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Abstract: A novel SUcrose-Based Polymer support (SUBPOL) with tailored morphology suitable for the
use in solid-phase peptide synthesis (SPPS) is described, and its application as a hydrophilic affinity matrix
for the specific removal of fibrinogen from human plasma is demonstrated. After suspension polymerization
of partly methacrylated 2,1':4,6-di-O-isopropylidene sucrose and subsequent removal of the protecting
groups, hydrophilic spherical polymer beads were obtained. The morphology of the resulting resin was
controlled by variation of the porogen as well as the average degree of substitution with respect to the
methacryloyl groups of the monomer mixture. After introduction of amino groups for a permanent attachment
of immobilized peptide ligands, prevention of unintended esterification during SPPS was achieved by
silylation of remaining hydroxy groups. Alternatively, a Rink amide linker was introduced prior to SPPS to
allow cleavage and subsequent analysis of the peptide assembled on the SUBPOL resins. Two hexapeptides
of sequence kwiivw and hffflw, consisting of p-amino acids, as well as a 19-mer peptide corresponding to
the sequence GSGVRGDFGSLAPRVARQL of the VP1 protein from the foot-and-mouse disease virus
(FMDV) were successfully prepared both manually or in a semi-automated process on SUBPOL resins
according to the Fmoc/tBu strategy. Yields and purities were comparable to peptides prepared on
commercially available polystyrene resins. A specific affinity adsorbent containing the fibrinogen-binding
pentapeptide GPRPK was prepared by SPPS on SUBPOL resins of different morphology, and the strong
impact of the affinity matrix on adsorption performance was demonstrated.

Introduction high quantities and excellent purities by solid-phase peptide
Since Cuatrecasas, Wilchek, and Anfinsen reported for the Synthesis at much lower production costs and show satisfying
first time the purification of staphylococcal nucledsaffinity chemical stability under conditions commonly employed for

chromatography has evolved as one of the most powerful angSterilization and regeneration of the adsorbent. Even short
effective fractionation techniques for the purification of proteins. Peptide sequences identified from phage-displayed or syn-
The unique interaction between the target molecule and a thetic peptide libraries have shown high specificity and affinity
complementary ligand covalently attached to an insoluble matrix towz:rd severglgdlffe.rent targltgtlf)rotelns,-wgludlng f'.brl'g‘oﬁ’én:
provides the specificity required for the isolation of biomolecules '9G,> TNF-0.,°7° anti-MUC1 %! S-proteir;# thrombin; oc1-
from complex mixtures, such as cell extracts or human bfood. 3) (@) Laudano, A. P.; Doolitle, R, fBiochemistry1980 19, 1013-1019,

The use of short synthetic peptides as affinity ligands provides (b) Kuyas, C.; Haeberli, A.; Walder, P.; Straub, P. Tiiromb. Haemostasis

o ) e oo 199Q 63, 439-444.
distinct advantages for Iarge scale _afflnl_ty purification compareo_l 4) Hammond. D. JChromatographial998 47, 475-476.
to macromolecular proteins. Peptide ligands are accessible in (5) (a) Fassina, G.; Verdoliva, A.; Palombo, G.; Ruvo, M.; Cassani, G.

J. Mol. Recognit.1998 11, 128-133. (b) Guerrier, L.; Flayeuux, I.;

§ Vienna University of Technology. fggwarz, A.; Fassina, G.; Boschetti, E.Mol. Recognit199§ 11, 107—
# Immunologie et Chimie Thapeutiques. - . ) . .
t Danube U?\iversity Krems. P q (6) JITS?STZ‘S G.; Cassani, G.; Corti, Arch. Biochem. Biophysl992 296
+ ! ) . . —143.
Current address‘. Roche Vitamins AG, R&D Cosmetics, Bld. 205/211, (7) Takasaki, W.; Kajino, Y.; Murali, R.; Greene, M.Nat. Biotechnol1997,
CH-4070 Basel, Switzerland. 15 1266-1270.
UCurrent address: ESA-ESTEC, Materials and Process Division, (g) Chirinos-Rojas, C. L.; Steward, M. W.; Partidos, C.DDImmunol.199§
Keplerlaan 1, P.O. Box 299, 2200 AG Noordwijk ZH, The Netherlands. 161, 5621-5626.
(1) Cuatrecasas, P.; Wilchek, M.; Anfinsen, CHBoc. Natl. Acad. Sci. U.S.A. (9) Kruszynski, M.; Shealy, D. J.; Leone, A. O.; Heavner, GCAtokine1999
1968 61, 636-643. 11, 37—-44.
(2) Kaufman, D. B.; Hentsch, M. E.; Baumbach, G. A.; Buettner, J. A.; Dadd, (10) (a) Price, M. R.; Sekowski, M.; Tendler, S. J. B.Immunol. Methods
C. A.; Huang, P. Y.; Hammond, D. J.; Carbonell, R.Botechnol. Bioeng. 1991, 139 83—90. (b) Murray, A.; Sekowski, M.; Spencer, D. |. R.; Denton,
2002 77, 278-289. G.; Price, M. RJ. Chromatogr., AL997, 782 49-54.
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proteinase inhibitor A1P¥ a-lactalbumint® or human growth
factor FVII1.16

peptide ligands could directly be prepared on polysaccharide-
based supports. Removal of the protecting groups after synthesis

Affinity chromatography separations are performed almost would result in a hydrophilic adsorbent.

exclusively in aqueous solutions. Thus, peptides which are

Most resins currently employed for affinity chromatography

typically prepared on hydrophobic cross-linked polystyrene consist of low cross-linked, highly swellable matrixes, such as
resins have to be cleaved from the support and coupled to aagarose-based materials, the commercially most successful
hydrophilic matrix}” The application of hydrophilic polymer  species to date. The degree of cross-linking is commonly
supports that serve both purposes, i.e., being a suitable supporbetween 4 and 6%, allowing maximum back pressures around
for SPPS as well as an ideal matrix for affinity purification, 0.3 MPa. The situation is similar for composite resins, where
seems to be a promising approach for a one-step production ofthe incorporation of flexible poly(ethylene glycol) chains is
specific adsorption materials. mostly responsible for the hydrophilic character of the matrix.
In recent years, the increasing interest in resins that show These resins result in insufficient mechanical rigidity and,
good swelling properties in protic and aprotic polar solvents therefore, in an undesired back pressure at high flow rates if
has led to the development of a broad range of novel hydrophilic used in packed systers3> Other applications, although not
supports for SPPS including poly(ethylene glycol)-polystyrene- packed, may exert high shear forces on the resins due to

grafted resins (PEG-PS and TentaG&if° poly(ethylene
glycol)-polyacrylamide (PEGA3! cross-linked poly(ethylene
glycol) (POEPOP2 SPOCGE?), poly(glycidyl methacrylateo-
ethylene dimethacrylate) (GMA-ST-EDMAY, cross-linked
ethoxylate acrylate resin (CLEARY),tetraethylene glycol di-
acrylateerosslinked polystyrené® or cross-linked oligoethylene
glycol monomethacrylate¥. However, the majority of these

pumping component&and thus fraction the beads. It is therefore
desirable to develop a polymer resin that can not only provide
an efficient matrix for affinity chromatography but also to have
the benefit of tailoring its morphology, depending on the
application.

In this paper, we describe the development of a novel
hydrophilic polymer resin consisting exclusively of sucrose

resins does not meet the requirements for an ideal affinity matrix. moieties, whereas a synthetic strategy via protecting groups
The main drawbacks are their low mechanical strength as well enables the fabrication of highly cross-linked, permanently
as unspecific hydrophobic binding sites, as in the case of poly- porous matrixes with a broad bandwidth of pore sizes as well
styrene-based supports. Additionally, various polysaccharide- as gel-type species. Its successful application in SPPS, as well
based materials including cottéhbeaded cellulose (Perloz#), as its qualification for the use in affinity purification of proteins,
as well as cross-linked agarose (Sephadex 2Bl Trap is demonstrated.

Sepharos®) have been tested as supports for SPPS. Although
these polysaccharide gels are presently among the most preferre
support materials for affinity chromatograp#ds3their use in Starting from sucrose as renewable, low-cost material, a novel
SPPS shows distinct limitations due to the presence of free hydrophilic polymer support (acronym: SUBPOL) has been
hydroxy groups? However, following a strategy where hydroxy  designed. The morphology of the polymer support, such as pore
groups are kept protected during SPPS to avoid side reactionssize, pore size distribution, and porosity, plays a key role in

gesults and Discussion

(11) Smith R. G.; Missailidis S.; Price M. R.. Chromatogr., B2002 766,
13-26

(12) Huang, P. Y.; Carbonell, R. @iotechnol. Bioeng1995 47, 288-297.

(13) Baumbach, G. A.; Buettner, J. A.; Dadd
of Combinatorial Peptide Libraries which Bind to Prothrombin and
Thrombin for Affinity Chromatographic Purification of Thrombin. (Bayer
Corp., U.S.A.). EP 816377 A2 19980107, 1998.

(14) Bastek, P. D.; Lang, J. M.; Baumbach, G. A.; Carbonell, RtlGProteinase
Inhibitor-Binding Peptides and Their Use for Affinity Chromatography.
(Bayer Corp., U.S.A.). US 5985836 A 19991116, 1999.

(15) Gurgel, P. V.; Carbonell, R. G.; Swaisgood, HSep. Sci. Techna2001,

36, 2411-2431.

(16) (a) Necina, R.; Amatschek, K.; Schallaun, E.; Schwinn, H.; Josic, D.;

Jungbauer, AJ. Chromatogr., BL998 715, 191-201. (b) Amatschek, K.;

Necina, R.; Hahn, R.; Schallaun, E.; Schwinn, H.; Josic, D.; Jungbauer, A.

J. High Resolut. Chromatog200Q 23, 47—58.

(17) (a) Merrifield, B.J. Am. Chem. S0d963 85, 2149-2153. (b) Merrifield,
B. Sciencel1986 232 341-347. (c) Methods of Organic Chemistry
(Houben-Wey| Vol. E22a; Goodman, M., Felix, A., Moroder, L., Toniolo,
C., Eds.; Thieme: Stuttgart, Germany, 2002.

(18) Becker, H.; Lucas, H. W.; Maul, J.; Pillai, V. N. R.; Anzinger, H.; Mutter,
M. Makromol. Chem., Rapid Commut982 3, 217—223.

(19) Hellermann, H.; Lucas, H. W.; Maul, J.; Pillai, V. N. R.; Mutter, M.
Macromol. Chem1983 184, 2603-2617.

(20) (a) Rapp, W.; Zhang, L.; Hésh, R.; Bayer, E. InPeptides 1988:
Proceedings of the 20th European Peptide Sympasiuniversity of
Tubingen, Tubingen, Germany, Sept%, 1988; Jung, G., Bayer, E., Eds.;
Walter de Gruyter, Inc.: Berlin, 1989; pp 19201. (b) Bayer, EAngew.
Chem, Int. Ed. Engl.1991, 30, 113-129.

(21) Meldal, M. Tetrahedron Lett1992 33, 3077-3080.

(22) (a) Renil, M.; Meldal, M.Tetrahedron Lett1996 37, 6185-6188. (b)
Auzanneau, F. |.; Meldal, M.; Bock, Kl. Pept. Sci1995 1, 31-44.

(23) Rademann, J.; Gratli, M.; Meldal, M.; Bock, B. Am. Chem. S0d.999
121, 5459-5466.

(24) Korol'kov, V. I.; Platonova, G. A.; Azanova, V. V.; Tennikova, T. B.;
Vlasov, G. P.Lett. Pept. Sci200Q 7, 53—61.

(25) Kempe, M.; Barany, GJ. Am. Chem. S0d.996 118 7083-7093.

(26) Renil, M.; Nagaraj, R.; Pillai, V. N. RTetrahedronl994 50, 6681-6688.

(27) Kita, R.; Svec, F.; Fehet, J. M. JJ. Comb. Chem2001, 3, 564-571.
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the performance of affinity purifications. The accessibility of
the immobilized ligands crucially depends on the pore size of
the matrix. While a larger average pore radius increases the
diffusion rate of proteins into the matrix, the correspondingly
diminished surface area reduces the binding capacity of the
adsorbents. To achieve this balance between pore size and
surface area, porosity of the support has to be optimized for
each specific protein. In this context, suspension polymerization
represents an excellent method for producing spherical beads

(28) Eichler, J.; Bienert, M.; Stierandova, A.; Lebl, Mept. Res1991 4, 296—
307

(29) (a) Englebretsen, D. R.; Harding, D. R.IKt. J. Pept. Protein Re4992
40, 487-496. (b) Englebretsen, D. R.; Harding, D. R.IKt. J. Pept. Protein
Res.1994 43, 546-554.

(30) Vlasov, G. P.; Bilibin, A. Y.; Skvortsova, N. N.; Kalejs, U.; Kozhevnikova,
N. Y.; Aukone, G. InPeptides 1994Proceedings of the 23rd European
Peptide Symposium, Braga, Portugal, Septld, 1994; Maia, H. L. S.,
Ed.; Kluwer Academic Publishers: Dordrecht, The Netherlands, 1995; pp
273-274.

(31) Tegge, W.; Frank, Rl. Pept. Res1997 49, 355-362.

(32) Jones, C.; Patel, A.; Griffin, S.; Martin, J.; Young, P.; O'Donnell, K.;
Silverman, C.; Porter, T.; Chaiken,J. Chromatogr., AL995 707, 3—22.
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Cutler, P. Ed.; Methods in Molecular Biology Series; SmithKline Beecham
Pharmaceuticals: Harlow, U.K., 1996; Vol. 59, pp 1568.

(34) Larsson, PHandbook of Affinity Chromatographivlarcel Dekker: New
York, 1993; pp 61-75.

(35) Jurado, L. A.; Mosley, J.; Jarrett, H. W. Chromatogr., A2002 971,
95—-104.

(36) (a) Falkenhagen, D. Arrangement for Removing Substances from Liquids,
in Particular, Blood. WO 9504559 A61M 1/34, 1994. (b) Weber, C.;
Rajnoch, C.; Loth, F.; Schima, H.; Falkenhagen,lit. J. Artif. Organs
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of tunable morphology in a size range between 10 and 1000 Scheme 1. Synthesis of SUBPOL Resins?

um. Especially aqueous suspension polymerization offers a wide oH )\
variety of suitable inert organic solvents (porogen) that influence o O%OS
; ; it HO o N i O0%Ho™ OH
the course of phase separation during the polymerization process OH _OH

H B - O
enabling control of the morphology of the resulting resihs. OW ot XO%O@/
Polymerization of sugar-containing monomers such as glucose wo— °

or sucrose methacrylates may also be performed by inverse !
suspension due to their hydrophilic nature, but the limited choice

of suitable solvents to achieve the desired phase separatior

makes this method unfavorable. As an example, inverse

suspension polymerization of sucrose methacrylates has beer )\o/
reported to result in rather weakly cross-linked polymer §els. O’ro S R
Using such monomers in aqueous suspension requires reductiol X © @/

of their solubility in water by introduction of protecting groups.
In this context, polymerization and tailoring of the morphology

of polymer supports based onGmethacryloyl-1,2;5,6-d®- 2-4 R=R kﬁ
isopropylidenea-p-glucofuranose have successfully been carried HO

out in aqueous suspensi&hGlucose-based polymer supports HO’;& OH
may serve as alternative matrixes for SPPS and affinity
chromatography. However, to avoid side reactions during solid- HO
phase synthesis as well as unspecific adsorption during affinity -
purification, the use of nonreducing carbohydrates such as o_<°"

sucrose is preferred. Until now, the preparation of porous ~

polymer supports from partly protected sucrose meth- OH
acrylates by classical suspension polymerization has not beer SUBPOL = Ho_g')
described.

. . . . 2 (i) 2-Methoxypropenep-TosOH, DMF, 70°C; 0.2% AcOH, rt; AgO,
Synthesis of Monomers. The selective introduction of  pyridine, rt; NaOMe, MeOH, rt. (i) Methacrylic anhydride, pyridine,

O-isopropylidene-protecting groups by acetonation of sucrose 65 °C. (iii) AIBN, porogen, 80°C; 60% AcOH, 60°C.

under kinetically controlled conditions is well established and

decreases the hydrophilicity by leaving only four out of eight Wwas isolated after acetylation of the remaining hydroxy groups
hydroxy groups for subsequent esterificatfs an additional by using acetic anhydride in pyridine, recrystallizing the
benefit, the amount of theoretically possible ester derivatives resulting tetra acetate, and subsequently removing the acetyl
is reduced from 256 to a manageable number of 15. This groups by treatment with sodium methanol&#&ve observed
facilitates the reproducibility of monomer synthesis and con- that the separation of the isomeric species simplified subsequent
sequently polymer synthesis. 24,6-di-O-isopropylidene su- analysis of the monomer mixtures but did not affect the
crose () was prepared by protection of sucrose with a 4.5-fold properties of the resulting polymer.

excess of 2-methoxypropene in the presence of a catalytic Esterification ofl with methacrylic anhydride was carried
amount ofp-toluenesulfonic acid in dry DMF (Scheme 1). The out in pyridine. Methacrylic acid formed during the reaction
crude reaction mixture typically consists of 58%19f10% of was neutralized as pyridinium salt, preventing the removal of
4,6-O-isopropylidene sucrose, 24% of 24,6-di-O-isopropyl- the isopropylidene-protecting groups by acid hydrolysis. Hy-
idene-6-O-(1-methyl-1-methoxyethyl)sucrose, and 8% of an drophobic monomer mixtures (compour@is4) with various
unknown derivative. Treatment of this mixture with 0.2% acetic average degrees of substitutions (DS) were obtained and could
acid for 5 min at room temperature leads to conversion of 2,1 be polymerized without an additional cross-linker (Scheme 1).
4,6-di-O-isopropylidene-60-(1-methyl-1-methoxyethyl)su- ~ To retain a maximum of free hydroxy groups for good
crose tol by hydrolysis at the '60-position, while 2,1:4,6-di- hydrophilicity of the final polymer matrix, monomer mixtures
O-isopropylidene groups remain stable under these mild with a lower DS are favorable. Therefore, reaction parameters,
conditions. Thin-layer chromatography showed that the un- such as the amount of methacrylic anhydride and reaction time,
known compound had exactly the sarRevalue asl with were optimized, and different monomer mixtures of varying DS
different eluant systems and could therefore not be removedbetween 1.6 and 3.7 were prepared (Table 1). The mixtures were
by conventional column chromatography. Reverse-phase HPLC-analyzed by gas chromatography (GC) after silylation of
MS analysis revealed a molecular weight identical %o remaining hydroxy groups. Because of the diminished amount

indicating an isomeric form of different configuratiéhPurel of possible derivatives after selective introduction of isopro-
: pylidene-protecting groups, well-resolved chromatograms were
(37) Sherrington, D. CChem Commuril998 21, 2275-2286. R . .
(38) (a) Gruber, HMonatsh. Chem1981, 112, 273-285. (b) Gruber, H.,  Obtained (see Supporting Information). Because of the group-
Augusta, S.; Streichsbier, B. Appl. Polym. Sci1994 53, 1149-1163. i i it it
(c) Gollneritsch, W. A.; Knaus, S.; Gruber, H.; Linsberger, I.; Falkenhagen, wise appearance of pgaks, a Certa.un deQree 9f substitution C.OU|d
D. Artif. Organs1997, 21, 559. be appointed to the different fractions, enabling the calculation
(39) ?806h—r2-€|3—2 Knaus, S.; Sherrington, D. C.; GruberAdta Polym1999 50, of the DS as well as the distribution of mono-, di-, tri-, and

(40) Fanton, E.; Gelas, J.; Horton, D.; Horst, K.; Kahn, R.; Lee, C. K.; Patel, tetra-substituted products. The DS calculated from GC was
G. J. Org. Chem1981, 46, 4057-4060.

(41) Isolation of the unknown compound by preparative RP-MPLC and full
characterization of its configuration by 2D NMR spectroscopy will be  (42) Clode, D. M.; Laurie, W. A.; McHale, D.; Sheridan, J.@arbohydr. Res.
published elsewhere. 1985 139 147-160.
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TaSIEfl-h Inr\f)luen_ce 0{ the Amohuntcof Meth_acryli? #I}]nhl)édridfle_(MA) deprotection of the isopropylidene grolig.he most probable

and of the Reaction Time on the Composition of the Resulting : : H 5

Monomer Mixtures reason might be the bI_ockmg of micro- and small mesopores
due to hydrogen bonding and/or rearrangement of the sugar

moieties during hydrolysis, while large meso- and macropores

remain unaffected. In polar solvents these hydrogen bonds are

equiv  time tetra tri di mono 1
expt  monomer  of MA (h) (%) (%) (%) (%) (%) DS

A 2 2 35 29 82 532 202 155 16 .

B 3 4 35 106 232 531 88 43 23 likely to be broken, and therefore, the surface area .Would
C a 4 24 185 292 500 23 0 26 correspond more to the one from protected polymers. Nitrogen
D a 8 35 217 373 383 27 0 28  sorption and Hg intrusion were performed on isopropylidene-
E 4 12 4??5 gg'g gg'g 22 o % % %72 protected supports because of the ease of their characterization
G a 16 24 517 374 109 O o 34 Inthe protected state, while swelling studies were carried out

after deprotection because it is an essential property during
@ GC samples were taken directly from the reaction mixture, without application. Results of porosity measurements are summarized
any further workup. in Table 2. The data indicate that for monomer mixt8réhe
onset of phase separation is delayed with increasing polarity of
the porogen (toluene:octane= 1:1 — toluene). This results
in smaller pores (1336~ 14 nm) and consequently a larger
BET surface area (13 343 nt/g) (SUBPOL resins IV-VIII).
The same effect is apparent for the different monomer mixtures
polymerized with the same porogens. Using toluene as solvent,
the monomer mixtur@ (highest polarity) leads to large pores
of 159 nm (SUBPOL I), monomer mixtu(medium polarity)
yields small pores of 14 nm (SUBPOL VIIl), whereas monomer
mixture 4 (lowest polarity) does not develop pores and results
in a solvent-expanded gel-type polymer (SUBPOL Xl). Similar
results were obtained with butyl acetate instead of toluene. The
rather polar porogen toluemeoctanol= 3:7 causes the reverse
effect, i.e., the polar monomer mixtur@and 3 were poly-
merized to gel-type polymers (SUBPOL IIl and X), whereas
the polymer from mixture4 developed permanent pores
(SUBPOL XllIl). Scanning electron microscopy (SEM) images
illustrating the morphology of polymer resins SUBPOL |, IV,
and VIII are shown in Figure 1. An example of a SEM image
of whole beads (SUBPOL VIlII) is shown in Figure 2.

confirmed by'H NMR spectroscopy, comparing the integration
of the signals of methacryloyl CHat 1.972.10 ppm to
isopropylidene Chlat 1.23-1.60 ppm. Monomer mixtur2 with

a low DS of about 1.6 showed already sufficient solubility in
organic solvents such as toluene or butyl acetate, affording a
yield of about 84%. We reached the optimum conditions by
performing the esterification with 4 equiv of methacrylic
anhydride over a period of 3.5 h to yield 96% of sucrose
methacrylate8 with a DS between 2.2 and 2.5. Because of the
sterically hinderedD-3 position?? a large excess of reagent (16
equiv), together with a reaction time of 24 h, was necessary for
the preparation of highly substituted products (mixtdredS

> 3.0) (experiments F and G, Table 1). Alternatively, the
amount of anhydride could be reduced to 8 equiv by further
prolongation of the reaction time beyond 40 h, to give monomer
4 (experiment E, Table 1). With regard to the high tendency of
highly methacrylated products to thermally induced polymeri-
zation, an increase of the reaction temperature was not
considered. To prevent undesired, spontaneous polymerization
monomers were stored as-780% solutions in toluene until

further use. The amount of toluene was quantifiedlBNMR, The isopropylidene-protecting groups were removed by
comparing the integration of the signals of toluene;@H2.36 shaking the beads in aqueous acetic acid.
ppm to isopropylidene Ciat 1.23-1.60 ppm. In addition to morphology, the swelling properties of the

Polymer Synthesis and CharacterizationSpherical porous ~ support contribute significantly to the accessibility of im-
polymer beads were prepared by agqueous suspension polysmobilized ligands. The expansion of the polymer network
merization (Scheme 1). For tailoring the morphology, an inert provides additional space to large biomolecules. To study the
solvent (porogen) was added to the monomer mixture. The swelling behavior, SUBPOL resins were swollen in water and
porogen should act as a good solvent for the monomer but asDMF for 12 h. In both cases, the amount of absorbed solvent
a rather poor solvent for the polymer network to influence the calculated from the gain in weight of the polymer beads was
onset of phase separation during the polymerization process andetween 1.4 and 2.6 mL/g (Table 2).
consequently the pore size of the polymer suppo8ince the The amount of accessible hydroxy groups was determined
formation of pores depends on both the polarity of the porogen by treating 100, 150, and 200 mg of resin with trimethyl-
and the polarity of the monomers, both aspects were investi- silylimidazole in pyridine. The formation of imidazole was
gated. The morphology of the polymer resins was analyzed by quantified by GC with fluorene as internal standard. Using this
nitrogen sorption and Hg intrusion. Using nitrogen sorption may method on polymer beads prepared from monon2easd 3,
result in pore sizes of up to approximately 100 nm (micro- and we determined values of 10.1 and 7.4 mmol OH/g resin,
mesopores) to be covered. Mercury intrusion on organic respectively, corresponding to approximately 70% of the
polymers is only reliable above approximately 10 nm because theoretical amount of hydroxy groups. However, this method
of high compression forces, and it covers meso- and macroporeswas not applicable for gel-type polymers due to adsorption of
For a comprehensive characterization of the morphology, bothimidazole. Thus, in case of polymer beads derived from
methods should be applied, and the results should be regardednonomer4, only 42% of the theoretical amount of hydroxy
as complementardf. Carbohydrate-methacrylate-based supports groups could be determined.
are known to show drastically reduced BET surface areas after The chemical stability of the unprotected resins toward

(43) (a) Kahn, RPure Appl. Chem1984 56, 833-844. (b) Duynstee, H. I. reaction conditions applied in routine Fmoc solid-phase peptide

Ovaa, H.; van der Marel, G. A.; van Boom, J. Recl. Tra.. Chim. Pays- chemistry was confirmed by exposing the beads to neat

Bas1996 115 339-340. ; ; ; ; arding i
(44) Rohr, T.; Knaus, S.; Gruber, H.; Sherrington, DMacromolecule2002 trifluoroacetic acid (_TFA) and to a SOlu“O_n of plperldlne !n

35, 97—105. DMF for 3 h, respectively. In both cases, neither a loss of weight

13418 J. AM. CHEM. SOC. = VOL. 125, NO. 44, 2003
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Table 2. Influence of the Porogen and of the Average Degree of Substitution (DS) of the Monomer Mixture on the Porosity and Swelling
Properties of the Resin

monomer BET surface pore diameter2 pore volume? swelling, mL/g
SUBPOL (DS) porogen area, m?g Hg (N2), nm Hg (N,), cm®/g H,0 DMF
I toluene 61 159 (9.4) 0.85 (0.11) 2.2 24
I 2(1.6) butyl acetate 80 14 (5.8) 0.18 (0.07) 1.6 2.1
1 toluene:n-octanol (3:7) b b b 25 2.6
\% toluene:n-octane (1:1) 11 1330 (8.2) 0.10 (0.01) 1.7 2.0
\% toluene:n-octane (6:4) 43 1097 (8.7) 0.81 (0.05) 1.8 2.0
\ toluene:n-octane (7:3) 263 252 (6.3) 0.94 (0.02) 2.0 2.1
\ii 3(2.3) toluene:n-octane (8:2) 318 42 (6.9) 0.70 (0.33) 1.6 1.7
Vil toluene 343 14 (8.2) 0.14 (0.50) 1.4 1.7
IX butyl acetate 319 26 (8.3) 0.52 (0.43) 1.9 2.3
X toluene:n-octanol (3:7) b b b 2.2 2.2
XI toluene b b b 0.9 1.0
Xl 4 (3.7) butyl acetate b b b 1.3 1.8
Xl toluene: n-octanol (3:7) 469 19 (4.3) 0.28 (0.29) 2.2 2.6

a Hg intrusion analysis gives the medium diameter of pores exceeding 10 nm and being, therefore, mainly responsible for the diffusion rate of proteins.
In contrast, the average pore diameter assessed-spigtion (shown in parentheses) covers small meso- and micropores that hardly contribute to protein
adsorption? Solvent-expanded gel-type polymers.

L S
— Z00L1

TO3
01113027 .TIF

Figure 2. Scanning electron micrograph showing spherically beaded
SUBPOL particles obtained after suspension polymerization. Magnifica-
tion: 200-fold.

possible release of cytotoxic compounds from the polymers.
None of the matrixes tested showed cytotoxic effects (data not
shown).

Functionalization of SUBPOL Resins.For affinity chro-
matography, a chemically stable attachment of the ligands to
the affinity matrix is required. As shown previously, ester
functionalities of the tight polymer network are resistant toward
acidic conditions as a result of a certain sterical hindr&hce.
However, ester bonds exposed on the surface of the polymer
may be more sensitive to hydrolysis by strong acids, thus
resulting in deleterious loss of the peptide during the cleavage
Figure 1. Scanning electron micrographs showing the inner porous structure Of peptide side-chain protecting groups by treatment with TFA.
of broken SUBPOL particles at different magnifications1000, left; To obtain permanently immobilized peptides, amino groups
»5000, right). (A) SUBPOL IV (pore size: 1330 nm). (B) SUBPOL I (159 \yere introduced to form acid-stable amide bonds between the
nm). (C) SUBPOL VIII (14 nm). . .

C-terminus of the peptide and the polymer support.

nor a significant difference in the FT-IR spectra in compari-  Three strategies for introduction of amino groups were
son to the untreated resins was observed (see Supportingcompared with regard to achievable loading capacities and
Information). reproducibility: First, activation of hydroxy groups and sub-

For medical applications, biocompatibility of the polymer sequent coupling of diamines; second, direct conversion of
support is mandatory. Cytotoxicity assays were performed with hydroxy groups to amino groups; and third, periodate oxidation
extracts from the various SUBPOL matrixes to assess theof sugar diols followed by reductive amination of aldehyde

J. AM. CHEM. SOC. = VOL. 125, NO. 44, 2003 13419



ARTICLES

Poschalko et al.

Scheme 2. Introduction of Amino Groups and Spacer Arms (A) by
Cyanogen Bromide Activation and Diamine Coupling, (B) by
Conversion of Hydroxy Groups to Amino Groups via the
Mitsunobu Reaction, and (C) by Reductive Amination after
Periodate Oxidation of Sugar Diols.

A B [
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SUBFOL VIII-B

activation by shaking the activated beads with a diamine solution
in bicarbonate buffer for 12 h.

Hydroxy groups of the SUBPOL VIII resin were partly
converted to amino groups according to Mitsunobu & aly
treatment with a mixture of phthalimide, triphenylphosphine,
and diethylazodicarboxylate in dry THF, followed by hy-
drazinolysis (Scheme 2B).

After oxidation of sugar diol groups using sodium periodate
solution in the dark, amination of resulting aldehyde groups was
achieved by treating the oxidized polymer kit M aqueous
ethanolamine solution and subsequently with sodium cyano-
borohydride for reduction of the imine (Scheme 2C).

To prevent undesired esterification during SPPS, the amino-
functionalized resins, except those obtained after Mitsunobu
reaction, were treated with chlorotrimethylsilane (TMSCI) in
pyridine to protect remaining hydroxy groups and to simulta-
neously activate amino groups for subsequent acylation (Scheme
2, parts A and C). The TMS group is stable under the basic
conditions required for Fmoc chemistry and could easily be
removed together with the peptide side-chain-protecting groups
at the end of the synthesis. Thereby, the polymer support
regained its hydrophilic character. The amount of reactive amino
groups was quantified spectrophotometrically via the Fmoc-
piperidine color complex at 300 nm in dichloromethane after
coupling with Fmoc-Gly-OH and subsequent cleavage of the
Fmoc group-’¢4° Comparison of the three methods for amino
group introduction shows that CNBr activation results in a
capacity of 456-510 umol of amino functionalities per gram
of polymer, confirming the quantitative conversion of cyanate
ester groups (Scheme 2A). The Mitsunobu reaction gave similar
results in terms of loading (50@xmol NH/g resin) and
reproducibility, but was technically more challenging as it
required exclusion of moisture during the whole procedure. As
a benefit, this strategy allows selective protection of remaining
hydroxy groups by silylation, since amino groups are protected
as phthalimides. Therefore, ttert-butyldimethylsilyl (TBDMS)
group was introduced to provide higher stability under weakly
acidic conditions as compared to the TMS-protecting group

groups (Scheme 2, parts-AC). Cyanogen bromide activation (Scheme 2B). Using the third strategy for amino group
of hydroxy groups is among the most widely used methods in incorporation, namely reductive amination, we could achieve
polysaccharide chemistfy The resulting highly reactive cyanate the highest substitution (57@mol NHy/g resin; Scheme 2C).
ester groups enable the coupling of peptides or enzymes viaThe main disadvantage of this strategy is the modification of
their amino functionalities to form isourea bonds. According the polymer matrix by oxidation of sugar moieties, resulting in
to path A of Scheme 2, the activation was carried out by adding a barely predictable alteration of affinity performance. Hence,
a solution of cyanogen bromide in dry acetonitrile to the polymer CNBr activation proved to be the most reliable method for the
beads (SUBPOL |, lll, IV, and VIII), previously swollen in 1  introduction of amino groups. Moreover, by varying the chain
M aqueous sodium carbonate, shaking for 2 min, and thoroughlylength of the diamine, this method allows a very simple
washing with watef® The amount of cyanate ester groups was introduction of additional spacers, which may be necessary to
determined spectrophotometrically according to a slightly modi- improve the flexibility of the immobilized peptides.

fied procedure described by Kohn etdA substitution between Peptide Synthesisin a parallel approach to enable cleavage
420 and 500umol cyanate ester groups/g support could be of the peptide from the polymer support for subsequent analysis,
achieved. A prolongation of the reaction time over 12 min led we introduced the Fmoc-Rink linker by direct coupling of
to a significant decrease of active groups below 22tol/g. p-[(R,9-a-[1-(9H-fluoren-9-yl)-methoxyformamido]-2,4-
This can be explained by partial hydrolysis of cyanate ester dimethoxybenzyl]-phenoxyacetic aéfdto the 6-aminohexyl-
groups to inert carbamates under the basic activating conditionsglycine spacer before starting SPPS (Scheme 3). All peptide
that are necessary to neutralize liberated HBr. To retain best . : :
reactivity, 1,6-diaminohexane was coupled immediately after (48) g") g"a'lfﬁg?fogu ﬁ%’é‘gggf}'ﬁﬂ?ﬁﬁﬁ&éf’g f\f‘%.f:sgﬂia;ﬂ’,“'ﬂ?’%f‘;'sfffc.
W.; Wemmer, D. E.; Keough, T.; Schultz, P. &.Am. Chem. S0d.998
(45) Axén, R.; Porath, J.; Ernback, Slature 1967, 214, 1302-1304. 120, 7706-7718.

(46) Q/Iarch, C. S.; Parikh, I.; CuatrecasasARal. Biochem1974 60, 149— (49) Fields, G. B.; Noble, R. Lint. J. Pept. Protein Re<.99Q 35, 161-214.

52 (50) (a) Rink, H.Tetrahedron Lett1987, 28, 3787-3790. (b) Bernatowicz, M.
S.; Daniels, S. B.; Koster, Hletrahedron Lett1989 30, 4645-4648.

47) KoHn, J.; Wilchek, MBiochem. Biophys. Res. Comma878 84, 7—14.
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Scheme 3. General Procedure for SPPS of Peptide Ligands?@
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a (A) Preparation of the adsorbent. (B) Preparation of a cleavable peptide
through Rink amide linker.

Table 3. Peptides and Resin-Bound Peptides

entry sequences

5 kwiivw

6 hffflw

7 GSGVRGDFGSLAPRVARQL

8 GPRPK

9 GPRPK_SUBPOL VIII-A
10 GPRPK_SUBPOL VIII-B
11 GPRPK_SUBPOL I-A
12 GPRPK_SUBPOL IV-A
13 GPRPK_SUBPOL IlI-A
14 GPRPK_POEPOP

syntheses on the different resins were performed using standar

FmoctBu chemistry. The crude peptides were characterized by T

MALDI-TOF, and their purity was determined by reverse-phase
HPLC. In case of permanently immobilized peptides, depro-

tection of the side-chain functionalities was accomplished in
the same manner, but with the N-terminus of the peptide still
under Fmoc protection. Finally, the amount of polymer bound
peptide was quantified spectrophotometrically after Fmoc cleav-
age, and the results were compared to the initial amount of

amino groups. In all cases, an acceptable overall decrease

between 14 and 18% could be observed, indicating the sufficient
stability of the peptide linkage to the polymer support.
Batchwise Synthesis of HexapeptidesTwo hexapeptides
corresponding to the sequences kwiivd) @nd hffflw (6),
identified from a synthetic peptide library and consisting
exclusively ofb-amino acids, have been reported in the literature
to inhibit binding of TNFet to its receptor p55 (Table 3)Both
peptides were synthesized manually on SUBPOL VIII-A resin
and on a polystyrene resin bearing the common Rink amide
linker. Fmoc-Gly-OH and Fmoc-SeBu)-OH were coupled to

T T T T T T T 1
Minutes
Figure 3. RP-HPLC chromatograms of crude peptide kwiivay frepared

by manual batchwise synthesis (A) on SUBPOL VIII-A resin and (B) on
Rink amide resin.

of the peptide by acid hydrolysis using reagent!Reptides
bound via the Rink linker were cleaved and analyzed by RP-
HPLC and MALDI-TOF. Figure 3 shows the HPLC chromato-
gram of crude peptidé after the cleavage from the resin. For
both peptides, the purities of crude products were higher than
80%.

Synthesis of a 19-mer PeptideThe synthesis of a 19-mer
immunogenic epitope derived from the foot-and-mouth disease
virus (FMDV) corresponding to the sequence GSGVRGD-
GSLAPRVARQL () (Table 3) has been already reported on
ifferent resins, including Wang polystyrédend POEPOP3
o demonstrate that SUBPOL resins are equally suitable for
SPPS of longer peptides, the FMDV peptide was prepared on
SUBPOL VIII-A using a multiple semi-automated peptide
synthesizeP* The N-terminus of the peptide was acetylated.
Figure 4 displays the HPLC chromatogram of crude pepfide
obtained after cleavage from SUBPOL VIII-A with a purity of
more than 75%. The amino acid composition was also confirmed
by amino acid analysis.

Preparation and Examination of a Fibrinogen Adsorber.

The pentapeptide GPRP& has previously been reported to
show a high specificity and affinity for fibrinogeit An affinity
adsorber prepared by immobilization of this peptide on fractogel,
a cross-linked polymethacrylate, was used for the purification
of fibrinogen from human plasn®.Moreover, first clinical
results demonstrate that diminished plasma viscosity, as a
consequence of fibrinogen removal, can lead to improved
microcirculation of blood in patients suffering from athero-
sclerosi$® To examine the qualification of SUBPOL resins as

serve as additional spacers prior to the attachment of the Fmoc+s1) king, D. S.; Fields, C. G.; Fields, G. Bit. J. Pept. Protein Re€.99Q 36,

Rink linker. During synthesis of peptideon SUBPOL VIlI-

A, each coupling step was monitored by subsequent quantitative

spectrophotometric Fmoc analysis that confirmed the same
efficiency as for the synthesis on the commercial resin. The
TMS groups on the hydroxy groups of the polymer matrix were

removed simultaneously with the side-chain-protecting groups

255-266.

52) Petit, M.-C.; Benkirane, N.; Guichard, G.; Phan Chan Du, A.; Marraud,
M.; Cung, M. T.; Briand, J.-P.; Muller, S Biol. Chem1999 274, 3686~
3692.

(53) Furrer, J.; Piotto, M.; Bourdonneau, M.; Limal, D.; Guichard, G.; Elbayed,
K.; Raya, J.; Briand, J.-P.; Bianco, . Am. Chem. So2001, 123 4130-
4138.

(54) Neimark, J.; Briand, J.-fRept. Res1993 6, 219-228.

(55) Nickolaus, B.Deutsches Ateblatt200Q 97, 1441.
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5 10 15 Minutes Figure 6. Fibrinogen adsorption by adsorbents based on pentapeptide
Figure 4. RP-HPLC chromatogram of crude FMDV peptide corresponding GPRPK 6) covalently linked to SUBPOL resins of different morphology
to the sequence GSGVRGDFGSLAPRVARQE) (prepared by semi- ~ (9-13 Table 3) and to POEPOP resiii4j in comparison to the
automated synthesis on SUBPOL VIII-A resin. underivatized matrixes.
this study, the strong impact of the morphology of the polymer
support on the affinity performance was clearly evidenced. In
case of GPRPK_SUBPOL VIII-A resif (Table 3), distinct
mAU size exclusion of fibrinogen (Stokes radigs10.8 nm§6 was
200+ observed because of its small average pore size of about 14
nm. Thus, despite a large surface area (34R&)m(Table 2),
only a rather low adsorption capacity could be achieved.
] Nevertheless, this porosity might be better suited for the
adsorption of smaller proteins such as ThEStokes radius=
2.3 nm)>” which has not yet been tested. Adsorb&@tbased
1001 on SUBPOL VIII-B resin where Nklgroups were introduced
_ju B by Mitsunobu reaction, showed slightly higher specific adsorp-
ANA- tion capacity than its analogous matrix SUBPOL VIII-A,
. possibly due to additional expansion of the polymer network
by chemical modification of the matrix during Mitsunobu
L\,\}L_,\___J\.A_,___—A* reaction. This assumption was confirmed by comparing FT-IR
07 spectra analysis of SUBPOL resins before and after exposi-
tion to hydrazine solution (Scheme 2B). The increased in-

5 10 15 Minutes tensity of the OH absorption band at 3500 ¢rmelative to the

Figure 5. RP-HPLC chromatograms of crude fibrinogen-binding peptide carbonyl band at 1735 criindicated partial hydrolysis of ester

GPRPK @) prepared by manual batchwise syntheses on (A) SUBPOL groups during hydrazinolysis of phthalimide moiety (see Sup-

VIII-A and (B) SUBPOL VIII-B resins. porting Information). The best results were obtained with
. . . . . . GPRPK_SUBPOL I-A resiil. Large pores (159 nm) allowing

hydrophilic affinity matrixes and to investigate the influence unrestricted diffusion of large proteins such as fibrinogen,

of ;he porosityh_of the suppgrt on the af;inity purificatior_l together with a sufficiently big surface area (6%g), proved
]E)er o.rmalr}ce(,]I tsls pgntapepndefwag synt esietld on amind+, he the ideal combination to achieve excellent adsorp-
unctionalized SUBPOL resins of various morphologies {I-A, tion capacity (Table 2). In the case of GPRPK_SUBPOL IV-A

”I'A’.O:VéA’ VIII—AaVIII-S&BHPF(’;_LC?\;:'nr;matgg\;ﬁrln; of crude 12 resin which exhibits very large pores (1330 nm), adsorp-
peptides prepared on “Aan "BTesInS are - oy capacity was reduced because of the correspondingly

shown in I_:igure > The adsorbgr_mt_s were_egamined with rfes'pe‘:tsmaller surface area (Table 2). Within the series of SUBPOL
to adsorption capacity and specificity for fibrinogen. To estimate resins, we also generated an adsordehbased on a gel-type
the contribution of free hydroxy groups to unspecific fibrinogen matrix (SUBPOL Ill-A) and compared its behavior to that of

adsorption, the results were compared to an adsorbent Consistinng,RF,K POEPOR4. These two polymers have a different
of a highly swelling gel-type POEPOP resin carrying the same o400 of cross-linking. In contrast to the highly swelling

peptide_sequen_ce_ in a comparable a_lmount. In all cases, Sp(_aCifi“F’OEPOP resin, the highly cross-linked and less-swelling gel-
adsorption of fibrinogen in comparison to the corresponding type SUBPOL Il provides insufficient accessibility to im-

matr|.x was observgd (Figure 6). T.he suggr-based mat”,x,esmobilized peptide ligands for large proteins such as fibrinogen

devoid of the peptide showed a slightly higher nonspecific

adsorption than POEPOP resin. This might be the result of (56) Nozaki, Y.; Schechter, N. M.; Reynolds, J. A.; Tanford,Blochemistry
i+ ; ; 1976 15, 3884-3890.

additional interactions _be_tween fr_ee hydTOXy gr_oups_ _Of the (57) Narhi, L. O.; Arakawa, TBiochem. Biophys. Res. Commi®87, 147,

polymer supports and fibrinogen side-chain functionalities. In 740-746.
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(Figure 6). Although POEPOP resin has a good adsorption analyzed using a DMS column (25 @,= 0.32um, liquid phase 0.3
capacity, its use in affinity chromatography is hampered by the #m, Perkin-Elmer). For methacrylated derivatives, a permaphase SE-
lack of sufficient mechanical resistance, thus strengthening the 54 column (25 m@ = 0.32um, liquid phase lum, Perkin-Elmer)

importance of the new SUBPOL polymers. was applied. Fourier transform infrared (FT-IR) spectra of resins (KBr
pellets) were recorded using a Biorad FTS-135 IR apparatus. Images
Conclusions of SUBPOL resins were taken by scanning electron microscopy (SEM)

. . using a Gemini DSM 982 apparatus.
The novel family of sucrose-based resins (SUBPOL) pre Abbreviations. Symbols and abbreviations for amino acids and

Ze|:>n|;[>esd In(’;hlsffpgperr\:vas fotund tohme_?';]the rleqltj,'remetntz Oftl_mthpeptidgs are in accord with the n_acommendations of the IUPAC-IUB
' an a_ inity ¢ roma_l ography. The se ective Intro uq 10N commission on Nomenclaturd.(Biol. Chem1972, 247, 977). Other
of isopropylidene-protecting groups facilitated reproducible appreviations are: AIBN, 2;21zobis(2-methylpropionitrile); Botert-
synthesis of organic soluble sucrose methacrylates which couldputyloxycarbonyl; BOP, benzotriazole-1-yl-oxy-tris-(dimethylmino)-
be polymerized in aqueous suspension in the presence of suitabl@hosphonium hexafluorophosphat&u, tert-butyl; DEAD, diethyl
porogens. This allowed the tailoring of the morphology of this azodicarboxylate; DIPEA, diisopropylethylamine; DTT, dithiothreitol;
new material in a very broad range to optimize the performance Fmoc, fluorenylmethyloxycarbonyl; HOBHW-hydroxybenzotriazole;
of affinity purification for each specific protein. Three different MTT, tetrazolium salt 3,[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetra-
strategies were developed to introduce amino functionalities for Z°lium bromide; TIPS, triisopropysilane, TMS, trimethysilyl; TBDMS,
a stable attachment of peptide ligands to the polymer support, tertPutyldimethyl silyl; TFA, wrifluoracetic acid. -

To avoid side reactions during SPPS, silanes were used as 2:1-4.6-Di-O-isopropylidene Sucrose (1)A solution of sucrose (40
selective and temporary protection of the residual hydroxy g, 117mmol) in dry DMF: (440 mL) was stirred with powdered (Kahn)

. . . . Drierite (20 g) at 70C under nitrogen for 15 min. 2-Methoxypropene
groups and were easily removed after peptide synthesis to reg.surt38 g, 527 mmol) ang-toluenesulfonic acid (50 mg) were added, the

the hydrophilic character of the matrix. Several peptides of dif- mixiure was stirred at 76C for 40 min, and then the reaction was
ferent length, including a fibrinogen-binding peptide for affinity  stopped by addition of triethylamine (4 mL). The reaction mixture was
chromatography, were successfully prepared on SUBPOL resinsfiltered over Hyflo to remove the Drierite and evaporated to dryness.
in yields and purities comparable to those obtained from The yellow slurry was resuspended in water (400 mL), acetic acid (1
commercially available polystyrene resins. The influence of the mL) was added, and the solution was stirred for 5 min at room
new SUBPOL affinity matrix on the adsorption capacity was temperature. After addition of sodium carbonate (10 g), the solution
studied by comparing fibrinogen-binding adsorbents of various Was evaporated to dryness, and the residue was dissolved in EtOAc
morphologies. We obtained the optimum performance with (250 mL). The solution was dried over sodl_um sulfate and _flltered,
SUBPOL | resin. Finally, we believe that this novel family of and the solvent was removed by evaporation. GC analysis of the

. id dditi b fit t | | d obtained crude product mixtude (36.5 g, 74%) gave 75% df, 8%
resins provides an adartional benetit to commonly €émployed. . 4,6-O-isopropylidene sucrose, and 17% of a currently unidentified

affinity polymers because of its flexible design in morphology 1, qquct. Column chromatography on silica gel using EtOAc as eluant

and represents an attractive alternative especially for applications,fforded the product mixturéb (82%1, 18% unknown derivative) as
that exhibit high pressure or shear forces. Furthermore, the usey colorless solid (33.4 g, 68%).

of these resins paves the way for a simplified “on-resin” affinity 3,3,4 ,6-Tetra-O-acetyl-2,1:4,6-di-O-isopropylidene Sucrose (1c).
screening of peptide-based ligands. Acetic anhydride (142 mL, 1.5 mol) was added to a solution of mixture
1b (80 g, 82% ofl, 155 mmol) in dry pyridine (400 mL), and the
mixture was stirred for 24 h at room temperature. Pyridine and acetic
General. All reagents and solvents were obtained from commercial anhydride were removed by repeated coevaporation with toluere (3
suppliers and used without further purification. Tetrahydrofuran (THF) 100 mL). The yellow oily residue was recrystallized from diethyl ether
and dichloromethane (DCM) were carefully distilled prior to use. Fmoc- to give 1c as colorless crystals (57.2 g, 97 mmol, 62%). TL&:
protected amino acids and Rink amide resins were purchased from(CHClz/MeOH, 98:2) 0.73*H NMR (400 MHz, CDC}) ¢ = 1.23,
Applied Biosystems (Foster City, CA) and NovaBiocheriutedfingen, 1.36, 1.41, 1.43 (4s, 12H, (G)C); 2.01, 2.02, 2.06, 2.20 (4s, 12H,
Switzerland), respectively. POEPOP resin (substitution, 0.82 mmol/g) CHsC=0); 3.47 (d,2Ju = 12.49 Hz, 1H, H-1%; 3.61 (dd,*Juy =
was prepared as described by Renil and Meféfalsing poly(ethylene  9.64 Hz, 1H, H-4); 3.65 (ddfJnn = 10.43 Hz, 1H, H-6a); 3.77 (dd,
glycol) 1000 (PEGoog obtained from Fluk& RP-HPLC analysis was ~ *Jus = 3.40 Hz,%)un = 10.69 Hz, 1H, H-2); 3.793.86 (m, 1H, H-5);
performed on a & column (5um, 150 mmx 4.6 mm) using a linear 3.92 (dd,®Jys = 5.90 Hz,2Juy = 10.43 Hz, 1H, H-6b); 4.00 (PJun
gradient of (A) 0.1% TFA in water and (B) 0.08% TFA in acetonitrile, = 12.49 Hz, 1H, H-1B; 4.17-4.26 (m, 2H, H-5 H-64d); 4.36 (dd,
5-65% B in 20 min at 1.2 mL/min flow rate. Chromatograms were *Jus = 9.60 Hz,2Juy = 15.70 Hz, 1H, H-68; 5.12 (d,%Jun = 6.08
recorded at 210 nm. MALDI-TOF mass analysis was performed on a Hz, 1H, H-3); 5.18 (dd,*Juy = 9.64 Hz, 1H, H-3); 5.27 (ddJun =
linear MALDI-TOF Bruker instrument usingi-cyano-4-hydroxy- — 4.64 Hz, 1H, H-%); 6.05 (d,%Ju = 3.40 Hz, 1H, H-1)*C NMR (400
cinnamic acid as matrix. Amino acid analysis was performed on an MHz, CDCk) 6 = 19.3, 21.1, 21.2, 21.2 (4qCH3):C); 21.3, 24.2,
Applied Biosystems 130A separation system coupled to an Applied 25.8, 29.6 (4qCH3;C=0); 62.4 (t, C-6); 64.6 (d, C-5); 65.5 (t, C)6
Biosystems 420A derivatizer. Manual batchwise peptide syntheses were66.3 (t, C-1); 70.8 (d, C-3); 71.7 (d, C-4); 72.1 (d, C-2); 77.2 (d, §;3
carried out in 2 mL syringes equipped at the bottom with porous frits 77.4 (d, C-4); 80.0 (d, C-5); 91.8 (d, C-1); 100.6101.8 (2s, (CH).C);
purchased from Roland Vetter Laborbedarf (Ammerbuch, Germany). 104.9 (s, C-9; 170.1, 170.9 (4s, €0).
Mercury porosimetry was performed on a Micromeritics Autopore |l Hydrolysis of the Acetyl Groups. To a solution oflc (60 g, 102
9220 apparatus. Nitrogen adsorption was carried out on a Micromeritics mmol) in dry methanol (400 mL) sodium (150 mg) was added under
ASAP 2010 apparatus. Visualization of carbohydrates on TLC was nitrogen, and the reaction mixture was stirred at room temperature for
achieved by using a mixture of AcOH,,80;, and 4-methoxybenz- 12 h. The reaction was quenched by purging the solution with carbon
aldehyde (100:2:1 v/v) and heating. GC analysis was done after dioxide for 10 min. The solvent was evaporated and the residue
silylation of free hydroxy groups using a mixture of trimethylsilyl-  suspended in DCM. The solution was filtered over Hyflo, dried over
imidazole:pyridine 8:2 on a Perkin-Elmer 8500 gas chromatograph using sodium sulfate, and evaporated to dryness to @jiae colorless crystals
FID. Mixtures obtained after introduction of isopropylidene groups were (41.1 g, 97 mmol, 95%). TLCR: (CHCly/MeOH, 9:1) 0.53H NMR

Experimental Section
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(400 MHz, CDC}) 6 = 1.32, 1.41, 1.47, 1.48 (4s, 12H, (g)}C); 3.46 General Procedure of Suspension PolymerizatioriThe aqueous

(d, 2Jyn = 12.45 Hz, 1H, H-19; 3.54 (dd 2wy = 9.57 Hz, 1H, H-4); phase consisting of water (144 g), hydroxyethyl cellulose (MW:
3.58-3.62 (m, 1H, H-69; 3.64 (dd 2wy = 10.65 Hz, 1H, H-6a); 3.73 300 000, DP: 1250, MS: 2.0, 0.23 g, 0.16 w %), and NaCl (14.4 g,
(dd, 33w = 3.22 Hz,3Ju4y = 9.08 Hz, 1H, H-2); 3.82 (dfJun = 5.12 10 w %) was placed into a 250-mL parallel-sided flanged gastight glass
Hz, 1H, H-6b); 3.84-3.91 (m, 2H, H-5, H-6b); 3.93 (ddJun = 7.59 vessel fitted with a metal stirrer carrying two impellers and purged
Hz, 1H, H-3); 4.00 (m, 1H, H-5); 4.10 (dd,®Juy = 9.08 Hz, H-3); with nitrogen for 10 min. The organic phase consisting of the monomer

4.33 (d,?Jyn = 12.45 Hz, 1H, H-1B; 4.56 (dd,2Jun = 8.05 Hz, 1H, mixture (9 g, 50 w %), the porogen (9 g, 50 w %), and AIBN (0.1 g),
H-4'); 6.23 (d,2Jun = 3.22 Hz, 1H, H-1):3C NMR (400 MHz, CDC}) purged with nitrogen, was added, and the agitation speed was adjusted
0 =19.5, 24.7, 25.6, 29.4 (4qCHs).C); 61.8 (t, C-6); 62.5 (t, C-6); to 350 rpm. The polymerization was carried out at°80for 6 h. The
64.4 (d, C-5); 67.0 (t, C‘)%; 69.1 (d, C-3); 73.3 (d, C2% 73.7 (d, spherical beads generated were filtered and washed with water (1 L)
C-4); 74.1 (d, C-2); 79.1 (d, C*p 82.6 (d, C-3); 91.6 (d, C-1); 100.5 and methanol (300 mL). To remove unreacted monomers, the beads
(s, C-2); 102.9, 103.4 (2s, (CHLC). were extracted in a Soxhlet apparatus with methanol (150 mL) for 12

Optimization of Reaction Parameters for the Preparation of Té‘fzggedmunder vacuum. Yield: 5:3.5 g (60-83%). Particle size:

um.

Partly Methacrylated 2,1':4,6-Di-O-isopropylidene SucroseMeth- ]
acrylic anhydride (experiment A: 0.37 g, 2.4 mmol; B, C: 0.74 g, 4.8  General Procedure for the Removal of Isopropylidene Groups.
mmol; D, E: 1.48 g, 9.6 mmol; F, G: 2.96 g, 19.2 mmol) was added The polymer beads were suspended in 60% acetic acid (5 mL/g resin)
to a solution ofl (0.5 g, 1.2 mmol) in dry pyridine (experiment A: 5  and shaken at 60C for 4 h. The filtered beads were washed with
mL; B, C: 10 mL; D, E: 15 mL; F, G: 20 mL) containing water (300 mL) and methanol (300 mL), extracted in a Soxhlet

4-methoxyphenol (1 mg), and the solution was stirred &GReaction apparatus with methanol (150 mL) for 12 h, and dried under vacuum.
times were 3.5 h (experiments A, B, D, F), 24 h (C, G), and 48 h (E). Determination of Accessible Hydroxy Groups.Thre_e polymer
An analytical sample (0.5 mL) was silylated by addition of tri- Samples (100, 150, and 200 mg) were suspended in a mixture of

methylsilylimidazole (0.3 mL) at 50C for 5 min and analyzed by gas trimethylsilylimidazole (0.38 mL) and pyridine (1.12 mL) containing
chromatography (Table 1). fluorene (50 mg) as internal standard. The vials were sealed and heated

to 80 °C for 12 h. After cooling to room temperature, the mixtures
were analyzed by GC, and the developed imidazole was quantified using
a calibration curve derived from methanol.

Mitsunobu Reaction. Phthalimide (530 mg, 3.6 mmol) was added
under argon to a suspension of SUBPOL VIII resin (7.2 mmol OH/g)
(500 mg, 3.6 mmol) in 1:1 dry DCM/THF (18 mL) containing RPh

Partly Methacrylated 2,1':4,6-Di-O-isopropylidene Sucrose (2).
Methacrylic anhydride (7.3 g, 47 mmol) was added to a solutioh of
(10 g, 24 mmol) in dry pyridine (200 mL) containing 4-methoxyphenol
(20 mg), and the mixture was stirred at 86 for 3.5 h. Excess
methacrylic anhydride was hydrolyzed by stirring the reaction mixture
for 12 h at room temperature after addition of water (300 mL). The . .
solution was extracted with EtOAc (4 200 mL), and the combined (944 mg, 3.6 mmol). The mixture was cooled t6@, and a solution

organic phases were washed with saturated bicarbonate solution (1Od)f DEAD (567L, 3.6 mmol) in 1:1 dry DCM/THF (8 mL) was added

mL) and ice cold 10% NaOH (100 mL). The organic layer was dried over 1 min. The reactl_on mlx_ture was stlrred_ for 20 h at room
. . . . temperature, and the resin was filtered, washed with DCM, DMF, NMP,
over sodium sulfate, filtered, and concentrated several times with toluene

. . ) methanol, and diethyl ether, and dried under high vacuum. Remaining
to remove residual pyridine. To prevent undesired, spontaneoush droxy ar were protected b nding the resin in dry THF (8
polymerization, the obtained monomer mixt@¢10.3 g, 81%, DS= yCroxy groups were protected by suspe g the res Y

1.6), a yellow slurry, was stored as-780% solution in toluene until mL) with TBDMSC.' (1.6 g, 10.8 mmol) and imidazole (1.5 g,_21.6
further use mmol). After shaking for 12 h at room temperature, the resin was

o ) washed with water, methanol, DMF, DCM, and diethyl ether and dried

Partly Methacrylated 2,1"4,6-Di-O-isopropylidene Sucrose (3, 4). under vacuum. The phthalimide-protecting group was finally removed
The reaction and workup was conducted under the same conditions %y treating the resin swollen in NMP (3 mL) with hydrazine hydrate
for monomer mixture2 using methacrylic anhydride (14.6 g, 95 mmol (3 mL). After shaking for 12 h at room temperature, the resin was
and 29.2 g, 190 mmol) and pyridine (200 and 40 mL) to give monomer eytensively washed with methanol, DMF, DMSO, water, DCM, and

mixtures3 (13.3 g, 96%, DS= 2.3) and4 (14.5, 92%, DS= 3.7), diethyl ether and dried under vacuum.

respectively. o _ CNBr Activation and Diamine Coupling. A solution of CNBr (1
3,3,4,6-Tetra-O-methacryoyl-2,1:4,6-Di-O-isopropylidene Su- g) in dry acetonitrile (0.5 mL) was added to SUBPOL resins (I, Ill,

crose.This derivative is one of the components of the novel monomer |v, and VIIl) (400 mg, ~2.9 mmol OH) swollenii 1 M sodium

precursors of SUBPOL resins, which was isolated from mixtuby carbonate solution (5 mL). After vigorously being shaken for 2 min,

column chromatography on silica gel using ChHGis eluant and the resin was immediately filtered and extensively washed with water.
characterized in detail by 2D NMR spectroscopy (See Supporting The activated polymer was suspended in a solution of 1,6-diamino-
Information). TLC: R; (CHCl;) 0.21.*H NMR (400 MHz, CDC}) 6 hexane (120 mg, 1 mmol) in 0.1 M bicarbonate buffer (5 mL, pH 9.5),
=1.22,1.33, 1.40, 1.40 (4s, 12H, (@kC); 1.88, 1.89, 1.89, 2.04 (4s,  and shaken at room temperature for 20 h. The amino-functionalized
12H, CH—C=); 3.51 (d,2yn = 12.31 Hz, 1H, H-1%; 3.58-3.70 resin was filtered, washed with methanol, DMF, DCM, and diethyl
(m, 2H, H-4, H-6a); 3.763.78 (m, 1H, H-5); 3.83 (dfJy = 3.62 ether (10 mL), and dried under vacuum. Remaining hydroxy groups
Hz, 33y = 9.10 Hz, 1H, H-2); 3.94 (ddJuy = 4.55 Hz,204y = 9.91 were protected by treating the resin with a solution of TMSCI (2 mL)

Hz, 1H, H-6b); 4.12 (d2Jun = 12.31 Hz, 1H, H-1B; 4.30-4.45 (m, in pyridine (4 mL). After being shaken for 24 h, the resin was washed
2H, H-5, H-64d); 5.10-5.23 (m, 2H, H-3, H-3; 5.41 (dd 2Juy = 2.81 with DMF, DCM, and diethyl ether (10 mL) and dried under vacuum.
Hz, 33y = 4.15 Hz, 1H, H-4); 5.50, 5.52, 5.61, 5.74 (4s, 4HCHy); Determination of Cyanate Ester Groups. To freshly distilled

6.02, 6.09, 6.11, 6.30 (4s, 4HCHy); 6.05 (d,*Juy = 3.62 Hz, 1H, pyridine (8 mL), a solution of pure HCI (1.6 mL, p.a.) was added under

H-1). 3C NMR (400 MHz, CDC}) ¢ = 18.2, 18.3, 18.3, 18.4 (4q, stirring at 0°C within 2 min, and the solution was diluted with distilled
CH3;—C=); 18.9, 23.8, 25.4, 29.1 (40CH3)2C); 62.0 (t, C-6); 64.1 (d, water (0.4 mL). Barbituric acid (50 mg, 0.4 mmol) was dissolved in
C-5); 64.5 (t, C-6; 66.1 (t, C-1); 71.0 (d, C-3); 71.4 (d, C-4); 71.8 the pyridinium hydrochloride solution at room temperature and the
(d, C-2); 77.2 (d, C-3; 78.1 (d, C-4); 80.2 (d, C-5); 91.6 (d, C-1); CNBr-activated resin (50 mg) was added. The mixture was shaken at
99.4-101.3 (2s, (CH).C); 104.9 (s, C-2; 124.9, 125.9, 127.0, 127.9 40 °C for 30 min. An analytical sample of the supernatant (400

(4t, CH~=); 135.1, 135.3, 135.8, 136.4 (4d, €HC); 166.1, 166.3, was diluted with distilled water (5 mL), and the adsorption of the
166.4, 166.7 (4s, €0). Anal. Calcd for GsH6015: C, 58.78; H, 6.62. developed color complex was measured at 580 ars @0 200 M
Found: C, 58.30; H, 6.56. cm).
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Periodate Oxidation and Reductive Amination. SUBPOL VIII

7800 Mt cm™). Loading for5-SUBPOL VIII-A resin ands-SUBPOL

resin (50 mg) was suspended in 0.4 M sodium periodate solution (1.5 VIII-A resin was 440 and 47@mol/g, respectively.

mL), and the mixture was shaken in the dark at room temperature for

1 h. The resin was washed with waterx52 mL) and suspended in 1
M ethanolamine buffer (2 mL, pH 9.9). After the mixture was shaken
for 2 h, resulting imine groups were reduced by addition of a sodium
cyanoborohydride solution (1Q@, 5 M in 1 M NaOH). The reaction

Semi-Automated SPPS of FMDV Peptide 7The synthesis of the
19-mer FMDV peptider corresponding to the sequence GSGVRGD-
FGSLAPRVARQL was prepared in parallel on two batches of SUBPOL
VIII-A resin (50 mg, ~25 umol) using a multiple semi-automated
peptide synthesizét. To enable analysis of peptides by MALDI-TOF

mixture was shaken at room temperature for an additional 30 min, and and RP-HPLC, the Fmoc-Rink linker was coupled on one of these two

the resin was washed wit2 N HCI, 10% NaOH, water, methanol,
THF, and pyridine (2 mL). Remaining hydroxy groups were protected
by treating the resin with TMSCI (0.5 mL) in pyridine (1 mL). After
being shaken for 24 h, the resin was washed with DMF, DCM, and
diethyl ether (2 mL) and dried under vacuum.

Quantification of the Amino Groups. The loading was calculated
by reaction of a weighed amount of amino-functionalized, silylated
resin (50 mg) with Fmoc-Gly-OH (74 mg, 0.25 mmol) using BOP (111
mg, 0.25 mmol), HOBt (38 mg, 0.25 mmol), and DIPEA (13D,
0.75 mmol) as activating agents in DMF (2 mL) at room temperature
for 30 min. After repeating the reaction twice, Fmoc was removed by
treating the resin twice with 25% (v/v) piperidine in DMF (2 mL) at

batches. For each coupling cycle, a solution of the appropNate
Fmoc+-amino acid (12%mol) activated by addition of BOP (55 mg,
125umol), HOBt (20 mg, 12%mol), and DIPEA (6%:L, 375umol)

in DMF (2 mL) was added manually, while Fmoc deprotection with
25% (v/v) piperidine in DMF (2 mL) (2x 15 min) and all washings
between each coupling and deprotection steps were performed auto-
matically. The N-terminus of the peptide was acetylated by shaking
the peptide resin with acetic anhydride (3@0) in pyridine (1.5 mL).
Peptide immobilized on SUBPOL VIII-A resin via the Rink linker was
cleaved by treating the polymer beads with a mixture of TFA/TIPS/
DTT/water, 88:5:5:2 (2 mL) at room temperature for 3 h, precipitated
in cold diethyl ether (25 mL), and separated by centrifugation at 3000

room temperature for 15 min. The solutions were recovered and diluted rpm. The peptide was redissolved in 100 AcOH and characterized

with DCM for the determination of the UV absorbance at 300 am (
= 7800 Mt cm™Y).
Batchwise Manual SPPS of Peptides kwiivw (5) and hlfffw (6).

after dilution with water (20 mL) by MALDI-TOF (calcd mass:
1984.27): found, 1984.80. The purity of the crude peptide was higher
than 75%, as determined by RP-HPLC. The residue composition of

Peptide syntheses were carried out in parallel on two batches of amino-the Permanently attached peptide was confirmed by amino acid

functionalized, silylated SUBPOL VIII-A resin and on Rink amide resin
(each 50 mg;-25umol), respectively. Prior to peptide synthesis, Fmoc-
Gly-OH and Fmoc-SetBu)-OH were coupled as an additional hydro-

analysis: aspartic acid, 1.23; glutamine, 1.01; serine, 1.80; glycine,
4.60; arginine, 2.48; alanine, 2.27; proline, 1.09; valine, 2.18; leucine,
2.17; phenylalanine, 1.19.

philic spacer. To enable analysis of peptides prepared on sucrose-based Preparation of an Affinity Support by SPPS of the Fibrinogen-

supports, the Fmoc-Rink linkep{(R,9)-o-[1-(9H-fluoren-9-yl)-meth-
oxyformamido]-2,4-dimethoxybenzyl]-phenoxyacetic acid) was coupled
on one batch of SUBPOL VIII-A resin directly after the Gly-Ser spacer.

Binding Peptide GPRPK 8. The fibrinogen-binding pentapeptide
GPRPK8 was synthesized manually in the same manner as described
for peptidess and6 on SUBPOL resins I-A, IlI-A, IV-A, VIII-A, and

For each subsequent coupling cycle, a solution of the corresponding VII-B (50 mg, ~25umol) and on amino-functionalized POEPOP resin.

N-o-Fmoc-amino acid (12xmol), activated by addition of BOP (55
mg, 125umol), HOBt (20 mg, 125%mol), and DIPEA (65ulL, 375
umol) in DMF (1.5 mL) was added to resin. The reaction mixture was

In the case of SUBPOL resin VIII-B and POEPOSRH,, Fmoc-6-
aminohexanoic acid was coupled prior to SPPS of GPRPK as additional
spacer. Removal of the side-chain-protecting groups of permanently

shaken at room temperature for 30 min. After repeating the reaction attached peptides as well as the cleavage of peptides attached via the

twice, Fmoc removal was achieved by treating the resin twice with
25% (v/v) piperidine in DMF (2 mL) at room temperature for 15 min.

Rink linker (on SUBPOL VIII-A and VIII-B) was achieved by treating
the resins with a mixture of TFA, water, and TIPS (90:5:5 v/v) at room

Between each coupling and deprotection step, washings of the resintemperature for 3 h. Workup and analysis of cleaved peptides were

were performed with DMF and DCM (% 2 mL each). During peptide

performed as described above. Masses determined by MALDI-TOF

synthesis of kwiivwSG, each coupling step was monitored by deter- for peptides prepared on SUBPOL VIIl-A and VIII-B were 553.47 and
mination of the UV absorbance of cleaved Fmoc groups to calculate 553.98, respectively (calcd mass: 552.68). The purity of the crude
the amount of coupled amino acid. Peptides immobilized on SUBPOL Products assessed by RP-HPLC was 84% for SUBPOL VIII-A and

VIII-A resin via the Rink-linker and on the Rink amide resin were
cleaved by treatment with reagent®2 mL) at room temperature for

3 h, precipitated in cold diethyl ether (25 mL) and separated by
centrifugation at 3000 rpm. The carboxylic group remaining from the
Boc-protecting group on the indole ring of tryptophan was removed
by stirring the peptide in a mixture of water, methanol, and AcOH (4
mL, 2:5:1) at room temperature for 3.5 h. After dilution with water
(15 mL), the crude products were characterized by MALDI-TOF.
Peptide5 (calcd mass: 843.09): found, 843.48 (SUBPOL VIII-A);
found, 844.23 (Rink amide resins). Pepti@iécalcd mass: 895.08):
found, 895.62 (SUBPOL VIII-A resin); found, 895.48 (Rink amide

77% for SUBPOL VIII-B. The amount of permanently attached pep-
tides was calculated after removal of Fmoc-protecting groups via
spectrophotometric determination at 300 n&tSUBPOL I-A: 280,
8-SUBPOL lII-A: 530,8-SUBPOL IV-A: 250,8-SUBPOL VIII-A:
470,8-SUBPOL VIII-B: 470, and8-POEPOP: 39@&:mol GPRPK/g

of resin.

Test for Fibrinogen Adsorption. The different adsorbent8-
SUBPOL I-A, llI-A, IV-A, VIII-A, VIII-B and 8-POEPOP as well as
the corresponding matrixes (SUBPOL |, Ill, IV, VIII, and POEPOP)
were washed in 0.9% NacCl. Aliquots of 50 mg of individual adsorbents
were weighed into Eppendorf tubes and to each aliquot, /A5@f

resin). Purity of the crude products as determined by RP-HPLC was human plasma spiked with fibrinogen (final concentration 7.5 mg/mL)

79% for peptide5 prepared on SUBPOL VIII, 77% for peptide
prepared on Rink amide resin, 82% for peptidarepared on SUBPOL
VIII-A resin, and 81% for peptidé prepared on Rink amide resin.

was added. After incubation for 60 min at room temperature, polymer
particles were removed by centrifugation, and fibrinogen concentration
was determined by nephelometry. Fibrinogen adsorption (mg/g ad-

Cleavage of the side-chain-protecting groups of permanently attachedsorbent wet weight) was calculated from the difference in concentration
peptides was achieved by treating the resin with reagent K (2 mL) at found for the control (spiked plasma without adsorbent) and the samples

room temperature for 3 h, followed by a washing cycle using DMF,
DCM, and diethyl ether (% 2 mL each). The loading of the resulting

(spiked plasma with adsorbent).
Biocompatibility of SUBPOL Resins. The polymers were tested

peptide resin was calculated after Fmoc removal of the N-terminus by for cytotoxicity with the EZ4U cell proliferation and cytotoxicity test

treating the resin twice with 25% (v/v) piperidine in DMF (2 mL) at
room temperature for 15 min from the UV absorbance at 3004w (

kit (MTT test, Biomedica, Vienna, Austria). This test is based on the
ability of living cells to reduce uncolored tetrazolium salts (MTT:
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3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) into in- ~ Strasbourg) for performing amino acid analysis, and Dr. M.
tensely colored formazan derivatives. As this ability is lost within a Cheng (Department of Chemistry, University of California,

few minutes after cell death, the method prOVideS an excellent tool to Berke'ey’ USA) for performing Hg_intrusion measurements.
discriminate between dead and living cells. For the test, 10% (v/v)

suspensions of the adsorbents in pyrogen-free 0.9% NaCl were Supporting Information Available: Additional figures show-
incubated at 37C overnight. Adsorbents were removed by centrifuga- ing gas chromatograms of monomer mixtu2e8, and4, homo-
tion, and 20uL of incubation supernatant was added to L929 mouse and heteronuclear COSY NMR spectra of ' 3136 -tetraO-
fibroblasts grown in a 96-well plate. Each well of the plate contained methacryoyl-2,14,6-di-O-isopropylidene sucrose, FT-IR spectra
2 x 10 cells in 200uL culture medium. Samples were incubated of SUBPOL VIII resin (before and after treatment with TFA,
overnight at 37°C in a humidified atmosphere containing 5% £0 piperidine, and hydrazine), RP-HPLC chromatogram of crude
The MTT assay was performed according to .th_e instructions of the peptide7, and the determination of hydroxy groups by silylation
manufacturer. All assays were performed in triplicate. (PDF). This material is available free of charge via the Internet
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