on a
G_e] P-4 (100 % 1 cm) using [ or 3
etic acid as eluant. Desalting and
urifications on CAE were carried
a [0 % 1-cm column, which was

equilibrated with 0.1%
“After injection of the peptide
on, the column was washed with
1.0.1% TFA and then eluted with
' MeOH/O 1% TFA. The fractions
ining peptide were identified by
he/benzidine reaction on silica
lates and combined and evapor-
0 1 mi at 30°C. The pre-purifica-
i Sep-Pak™ Cg cartridges was
d out analogously. The yields ex-
d as percentages are related to

the determined substitutions of the
carrier after attachment of the first
amino acid.

Photometric measurements were
carried out on a Specord M 40 (Carl
Zeiss, Jena, FRG) and HPLC analyses
on a Spectra Physics SP 8700 instru-
ment, For prediction of HPLC retention
times, the software ELEM/PREDICT
(CSPS, Praha, Crzechoslovakia}y was
used. Aming acid analyses were car-
ried out after acidic hydrolysis (6 M
HCL, 110°C) on a Durrum 500 device
and on an Amino Acid Analyzer T 339
{Mikrotechna, Praha, Czechoslovakia),
respectively. Fast atom bombardment
(FAB) mass spectra were measured on
a ZAB EQ spectrometer (VG Analyti-
cal, Manchester, UK) with xenon at 8
kV as bombarding gas. Electron micro-
scopic investigations were carried out
on a Phillips EM 400 8T device at an
acceleration-voltage of 80 kV. Melting
points were measured on a heating
table microscops according to Boetius
(PHMK, VEB Analytik, Dresden, FRG).

Moeodification of the Carrier

DMAP-catalvzed carbodiimide/HOB:
acviation

a) The cotton or paper carrier (10
cm?) was shaken successively in 3 ml
25% TFA/DCM (20 min), 2 x 3 mi
DCM (3 min each), 2 x 3 ml 10%
DIPEA/DCM (3 min each) and 2 x 3
ml DCM (3 min each) and dried be-
tween filter paper. Subsequently, the
carrier was shaken overnight in 1 ml
0.1 M Fmoc-AA/MCCHOBH0.03 M
DMAP in DMF. The carrier was
washed successively with 2 x 3 ml
DMF (3 min each), 2 x 3 ml ethano] {3
min each) and 2 x 3 ml DCM (3 min
each) and dried between filter papers.
A sample of the carrier was used for the
determination of substitution. After
shaking in 5 ml 20% piperidine in
DMF and washing by the same solu-
tion, the absorption of the solution was
read at 301 nm. The substitution was
calculaied according to the formula:

A XV (mDx 1000

Substitution = SO0 % F (e

( umol/cmz)

where A = absorption; V = volume: F =
area of the carrier. The absorption coef-
ficient (8100) was detenmnecl by a
calibration curve using 2 x 107 M (A =
0.16),4x 10 M (A=0.33) and 8 x 1073
M (A = 0.65) solutions of Fmoce-Ala in
20% piperidine/DMF. Tt deviates
slightly from the value of 7800, deter-
mined by Meienhofer et al. (30), in
more diluted solution (7% piperidine in
DCM/DMF/isopropanol 3:2:2).

b} The reaction was performed in
the same way, with the exception that
the solution was placed 4 times for 15
min in the ultrasonic bath (UC 405- B,
Tesla Lanskroun). In this way, larger
quantities of cotton were modlﬁed (3 x
300 cm).

N-Methylimidazole (NM1)-Catalvzed
Carbodiimide/HOBt-Acylation

The cotton or paper carrier (10 cm?
was pretreated with TFA/DCM, as
described above, and shaken overnight
in 1 ml .1 M Fmoc-AA/DIC/HOBY
(.2 M NMI in DMF or soaked with 0.2
ml 0.5 M Fmoc-AA/DIC/HOBY] M
NMI and left overnight. After that, the
carrier was shaken successively in 2 x
3 ml DMF (3 min each) and 2 x 3 ml
DCM (3 min each) and dried between
filter papers. The substitution was
determined as above.

51991}
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Attachment of the Acid Labile
Handle and the Starting Amino
Acid

“The handle HO-CH»-C4H,4-0-
(CH3)2-COOTep (HPP-OTep) was
synthesized according to the original
procedure described by Albericio and
Barany (1). The AA-carrier (10 cm?)
was shaken in 1 m| 0. M HPP-
OTcp/HOBt in DMF after the addition

of 20 ul of a 0.01 M bromophenol 2

blue/DMA solution until the disap-
pearance of the blue coler from the car-
rier (30-60 min), or the carrier was
soaked with 0.2 ml 0.3 M HPP-
OTep/HOBt in DMF and left after the
addition of bromopheno! blue until
decolorization. After that, the carrier
was shaken successively in 2 x 3 ml
DMF (3 min each) and 2 x 3 ml DCM
(3 min each) and dried between filter
paper. The HPP-AA-carrier formed by
this reaction was then acylated with the
starting amino #cid as described above.,

The attachment of the handle al-
ready containing the first amino acid of
the intended sequence was performed
in the same way.

Synthetic Protocol

The protocols given in Table 1 were
applied with appropriate modifications
to all syntheses described. The carriers
were dried between filter papers before
and after each coupling. The volumes
of the solutions for coupling, deprotec-
tion and-wash were chosen depending
on the carrier size according to the fol-
lowing modes:

Mode S (shaker)—Coupling: 0.1 ml
0.1 M solution per em? carrier; depro-
tection wash: 0.3 ml solution per cm?
carrier.

Mode G (glass)—Coupling: 0.02 ml
0.3 M solution per cm? carrier; depro-
tection wash: like in Mode S.

To each coupling, 10-20 ul of a
0.01 M bromophenol blue/DMA solu-
tion were added, or this solution was
applied first (spiked with HOBt) and
the solvent was removed {by centrifu-
gation or filter paper). Couplings accord-
ing to mode S were carried out under
gentle shaking. Using mode G, the car-
rier was soaked with the acylation
reagent and left between two layers of

glass until the disappearance of the
blue color from the carrier. Syntheses
in a shaker vessel using resin carrier
were performed in a standard way.

Table 2. Amino Acid Analysis of Peptides I-VII Synthesized on Acid Labile Handle

H

Amino
Acid® I i Hl v Vv Vi
Ala - 0.93 0.87 0.87 0.92 0.88
Tyr 0.72 - 0.73 0.75 0.77 0.78
His 1.0 1.0 -- 1.0 1.0 1.0
Asp 0.9 0.94 0.92 - 0.91 0.86
Lys 0.88 0.90 0.87 0.92 - 0.9C
Thr 0.97 0.93 0.81 0.98 0.85 -
Arg 1.02 1.11 1.29 1.02 1.07 1.16
#Tryptophan was destroyed under the acidic hydrolysis conditions.

Table 3, Predicted and Found Values of FAB-MS and HPLC Retention Times

TFA in 40 min,

Compound I | v Vv Vi

Predicted Ry2 153 142 157 156 163 151 126 15,
Found Rt 15.3 1.8 159 158 163 143 98 1
Predicted M+H* 1005 913.5 9395 961.5 9484 975.5 890.4 g93g
Found M+H+ 1006 914 940 962 949 976 891

Experimental conditions: Vydac Cig {25 x 0.4 cm), 0%—80% MeOH in 0.05% °

Predicted values adjusted to the retention time of peptide | (15.3 min).

921

Comparative Syntheses F ollowing
Fmoc/Bu! and Boc/Bzl Strategies

Svatheses with bifiunctional amino
acids. The peptide Ala-Pro-Phe-Ala-
Val-Gly was synthesized on 4 x 2 ¢m?
{A-D) Gly-cotion prepared according
to the procedure described above (NMI
catalysis, 2.8 pmol/cm?) with Boc-Gly
used instead of Fmoc-Gly for peptide
D. Carrier B was treated with 0.5 ml
AcO/NMI/DMF 1:2:3 (vivivifor 1 h
and afterwards was washed with 2 x |
ml DMF and DCM (3 min each) before
the Fmoc deprotection. Carrier A was
acylated with HPP-OTcp and then
again with Fmoc-Gly. Peptides A-C
were synthesized simultaneously ac-
cording to protocol b, mode S, and pep-
tide D was synthesized separately ac-
cording to protocol a, mode S. For the
cleavage, carriers B, C and D were
shaken separately in 0.5 ml 1 M NaOH
and afterwards in 1 ml water, The com-
bined cleavage and wash solutions
were adjusted to pH 3 by 1| M HCI,
evaporated to | ml at 30°C, desalted on
CAE and frozen. Carrier A was shaken
in 0.5 ml 75% TFA and afterwards in 1
ml TFA. The gombined cleavage and

and further treated as described
B-D. :
Syntheses with trifunctional an
acids. The alanine replacement se
Arg-Tip-Thr-Lys-Asp-His-Tyr was syn
thesized on 16 x 5-cm? cotton carriers
which were acylated with Fmoe-l
(see above) for set A and with Bae
Tyr(Bzl) (B/1, B/ITI-VIII) and Boc:
(BAI) for set B, respectively. T
determined substitutions amounted 10
2.9 umol/em? for set A, and 0.8 pmol/ .
em? (B/I, B/-VI) and 1.9 gl
cm? (B/II) for set B, The carriers of se
A were acylated with HPP-OTcp, and;
subsequently, the starting amino acids
were coupled to it (resulting substitu-
tions A: A/I, A/II-VIIl: | pmol/ cm
AL 2.1 pmol/em?). The carriers of
B were acetylated using acetic a
hydride and NMI in DMF (1 h, ro0
temperature). Set A was synthesiz
according to coupling cycle b, mode:
and set B was synthesized according:
coupling cycle a, mode S. The alanit
couplings were carried out separate
while all other carriers of each set we
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Ie 4. Substitutions of Carriers Used for the S

ynthesis of FMDV VP Sequences

Carrier substitution (umot/icm?)’

ino acid
Coiton Paper Polypropylene

2.6 18 0.4

2.7 1.7 0.356

2.6 <16 0.4

1.8 1.9 0.3

22 1.6 0.4
Asp(OBuUY 2.3 1.75 0.35

{polypropylene}

1 umaolicm? = 0.08 mmol/g (paper) or 0.05 mmol/g {cotton) or 0.25 mmol/g

d washes were carried out together
rall carriers of a set.

‘After the last coupling, the carriers
of set A were shaken separately for 2 h
1.5 ml TFA/EDT (8:2) containing
5% indole and washed by 2 ml TFA.

ons were evaporated at 30°C, taken
Sin 5 mi water, filtered, extracted

ophilized yielding 1.8-4.0 mg pep-
de (3995—50%). Their amino acid
nalysis is given in Table 2; HPLC
etention times and results of FAB-MS
re given in Table 3.

* The carriers of set B were shaken in
M BTFA/TFA (10% EDT, 2.5% -
ole) for 2 h and washed with TFA,
CM. ethanol, DCM, 10% DIPEA/
CM and DCM (2 x 10 ml, 3 min
ach). The peptides were cleaved sep-
arately in 1.5 ml 1 M NaOH as de-
cribed above and lyophilized yielding
3-3.1 mg of peptides (369%-31%).

Comparative Syntheses on
Polystyrene Resin and Planar

rriers
Ala-ASp-Phe—Ser»Pro-Lys-Leu-Vm’
(IX). The title sequence Wwas synthe-
sized together on 200 mg benzhydryl-
amine resin cross-linked with 2%
{Chemisches Kom-

(128 mg) of an Ala-paper carrier pre-
pared as described above (NMI cat-
alysis) (2.2 umol/cm?). Both carriers
were first acylated separately with
HPP-OTcp and then with Fmoc-Val
(substitutions—resin:  0.55 mmol/g;
paper: 1.1 pmol/cm? or 0.05 mmol/g).

The paper carrier was cut into small
pieces and mixed with the resin. A
glass column (10 x 2 cm) sealed on the
bottom with sintered glass served as a
reaction vessel. The amino acids were
coupled under stirring according to
cycle b using 1.5 ml 0.2 M Fmoc-
AA/DIC/HOBt in DMF for coupling
and 4 ml of deprotection and wash
solutions. After the last coupling, the
carriers were separated and shaken in 2
ml 50% TFA/DCM (5% anisole) for
2 h and washed with 2 m] 50% TFA/
DCM. The combined cleavage and
wash solutions were evaporated at
30°C, taken up in 5 ml water, extracted
with 5 ml ether and filtered. The pep-
tide cleaved from the resin was pre-
purified on CAE and lyophilized,
yielding 41 mg (43%) product. The
peptide cleaved from the paper was
pre-purified on a Sep-Pak Cig cartridge
and lyophilized, yielding 4.4 mg (76%)
product.
Val-Gln-Ala-Ala-Tle-Asp-Tyr-1le-
Asn-Gly (X, ACPgs.74). ) The se-
quence of ACPgs.74 was synthesized
simultaneously on 1 g of benzhydryl-
amine resin (0.3 mmol NH»/g) and cot-
ton strip (18 x 3 cm, modified by
Fmoc-Gly, substitution 0.1 mmol/g).
Carriers were coupled with Fmoc-Gly-
OCH-CH4OCH,CHa CHCOO0Tep in
a classical shaker vessel using a semi-
automatic home-made solid-phase
synthesizer. The synthesis using Fmoc-
Asn-OH, Fmoc-lle-OH, Fmoc-
Tyr(Bu')-OH. Fmoc-Asp(OBuf}-OH,
Fmoc-Ile-OH, Fmoc-Ala-OH, Fmoc-
Ala-OH, Fmoc-Gin-OH and Fmoc-
Val-OH was performed by DIC/
HOBt-coupling, 20% piperidine/DMF

(10 min) deproiection and bromo-

phenol blue monitoring (25). Peptide
was cleaved from the separated carriers
by a TFA/anisole/dichloromethane
(50:2:48) mixture {1 h, room tempera-
ture), the solution was evaporated, and
the residue dissolved in 3 M acetic acid
and lyophilized. Products were gel-
filtered on Bio-Gel P-4; the resulting
yields were 216 mg on resin (72%) and
49 mg on cotton {46%). Amino acid
analysis: Asp 2.05, Glu 1.04, Gly 1.14,
Ala 2,03, Val 091, Ile 1.97, Tyr 0.85.
FAB-MS M+H* = [064; theory
1063.5.

) The synthesis was performed on a
strip of cotton (18 x 3 cm) in mode G.
The same cleavage as in a) afforded 62
mg (58%) of peptide X. Comparison of
the product quality is given in Figure 3.

c) Synthesis was performed as in
case b). The washing solution (DMF)
was added only once after the coupling
and after the deprotection and removed
by centrifugation. The same cleavage
as in a) was applied, and the product
was analyzed by HPLC (Figure 5).

Synthesis of FMDV VP, Sequences

These peptides were synthesized on
18 x 7-cm? cotton, paper and HPA
polypropylene carrier (HO-CH(CHa3)-
CH-0-CO-PP), respectively, which
were acylated with Fmoe-Gly accord-
ing to the procedure mentioned above
using NMI as the acylation catalyst
(substitution—C: 2.8 mol/em?; P: 1.8
imol/em?; PP: 0.4 pmol/cm?). HPP-
OTcp and the C-terminal amino acids
were coupled as above. The substitu-
tion determined for all carriers is given
in Table 4.

The amino acids were coupled ac-
cording to cycle a, mode G, except for
Boc-Arg(HC (cycle a, mode S) with
the addition of another carrier of each
type to every coupling. After the last
coupling, the carriers were shaken
separately for 2 hin | ml 5% anisole/
TFA and washed with 2 mi TFA. The
combined cleavage and wash solutions
were evaporated at 30°C, taken up in
5 ml water, extracted with 5 ml ether,
filtered pre-purified on CAE and
lyophilized, yielding 30-68 mg
(43%-58%) (C), 1.8-61 mg (42%-
56%) (P) and <1 mg (PP) product.
Amino acid analyses: XI Ala 0.86, Leu
1.72, Val 0.81, Glu 0.92, Asp 0.86, Gly
1.0, Arg 1:1; X1I Leu 1.82, Val 0.9, Glu

1.0, Asp 1.0, Gly 1.0, Arg 1.0; X1 Leu
1.0, Val 1.1, Glu 1.2, Asp 1.2, Gly L.O,

Voi. 4, No. 5 (1991)
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Arg 1.0; X1V Leu 1.18, Glu 0.8, Asp
1.02, Gly 1.0, Arg 1.2: XV Leu 0.91,
Asp 1.0, Gly 1.0, Arg L.05; XVI Asp
1.08, Gly 1.0, Arg 1.07.

Synthesis of Peptides X VII-XXI
Used for Immunological Studies

Peptides XVII and XVIII were syn-
thesized on 10-cm? cotton cariers,
which were successively acylated with
Fmoc-Gly, HPP-OTcp and the C-ter-
minal amino acids Fmoc-Phe and
Fmoc-Asp{OBul), respectively, as
described above. The obtained sub-
stitutions were 1.8 (XVI) and 1.3
(XVIID umol/cm?, respectively. The
couplings were carried out according to
coupling cycle b, mode G with Fmoc-
amino acids [side-chain protection:
Ser(Buf), Tyr(BuY), Glu(OBu), Arg
{Pmc)|. After the last coupiing, the car-
riers were separately treated with
TFA/phenol/thioanisole/water/ethane-
dithiole (82.5:5:5:5:2.5) mixture {2 h,
room temperature} and washed with
TFA. The combined cleavage and
wash solutions were evaporated at
30°C, taken up in water, extracted with
ether, filtrated, pre-purified on Sep-Pak
Cyg cartridges and lyophilized, yield-
ing 6.7 mg (33%) and 4.2 mg (44%)
product.  FAB-MS (M--H)*: 1148
(XVID): 728 (XVII).

Peptides XIV-XX! were synthe-
sized as described for peptides XVII
and XVHI with the only exception that
Fmoc-Ahx was coupled instead of
HPP-OTcp. (Substitution of the carrier:
2.3 umol/cm?2.) After the last coupling,
the carriers were shaken together in
10 m] acetic anhydride/pyridine/di-
methylformamide (1:2:4) mixture (30
min, room temperature), washed with
DMF and dichloromethane and dried.
Afterwards the carriers were treated
with a TFA/dichloromethane/triiso-
butylsilane (19:80:1) mixture {1 h,
room ternperature), washed successive-
ly with dichloromethane, 10% diisopro-
pylethylamine/dichloromethane and
dichloromethane and dried.

RESULTS AND DISCUSSION

Modification of the Carrier—
Attachment of the Starting Aming
Acid

Cellulose is a polymer with a
molecular weight of up to several mil-
lions consisting of glucopyranose rings
linked by 1.4-B-glycosidic bonds and

Substitution
(umolfcm?)a
Fmoc-AA DMAP NMI
b [+ c
Gly 1.3 27 3.4
Val 0.5 0.9 11
‘{ Phe 0.6 1.3 1.8

Table 5. Comparison Between DMAP- and
NMIE-Catuafyzed Acylations of Cotton Carrier

Asp(OBUY 07 1.2 1.8
Thr({Bub) 0.6 1.1 1.2
His(Trt) 08 14 2.1

Reaction time: 15 h; DMAP: 0.3 eq;
NMI: 2 eq (relative to Fmoc-AA/
DIC/HOBt)

a1 umol/lem? = 0.05 mmolig
bwithout TFA/DCM pretreatment
Cafter TFA/DCM pretreatment

forming exclusively unbranched chains
{for review see Reference 13). Cel-
lulose is practically insoluble in almost
all organic solvents and does not swell
in water. The glycosidic bonds are
more stable than those of starch, in
which the glucopyranose rings are con-
nected by o-glycosidic bonds, but they
can be cleaved by acidic hydrolysis,
e.g., by hydrochloric or phosphoric
acid. Each glucopyranose ring of cel-
lulose has one primary and two secon-
dary OH-groups that are connected by
strong hydrogen bridges in which
preferably the primary OH-groups are
involved. In this case the less reactive
secondary OH-groups are more easily
accessible to chemical maodification
than the primary ones. Celiulose esters
are formed upon reaction with acid
chlorides or anhydrides in the presence
of catalysts at which mono-, di- and
triesters are formed statistically. Com-
plete triesters are generated only under
drastic conditions (elevated tempera-
ture).

Because of the lower nucleophili-
city of the hydroxyl group compared
with the amino group, the usual activa-
tions of the carboxylic component in
peptide synthesis are not sufficient for
its acylation. The method mostly used
for the acylation of OH-groups in pep-
tide synthesis is the carbodiimide/
HOBt-mediated coupling with dimeth-
ylaminopyridirte (DMAP) as catalyst

5.

(5). The problems, hereby, are the
mization risk for the activated speg
(3) as well as deprotection of 3
Froc-protected amine acids b
strong base DMAP (2,3). Consid
these drawbacks, several alternatives
the DMAP-catalyzed acylation b
been suggested recently, such as
tivation by dichlorobenzoyl chig;
(36}, carbodiimide/HOBt- activati
with reduced HOBt input (19)
alkylation by the cesium salt of
starting amine acid after conversiop
the hydroxymethyl groups into hali'd
{31}. Frank and Ddring (16) y
mesitylene  sulfonyl nitrotrxazoii
(MSNT) as an activation reagent’
the acylation of OH-groups of Wi
man 3MM paper with a methoxytrig
protected acid labile handle (MeOT
O-CHg-CﬁHg—O—{CHg)yCOOH}, a
obmmed substitutions of up to 3 pm,
em? or 0.18 mmol/g, respectively,

We have used 3-cm-wide cotf
strips for all investigations and sy
theses described in this paper. For.the:
comparative syntheses, Whatman 540
paper or HPA Polypropylene me
brane of MilliGen were used.
pretreatment of the cellulose carri
with diluted TFA in DCM effects
slight irreversible swelling of the ca
rier, thus apparently increasing the:
number of OH-groups availabie f
acylation (see Table 3). This treatme
was supposed to have the same effe
as the other methods used for the a
tivation of cotton in the textile indust
([3), However, we have demonstrated
that the short exposure (30 s) 10 liqu
amimonia, used as a convenient metho
of activation, did not increase the s
stitution level; only 70% of the su
stitution level reached on untreau,d co
ton was achieved.

Up to now, Fmoc-amino aci
chlorides (9) as highly reactive speci
have been used mainly for rapid sy
theses in a biphasic system (7). The

{22). The obtained substjtution of th
carrier was determined by photometri
measurement of the dibenzofulvene:
piperidine-adduct formed upon cleal
age of the Fmoc-group by piperidine
dimethylformamide (DMF) an
amounts from 1-2 umol/em? or 0.08:
0.16. mmeal/g, respectively, Howeve
the applicability of this reaction
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§. Substitutions of Cotion

AICHOBY”

: Carviers after NMI-Catalyzed Acylation with Fmoc-
_[C'lHOBE—Depundencc on Reaction Time and NME Amount {Refative to Fmoc-

Jotion time Substitution (umolicm?)? 1
-{h) 0.5 eq NMI 1 eq NM! 2 eq NI 4 eq NMI
0.4 0.6 0.7 0.7
07 08 11 1.2
0.8 1.0 1.4 1.4
1.4 1.7 2.6 2.6
2.1 2.8 3.5 3.4
mol/em? = 0.05 mmol/g

7. Substitutions of the Cellulosc Carrier
Double Acylations with Fmoc-Gly/

Substitution
(umolicm?) (mmol/g)
0.67 0.05
1.38 0.11
141 0.09
215 0.17
1.38 0.1
2.6 G.21
2.8 0.22
3.4 0.27

mited 10 bifunctional and polar amino
5. More hydrophobic amino acids
aline or leucine yielded only sub-
tions of 0.05-0.1 pmol/cm?>,

cylations of cellulose OH-groups
ichlorobenzoyl chloride or carbo-
limide/HOBt-activation with reduced
OBt input, mentioned above, yield
stitutions of <0.1 pmol/em?® and are
grefore not suited for this purpose.
ese findings agree with results ob-
ed by Blankemeyer-Menge et al.

it

The DMAP-catalyzed carbodii-
nide/HOBt-coupling of Fmoc-amino
ds onto celiulose OH-groups yields
h substitutions (see Table 5), but it
ccompanied by the drawbacks men-
ned above. However, for the intro-
tion of the amino group, which will
used for the easy attachment of the
ker molecule onto the cellulose car-
r, the side reactions usually accom-
nying this method (racemization,

double acylation) are irrelevant, be-
cause the amino acid being coupled to
the carrier is not going to become part
of the prepared sequence. Moreover,
the obvious choice for this purpose is
glycine. We have observed a positive
influence of ultrasonic bath application
for the ester bond formation. After 20 h
of shaking the DMF solution of Fmoc-
Gly together with DMAP (0.3 equiv-
alents), DIC and HOBt (all 0.5 M solu-
tions}, we obtained the same results as
when afl of these components were in-
troduced into the cotion strip in a vol-
ume of DMF equal to the absorption
capacity of cotton (1.1 mi/g} and letting
it sit for 20 h between two layers of
glass to prevent its drying. In both
cases the achieved substitution was ap-
praximately 0.1 mmol/g (0.097 and
0.103 mmol/g). When the ultrasonic
bath was applied for 1 h, instead of
shaking, the substitution achieved was
0.122 mmol/g.

NMI is known as a catalyst for the
acetylation of hydroxy] groups also on
solid phase (10.20), and it can also be
used as acylation catalyst in oligo-
nucleatide synthesis (29). The reaction
mechanism is analogous to that of
DMAP catalysis. First, the N-methyl-
imidazolium ion is formed, which then
transfers the acyl component onto the
OH-function. Because of NMI's much
lower pK-value of 7 compared with
DMAP, it should be better suited, at
least regarding the stability of the
Fmoc-group. Indeed, in a solution of
Fmoc-Ala in a mixture of NMI/DMF
1:1 {v/v), no free alanine was detected
by thin-layer chromatography (TLC}
even after a 20-h exposure. Up to now,
NMI has not been used in peptide syn-
thesis. Only l‘ecen’tly. NMI has been
reported as the catalyst for the ester-

ification of cellulose OH-groups with
Fmoc-amino acids using MSNT as
activation reagent {8).

Table 5 shows that similar or even
higher substitutions can be obtained
after NMI-catalyzed carbodiimide/
HOBt-coupling of Fmoc-amino acids
onto cotton carriers compared with the
use of DMAP. It could also be shown
that the obtained substitutions depend
on both the amount of NMI used and
the reaction time (see Table 6). Maxi-
murm substitution was achieved using 2
equivalents of NMI (related to Fmoc-
AA/DICHOBY) and 15-h reaction time.

Racemization of the activated
amino acids is also suppressed using
NMI instead of DMAP. We have not
observed amounts of racemization
greater than 2.3% (in the case of
Cys(Buh)—with DMAP this amino
acid is racemized by 5%). Protected
histidine [His(Trt)] was racemized to
the same extent as Asp(OBut)—1.2%
in the presence of NMI (with DMAP,
the corresponding values, determined
by gas chromatography, were 6.7% and
27%, respectively). However, the
racemization risk can be further
decreased by using two shorter acyla-
tions instead of a long one as shown
earlier {8). Results of repeated acyla-
tions of a cellulose carrier (paper) are
given in Table 7.

For the investigation of the chemi-
cal stability of the amino acid cellulose
ester, glycine-paper (1.6 pmol/em?)
and glycine-cotton (3.54 pmol/cm?)
were treated either with 20% piperi-
dine/DMEF or with 25% TFA/DCM for
3 1 each, Afterwards, the carriers were
acylated with Frmoc-Gly/DCCHOBL,
and the substitutions measured are
given in Table 8.

The data can be interpreted as a loss
of 0.6% (paper) and 0.9% (cotton) of
peplide per one synthetic cycle, respec-
tively, when using Fmoc-amino-acids
(deprotection by piperdine) and a loss
of 0.5% (paper) and 0.6% (cotton) per
one cycle, respectively, when using
Boc-amino acids (deprotection by
TFA). Considering the fact that these
segmental carriers have not been
designed for the synthesis of longer
peptides, these losses can be tolerated.
Also the mechanical stability of the
carriers is sufficient during both the
acidic and alkaline treatment. Electron
microscopic pictures of the carriers
before and after the treatment did not
show any difference in fiber structure.
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The further modification of the car-
rier for peptide synthesis depends on
the purpose for which the peptides are
prepared. If a final cleavage and isola-
tion of the peptides are intended, the
insertion of a selectively cleavable
handle is advisable. For this purpose,
acid labile handles of p-alkoxybenzyl
ester type (for the synthesis of peptide
acids) and methoxy-substituted benz-
hydrylamines (for the synthesis of pep-
tide amides) in combination with the
orthogonal Fmoc/Bu! strategy are best
suited. Albericio and Barany (1)
described the synthesis of 3-[4-(hy-
droxymethyl)phenoxy]propionic  acid
2,4,5-trichlorophenyl ester (HPP-OTcp),
its esterification by the starting amino
acid and its subsequent coupling to
aminomethyl resins in the presence of
HOBt. To avoid the preparation of
Fmoc-AA-HPP-OTcp, an alternative
route for the introduction of the handle
was chosen: after the cleavage of the
Fmoc-group from the Fmoc-AA-cel-
lulose carrier, the free amino groups
were acylated with HPP-OTcp in the
presence of HOBt. The following acy-
lation of the OH-group of the handle
with the starting amino acid was car-
ried out analogously to the acylation of
cellulose OH-groups with Fmoc-aniino
acids described above, that means
preferably by NMI-catalyzed carbodi-
imide HOBt-activation. During this re-
action, additional cellulose OH-groups
are acylated besides the handle OH-
groups (10%—15% of the resulting sub-
stitution}, but the formed cellulose
esters are not attacked during the final
cleavage of the peptide from the carrier
by TFA. Nevertheless, this additional
acylation of cellulose OH-groups can
be avoided by acetylation of the Fmoc-
AA-cellulose carrier in the presence of
NMI prior to the attachment of the
handle molecule.

The Coupling Step

We have used two different arrange-
ments for the coupling step. The classi-
cal way of performing the coupling is
the shaking of carrier pieces in the
solution of activated amine acid, How-
ever, to speed up the coupling process,
increasing the concentration of the ac-
tivated components is desirable. We
have found that the best way is to soak
a rather concentrated solution of ac-
tivated amino acid (0.3-0.5 M) into the
carrier and let it sit without shaking,

Table 8. Amino Acid Loss after Prolonged Treatment with Deprotection Reagents

Substitution Conta

Materiai Treatment (umolicm?) @ (%)

Gly-paper 0 1.6 10g

Gly-paper 20% piperidine, 3 h 1.46 91

Gly-paper 25% TFA, 3 h 1.5 94

-| Gly-cotton 0 3.54 100

Gly-cotton 20% piperiding, 3 h 3.16 85

Gly-cotton 25% TFA, 3 h 3.30 03
21 umol/cm? = 0.08 mmol/y (paper) or 0.05 mmal/g {cotion)

Table 9. Solvent Content in Carriers after Different Treatments

3 Not determined

DMF content after
Material  Dry weight Soaking Comhression Centrifugation
(mg) (mg) (%)  (mg) (%) (mg) (%).
Cotton 160 182 114 38 24 10 '
Polystyrene 153 268 175 a 101 66

ensuring that it does not get dry before
the complete coupling is achieved. In
this connection, we can point out
another positive feature of cotton as a
carrfer—it is relatively easy to elim-
inate the liquid from the carrier. [n the
case of other carriers of the bead type
(polystyrene, polyamide), we can use
filtration, but in addition, we can use
other techniques for the solvent
removal. The carrier can be com-
pressed together with dry porous
material or it can be centrifuged. In
Table 9, you can see the efficiency of
solution elimination from the carriers
using different treatments. Simple cal-
culation can show the comparison of
two carriers and washing protocols.
The filtration technique with poly-
styrene uses 10 ml of the solvent per |
g of the carrier per wash, and (assum-
ing that complete equilibrium is always
achieved) after 3 washes, 0.54% of the
original solute may still remain in the
carrier (consumption: 30 m! of sol-
vent). Cotton carrier {1 g} using centri-
fugation should contain only 0.38% of
the originally present solute after just
one wash (consumption of 1.1 ml of
solvent). The efficiency of solvent
elimination by centrifugation was dem-
onstrated by the synthesis of model
peptide ACP 65-74. In this synthesis,

only one wash between coupling an
deprotection and between deprotect
and coupling was used. The prod
prepared in this way was shown to
of the same quality as the product's
thesized using the standard protocol
For detecting completeness of &
plings, we used the bromophenol, b
monitoring suggested by Krchuiik etal
{23,25). This noninvasive test is based
upon blue coloration of the carrier
cause of the presence of free ami
groups after the addition of a sm
amount of the indicator to the acylati
mixture. Decolorization of the carri
detects absence of free amino grou
(completeness of coupling). Particul
ly for peptide syntheses in umol sca
this dndlytlcdi method is recommend
because in this case the conventiol
invasive tests such as the ninhydrin
reaction consutme a substantial pa
the peptide carrier after each coupl
To ensure the highest sensitivity
speed of the coupling, we have dppll
the indicator in a separate step prior
the coupling. After removal of the §0
vent (centrifugation or c_omplu,smn
the seolution of activated amino.
was applied. For this method, the
dicator solution had to be applied
solution containing a small amount:0L
N- hydroxyben/omamie if this alzﬂhtl)’
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ic compound was not present, the
cator was eliminated from the car-
‘together with the redundant sol-
t. The same phenomenon was ob-
‘ed recently by Flegel and Sheppard
‘during the synthesis performed on
polyamide carrier.

mparative Syntheses Using
oc/But and Boc/Bzl Strategies

Both the chemical and mechanical
ility of the cellulose carriers basi-
y allows for the use of Boc-amino
s as well as Fmoc-amino acids.
jowever, the deprotection of benzyl-
rotected side chains is problematic.
strong acids such as hydrogen
ride usually used for that purpose
not be applied to cellulose supports
e they cleave the glycosidic bonds.
sosure of cellulose to water-free
rogen fluoride leads to its complete
radation with an equilibrium be-
en o-D-glucopyranosyl fluoride and
everal oligosaccharides being estab-
ed (33). As an alternative deprotec-
reagent, boron tris(trifluoroace-
ate) is described (34), which is said to
rotect even Arg(NOa).
To test the applicability of Boc-
ino acids for peptide synthesis on
ellulose carriers, model peptide Ala-
ro-Phe-Ala-Val-Gly consisting  ex-
usively of bifunctional amino acids
s synthesized first. The use of the
d labile handie is not possible in
mbination with Boc-amino-acids.
. wever, the starting amino acid can
_be also attached directly to the cellu-
e with final cleavage of the peptide
m the carrier by alkaline hydrolysis
f ‘the cellulose ester. Therefore, the
ollowing syntheses also served for
‘omparison  between  acid-  and
alkaline-cleaved peptides.
Three cotton carriers (A,B,C) were
tylated with Fmoc-Gly and another
tne with Boc-Gly by NMl-catalyzed
arbodiimide/HOBt-activation. ~ After
he deprotection, one Fmoc-Gly carrier
[A) was furnished with the acid labile
ndle, the OH-groups of which were
dgain  acylated  with  Fmoc-Gly.
Another Fmoc-Gly carrier (B) was
ated with acetic anhydride in the
sence of NMI to acetylate the
maining reactive OH-groups of the
cellulose, In previous experiments, it
had been shown that acetylation of cel-
lulose OH-groups is not possible using
& conventional acetic anhydride/
Dyridine mixture, but in the presence of

NMI instead of pyridine, the reaction
proceeds to the degree that afterwards
no OH-groups are accessible anymore
to acylation with amino acids, as
described above.

On all four carriers, the peptide Ala-
Pro-Phe-Ala-Val-Gly was synthesized
using Boc- (D) and Fmoe- (AB,C)
amine acids, respectively, Figure 1
shows HPLC traces of the alkaline {1
M NaOH: B,C.D) and acid {TFA/
DCM: A)-cleaved peptides. Obviously,
the peptide quality does not depend
strongly on the used temporary amino-
protecting group (C.1). Alse the man-
ner of cleavage has no remarkable in-
fluence on the purity of the products
(A.B}. In case of direct synthesis on
cellulose, it is, however, necessary to
acetylate nonacylated cellulose OH-
groups after coupling of the first amino
acid; otherwise, additional acylations

and consequently formation of deletion
sequences is possible (interpretation of
the side peaks in C and D which do not
appear in A and B).

The next syntheses were set up to
test the applicability to the Boc/Bzl
strategy on cellulose carriers including
deprotection of benzyl-protected side
chains. On the other hand, these syn-
theses served as a model for the in-
volvement of so-called “problematic”
amino acids like tryptophan and his-
tidine into the investigated synthetic
method, The influence of particular
amino acids on the peptide quality
should be examined. For this purpose,
the complete alanine replacement set
(II-VIID) of a heptapeptide “difficultin”
(1) consisting exclusively of trifunc-
tional amino acids was synthesized fol-
lowing both Fmoc/Bu! and Boc/Bzl
strategies.

UD-zzD A B
, . L > !L_A—\—_,‘D
5 10 £, min 20 5 10 ¢, min 2
0.Dazp C D
i I 1. ! 1 1
5 10 t,min 20 E 10 t,min 20

Figure 1. HPLC chromatograms of Ala-Pro-Phe-Ala-Val-Gly (Vydae Ciz, 20 x 8.4 ¢m, gradient

20%~-68% CHiCN/0O5% TFA; detection: 222

nm). A: Synthesis performed with Fmoc-AA on

acidolytically cleavable handle; B: Fmoc-AA. cleavage by 1M NaOH. acetylation after attachment of the
First amino acid onte cotson; C; Frmoc-AA. cleavage by | M NaOH. no acetylation: [: Boo-AA, cleavage

by | M NaOH, no ucetyl!ulimi.

I, 4, No. 5 (1999)
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I, Arg-Trp-Thr-Lys-Asp-His-Tyr
1I, Arg-Trp-Thr-Lys-Asp-His-Ala
I, Arg-Trp-Thr—Lys-Asp—AIa-Tyr
v, Arg-Trp-Thr-Lys-Ala-His-Tyr
Vv, Arg-Trp-Thr—Ala—Asp—His-Tyr

VI, Arg-Trp-Ala—Lys—Asp-I—Iis-Tyr
VII, Arg-Ala-Thr-Lys-Asp-His-Tyr
VIHI, Ala-Trp-Thr-Lys-Asp-His-Tyr

The syntheses were carried out
simultaneously on cotton carriers,
which had been first acylated with
HPP-OTcp and then with the starting
amino acids for set A. For set B, the C-
terminal amino acids were coupled
directly to the cellulose, and the carrier
was acetylated afterwards. The amino
acids were coupled as HOBt esters
[derivatives: A: Fmoc-Ala, Fmoc-
Tyr(Bu?), Fmoc-His(Trt), Fmoc-Asp-
(OBu'), Fmoc-Lys(Boc), Fmoc-
Thr(Bu'), Fmoc-Trp, Boc-Arg(HCD);
B: Boc-Ala, Boc-Tyr(Bzl), Boc-
His(Boc), Boc-Asp(OBzl), Boc-Lys(Z),
Boc-Thr(Bzl), Fmoe-Trp, Boc-Arg(HCH).

The completeness of couplings was
followed by the bromophenol blue
monitoring (23,25). After coupling of
the N-terminal amino acids, the pep-
tides of set A were removed from the
carrier acidolytically (TFA/DCM). The
peptide carriers of set B were cleaved
by 1 M NaOH after treatment with [ M
BTFA/TFA.

Figure 2 shows the HPLC chro-
matograms of two peptides prepared by
Fmoc/But and Boc/Bzl strategies. The
comparison of A and B peptides clearly
indicates the superiority of the cleav-
age conditions. The heterogeneity of
the B peptides can be explained by in-
complete deprotection as well as by
resulting side reactions during the
alkaline cleavage, e.g., aspartimide for-
mation during alkaline treatment of
Asp(OBzl)-containing peptides (37).

Figure 3 shows the comparison of
HPLC chromatograms of several pep-
tides synthesized using Fmoc protec-
tion strategy (set A). Interestingly,
there are no significant differences in
purity, thus demonstrating the feasi-
blity of peptide synthesis on cellulose
carriers: all types of trifunctional
amino acids, except for cysteine which
was not tested in this set, can be used in
this synthetic method. As to be ex-
pected, the peptide not containing tryp-
tophan (A VID) shows the highest
purity because the alkylation reactions
during the cleavage described for tryp-

.

tophan-containing  peptides
oceur here,

cannot

Comparative Syntheses on Resin
and Planar Carriers

For comparison of peptides syn-
thesized on conventional and cellulose
carriers, model peptides X and X
{Acyl Carrier Protein 65-74) were syn-
thesized at the same time on a BHA
polystyrene resin and on an Ala-paper
or Gly-cotton carrier placed in the
same reaction vessel. The syntheses
were cartied out on the HPP-OTcp
handle using HOBt esters. In the first
case, Fmoc-Val, Fmoc-Leu, Fmoc-
Lys(Boc), Fmoc-Pro; Fmoc-Ser(But),
Fmoc-Phe and Fmoc-Asp(OBut) were
coupled successively to the carrier.
After the last coupling, the carriers
were  separated and the peptides
cteaved and isolated separately.

X, Ala-Asp-Phe-Ser-Pro-Lys.|
X, Vat]-Gln—A[z1-Ala~IIe-A5p:[~y
Asn-Gly o

The HPLC chromatograms (g
4) of both products contain the.
main component, which is idep;
with the desired sequence accordip,
FAB-MS and the same side pro
well. However, the content of th
cipal side product is considerq|
higher in the peptide synthesized o g
resin than in the one synthesizeq ..
paper. According to FAB-MS,
component lacks the serine residya
this synthesis the ninhydrin (e
used as the test for the comple
pling on the resin. This reactig
much less sensitive to the second
amino group of proline than 1o ;
primary amino groups of the
amino acids. Consequently, a fal
negative ninhydrin test after the prol;

0- D. 220

Figure 2, HPLC chromatograms of Arg-Trp-Thr-Lys-Asp-Ala-Tyr (A and B) and of Arg—Alu—Ti
Lys-Asp-His-Tyr (€ and D) synthesized by Finec/Bu! (A and C) or by Boe/Bzl (B and D) strale
(Ultrasphere ODS 4.6 x 25 o, 0%9%—40% CH3CN/ALDS M KH2POy, pH 3, 20 min, 220 nm).
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inling is probably the cause of the
nation of the des-Ser deletion se-
.fice. It can be concluded, however,
¢ the coupling of serine proceeded
fer O paper.
As the second test peptide, we have
sen the sequence 65-74 of Acyl
er Protein (X), which is known to
ise trouble during the synthesis. This
sthesis was performed similarly:
Fmoc-Gly-HPP-OTcp . was
upled to both benzhydrylamine resin
d Gly-cotton, and half of the cotton

strip was placed into the shaker
together with the resin, The second half
of the cotton strip was placed between
two pieces of glass, and the synthesis
was performed with the successive
weitting and drying (squeezing together
with filter paper) technique. The fol-
lowing amino acid derivatives were
coupled to ail carriers: Fmoc-Asn-OH,
Fmoc-lie-OH, Fmoc-Tyr{But)-OH,
Fmoc-Asp(OBut)-OH, Fmoc-Ile-OH,
Froc-Ala-OH, Fmoc-Ala-OH, Fmoc-
Gln-OH, Fmoc-Val-OH.

0.D-999

1
15 . 25
t.min

i.gure 3. HPLC chromatograms of peptides L IL IV, VL, a
Vydac Cis, 25 ¥ 0.4 cm, 0%—60% MeOH/.05% TFA, 30 min).

nd VI synthesized by Fmoc/Ba' strategy

0.D220

%

10

t, min

ure 4. HPLC chromatograms of Ala-Asp-Phe-Ser-Pro-Lys-Leu-Val (,Vydnc Cis, 20 x 0.4 cm,
- —70% WMeOH/M.85% TFA, 35 min). A; synthesized on paper, B synthesized on BHA resin.

The results of the separate cleavage
of peptide X is shown in Figure 5. The
best result was obtained on the cotton
placed between two glass layers during
the coupling steps; the peptide is basi-
cally without any side products. The
same deletion peptide (des-Val ana-
logue) was observed in products
prepared in a shaker vessel on both car-
riers. Again, the wrong monitoring
may be blamed for this result. In this
case, however, the coupling of Fmoc-
Val was faster on polystyrene resin.

X1, Arg-Gly-Asp-Leu-Glo-Val-Leu-Ala
(VP1 145-152)

XII,  Arg-Gly-Asp-Leu-Gln-Val-Leu

XII, Arg-Gly-Asp-Leu-Gln-Val

XIV, Arg-Gly-Asp-Leu-Gln

XV, Arg-Gly-Asp-Leu

XVI, Arg-Gly-Asp

Another test case described here is
the set of C-terminal-shortened pep-
tides of the FMDV VP! 145-152 se-
quence. These compounds were syn-
thesized to determine the shortest
sequence exhibiting the protective
function for FMDV-sensitive endothe-
lium cells. The sequences XI-XVI
were prepared on paper, cotton and
polypropylene membranes overcoated
by hydroxypropyl acrylate (11). All
three carriers were acylated with
Fmoc-Gly, yielding the following sub-
stitutions:

Cotton (C): 2.8 pmol/icm? or 0.14
mmol/g

Paper (P): 2.1 pmol/em?® or 0.17
mmol/g

HPA-polypropylene (PP): 0.4 pmol/
cm? or 0.1 mmol/g

The relatively low substitution per area
of the PP carrier is due to its lower
specific weight (4 mg/em?) compared
with the cellulose carriers used (cotton:
20 mgfcm?; paper: 12 mg/em?).

The peptides XI-XVI were syn-
thesized simultaneously on all three
carriers by adding another carrier of
each type with the acid labile handle
and the starting amino acid to each sub-
sequent coupling cycle. The peptides
were cleaved from each carrier
separately and compared by HPLC. As
in Figure 6, there is no essential dif-
ference between the peptides syn-
thesized on cotton (C), paper (P) and
polypropylene (PP) carriers concerning
the quality of the crude peptides.

I 4, No, 3 (1991)
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Example of an Application of
Cotton-Bound Peptides

For immunological investigations,
e.g., for solid-phase immunoassays and
for immunization with short synthetic
peptides, carrier-bound peptides are
needed. Conventionally, two different
carriers for peptide synthesis and for
the immunological application are

used. However, the same carrier may .

be used for both purposes. The poly-
ethylene rods of Geysen et al. (18) have
been reported with only nanomole
amounis of peptides being synthesized
for carrier-bound testing of the pep-
tides.

We also attempted to apply peptides
synthesized on cotton carriers directly
in solid-phase immunoassays. We have
synthesized three loop sequences of o-
and (-adrenergic receptors twice on the
cotton carrier,

XV, Gly-Arg-Trp-Glu-Tyr-Gly-Ser-Phe-
Phe

XVIIL, Arg-Glu-Lew-Vai-Pro-Asp

XX, Ac-Gly-Arg-Trp-Glu-Tyr-Gly-Ser-
Phe-Phe-Ahx-Gly-Cotton

XX,  Ac-Arg-Glu-Leu-Val-Pro-Asp-Ahx-
Gly-Cotton

XXl Ac-Ser-Thr-Leu-Lys-Pro-Fro-Asp-
Ahx-Gly-Cotion

Peptides XVII and XVIII were syn-
thesized on the acid labile handle and
acidolytically cleaved from the carrier,
The isolated crude peptides were of
sufficient purity according to HPLC
(69% and 71%, respectively), so that
they could be used without purifica-
fion.

Peptides X1X-XXI have been syn-
thesized for carrier-bound use in
ELISA tests. In this synthesis, g-amino-
hexanoic acid (Ahx) was inserted in-
stead of the handle to provide a certain
distance between the carrier and the
peptides; this is believed to be advanta-
geous for recognition by the antibody,
The amino groups of the N-terminal
amino acids were acetylated and the
side chains were deprotected by 20%
TFA in dichloromethane containing
1% triisobutylsilane (17). As negative
control, the modified carrier without
peptide was used: Ac-Ahx-Gly-Cotton.
The unspecific adsorption of antibadies
by the carrier could be suppressed by
the usual treatment with BSA. It could

be shown by ELISA tests and bioas-
says (the results of which will be pub-
lished elsewhere} that the cotton-bound
peptides exhibit the same effects as do
the corresponding free peptides.

CONCLUSIONS

The given data suggest that cotton
can be successfully used for the solid-

. phase synthesis of peptides using the

Fmoc/But strategy. [ts modification is
simple; it can be performed under mild
conditions, as the madified carrier will
remain stable. Properties of the carrier
allow for the multiple or continuous
modification of the synthesis and for
different solvent handling. The syn-

thesis does not have to be perforg,
areaction vessel since the Capiliahty
the cotton can hold a sufticient g
of the solution. Elimination of
vent by centrifugation is very effjeig
These properties are promising “fr,,
the point of view of construction §r
automatic synthesizer (27). Qng
sible application of peptides boy
the cotton carrier would be its y
the ELISA test.
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Figure 5. HPLC chromatograms of ACPgs.74 synthesized in the shaker vessel A: on cotton, B
polystyrene resin, or C: on cotton placed between two layers of plass (Vydae Cpg, 20 % U4

0%-10% MeOH/0.05% TFA, 35 min).

0.0. 55

PP

1 I

20 . E[t]
t, min

Figure 6. HPLC chromatograms of peptide XTI prepared on cotton (C), paper (P)
polypropylene (PP) (Vydac Ciy, 25 % (14 cm, Sum,
'

10%6-70% CH3CN/0.05% TFA, 30 min, 220
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