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ABSTRACT

We have investigated the use of spacer molecules to
reduce steric interference of the support on the
hybridisation behaviour of immobilised oligonucleo-
tides. These spacers are built up from a variety of
monomeric units, using phosphoramidite chemistry,
by condensation onto an amine-functionalised poly-
propylene support. The optimal spacer length was
determined to be at least 40 atoms in length, giving up
to 150-fold increase in the yield of hybridisation. The
effects of different charged groups in the spacer were
also examined, and it was shown that both positively
and negatively charged groups in the spacer diminish
the yield of hybridisation. Steric hindrance in hybri-
disation can also be a problem if the oligonucleotides
attached to the support are too close to each other.
Surface coverage was varied using a combination of
cleavable and stable linkers, giving the highest hybri-
disation yields for surfaces containing
maximum concentration of oligonucleotides.

INTRODUCTION

[(b0% of the

hydrophobicity and solvation. We made novel monomers which
can be used to build spacers with different chemical composition.
Combinatorial methods were used to make arrays in which a
probe oligonucleotide was attached to the surface by different
spacer molecules. The arrays were hybridised with labelled
complementary targets of high and low molecular weight. In the
following we present the results of our study of the optimal
composition and length of spacer in between oligonucleotides
and a polypropylene support and of the concentration of
oligonucleotides on the support.

We found that the spacers have a large effect on hybridisation
yield, the most important property of the spacer being its length.

MATERIALS AND METHODS

Array synthesis was carried out as previously describ@d (
adapting phosphoramidite chemistiyp), Oligonucleotides used

for hybridisation were made in an Applied Biosystems 392
DNA/RNA synthesiser using the same standard chemistry.
3'-DMTr-5'-phosphoramidites of base-protected nucleosides and
aminated polypropylene were a gift from Beckman Instruments.
Oligonucleotides and tRNA®(Sigma) were labelled according to
standard methods using radioisotopes purchased from Amersham
International. Mass spectra were recorded on VolMgelite

The combinatorial approach to synthesising and screening vés{pspectrometri™ Research Station, PerSeptive Biosystems.
large numbers of ligands attached to a solid support has mahy’NMR spectra were recorded on a Varian Gemini 200 MHz
applications in the life sciences including new drugs develogPectrometer. Phosphorimages were obtained using Molecular
ment, enzyme/substrate reactioh&)(and nucleic acid sequence Dynamics Phosphorimager Model 400A. All chemicals were
analysis 8-6). Techniques using solid support-bound oligo-Purchased from Aldrich Chemical Company. Silica gel for column
nucleotides as probes are finding a wide range of applicafjons (chromatography and solvents were purchased from BDH/Merck.
For all these applications, the hybridisation of the oligonucleo- ~ )

tides to target nucleic acids should be as free as possible fr&@frDMTr- O"-cyanoethoxydiisopropylamino-

interference from the solid support.

phosphoramidites

In this study_ we used combi.natorial_techn?ques for sfimultaneoEﬁ_DMTr_On_Cyanoethoxydiisopropylaminophosphoramidites
analys_|s of different factprs influencing oligonucleotide duplex; yio|s (typel—3spacers) and the cleavable reagent, (2-cyano-
formation. We have previously used such methods to study t ﬁwoxy)—Z-(Z—O—DMTr—oxyethyIsuIfonyl)ethox;N N-diiso-

effects of base composition, length and structure on the hybridisat laminophosphine 4 thesised d ibed
properties of oligonucleotide311). A variety of ways of synthesis ?{‘E&{S?mmop osphine ), were synthesised as describe

of combinatorial oligonucleotide arrays have been descrbéll (

We used a physical masking method developed in our laborat%YFmoc OLDMT-

(13) to direct the synthesis of spacers to specific regions.
Though spacers have been used to mitigate the effects of

solid support%,7,14), there has been no systematic study of th&erinol (2.05 g, 22.5 mmol) was dried by evaporation with 10 ml

various factors affecting hybridisation behaviour. Properties afry pyridine, dissolved in 120 ml dry pyridine and ice-cooled.

the spacer which are likely to be important include length, chargémocCl (5.7 g, 22.5 mmol, dissolved in 5 ml dry dioxane) was

F . 03—cyanoejthoxydiisopropylaminophos—
&hemyl-z-awno-1,3-propaned|ol (6)
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slowly added to this solution during 1 h under stirring. The The second fractiorR{ 0.08) was determined to be monotrity-
solution was then stirred at room temperature for 4 h, ice-cooléated N-Fmoc-glycyl-serinol 7). Yield: 2.08 g (25%)1H-NMR
and DMTrCI (7 g, 20.1 mmol) was slowly added during 30 mi{CDCls): 3.34 (m, 2H), 3.78 (s, 6H), 3.81 (m, 1H), 3.87 (m, 2H),
together with 3 miIN,N'-diisopropylethylamine. The reaction 4.12 (m, 2H), 4.2 (m, 1H), 4.39 (d, 2H), 5.41 (m, 1H), 6.45 (m, 1H)
mixture was left overnight, then evaporated to an oil, taken up 67-7.9 (m, 21H). Calculated foy{Ei4gN2O7: 672.776. Found:
100 ml non-acidic chloroform, washed with watex(350 ml)  (mass-spectrum, m/z): 696.708 (Ml +)N&/13.518 (MI + K).
and brine (250 ml), evaporated to an oil, dissolved in 7 ml tolueneBoth fractions, when treated with piperidine, showed decrease
and purified by flash chromatography on & 62 cm column of Rs (cleavage of Fmoc-group) and positive test with fluoresca-
using mixtures: methylene chloride—hexane (3:1, 2:1, 1:1, 300 miine (NH- group). The monotritylateN-Fmoc-glycyl-serinol
of each, all containing 0.5%4Rt) as eluents. Two main fractions (2 g, 3 mmol) was phosphitylated and dried as described above
were collected, evaporated to foam and driedicuo The first  to give 2.03 g (78%) of a yellowish powdBy. 0.49 (CHC,
fraction R 0.56, CHCl,, 0.5% EtN) appeared to be a 0.5% EgN). Calculated for ggH57/N40gP: 872.995. Found:
ditrytilated derivative ofN-Fmoc-serinol. Yield 5.0 g (25%). (mass-spectrum, m/z): 896.197 (Ml +*Na
IH-NMR: (DMS0-D6):3.32 (m, 1H), 3.69 (s, 12H, OGH4.23
(m, 4H),5.7 (m, 1H), 6.21 (m, 2H), 6.7-7.6 (M, 30H, arom.), 7. %' (q, a-bis-(4-methoxyphenyl)[ring-U-14C]benzyl)-
(d, 2H), 7.89 (d, 2H). _ _ thymidine-3'-phosphoramidite (9)

The second fractior 0.22) was determined to be monotrity-
latedN-Fmoc-serinol%). Yield: 6.0 g (46%)H-NMR (DMSO-  a,a-bis-(4-methoxyphenyl)[ring-U4C]benzyl alcohol (Amer-
D6): 3.41 (m, 1H), 3.69 (s, 6H, OCH3), 4.2 (m, 2H), 4.63 (m, 2Hgham, 777 MBg/mmol, 21 mCi/mmol, 150 mg) was mixed with
5.71 (m, 1H), 6.26 (m, 2H), 6.7-7.5 (m, 17H, arom.), 7.7 (d, 2H%.8 g DMTrCl and dissolved in 40 ml toluene. Acetyl chloride
7.89 (d, 2H). Both fractions, when treated with piperidine(5 ml) was added and the mixture was boiled with stirring in a
showed decrease®f(cleavage of Fmoc-group) and positive testLO0 ml round-bottom flask fitted with vertical condenser with
with fluorescamine (NH2- group). The monotrityladédFmoc- drying tube on the oil bath for 3 h. After distilling off about half
serinol (2 g, 3.6 mmol) was dried for 2ihlvacucover BOsand  the solvent, the rest was cooled to room temperature and poured
transferred under argon into 35 ml dry acetonitrile, and 250 nigto 600 ml cold (-20C) hexane to precipitate the DMTr*Cl
(3.6 mmol) dry tetrazole and 1.12 ml (3.6 mmol)Mjs-diiso- ~ Which was collected by filtration and drigdvacuoto give 4.4
propylamino-2-cyanoethoxyphosphite were added and the regc{87%) of slightly pink solid. Thi$‘C-labelled DMTrCI was
tion was stirred under argon at room temperature. After 4 h thiged to synthesise th¥C-labelled T phosphoramidite as
reaction mixture was diluted with 100 ml ethyl acetate, washetescribed 19).
with saturated sodium bicarbonate solution2®0 ml) and brine ~ The following oligonucleotides were used for hybridisation to
(200 ml), dried over anhydrous )&0y, evaporated, dissolved in arrays: 1, 5GGT.GCG.AAT.TCT; 2, 5GAC.CTC.CAG.ATT.
5 ml toluene and rapidly purified by flash_chromatograph)}n all cases, ‘reversed’ meansifamobilised oligonucleotide.
(dichloromethane:hexane 3:1, then dichloromethane, all widnless otherwise specified, oligonucleotides are covalently
0.5% EgN). Product-containing fractions were evaporatedattached to the solid support through thept®sphate.
dissolved in 5 ml toluene and precipitated into 500 ml ice-cold
pentane. The solvent was decanted, and the residue was drieRESULTS AND DISCUSSION
vacuo over pOs to give 2.4 g (82%) of a yellowish powdBy. . ) .
0.83 (CHCly, 0.5% E$N), Calculated for GaH54N3O7P: Effect of surface den5|ty of active siteson
815.044. Found: (mass-spectrum, m/z): 836.92 (MI#).Na oligonucleotide synthesis and hybridisation yield

Phosphoramidite reagents for oligonucleotide synthesis are bulky

N-(N-Fmoc-glycyl)-O-DMTr- O3-cyanoethoxydiisopropyl- enough to inhibit coupling to reactive groups on the support. The
aminophosphinyl-2-amino-1,3-propanediol (8) aminated polypropylene support contaiBis3 nmol/crd of NHp
groups 20), which, assuming the surface is flat, gives a spacing

N-Fmoc-glycine pentafluorophenyl ether (6 g, 12.9 mmol) wabetween adjacent amino group$BfA. This distance is smaller
added to a stirred solution of serinol (1.17 g, 12.8 mmol) in 100 rtilan the size of tritylated nucleoside phosphoramidites (20-25 A)
dried pyridine and left overnight at room temperature. The solutiar the diameter of the DNA helix1(8-20 A); clearly these
was then ice-cooled, and DMTICI (4.2 g, 12.5 mmol) was slowlgroups cannot be accommodated on the surface at the full density
added during 30 min. The reaction mixture was left overnight, thesi the amino groups and the density of coupled groups will be
evaporated to an oil, taken up to 100 ml non-acidic chloroforndetermined by the dimensions of the monomers used to
washed with water (8 250 ml) and brine (250 ml), evaporated tosynthesise oligonucleotides. We have carried out a detailed
an oll, dissolved in 7 ml toluene and purified by flash chromatogrghysical study of the surface before and after coupling the spacer,
phy on a 6x 12 cm column using mixtures: methyleneand of the reaction of the spacer with phosphoramidifi@sAn
chloride—hexane (3:1, 2:1, 1:1, 300 ml of each, all containing 0.58%6ea of a sheet of aminated polypropylene was derivatised by
EtsN) as eluents. Two main fractions were collected, evaporatedreaction with a mixture of all four phosphoramidites (A, C, G
foam and drieéh vacuo The first fractionR 0.54, CHGJ, 0.5% and T) under standard conditions, but with a slightly longer
Et3N) appeared to be a ditrytilated derivativeNefFmoc-glycyl-  period (2 min) of condensation step. Without removing the DMTr
serinol. Yield: 2.2g (46%YH-NMR (CDCk): 3.19 (m, 2H), 3.52 protecting group, a second, radiolabelled phosphoramidite
(m, 2H), 3.73 (s, 12H), 3.80 (m, 1H), 4.08 (m, 2H), 4.12 (m, 1HY4C-DMTIT phosphoramidite) was applied to an area which
4.30 (m, 2H), 5.25 (m, 1H), 5.94 (m, 1H), 6.7-7.9 (m, 34H)included that which had been coupled previously, and an adjacent
Calculated for @Hs5gNoOg: 975.149. Found: (mass-spec-area of untreated aminated polypropylene. This reaction was
trum, m/z): 997.494 (Ml + N, 1012.75 (MI + K). carried out over an extended period of 1 h.¥¥geDMTr group
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Scheme 1Stable ) and cleavabled) synthons of similar length used for the synthesis of arrays of different concentrations of oligonucleotides. The two synthon:
were applied to the aminated polypropylene as a mixture (see text for ratios, and combinatorial protocol). Following oligonucleotide synthesis, those oligonucl
tides synthesised on spacers coupled thrdugite removed during ammonolysis by alkali cleavage of the spacer.

was not removed. The polypropylene was first exposed to a
storage Phosphor screen and then treated with ammonia unde ST S 1 e
conditions normally employed in oligonucleotide synthesis. ) % '.._[‘f_ P
Radioactivity was measured using a Phosphorlmager. The
coupling of the radioactive monomer was inhibited by only T
15-25% by the previous coupling of non-radioactive monomers.
This surprising result suggests that coupling may be a much
slower process than has been previously assumed. It is possib
that the first couplings are rapid, but that subsequent couplings ar : = e .
inhibited by steric crowding of the surface. Comparing the strips — :
of this polypropylene support before and after ammonia treat-
ment, it was also noted that the area which contained only
14C-DMTIT lost[20% of thel4C during ammonolysis, indicat- Figure 1. Hybridisation of complementary oligonucleotide to reversed
ing that the bond formed after phosphitamide condensation On%ligonucleotlde no. 2 at 3€. Patches with concentration of stable spacer: 1,
. ; , 50 and 100%.

the surface of the aminated polypropylene support is no
completely stable or that there is something other than alkylamiglycol synthor? (Scheme 1); as these two synthons are equal in
groups on the support which can act as functional groups flemgth we assume the yields and rates of their condensation with
phosphoramidite coupling to give a labile linkage. the support are similar and, by premixing them in defined

Previous data obtained in our laboratory show that even at theoportion, we produce similar proportions of cleavable and
concentration produced by a short coupling reaction oligonuclestable moieties on the support after condensation (Scheme 1).
tides are too crowded for efficient hybridisati@g)( To alter the We used stable and cleavable linkers mixed in different
concentration of ODNs on the polypropylene supports we usg@toportions: 100:0, 50:50, 20:80 and 1:99 mixtures of phospho-
combinations of cleavable and stable linkers. This method reliemmidite synthon2 and4. After capping (to make sure we do not
on the synthesis of ODNs at the maximal concentration withave any reactive groups on the support) we synthesised
subsequent loss of part of them by cleavage of the labile linker bifgonucleotides across the strip and subjected it to ammonolysis
ammonolysis. The cleavable linker was based on sulfonyldiethar(®lig. 1). The augmentation of yield of hybridisation at G&or
[structured (12), Scheme 1] which undergoes beta-elimination ir50% concentration of stable spacer compared to that of 100% was
the basic conditions of the post-synthetic ammonolysis prab0%. Oligonucleotides synthesised on lower concentrations
cedure, liberating phosphate groups. The stable component wgase lower yields.

1% 25% 50% 100%



1158 Nucleic Acids Research, 1997, \ol. 25, No. 6

NPr, NiPr,
DMTro/\/\o-——P/ DMTro/\/O\/\o—AP/
\ocna \OCNEt

NP,
/

o—r¢,
DMTro N O\Ao/\’/ \\OCNEQ

0 o o o

Hol ] ] ]

,N_,I,_O/\/\o_,l,_o/\/\o_,l,_o/\/\o_L_O_ T 0
o° 0° o® C‘)@ e N

R IV NS SV NS
FR—r—o \/\o—»re—o/\/ \/\o—tlrl'—t% e NUCLEQTIDE
o o o®

?
L E AN ol oo e TGN
o°® o®

Scheme 2Phosphoramidite synthons of different unit length and corresponding hydrophilic spacers synthesised directly on the surface of aminated polypropyle

Effects of spacer length and charge on hybridisation ﬁCHa

The more an immobilised molecule is spatially removed from the ff\ﬂ

solid support the closer it is to the solution state and the more LN T

likely it is to react freely with dissolved molecules. This is /(».TC\\% o °

especially important in the case of hydrophobic supports such as N/ A a8
polypropyleneZ0), which are still rather solvent repellant despite ;""’ N

amination. To assess the influence of hydrophilic spacers of &(_g/ o\ ey,

different length on the hybridisation properties of immobilised J P
oligonucleotides, we used appropriately protected phosphitamide ’ \

derivatives of aliphatic diols (obtained by dimethoxytritylation of 9 OCNEt

one hydroxy group of diols of different length and subsequent

phosphorylation of the other). To examine the effect of the length prot

of the uncharged part of the spacer attached to two phosphate ) B NP, B™
groups on the properties of the whole spacer, synthons of different ®M"© \ Coj / N o o
length were synthesised. We did not use longer (OEH),O- : / w
units, because it has been show&B) (that the yield of 6. . OCNEt
phosphoramidite condensation with long>(5) PEG phospho- SR oMY
ramidite synthons does not exceed 60%. This would lead to an \

uncontrolled decrease of oligonucleotide yield with increasing bONEt

length of spacer. Therefore we derivatised only propanediol, di-

and triethyleneglycols1¢3. These synthons allowed us to 10 1

produce three different types of spacers. We used previously
described techniqued 3) to synthesise arrays of spacers andscheme 3.Phosphoramidite derivatives of protected nucleosides: with
oligonucleotides directly on the aminated polypropylene suppo®c-DMTr- group @), for conventional o 5 (10) and reversed %o 3 (11)
(Scheme 2). oligonucleotide synthesis.

Oligonucleotides were synthesised in bétto® and 5to 3
directions using appropriate monomé@sand11 (Scheme 3). synthon®, which are slightly more effective in the oligonucleo-
Synthon11 allows one to synthesise oligonucleotides with fregide synthesis due to the higher reactivity of the primary hydroxyl
3'-ends, which is important for some array applications whemgroup. Sequences used for hybridisation experiments were
enzymatic elongation is employed. Arrays synthesised only faomplementary to selected regions of tFRX for use as a
hybridisation experiments can be built up using conventionalybridisation target, this tRNA was labelled at ther8l by
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30 4

12

Figure 3.(a) Hybridisation of complementary oligonucleotide to oligonucleo-
tide no. 1 attached to the support through 0, 4, 12, 18, 22 and 26 uhits of
(b) hybridisation of complementary oligonucleotide to reversed oligonucleo-
tide no. 1 attached to the support through 4, 12, 22, 26 and 30 uhits of

number of hexagonal
mask shifts 0123 4

number of phosphoramidite
condensations at each 2 2221
mask position

total number of units
of linker per patch

' I ' ) I position of
Figure 2.(a) Hybridisation of tRNA"eto oligonucleotide no. 1 attached to the ‘n’;‘r“,?,ﬁ’,°,§‘f’;s‘;°fv',‘:i‘;ﬂ ¢

support through up to 6 units d&f (b) hybridisation of complementary overlaps all patches
oligonucleotide to oligonucleotide no. 1 attached to the support through up to of the array

7 units of1; (c) hybridisation of complementary oligonucleotide to reversed

oligonucleotide no. 1 attached to the support through up to 6 units of

(d) hybridisation of complementary oligonucleotide to oligonucleotide no. 2

attached to the support through up to 6 unit®;ofe) hybridisation of

complementary oligonucleotide to reversed oligonucleotide no. 2 attached to

the support through up to 10 units3of

L . . . . Scheme 4Principle of combinatorial array synthesis: having domeask

ligation of32P-5,3-ribocytidine diphosphate according &, shifts, one can produce an array af{2L) different patches. The method used

In all cases hybridisation of arrays to labelled oligonucleotidesor making arrays of spacers of different length is as described in (8) with a

gave greater discrimination than hybridisation to tRNA, but thenexagonal stainless steel cell, as illustrated. The inlet and outlet ports were at

relative intensities were similar, so for the greater part of théhe lower and upper points of the hexagon. The cell was damped against the

experiments we hybridised arrays to oligonucleotides. polypropylene surface, a_nd solutions introducgd from the reagents line of an
Unless otherwise specified, hybridisations were carried out Bl 381A DNA synthesiser. After each coupling, the cell was moved, if

36°C to achieve the maximum differentiation of spacer influencd'ecessary, before applying the next reagent. Using the coupling schedule
illustrated it was possible to make spacers of length 1-9 in five stages. Oligo-

by minimizing non-specific interactions. For both &8d % . . S )
. o . . . .. .. nucleotides were synthesised on spacer arrays using similar protocols, with
Ir.anblhsed O“gonucbou.des’ a Steady increase of hybridisatio e hexagonal reaction cell, or with a narrow rectangular cell placed with the
yield was observed with increasing length of spacer up to 8-1,4 axis orthogonal to the array of spacers.

units of glycol synthon$—3(Fig. 2, hybridisation to tRNA and

oligonucleotides) in a preliminary experiment.

To determine the optimum length of spaderan array condensation is not strongly affected by the spacer length. We and
containing 12, 18, 22, 26 and 30 units was synthesised usin@taers have shown that spacers increase the phosphoramidite
procedure similar to that shown in Scheme 4. Synthesis weasupling yield (4). We have also investigated this using the
carried out without capping, as capping would reduce the spaateavable spacdrto allow us to cleave oligonucleotides from the
concentration at each step, introducing a second variabl8,(Figpolypropylene support and have found that the use of a spacer
hybridisation to tRNA and oligonucleotides). Combining thes@nproves the coupling yield and forms a product of higher purity.
data with those shown in Figué is clear that the optimal length Thus the decrease of hybridisation yield when using very fong (
of glycol spaced is (110 units (60 atoms); surprisingly, duplex > 20, Scheme 3) spacers can not be explained by simply lower
yield declined with further increase in the length of spacer untjield of the oligonucleotide synthesis.
at 30 units the yield of hybridisation was the same as that with noie note that the optimal yield of duplex is achieved with
spacer at all. The fact that a strip from an array containingspacers comprising 8-10 units of all three types of glycol
gradient of spacer from 0 to 80 atoms, when treated withynthons. In the case of typgthis gives a spacer 45—-60 atoms
14C-DMTIT phosphoramidite and tetrazole, is almost uniformlyn length; in the typ®, 60—75 atoms; and for tyBg70-90 atoms.
covered with thel4C-label, shows that the phosphoramiditeThus the yield of hybridisation is not determined simply by the
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Figure 4.(a) Hybridisation of complementary oligonucleotide to oligonucleotide 16
no. 1 attached to the support through up to 13 uri¢solid line on the graph); b
(b) hybridisation of complementary oligonucleotide to reversed oligonucleotide 8

no. 1 attached to the support through up to 13 urBt§dafited line on the graph);
(c) hybridisation of complementary oligonucleotide to reversed oligonucleotide
no. 2 attached to the support through up to 13 ungs of o i 2 3 4 5

L Figure 5. (a) Hybridisation of complementary oligonucleotide to oligonucleo-
length of spacer. The main difference between the spacer strar}é% no. 1 attached to the support through up to 7 un@s(bj hybridisation

built up from synthong and3 is in the charge density: tyfidras of complementary oligonucleotide to oligonucleotide no. 1 attached to the
one negatively charged dialkylphosphate group for each sisupport through up to 5 units &f
atoms in the backbone, whereas typas one for each 11 atoms.

The greatest increase of the yield of hybridisation of oligommobilised oligonucleotides with the spacer chain, which might
nucleotides attached to the support through the 8mer chain of tyggd to the formation of loop-type structures, similar to described

1 spacer wagb0-fold compared to oligor_lucl_eotide directly in (25), stabilised by RNEf—(ROYP(O)O- interactions.
attached to the support (F2); the corresponding increase for the

8mer of typ8was 100-150-fold (Figt). Similar results showing CONCLUSION
optimum vyield for 8mer spacer based on glycol synthaere
obtained. It seems likely that a high negative charge in the spa@érere is growing interest in the use of solid state devices for tests
could act to repel the target and hence to reduce the rate of dupidsich involve molecular interactions. Attachment of one of the
formation. This may explain why the yield decreases with furthdigands to a solid phase introduces problems which are not
increase in spacer length and also why the highest yield wimcountered when the interactions take place in a homogeneous
glycol synthor8 is about three times higher than that WitiMe  solution as it constrains the ways in which the ligands can interact
note, however, that the oligo-T spacers used byebad (5),  with each other. The bound ligand is not so free to diffuse as it
which producdR0-fold enhancement of hybridisation, have avould be in solution; this must reduce the reaction rate. The
phosphodiester group each six atoms of the backbone. Our resditsolved ligand may be prevented from making a close approach
suggest that the optimal spacer for bdtlard 3 immobilised  to the bound ligand by a number of steric factors: clearly, it cannot
oligonucleotides should have low negative charge density antbke an approach from the direction of the solid support unless
have a length of 30-60 atoms, and this chain should be stliere is a spacer between it and the bound ligand; it may also be
amphiphilic to give the spacer hydrophilic properties. hindered in its approach from the solution phase if the ligands on
Charge effects were further investigated using two phosphtie solid support are too close together. Close approach will also
ramidite reagents based on a 3-carbon serinol structure contairtirmgaffected by the nature of the surface to which the bound ligands
an appropriately protected primary amino group (Scheme Hre attached; its charge, hydrophobicity and degree of solvation
These synthons give hydrophilic spacers containing both negatie all likely to influence significantly the environment in which
ly charged phosphodiester groups and positively charged protbe interaction of the ligands takes place.
nated amino groups. Both reagents were synthesised in three stepge devised new spacer chemistries and procedures for making
from serinol with high yield. Amino-syntho6&nd8 differ inthe  arrays of spacers which allowed us to study these factors
distance of the amino group from the stem of the spacer, whichspstematically, and applied the method to the behaviour of
8 is separated from the stem by a glycyl insert. Surprisingly, faligonucleotides in molecular hybridisation. We found that the
both spacers maximum vyield of hybridisation was observed faurface charge density had a small effect on duplex yield when
[(B—4 units of each monomer in the spacer @idurther increase varied between 6 and 11 atoms per charge. We found that, as
in number of linker units decreased the yield of hybridisation. &xpected, the surface density of the oligonucleotides was deter-
possible explanation for this decrease could be interaction wfined by the bulk of the units used for oligonucleotide synthesis;
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Scheme 5Synthesis of amino group-containing phosphoramidite synthons of different length and corresponding amino group-containing hydrophilic space

synthesised directly on the surface of aminated polypropylene.
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