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SOLID SUPPORTED CHEMICAL 5'-PHOSPHORYLATION OF OLIGODEOXY-

RIBONUCLEOTIDES THAT CAN BE MONITORED BY TRITYL CATION RELEAS]
APPLICATION TO GENE SYNTHESIS.

Thomas Horn, Judith S. Allen and Mickey S. Urdea

Chiron Corporation, 4560 Horton Street
Emeryville, CA 94608, USA

ABSTRACT: The gene for human lysozyme was assembled from
oligonucleotides +that were chemically phosphorylated with a
novel phosphorylation reagent.

In order to circumvent the use of T4 polynucleotide
kinase and ATP for the 5'-phosphorylation of synthetic oli-
godeoxyribonucleotides after deprotection and purification,
we and others (1,2) have developed chemical phosphorylation
reagents that can be used on automatic DNA synthesis instru-

ments. However there is no convenient way to determine the

coupling efficiency of these compounds.

We now report a phosphorylation procedure that can be
monitored by the release of the orange dimethoxytrityl
cation after acid treatment (3). The phosphite-derived com-
pound (2-cyanoethoxy)-2-(2'-0-4,4'-dimethoxytrityloxyethyl
sulfonyl)ethoxy=N,N-diisopropylaminophosphine was designed

335
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s
I I
N-0-CCH,Br ~0-P-0—DONA-OH

o 7

i
+ R—NHCCH,— Br

Q
i
R—NHgCHrS—r—O — DNA—OH

-

R = Horse Radish Peroxidase (HRP)

R ® Control Pore Glass, Polystyrene, Cellulose

SCHEME 1I.

and synthesized. The phosphitylating compound is very
stable as determined by 31-P-NMR of a 50 mM solution in dry
acetonitrile after a period of 14 days at 20 C (Figure 1).
The reagent is coupled to solid-supported fragments and oxi-
dized under the same conditions as nucleoside phosphorami-
dites. The resultant 5'-phosphate oligomers are then fully
deprotected in standard ammonium hydroxide solution at

elevated temperature.

Reverse-phase HPLC, silica gel TLC and 31-P-NMR ana-
lyses of chemically phosphorylated thymidine were compared
with a variety of phosphorus derivatives of thymidine. All
evidence suggested that the nucleoside was converted to the
5'~phosphate form quantitatively with the reagent. By sub-
stituting sulfur for iodine in the oxidation step (4) the

5'-phosphorothiocate was obtained in high yield.

The 5'-phoaphorothioate oligonucleotides can be wused

with maleimido- and bromoacetyl-containing reagents to
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LeuAlaArgThrLeuLysArgLeuGlyMetAspGlyTyrArgGlyIleSerLeuAlaAsn

HL-1(47) . P

2 CTAGCTAGAACTTTGAAGAGATTGGGTATGGACGGTTACAGAGGTATCTCCTTGGCTAAC
GATCTTGAAACTTCTCTAACCCATACCTGCCAATGTCTCCATAGAGGAACCGATTG
\—— HL-9%*(19) pt HL-10*(48)

TrpMetCysLeuAlaLysTrpGluSerGlyTyrAsnThrArgAlaThrAsnTyrAsnAla
————HL-2(48) 1P HL-3(48)

62 TGGATGTGTTTGGCCAAGTGGGAATCTGGTTACAACACCAGAGCTACCAACTACAACGCT
ACCTACACAAACCGGTTCACCCTTAGACCAATGTTGTGGTCTCGATGGTTGATGTTGCGA
p— HL-11*(48) p*

GlyAspArgSerThrAspTyrGlyIlePheGlnIleAsnSerArgTyrTrpCysAsnAsp

P HL-4(47)—m—m—

122 GGTGACAGATCTACCGACTACGGTATCTTCCAAATCAACTCCAGATACTGGTGTAACGAC

CCACTGTCTAGATGGCTGATGCCATAGAAGGTTTAGTTGAGGTCTATGACCACATTGCTG
HL-12*(47) pt

GlyLysThrProGlyAlavValAsnAlaCysHisLeuSerCysSerAlaLeuLeuGlnAsp

2P HL-5(47) 1P—

182 GGTAAGACCCCAGGTGCTGTTAACGCTTGTCACTTGTCCTGTTCTGCTTTGTTGCAAGAC
CCATTCTGGGGTCCACGACAATTGCGAACAGTGAACAGGACAAGACGAAACAACGTTCTG
HL-13*(47) pt HL-14%*(47)

AsnIleAlaAspAlavalAlaCysAlaLysArgValValArgAspProGlnGlyIleArg
HL-6(47) P
242 AACATCGCTGACGCTGTCGCCTGTGCTAAGAGAGTTGTTAGAGACCCACAAGGTATCAGA
TTGTAGCGACTGCGACAGCGGACACGATTCTCTCAACAATCTCTGGGTGTTCCATAGTCT
p\“— HL-15*(47)

AlaTrpvValAlaTrpArgAsnArgCysGlnAsnArgAspvValArgGlnTyrvalGlnGly
—————HL-7(47) ' p HL-8(42)~
302 GCTTGGGTTGCTTGGAGAAACAGATGTCAAAACAGAGACGTTAGACAATACGTCCAAGGT
CGAACCCAACGAACCTCTTTGTCTACAGTTTTGTCTCTGCAATCTGTTATGCAGGTTCCA

pt HL-16*(47) pt

CysGlyvaloC
-_—

362 TGTGGTGTTTAAG
ACACCACAAATTCAGCTG
—HL-17*(23)——

FIGURE 2. Human lysozyme amino acid- and

synthetic gene sequences.

introduce non-radioactive labels (such as horse radish
peroxidase) and to immobilize DNA to solid supports (5) (See

Scheme 1 ).

A complete gene for human lysozyme (373 bp) was assem~

bled from oligonucleotides <that were chemically phospho-~
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- 622 bp
—~ 527 bp
——— 404 bp
—— 309 bp

242 bp

FIGURE 3. Agarose gel analysis of synthetic human 1lysozyme
ligation (lane 1). Lane 2 is pBR322 cut with Hpa2; the
sizes are shown on the right. Lane 3 is X174 DNA cut with
Hae3.

rylated with the new reagent. The gene was designed from
the amino acid sequence using yeast prefered codons (6).
The sequences of the 17 oligomers employed (17 to 48 nucleo-
tides long) are shown in Figure 2, where the chemically

phosphorylated 5' ends are indicated with "p". Analysis in
a 1.5% agarose gel of the "one-shot" ligation of the 17
fragments shows one band of the appropriate size (Figure 3).
Through restriction map analysis, 10 out of 12 clones were
shown to contain the correct size insert. Subsequent DNA
sequence analysis of two of these clones was in complete

accord with the designed oligonucleotides.
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