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f':I_!if - C1‘ 1

" -ve developed general methods for joinin together, via cleavable disulfide bonds,

unprotected polynucleotides or a polynuc eottde and a pedptide or rotein.net in w
.;- join two oligonucleotides, each is first converted to an ad ich cystamine is
-= to the 5’-terminal phosphate of the oli onuclcotide by a phosphorarnidate bond. The

: are mixed and reduced with dithiot reito]. The dithiothreitol is then removed by

Oxidation by atmospheric oxygen occurs to yield the required dimer.
‘o1 a join an oligonucleotide to a cysteine-contaimng peptide or protein, the 5 '--cystamine
-=3: is first converted to a 2’- dyldisulfide adduct and then reacted with an excess of

e or rotein. If the peptr e does not contain a free cysteine residue, it is first treated
___J_§ . thioliane to introduce one or more sulfh dryl groups.

ehave used these rocedures to join a 1 mer deoxynucleotide probe and MDV-1
:a substrate of Qfi NA polymerase. This adduct hybridizes with a complementary
DNA. We have also joined a lémer probe to peroxidase and MDV—1 RNA to human

The probe-peroxidase adduct maintains enzymatic activity and the MDV-1 RNA-IgG
--2» binds to a complementary anti—IgG.

1.1 DUCTION

_ -- ures for attaching oligodeoxynucleotides to biopolymers, particularly proteins, are

_.'3';-n increasingly important in molecular biology and biotechnology (1-5). One

Ijfa ch that has been widely used involves the incorporation of a linker group into a

ll.» oligodeoxynucleotide. A suitably protected 1inker—containing nucleotide—analogue

7:7-rv one of the standard monomers in a solid-phase synthetic procedure. After

‘T ‘on the oligonucleotide can be coupled. for example to a protein, via the linker.

.:-;_~« that introduce a thiol group at the 5 ’-terminus (6) or the 3'—terminus (7) have

. _ ported, and in one case the product has been coupled to a protein, rnicrococcal

(4)-

_ 1-: :-' synthetic procedures are not applicable when it is necessary to attach a ligand to an

ted oligonucleotide or nucleic acid that has been synthesized cnzymatically or

from natural sources. We have developed an alternative methodology for linking an

- - c oligonucleotide or polynucleotide via a 5 ’-terminal phosphate to any of a wide

_-- fligands (8-10). The chemistry is simple and rapid and may be applied to short1

- M tides, short oligodeoxynucleotides, RNA or DNA.

I this paper we first present a very simple procedure for joining together pairs of

5_-«Press Limited, Oxford, Engiand. 3571
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otigonucleotides of any length via cleavable disulfide linkages. We have also used previously L

described methods for linking together proteins via disulfide bonds (11, 12) to Iigate an

oligonucleotide or nucleic acid to a. thiol-containing peptide or protein. Applications include '

the linking of an arnplifiable reporter, MDV—1 RNA (221 bases) (13), to either a probe

oligodeoxynucleotide or an antibody and the formation of a probe-peroxidase adduct. Some

of these products could not easily be prepared using standard methods.

MATERIALS AND METHODS

Materials

The following were purchased: calf intestine alkaline phosphatase and peroxidase»-

(Boehringer Mannheim), T4 polynucleotide kinase and single—stranded M13mp18 DNA (New

England Biolabs), [1r—32P]—ATP (Amersham). cystamine (2.2'—dithiobis(ethyl-7

arnine)dihydroehloride) (C.T.C. Organics), 2,2’-dipyridyldisulfide (Aldrithiol-2) (Aldrich),

bradykinin (arg-pro-pro-gly-phe-ser-pro-phc-arg) and fatty acid free bovine serum albumin

(BSA) (Sigma), 2—iminothiolane (Pierce), human IgG and affinity purified goat anti—human‘

IgG (Cappel), 3,3 '—diaminobenzidene (Bio-Rad), DEAE Sephadex A~50—120 (Sigma);

Immulon-2 ELISA removeawell strips (Dynatech).

The deoxyribonucleotide sequence. 5 ‘-CACAATTCCACACAAC (16n-ier), comp1e--

mentary to residues 6170-6185 of the M13mp18 DNA (+) strand, and the 37mer
I

U

OLIGONUCLEDTIDE'5"U§NHCH.CH,5H0.
ii)

E‘
OLIGONUCLEDT IDE 05'D$NHCH,CH,55CI'I.cH,NH,

0' .3.
(HI

. 9 9 .
OLIGONUCLEOTIDE A'§'OéHHCH,CH,55CH,CH,NHe°'5'DLIGONUCLEOTIDE B0- 0-

‘Hill

, <..> \
OLIGONUCLEOTIDE'5'OeII-HCH,CH,55 Io_ 1

(‘V3

0

OLIGONUCLEOTIDE -s’-o§nncn,cn,ss—rrr~nn: rpnoramO.

['1

Figure 1: The structures of (i) 5 ’-thio-ethylamino-P-oligonucleotides. (ii) 5"- stamina-P-.

oligonucleotides,(iii)5'-P-q1igonucleqttde—ss—5’-If-oltgonucleotides, (1\f)5 - -py_r -ss-P-oligonucleotides. (V) ’-P-oli onucleotide-ss-protein or p'eptldC.' The oligonucleoti es can,
have any length and belong eit er to the nbo- or the deoxynbo- series.
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TATGTTGTGTGGAATTGTGAGCGGATAACAATPT, which corresponds to

-< 6164-6200 of the M13mp18 (+) strand, were synthesized on an Applied Biosystems

«izer Model 380. The purification of the lémer and 37mer and their conversion to the

n.- phates has been described (9). 5 ’-ppp-MDV-1 (+) RNA was a gift from Dr. Fred

' :.-e , Public Heailh Research Institute, New York. Its propagation, dephosphorylation,

fcnnversion to the 5 ’-[3zP]-MDV-1 RNA and 5’-cystamine-[32P]-MDV—1 RNA (Fig. 1 ii)

5'-cystamina-P- 1 Emm-E254

5'-P—16rrIer
I

 
DH 12 PEFICHLORATE

E254
5'—(2—pyr)—ss—16rnar

J

5'-cystamine-P-16n}or

 
pH 3 PEFICHLDRATE:-

 
 

 

 
 

 

 

"- - ' 2: HPLC elutionsprofile of reaction mixtures showing:Conversion of '-P-lfimcr to 5 ’ - stamine-P-16mer. 5 ‘ -P-ltimer was treated with

Frnethyiilnidazole, 0.15 M 1—ethyl-3, ,-dimethylarninopropylcarbodiimide, and 0.5 M

' for 2 hours at &H 7.2 and 50°C. Oligonucleotides were eluted from an R.PC—5
_ at pH 12, usin 0. 6 M-0.066 M rchloratezgradtent in 30 rnms. .Conversion 0 S ' tamine-P-1 met to 5 ‘- -pyr)-ss-P-16mer. 5’-cystantunc-P-16n1er

=--- with 5 mM D for 1 hour at pH 7.2. 2. ’-dipyrid 1-disnlfide was then added to a
ntration of 1.6 mM. The reaction mixture was mcu ated at room temperature for 2

Oligonucleotidcs were eluted from an RPC-5 column at pH 8. using a 0.024 in-0.40 I11
,2: H legfadiflnl in III_i_[lS.

3673
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