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Abstract: We describe a general methodology for the solid phase synthesis of directly linked peptide- 
oligonucleotide hybrids using a sarcosine-modified controlled pore glass (CPG) support and employing 
phosphoramidite chemistry for the oligonucleotide synthesis and Fmoc strategy for the peptide assembly. Using this 
approach a special linker is not needed and the resultant peptide-oligonucleotide hybrid can be further elongated 
with an oligonucleotide sequence. 

Hybrid molecules composed of peptides and nucleic acids have found use in several 
applications such as non-radioactive labels, 1 as PCR primers 2 and in encoded combinatorial 
chemistry. 3,4 Furthermore, they may become important in antisense inhibition of gene 
expression.S-8 

Two different strategies are mainly used to synthesize such hybrid molecules. In one 
approach, the peptide part is assembled first on a solid support using standard peptide 
chemistry. This is followed by the introduction of a linker molecule usually containing both a 
carboxylic acid and a protected hydroxyl function, i.e. derivatives of an (x,(o-hydroxycarboxylic 
acid, to form a stable phosphodiester linkage on continuation with the oligonucleotide elongation 
via the phosphoramidite method. 7-10 In the other approach, the solid support is first modified with 
a bifunctional linker molecule carrying both an Fmoc-protected amino group to start the peptide 
assembly using Fmoc chemistry and a hydroxy function blocked as the DMTr ether from where 
the oligonucleotide synthesis is later initiated. 4,1~ In both strategies a linker unit is needed to 
connect the two biomolecule moieties. 

Syntheses describing directly linked oligonucleotide-peptide hybrids have only been 
reported for naturally occurring nucleopeptides in which the 5'-hydroxy group of an 
oligonucleotide is covalently linked via a phosphodiester bond to the hydroxyl function of a 
serine, threonine or tyrosine in the peptide sequence. 12-17 

Here we present a new strategy to synthesize peptide-oligonucleotide hybrids starting with 
the oligonucleotide assembly. Incorporating 5'-amino-5'-deoxythymidine 18 as the last nucleotide 
building block yields a free amino function for the further extension with amino acid building 
blocks. Applying this methodology the insertion of a linker molecule is not needed. Since 
phosphoramidites have been found to couple with high efficiency to amino functions 18 the 
resulting peptide-oligonucleotide hybrids could also be further elongated with a DNA fragment to 
yield DNA-peptide-DNA hybrids. 

The synthesis of the peptide-oligonucleotide hybrids using thymidine and L-alanine as 
building blocks was performed according to Figure 1. The procedure is generally applicable for 
other nucleotide building blocks and amino acids. First, the oligonucleotide synthesis was 
carried out using standard technology 19 on a DBU-stable sarcosine modified CPG support 2° 
which was derivatized with thymidine (1) using phosphoramidite chemistry. For the first four 
couplings the allyl phosphoramidite 2 21,22 was applied, whereas 5'-N-MMTr-5'-amino-5'- 
deoxythymidine-3'-[allyl N,N-diisopropyl phosphoramidite] (3) 23 was used for the last coupling 
step to give 4a. The allyl phosphate protecting group was chosen since it is compatible with 
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Fmoc peptide chemistry when DBU is used for the removal of the Fmoc group. 22 Intermediate 4a 
was then subsequent ly extended with 6 alanine molecules using standard Fmoc peptids 
chemistry yielding 6a. High coupling yields were obtained with Fmoc-Ala-OH (5) and HBTU 24 
or TATU 25 whereas, DIC / HOBt or HOAt gave no detectable coupling with the 5'-amino terminus 
of oligonucleotide 4a. 

1 R ~ = CPG = 
DMTr OR 1 O 

Thy 
R/O.P.OA P ~ .  2 R= DMTrO 

i) 3 R,, MMTrNH 

-F'r- 
' Thy  Thy 

H 4 0 - -  

CH~ 

ii) Fmoc.HN~ COOH 5 

~>., .2..(.~4) H I 61) -H 

iii) DMTr-40-p-~CN 7 

I Thy "] ~", r -~ Thy r Thy "] 

.L ' _IoL o o,, ,.L ILoLo_I ~ IIR'IcPG R2Ially. 

="  " 5  I .  v J 6  L. " 5  

DNA Peptide DNA 

Fiaure 1 : Stepwise synthesis of oligodeoxydbonucleotide-peplide hybrids 

i) oligodeoxyribonucleotide synthesis applying allyl phosphoramidites 2 resp. 3 for the last coupling step. ii) 
peptide synthesis applying Fmoc-Ala-OH (5). iii) oligodeoxyribonucleotide synthesis using 2-cyanoethyl 
phosphoramidite 7. iv) cleavage from support and protecting group deprotection: conc. NH3 (2h at 70"C) or 
Pd(°)[P(CsHs)3]4 / moq~holine in DMSO/THF/dioxane/0.5M HCI 2:2:2:1 (3h at 60"C) lollowed by treatment with 
conc. NH3 (2h at r.t.). 
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Oligonucleotide chain elongation of 6e was possible by using 2-cyanoethyl 
phosphoramidi te 7 to give 8a wherein the peptide terminus is bound to the second 
oligonucleotide moiety via a phosphoramidate linkage which is stable to common deprotection 
conditions. 18 The cleavage of protecting groups and removal from the support was achieved by 
treatment of 4a, 6a and 8a with 30% aqueous ammonia for 2h at 70"C 22 to yield 4b, 6b and 
8b, respectively, Treatment of the support material 4a, 6a and 8a with pd(o)[P(C6H5)3]4 / 
morpholine in DMSO/THF/dioxane/0.5M HCI 2:2:2:1 (3h at 60"0) 26-28 followed by 30% aqueous 
ammonia (2h at ft.) gave identical products as shown by PAGE (Figure 2). 29 

Lane 1: 

Lane 2: 

Lane 3: 

Lane 4: 

Lane 5: 

Lane 6: 

Lane 7: 

Lane 8: 
BPB Lane 9: 

4 5 6 7 8 9 10 Lane 10: 1 2 3 

Fiaure 2 

crude d (Ts) : NH4OH 

crude d (Ts) : Pd(°); NH4OH 

crude d (H2NTT5) : NH4OH 

crude d (H2NI-1"5) : Pd(°); NH4OH 

crude Ala 6 d (HNTTs) : NH4OH 

coupling with TATU 

crude Ale6 d (HNTT5) : NH4OH 

coupling with HBTU 

crude Alas d (HNrF5) : pd(0); NH4OH ; 

coupling with HBTU 

crude d (T6) Alas d (HN'I-Fs) : NH4OH 

crude d (T6) Alas d (HNTT5) : Pd(°); NH4OH 

d (T6) Alas d (HN'I-F5) : HPLC purified 

The mobility of 4b is clearly slower in comparison to T5 due to the compensation of one 
negative phosphodiester charge by the terminal 5'-amino group. Introduction of (Ala)6 (6b) leads 
to a further decrease in mobility due to the increased molecular mass of 6b by unchanged 
number of phosphodiester residues. Compound 8b has a similar mobility shift as 6b indicating 
that the effect of the additional phosphodiester charges is compensated by increase in size of the 
molecule. Purification was achieved by preparative PAGE and consecutive desalting by 
Sephadex gel filtration or by RP18-HPLC (Figure 3). All structures were confirmed by MALDI 
TOF-MS. 
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F~ure 3: HPLC of c.nx~ 61) and 8b : a: Pd (0) ; NH4OH b: NH4OH 

In summary, we have developed a general method to synthesize directly linked peptide- 
oligonucleotide hybrids starting first with the oligonucleotide assembly and omitting a linker 
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between the two moieties. Furthermore, we could show that these hybrid molecules can easily 
be further elongated with an oligonucleotide chain to form DNA-peptide-DNA hybrids. 

The developed methodology can also be applied to the synthesis of directly linked PNA 
-DNA hybrids which should be "in phase" since the amino-terminus of the PNA molecule 
corresponds to the 5'-end of the o l igonucleot ide part, thus al lowing base pair ing to a 
complementary DNA or RNA strand. The synthesis of such DNA-PNA hybrids and the evaluation 
of their hybridization properties are under investigation and will be reported in due course, 
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