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The synthesis and characterization of diastreomeric dodecanucleotides, d[GATCp(s)TCGAGATCl containing recognition 
sequence of the Xhol restriction endonuclease with a phosphorothioate internucleotidic linkage the cleavage site are 
described. Rp and Sp form of diastereomerically pure dinucleoside phosphorothioates d[Cp(s)T] were presynthesized 
and used for the addition to the growing oligonucleotide chain as a block. The stereochemistry of dinucleoside phospho
rothioate was assigned by 31P NMR spectroscopy, enzyme digestion, and reverse-phase HPLC. Xhol restriction endonu
clease cut only Rp diastereomer d[GATCp(s)TCGAGATC]. The rate of hydrolysis is slower than that of the unmodified 
dodecamer d[GATCTCGAGATC], The phosphorothioate nucleotide is using for determination of the stereochemical 
course of the Xhol catalyzed reaction.

Introduction

Type II restriction endonucleases1 catalyze the cleavage 
of double stranded DNA at sequence-specific sites typically 
4-6 base pairs in length. Although these enzymes are imme
nsely important in genetic engineering, not much mechanistic 
information is available.2 Progress in understanding how 
these enzymes recognize and cut the sequence-specific sites 
of DNA has been aided by the crystal structures of both 
the EcoRI3,4 and the EcoRV endonuclease.5,6 Recent advances 
in the efficient synthesis of small oligonucleotides have made 
it possible to undertake a variety of mechanistic investiga
tions with these enzymes. It has been known that certain 
restriction enzymes including EcoRI are capable of cleaving 
phosphorothioate internucleotidic lingkages when incorpora
ted into the ( —) strand of fd DNA, although at reduced 
rate. It is, therefore, possible to determine the streochemical 
course of the such an enzyme catalyzed reaction providing 
we could synthesize an oligonucleotide containing the appro
priate recognition sequence with a phosphorothioate internu
cleotidic linkage of known absolute configuration at cleavage 
site. Restriction endonuclease catalyzed hydrolysis in the 

presence of H2laO and subsequent nuclease Pl cleavage of 
the reaction products should furnish a deoxynucleoside 5'- 
[18O]-phosphorothioate whose absolute configuration should 
be amenable to stereochemical analysis by 31P NMR spectro
scopy.7 The knowledge of whether such an enzymatic reac
tion proceeds with retention or inversion of configuration 
at phosphorous provides evidence for or against the existe
nce of a covalent enzyme intermediate and thus limits the 
number of mechanisms that can be proposed for an enzyma
tic reaction. Using phosphorothioate nucleotides, stereoche
mical course of reactions catalyzed by restriction endonuc
leases EcoRI8 and EcoRV9 were determined to be inversion 
of configuration at phosphorus, respectively. It is known that 
a structural homology between EcoRI3, and EcoRV10 in the 
vicinity of the phosphorus to be cleaved was noticed, consis
ting of four amino acids located in a similar steric arrange
ment. It was also demonstrated that the two acidic amino 
acids of this homologous region are important for catalysis. 
It was concluded, therefore, that the general mechanism of 
both enzymes is similar, including the same stereochemical 
course of reaction.10

We are interested whether other restriction endonucleases 
catalyze reactions with inversion of configuration at phospho
rous as EcoRI and EcoRV did. We wish to describe here 
the synthesis and characterization of diastreomeric dodeca
nucleotides, d[GATCp(s)TCGAGATC] (Figure 1), which con-
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이 GATCp ⑶ TCGAGATC],(Rp) d[GATCp(s)TCGAGATC],(Sp)

Figure 1. Configration of the Sp- and Rp- diastereomers of d 
[GATC 虾.TCGAGATC].

tain recognition sequence of the Xhol restriction endonuc
lease" with a phosphorothioate internucleotidic linkage the 
cleavage site and could be used to study stereochemical cou
rse of reactions catalyzed by Xhol restriction endonuclease.

Materials and Methods

Materials. Nucleosides were obtained from Sigma Che
mical Company. 2,5-Dichlorophenol, PCI3 and PSCI3 were pu
rchased from Fluka Chemical Co. (Switzerland). Restriction 
endonuclease Xhol, Nuclease and Pl were purchased from 
Promega. Nuclease SI was purchased from KOSCO and 
snake venom phosphodiesterase from Sigma Chemical Com
pany. Pyridine, tetrahydrofuran, acetonitrile were distilled 
over calcium hydride. Dioxane was distilled over Na.

Purification Methods and Analytical Methods.
Thin layer chromatography was performed on Merck Kiesel 
60F2r.4 plates and HPTLC plates that were eluted with chlo
roform methanol mixture. Merck Kieselg이 60H was used 
for column chromatography. The *H  NMR and 31P NMR spe
ctra were measured with a Bruker 300-MHz spectrometer. 
An Applied Biosystem HPLC system equipped with an abso
rbance detector (model 783A) and with gradient pump sys
tem (model 400) was employed. In all cases, the reverse 
phase Jones ODS column (5 pm particle size, 250X4.6 mm) 
was utilized. Two buffer systems were used. To purify comp
letely deblocked diastereomers, a linear gradient (flow rate 
1.5 mL/min) consisting of 0.1 M triethylammonium acetate 
(TEAA), pH 7.0(A) and 0.1 M TEAA, pH 7.0, containing 60% 
CH,(CN(B) was used (t = 0 min, 14% B; t —20 min, 40% B) 
(gradient I). To resolve nuclease SI and snake venom phos
phodiesterase digestion products of the diastereomers, linear 
gradient (flow rate 1.5 mL/min) prepared from 50 mM KH2- 
PO4, pH 6.0(A) and 50 mM KH2PO4, pH 6.0, containing 30% 
CH；iCN(B) was used (t = 0 min, 0% B; t= 15 min, 50% B) 
(gradient II).

Synthetic Procedures
2,5-Dichlorophenylphosphorodichloridothioate.

Following the procedure,12 the desired phosphorylating agent, 
2,5-dichlorophenylphosphorodichloridothioate was prepared 
by heating 2,5-dichlorophenylphosphorodichloridite, thiophos
phoryl chloride, and sulfur in the presence of activated char
coal in 72% yield: bp. 160-200 t at 10 mmHg; 31P NMR 
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(CDCI3), 51.6 ppm.
protected 2'*Deoxynucleosides.  5,-O-(4,4,-Dimethox- 

ytrityl)-4-N・benzoyl-2'-deoxycytidine was synthesized 나sing 
a modification of the reported procedures.13 S^O-L^-Chloro- 
phenoxy)acetyl]thymidine was synthesized using the repor
ted procedure.7

Synthesis of Protected Rp- and Sp- Diastereomers 
of d[Cp(s)T]. Following the reported procedure?415 the 
phosphorylating agent (0.675 g, 3 mmol) was first allowed 
to react with 1-hydroxybenzotriazole (0.878 g, 6.5 mmol) and 
triethylamine (6 mmol) in tetrahydrofuran (4.8 mL) at room 
temperature. After 20 min, 5'-O-(44-Dimethoxytrityl)4N- 
benzoyi^^deoxycytidine (1.268 g 2 mmol) and dry pyridine 
(4 mL) were added to the resulting products. After a further 
period of 75 min, 3*-0- [(/'-Chlorophenoxy)acetyl]thymidine 
(0.822 g, 2 mmol) and pyridine (4 mL) were added and en
suing reaction was allowed to proceed for 8 h before it was 
worked up. The saturated NaHCO3 solution (4 mL) was ad
ded to the reaction mixture and the mixture was stirred 
for 10 min and extracted with chloroform (2X70 mL). Chlo
roform layer was washed with triethylammonium bicarbonate 
(TEAB) buffer solution (0.1 M, pH 7.5). The organic layer 
was dried (MgSO4) and evaporated under reduced pressure.

Separation and purification of the fully protected 
Diastereomers of d[Cp(s)T]. The S'-O-t^-chlorophe- 
noxy)acetyl protecting group was removed by dissolving the 
product in dioxane (50 mL) and 25% aqueous ammonium 
s이ution and stirring at room temperature for 70 min. After 
the 3'-OH protecting group was unblocked, the partially pro
tected diastereomers of d[Cp(s)T] was purified and separa
ted by short column chromatography over silica gel eluting 
with ethanol in chloroform and analyzed by HPTLC plate. 
Yield, 0.636 g (45.1%) A solution of the protected diastereo
mer (0.0183 g, 0.02 mmol), syn-2-nitrobenzaldoxime (0.033 
g, 0.20 mmol) and N^N^N^NMetramethylguanidine (0.023 
mL, 0.18 mmol) in dioxane-water (1:1 v/v, 0.6 mL) was stir
red at room temperature.16 After 18 h, the reaction mixture 
was concentrated under reduced pressure and the residue 
was redissolved in aqueous ammonia (d, 0.88, 5 mL) and 
stirred overnight at room temperature. After evaporation to 
film, 10 mL of water was added to it and bubbled CO2 to 
adjust pH to 5. Aqueous solution was washed with CHCI3 
and diethyl ether. The aqueous layer was evaporated. The 
unblocked material was passed through a Sephadex G-15 
and was chromatographed on DEAE-Sephadex A-25. The co
lumn was eluted with TEAB buffer (pH 7.5, linear gradient 
0.001-1.0 M). 31P NMR (D2O) 56.42 ppm for higher Rf isomer 
and 55.92 ppm for lower Rf isomer, respectively

Synthesis of S,-O-DMTdC^pts.DCPhiT-p-cyanoethyl-N, 
N-diisopropylaminophosphoramidite. S'-O-DMTdC^xsj^Ph) 
T (1.408 g, 1.30 mmol) was dried by repeated evaporation 
with THF (10 mL) and rediss이ved in THF (13 mL). To this, 
3 equiv. of N,N-diisopropylethylamine (0.67 mL, 3.90 mmol) 
was added under nitrogen and stirred for 5 min at room 
temperature. 2 Equivalent of 2-cyanoethyl-NtN,-diisopropyla- 
minochlorophophine (0.58 mL, 2.60 mmol) was added during 
a period of 5 min. The reaction mixture was then stirred 
for 2 h and was monitored by TLC. Then the solvent was 
evaporated in vacuo. The residue was poured into ethylacet
ate (50 mL), washed with 5% NaHCO3 solution, saturated 
NaCl solution, dried with MgSO4 and evaporated to a form.
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The crude product was dissolved in small volume of toluene 
and precipitated in petroleum ether at 一 20 °C. Next the 
precipitate was purified by silica gel chromatography with 
a gradient of 1% Et3N/hexane to 1% Et3N/49% ethylace- 
tate/hexane, Allowed by precipitation in petroleum ether at 
—20 °C. The phosphoramidite was dried in vacuo and dissol
ved in dry acetonitrile to give 0.2 M solution which was 
used for automatic oligonucleotide synthesis.

Synthesis of Oligonucleotide. Oligonucleotides were 
synthesized using solid phase synthesis. The following syn
thesis cycle was used: (1) Wash with dichloromethane (2X2 
mL); (2) detritylated by addition of 2 mL of 3% solution 
of trichloroacetic acid in dichloromethane for 2 min; (3) wash 
with dichloromethane (3X2 mL); (4) render anhydrous by 
washing with acetonitrile (10X2 mL); (5) couple by addition 
of 100 mmol of the appropriate S'-O-CdimethoxytrityDnucleo- 
side B'-O-P-cyanoethyl-N.N-diisopropylaminophosphoramidite 
in 0.5 mL of acetonitrile together with 250 卩mol of tetrazole 
in 0.5 mL of acetonitrile (coupling times were 30 min for 
the first cycle and 10 min for subsequent cycles); (6) wash 
with acetonitrile (2X2 mL); (7) oxidize by addition of 1 mL 
of a 1% solution of iodine dissolved in lutidine-THF-H2O 
(1:8:1 v/v) for 1 min;⑻ wash with acetonitrile (3X2 mL); 
(9) cap unreacted hydroxyl groups by addition of 1 mL of 
lutidine, and 0.25 mL of acetic anhydride for 5 min; (10) 
wash with acetonitrile (3X2 mL). Step 10 completes the ad
dition of one nucleotide. The growing oligomer is further 
elongated by repeating the steps by beginning again at 등tep
1. Phosphorothioate-containing oligomers were prepared by 
the addition of a chirally pure DMTrCBzp(s,i)cPh)T dimer ins
tead of a monomer. In this case, the only alteration in the 
protocol was an increase in the coupling time to 45 min. 
After the addition the last nucleotide the synthesis cycle 
was terminated with the completion of step 8. Place the dry 
support bearing the fully protected oligomer in a 25 mL 
round bottomed flask. The 2t5-dichlorophenyl group and the 
succinate linkage were cleaved by the treatment of a solution 
of 0.5 mL of syn-2-nitrobenzealdoxime (0.39 mmol)in dioxane 
and 44 mL of N^N^^.N^tetramethyl- guanidine (0.35 mm이). 

After 4 h, 0.73 mL of acetonitrile/water (4 : 1 v/v) was added 
and the flask was stood at room temperature for 20 h. follo
wed evaporation. The baseprotecting groups were removed 
by adding 5 mL of 28% aqueous ammonia and heating at 
55 M for 15 h. After this time the ammonia solution was 
removed by evaporation at a water pump. The product was 
dissolved in 3 mL of a 1% aqueous Et3N solution and silica 
gel removed by filtration through a small glass wool plug 
in a Pasteur pipette. The filtrate was extracted with ethyl 
acetate (3X3 mL), briefly evaporated at a water pump to 
remove excess ethyl acetate, and made up to about 1 mL. 
The dimethoxytrityl oligomer was purified by reverse-phase 
HPLC with a linear gradient of acetonitrile (from 5% to 50% 
in 25 min) in 0.1 M of triethyl ammonium acetate (pH 7.0), 
at 50 °C. The dimethoxytrityl groups were then removed by 
a 1 h treatment with 2 mL of 80% acetic acid. The acetic 
acid was removed by evaporation, the resulting oligomer was 
dissolved in 2 mL of water, and the solution was extracted 
with ethyl acetate (3X2 mL). Final purification, by injection 
of ten aliquots of 100 卩L, was by reverse-phase HPLC with 
a linear gradient of acetonitrile (from 5% to 20 % in 20 
min) in 0.1 M of TEAA (pH 7.0). Fractions that contained 

product were pooled and evaporated to dryness. The purity 
of the oligomer was checked by reverse-phase HPLC. The 
purified oligomers were dissolved in 1 mL of sterilized water 
and stored frozen at —20 C.

Sequencing of Oligonucleotides. Oligonu시eotides 
sequencing was performed by the chemical method of Ma- 
xam and Gilbert.17

Enzymatic Procedures
Nuclease Pl. d[Cp(s)T] (0.2 mg) was dissolved in 200 

pL of 100 mM Tris-HCl, pH 8.9, 100 mM NaCl, 14 mM MgCL 
and digested with nuclease Pl (50 units) at 37 t：. At approp
riate times 10 卩L aliquots were quenched with 2 卩L of ice- 
cold 1 M acetic acid and analyzed by HPLC.

Restriction endonuclease Xhol. Oligonucleotide 
cleavage reaction with Xhol was performed by incubating 
oligomer (0.14 O.D.) at 37 t in a system containing in a 
total volume of 200 卩L of 6 mM Tris-HCl, pH 7.9, 90 mM 
NaCl, 20 mM MgCl2, 1 mM DTT and Xhol (20 units) overni
ght. For nucleotide containing phosphorothioate, amount of 
enzyme was increased to 100 나nit and 100 |ig/mL BSA was 
added to the reaction buffer.

DNA melting
Melting curves were obtained by measuring the change 

in absorption at 260 nm in a Shimadzu UV-265 spectrophoto
meter. The temperature was increased from 10 L，C to 86 C 
at a rate of 15 t/h using a TB-85 Thermo Bath Shimadzu 
circulating bath temperature controller. Samples were heated 
in a masked 1cm path length quartz cuvettes fitted with tef
lon stopper. Each thermal denaturation was performed in 
10 mM Tris-HCl buffer, pH 7.2, 100 mM NaCl and 10 mM 
MgCl2 at 0.5 O.D. of each strand. The sample was kept at 
90 °C for 5 min and cooled to 10 °C. At temperature b시ow 
20 °C, N2 gas was continuously passed through the sample 
compartment to prevent formation of condensate.

Results and Discussion

The dodecanucleotides containing a phosphorothioate 
group were synthesized by the phosphite method on a solid 
support.1819 Phosphorothioate containing oligomers can be 
prepared by the addition of elemental sulfur to the phosphite 
intermediate, resulting in a mixture of diastereomers of pho
sphorothioate oligomer. But it seems that separation of the 
diastereomers depends on the sequence of oligomers prepa
red. We could not separate certain diastereomers. Therefore, 
in order to prepare chirally pure oligomers, we have 니tilized 
use of a presynthesized diastereomerically pure phosphoro
thioate dimer as a building block. The desired dinucleoside 
phosphorothioate d[Cp(s)T] was prepared by the phosphotrie
ster approach.20 The phosphorylating agent, 2,5-dichlorophen- 
ylphosphorodichloridothioate was prepared following modifi
cations of the published procedure12 in 72% yi이d. The d[Cp(、) 

T] dimer was prepared by condensing by 5f-0-dimethoxytri- 
tyl^-N-trimethylacetyl^'-deoxycytidine and 3f-0-[(/>-chloro- 
phenoxy) acetyl] thymidine using 2,5-dichlorophenylphos- 
phorodichloridothioate and 1-hydroxybenzotriazole as conde
nsing agent in THF. Purification and separation of diastereo
mers were simultaneously achieved by short column chro
matography over silica gel eluting with ethanol in chloroform.
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It is important to note that before column chromatography 
removal of the (/)-chlorophenoxy)acetyl protecting group was 
required. It is believed that the large and very hydrophobic 
character of the (/>-chlorophenoxy)acetyl protecting group 
makes the separation difficult. After chromatography, the 
diastereomers were checked with high performance thin la
yer chromatography (HPTLC) plates because the difference 
in Rf values of two diastereomers were too small to be sepa
rated on regular TLC plates. Short column chromatography 
afforded the pure higher Rt [0.35, CHCl3-EtOH (95 : 5 v/v)] 
diastereomer in 27% yield and the pure lower Rf (0.34) dias
tereomer in 18% is이ated yi이d. 31P NMR spectroscopy of 
the diastereomers at 25 °C in CDCL showed resonance at 
63.07 and 62.76 ppm, respectively.18 31P NMR spectroscopy 
shows that each diastereomer was chirally pure without con
tamination with the other diastereomer. Their designation 
of configuration at phosphorus as Rp and Sp follows from 
analysis of "P NMR spectroscopy and reverse-phase HPLC 
and the stereospecificity in the hydrolysis catalyzed by nuc
lease Pl. After removal of the (/>-chlorophenoxy)acetyl prote
cting group by brief treatment with ammonia, the diastereo
mers were treated first with N^N^N^NMetramethylguani- 
dine in dioxane-water at room temperature to unblock the 
internucleotide linkage and then aqueous ammonia to re
move benzoyl group. 31P NMR spectroscopy of the resulting 
fully unblocked d[Cp(s)T] showed resonance at 56.26 and 
55.68 ppm, respectively. Since it is known that the Sp diaste
reomer of dinucleotide phosphorothioates resonates at higher 
field than the Rp diastereomer,14,2122 나lis established the hi
gher Rt contained the diastereomer with the Sp configuration. 
Confirmation of this results comes from reverse-phase HPLG 
analysis of the unblocked mixture in which the higher Rf 
diastereomer elutes before the lower one.14 Again the Rp 
diastereomer of dinucleotide phosphorothioates is known to 
이u坨 before the Sp in reverse-phase HPLC system.2122 The 
above results were confirmed by studying the hydrolysis of 
these diastereomers catalyzed by nuclease Pl, which is 
known to hydrolyzes dinucleoside phosphorothioate of the 
Sp but not Rp configuration,23 The results clearly demonstrate 
that the fast-moving isomer (higher R() of triester correspo
nds to the dinucleoside phosphorothioate of the Rp configura
tion. Diasteromers of dodecamers d[GATCp(s)TCGAGATC] 
(Figure 1) which contain the recognition sequence for Xhol 
with a phosphorothioate group at the cleavage site were syn
thesized using the protected optically pure (Rp) and (Sp) dias
tereomers. First, the protected optically pure (Rp) and (Sp) 
diastereomers, DMTrdCBzp(s,i)cph)T was converted to phospho- 
ramidite to use as a building block in the phosphite method 
on a solid support. The P-cyanoethyl-N,N-diisopropylamino- 
phosphoramidite dimers could be added to growning chain 
of oligmer in the usual fashion. The coupling time was inc
reased to 45 min from 10 min. After completion of the solid 
phase synthesis the 2t5-dichlorophenyl group and the succi
nate linkage were cleaved by the treatment of syn-2-nitrobe- 
nzealdoxime in dioxane and N^NSN^N^tetramethylguani- 
dine. Aqueous ammonia treatment removed the base-protec
ting groups and cleaved simultaneously the oligonucleotide 
from the solid support. The dimethoxytrityl oligomer was 
purified by reverse-phase HPLC with a linear gradient of 
acetonitrile. All the truncated sequence by-products resulting 
from incomplete coupling elute much earlier than the dode-
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Figure 2. 31P NMR spetra of the distereomers of the Sp- and 
Rp- diastereomers of d[GATCP(S)TCGAGATCJ at 10 °C. The phos
phorothioates group of Sp- and Rp- diastereomers resonate at 
S 55.97 and 55.09(B), respectively. Two resonances at 6 —0.29 
and 55.97 of the spectrum of Rp isomer(A) and two resonances 
at 8 —0.12 and 55.09 of the spectrum of Sp isomer (B) were 
in an approximate ratio of 10 : 1, respectively.

earner on reverse-phase HPLC. The dimethoxytrityl groups 
were then removed by treatment with 80% acetic acid to 
give fully deblocked oligmer. Final purification of the oligo
mer was done by reverse-phase HPLC with a linear gradient 
of acetonitrile in TEAA. Fractions that contained product 
were pooled and evaporated to dryness. The purity of the 
oligomer was checked by reverse-phase HPLC. The purified 
oligomers were dissolved in 1 mL of sterilized water and 
stored frozen at —20 t. The purity of the oligomers synthe
sized has been checked by reverse-phase HPLC and appea
red over 95% pure. No separation was achieved between 
the Sp and Rp diastereomers of d [GATCP(S)TCGAGATC] and 
both diastereomers elute later than normal oligonucleotide 
d[GATCTCGAGATC] on reverse-phase HPLC.

While analyzing the 31P NMR spectroscopy of the Rp and 
Sp isomers of dEGATCp(s)TCGAGATC] (Figure 2), it became 
apparent that there are distinct differences in the resonance 
of the phosphorothioate groups of diastereomers. 31P NMR 
spectra of Rp and Sp isomer taken at 10 °C show a group 
of resonances at 8 —0*29  and —0.12, respectively. The spec
tra of both Rp and Sp isomers show in addition signal at 
8 55.97 and 55.09, respectively, representing the resonance 
of the phosphorothioate groups. Two resonances at 8 -0.29 
and 55.97 of the spectrum of Rp isomer and two resonances 
at 8 —0.12 and 55.09 of the spectrum of Sp isomer were 
in an approximate ratio of 10 : 1, respectively, confirming that 
there are ten phosphate groups and one phosphorothioate
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Time, min
Figure 3. HPLC analysis of a partial Xhol digestion of oligonuc
leotide containing Xhol recognition sequence. (A) Parent oligonu
cleotide, GATCTCGAGATC, (B) R^GATCp⑹TCGAGATC, and Sp- 
GATCp(s)TCGAGATC. In all cases undigested oligomers elute la
test.
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Figure 4. Thermal melting curves of oligonucleotides confining 
a phosphor이:hioate group compared to the m아ting curve of the 
parent oligomer. —; GAT CT C GAG AT C (Tmt 54.85 C), RP- 
GATCp⑴TCGAGATC (Tm, 52.75 °C), Sp-GATCp(s)TCGAGATC 
(Tm, 51.75 °C).

group in each dodecaoligonucleotide.
As expected, dEGATCTCGAGATC] and the Rp diastereo

mers of d[GATCp($)TCGAGATC] were substrates for the 
Xhol restriction endonuclease. d[GATCTCGAGATC] was di
gested by Xhol to give only two products as monitored by 
HPLC (Figure 3). Collection of these products and analysis 
using the nuclease Pl and alkaline phosphatase treatment 
showed that these products were dEGATC] and d[pTCGA- 
GATC]. Treatment of the Rp diastereomers of dEGATCsTC- 
GAGATC] with Xhol also gave only two products, dEGATC] 
and d[p(s)TCGAGATC] as monitored by HPLC. The phos
phorothioate dodecamer was cleaved approximately 8 times 
more slowly than the unmodified dodecamer.

A very important characteristic of the pho옹phomthioate 
dodecamers is their thermal stability. Xhol as well as other 
type II restriction endonucleases requires a double-stranded 
oligodeoxynucleotide as substrate. Figure 4 shows the ther
mal melting curves of the oligonucleotide duplexes. The so
lution had similar absorbances at 10 °C (Aicm,260nm=0-5) and 
melting profiles of oligonucleotides are not so sensitive to 
sulfur substitution. Melting 해oint of the Rp form of d[GATCp(s)- 

TCGAGATC] was lower than that of the unmodified dodeca
mer by 2 t, but slightly higher than that of the Sp diastereo
mer. This is significant since a decreased thermal stability 
has been reported for the phosphorothioate analogues of the 
alternating polynucleotides poly[d(G-C)] and poly[d(A-T)].242-1 
In these polymers thermal stability is lowed to the greatest 
extent when the pyrimidine nucleoside 5f-phosphate is subs
tituted by a phosphorothioate. It has been reported that a 
decrease in Tm of 8 t and 15 t were observed for poly[d 
[pGp⑸C]] and poly[d[pAp⑸T]] respectively, whereas for the 
p이ymers containing a purine nucleoside 5f-phosphorothioate 
such as poly[d[pCp(s)G]] and poly[dEPTp(s)A]] the Ttn values 
were lowed by 2 and 5 °C, respectively . Contrary to this 
it was reported that the values of octamer dEGGp(s)AAT- 
TCC] was similar to that of dEGGAATTCC].26 The reported 
results and our results indicate that single site sulfur substi
tution does not affect melting profiles of oligonucleotides not 
much. The sequence of oligonucleotides was confirmed by 
the chemical degradation method by Maxam-Gilbert. Maxam- 
Gilbert method gave the desired sequence and was not inte
rrupted by phosphorothioate.

We are at present using the Rp form of d[GATCp(s)TCGA- 
GATC] (500O.D.) to evaluate the stereochemical course of 
the Xhol restriction endonuclease-catalyzed reaction.
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Synthetic lipoidal peptides based on viral protein sequences have been prepared. These peptides contain an N-palmitoyl 
group at the N-terminal residue, which is a modified cysteine, containing a S-[2,3-bis(acyloxy)-(2-R,S)-propyl] moiety. 
When this residue (Pam3Cys) is at the N-terminus of a synthetic peptide, it acts as potent immunoadjuvant to enhance 
both IgM and IgG antibody responses to the attached peptide. Conventional analytical procedures (e.g., Edman degrada
tion and amino acid analysis) are either not applicable due to the N-terminal modification, or do not provide confirma
tion of the intact structure. Chromatographic analysis is also hindered by the tendency of these lipoidal Pam3Cys 
peptides to form large aggregates, and in some cases to be permanently adsorbed on reversed phase columns. We 
have applied several mass spectrometric techniques, including fast atom bombardment (FAB), electrospray ionization 
(ESI) and matrix assisted laser desorption ionization (MALDI) to characterize the intact structures of a number of 
different Pam3Cys synthetic peptides. The MALDI-MS has been found to be the most sensitive for the analysis of 
the structure of Pam3Cys peptides.

Introduction

Synthetic peptides are prepared to contain an N-palmitoyl 
moiety at the N-terminal residue of the peptide which is 
a modified cysteine, containing a S-[2t3-bis(acyloxy)-(2-R,S)- 
propyl] moiety. When this residue is placed at the N-termi- 
nus of various synthetic peptides, it has been found to be 
potent immunoadjuvant which enhances both IgM and IgG 
antibody responses to the attached peptide.1'6 Synthetic ana
logues of these compounds include those bearing palmitoyl 
groups (Pam3Cys) as shown in Figure 1. These synthetic 
peptides have significant advantages, since the addition of 
other adjuvants are not required, and most importantly, the 
epitope can be specifically defined.

It is critical, however, that these peptides should be struc
turally characterized prior to their use in immunological stu
dies.7'8 This is most important, since the synthesis involves 
several steps where the peptide is exposed to conditions 
that can provide amino acid side chain modification and/or 
deacylation. And, the lipoidal nature of the peptides make 

them extremely difficult to be purified and analyzed. Reverse 
phase HPLC can lead to irreversible adsorption to the bond
ed phase. Although we have found that the N-methyl-2-pyr- 
rolidone (NMP) is useful for solubilization and isocratic elu
tion for some of these lipopeptides, it is not successful in 
all cases for HPLC purification.9 The peak broadening result
ing from the inherent self-aggregation of these compounds 
may, in even favorable cases, obscure contaminating peaks. 
Thus, amino acid analysis is not adequate to fully characte
rize these peptides prior to their use in immunological stu
dies. Further, because the N-terminal is blocked, traditional 
Edman sequencing cannot be employed to determine the 
proper sequence of synthetic peptide.

We are currently using several mass spectral techniques 
to characterize the amino acid sequences of the PaimCys 
peptides found in the envelop glycoproteins of HIV-1 and 
the Simian Immunodeficiency Virus (SIV)?7 Conventional 
FAB-MS analysis using standard matrices, such as glycerol 
and nitrobenzyl alcohol, is not particularly effective for these 
molecules, largely due to their tendency to aggregate. Here,


