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Abstract — 1-Carboxymethylthymine, 1-carboxymethylcytosine and 9-carboxymethyladenine were
obtained by the direct carboxymethylation of the appropriate bases. In addition a small amount of
3-carboxymethyladenine was obtained. 9-Carboxymethylhypoxanthine was obtained by deamination
of 9-carboxymethyladenine. 1-Carboxymethyluracil, 1-carboxymethylthymine and 9-carboxymethyl-
hypoxanthine were each condensed with protamine and with dextran to give water-soluble, base-
substituted polymers. The l-carboxymethylthymine-dextran showed a slow decrease in optical
density at 268 nm in 2 x SSC at 20°, of 30%. This did not occur in 7M urea. 1-Carboxymethylthymine-
dextran gave an additional hypochromic effect with polyadenylic acid in 2 X SSC at 4° or 14° of 13%
and 9% respectively. The ratio of thymine : adenine residues at the point of maximum hypochromicity
was 3:1. The other dextran derivatives did not show similar hypochromic effects. The 1-carboxy-
methylthymine-protamine gave a precipitate with polyadenylic acid probably due to electrostatic

interaction.

Considerable interest has been shown in intro-
ducing the base residues typical of nucleic acids,
into proteins and polypeptides. This has been
achieved in several ways: the amino groups of
polypeptides have been used to build up a pyrimi-
dine ring! or to react with the dialdehydes derived
from nucleosides or nucleotides by periodate
oxidation.?2 The hydroxymethyl group of nucleo-
sides has been converted into a carboxyl group® *3
or substituted with a 5'-O-carboxymethyl group®
and these derivatives condensed with a poly-
peptide or protein. These studies have all aimed
at the formation of antigens which could be used to
investigate the immunology of nucleic acid deriva-
tives. However, if sufficient base residues were
present in the molecule, derivatives of this type
might interact with natural polynucleotides by
means of base-base interactions.

This paper reports an alternative procedure for
introducing some nucleic acid base residues into
polypeptides, that is by means of carboxymethyl
derivatives of the bases. These derivatives have
also been condensed with bacterial dextran and
when 1-carboxymethylthymine was used, a
derivative was formed which interacted with
polyadenylic acid.

RESULTS

Synthesis of carboxymethyl derivatives — 1-Carb-
oxymethyluracil (1, R=H) was synthesised as
described by Wheeler and Liddle? by the action
of sodium chloroacetate on uracil in aqueous alkali.
We obtained !-carboxymethylthymine (1, R=Me)
in 71% yield by a similar procedure. This is a more
direct method than that used by Wang et al.®® to
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prepare this compound. 1-Carboxymethylcytosine
2 was similarly obtained, but in only 20% yield.
The rest of the material was largely unchanged
cytosine, but attempts to increase the yield of the
required product only resulted in the formation of
considerable amounts of a disubstituted cytosine
compound. 9-Carboxymethyladenine (3) was
obtained in 22% yield by treatment of adenine
with sodium iodoacetate in alkali; less side product
was obtained than when sodium chloroacetate was
used. The major side product was 3-carboxymethyl-
adenine (4) (8% yield). Both these compounds have
been synthesised before!® ! but this is a more direct
route. 9-Carboxymethylhypoxanthine (5) was ob-
tained by deamination of 3 with nitrous acid. Mont-
gomery and Temple'? obtained this compound from
6-chloropurine via its 9-carboxymethyl derivative.
Our attempts to obtain § by direct carboxymethyla-
tion of hypoxanthine gave complex mixtures.
Condensation with protamine. The procedure
chosen for the condensation was the mixed an-
hydride procedure, widely used in peptide chem-
istry,'>!* which has been applied to the condensa-
tion of *‘uridine-5'-carboxylic”” to bovine serum
albumin.* 1-Carboxymethyluracil, 1-carboxy-
methylthymine and 9-carboxymethylhypoxanthine
gave highly substituted derivatives when con-
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densed with the protamine (see Table 1). 1-Carb-
oxymethylcytosine and 9-carboxymethyladenine
did not react satisfactorily, partly because of
solubility difficuities.

Condensation with dextran. A number of
methods for achieving this condensation were
tried including the use of di-imides (dicyclohexyl-
carbodi-imide and water-soluble di-imides) but
they gave very little reaction. The best results
were obtained by the use of acid anhydrides. 1-
Carboxymethyluracil and 1-carboxymethylthymine
in the presence of trifluoroacetic anhydride gave
dextran derivatives containing 21% and 33%
carboxymethyl-base residues respectively. 9-
Carboxymethylhypoxanthine under the same
conditions reacted to only a very small extent.
Using dichloroacetic anhydride, however, a com-
pound was obtained which contained 3-7% 9-
carboxymethylhypoxanthine residues. 9-Carboxy-
methyladenine and dextran in the presence of
trifluoroacetic anhydride gave a product which
contained about 5% of substituted adenine residues
but the UV absorption spectrum showed in addition
to the expected maximum at 258 nm another maxi-
mum at 302 nm. This indicated that the adenine
residue was probably acylated. The maximum at
302 nm disappeared upon boiling with water, but
this treatment removed the carboxymethyladenine
residues from the dextran. Under no conditions
was there a satisfactory reaction between dextran
and either 1-carboxymethylcytosine or acetylated-
1-carboxymethylcytosine.

Interactions of 1-Carboxymethylthymine-dex-
tran. Because of the large number of thymine
residues in this molecule (one thymine to 2-4
glucose units) it was expected that the compound
would act as a polynucleotide analogue and inter-
act with polyadenylic acid. The results shown in
Fig | indicated, however, that with the 1-
carboxymethylthymine-dextran alone in 2X
SSC* at 20° there was a slow decrease in UV
absorption without a change in Ap,,. This hypo-
chromic effect was 30%:. it did not occur when
7M urea was added to the solution. A mixture
of l-carboxymethylthymine-dextran with poly-
adenylic acid in 2xSSC after standing at 20°
showed no hypochromic effect in addition to that
due to the dextran derivative alone. After pro-

*$SC =0-015M sodium citrate, 0-15 M sodium chloride.
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Fig 1. Optical density of 1-carboxymethylthymine-dex-

tran at 20°: O—CO in 2XSSC (0-03 M Na citrate.
0-3M NaCl); ®——® in 2 X SSC containing 7 M urea.

longed standing at 4° or shorter time at 14°, how-
ever, hypochromicities of 13% and 9% respectively
were obtained (Fig 2).

1-Carboxymethylthymine-dextran was hydro-
lysed only slowly in aqueous solution; 27% of the
UV absorbing material became dialysable after
standing at 20° in 10 X SSC (pH 7-5) and then di-
alysing at 20° for 5 days.
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Fig 2. Optical density of mixtures of 1-carboxymethyl-

thymine-dextran and polyadenylic acid: O——— after

116 hours at 4°, @———@ after 48 hours at 14°. In both

cases the OD of the solution containing 1-carboxymethyl-

thymine-dextran alone had decreased by 30% of the
original,
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DISCUSSION

The methods described here for the condensa-
tion of nucleic acid base residues with proteins and
polysaccharides have given satisfactory results in
the case of the l-carboxymethyl derivatives of
thymine and uvracil. The products obtained have
as high or higher degrees of substitution than
examples quoted in the literature for products
that have immunological activity,”* 1-Carboxy-
methylhypoxanthine did not react so readily with
dextran. but the product formed was nevertheless
probably sufficiently substituted to be of use in
immunological experiments, The 1-carboxymethyl-
thymine-dextran was sufficiently highly-substituted
with thymine residues to act as a polynucleotide
anatogue in that it interacted with polyadenylic
acid in solution. In addition the analogue showed
evidence of intramolecular interaction or aggrega-
tion. The fact that there was a decrease in UV
absorption at high ionic strength and that thss
decrease did not occur in 7M ures indicated that
hydrogen bonding of the type occurring in poly-
nucleotides might be involved and that base stack-
ing was taking place to give some type of ordered
structure, In the interaction with polvadenylic acid
the maximum hypochromicity was 13%. This was
in addition to the self hypochromism of the
thymine-containing polymer so that the hypo-
chromism shown by the interaction of “dis-
organised™ l-carboxymethylthymine-dextran with
polvadenylic acid would be about 43%. The
rate of interaction of the two polymers at 4° was
very fow and this might have been due to a slow
break down of intramolecular and formation of
intermolecular interactions. At the point of maxi
mum hypochromicity there was considerabie ex-
cess of thymine residue compared to adenine
residues (3:1), With the natural polynucleotides
under these conditions the ratio of thymine or uracil
residues to adenine residues is usually 2: L, and
appears that a triple stranded complex is formed.
{n the present case this higher ratio most probably
indicates that many thymine residues are not inters
acting with adenine residues because of the random
nature of the distribution of the thymine residues on
the dextran backbone.

The I-carboxymethyluracil and 9-carboxy-
methyihypoxanthine derivatives of dextran showed
no evidence of interaction with polynucleotides.
This was attributed to their relatively low degree
of substitution.  {-Carboxymethylthymine-prot-
amine gave a precipitate with polyadenylic acid
which made it difficult to determine whether base~
base interaction was taking place.

EXPERIMENTAL
Dextran fmol wi 2-2.75 X 10 and protaming {salmine
sulphate} were obtained from BDH Lid. The compounds
obtatned below were characterised by their UV absorp-
tion specira, and elemental analysis. Paper chromato-
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graphy, paper electrophoresis and tic were used to check
homogeneity.

V-Carboxymethyluracil. This was obtained from uracil
{3 ) by essentially the same procedure as described by
Wheeler and Liddle” The product was obtained in 83%
yield after being crystallised twice from water mp. 287
Xwax 263 0, £ P T X HP IpH 230 Ry 266 00, €00 T4 X
10° {pH 12) (Found: C. 42-5 H, 3-8: N, 16:7. Calc, for
CoHaN, Oy, €, 4245 HL 3455 N, 160 5%).

t-Carboxymethvithymine. Thymine {5 g), potassivm
hydroxide {11 g) and chloroacetic acid (7-5 g were dis-
solved in water {100 mD) and the solution boiled for 43
min. The solution was cooled. adjusted to pH 3 and the
resulting precipitate filtered off and recrystallised twice
from water to give I-carboxymethylthymine (3-2g; 71%
viekd) mup. 270° Apgae 2680, £ 3 (pH 20
Ko 271 0, €amx 73 % 10° {pH 123 (Found: C. 455 H.
4-4: N, 152 Cale, for CGHNO, C 457 H, 440 N,
15:29%).

-Carboxymethylovtosine.  Cytosine {2gh  chloro-
acetic acid {178} and sodium hydroxide {1-4g) were
dissolved in water (40 mi} and the solution boiled for | hr.
The pH of the solution was then adjusted to pH 35 and
the resulting precipitate. which contained cylosine
and the required product, filkered off. It was then fraction-
ated on a column of Dowex-1 (C1™ form). The cylosing
was removed with water and the required product with
dilute acetic acid, It was obtained as a powder upon
evaporation of the eluate. The powder was crystallised
from water to give [-carboxymethylcvtosine (0-61g.
209 yield) m.p. 280°% Agae 280 0m, £h 121X WP (pH
21 Rpax 27400, €0, 86X 108 [pH 12} (Found: C, 4245
H, 4-0: N, 2840 CH N, O, requives €, 4260 H 420 N,
24-8%).

9-Carboxymethyvladenine. Adenine (5-0g), fodoasetic
acid (69 g) and potassivm hydroxide {(4-1 g} were dis-
solved in water {100 ml) and the solution boiled for 45
min, More potassium hydroxide was added as necessary
{o maintain the pH above 1t The solution was cooled.
adjusted to pH 2-5 the resuiting precipitate filtered off
and the solid dissolved in ammonia (pH 9) and the
products fractionated on Dowex-1 (Cl~ form), The column
was eloted with water (which removed adenine) and
then acetic acid, pH 3-7 {which removed 3-carboxy-
methyladenine) and finally with 8- M sodium chloride
1o remove the required product. The fractions contain-
ing this were evaporated to a small volume, adjusted 1o
pH 2:5, the resulting precipitate fitered off and crystal
lised from water to give S-carboxymethyladenine {1-6g.
22% yield), decomp 275°% Xpae 25B0M. g 140X 10F
{BH 25 Apue 261 RO, &ae 137X P (pH 12} (Found: C,
43-6; H, 3% N, 361 Cale. for C:HNGD,, C 435 H,
3TN, 36-3%).

3-Carboxymethyladenine. The acetic acid sinate ob-
tained in the foregoing experiment was concentrated
and adjusted to pH 3-3. The resulting precipitate was
filtered off and crystatlised from water to give 3-carboxy-
methyladenine (06 g, 8-4% yield), m.p 314% (d) Ap
TTE M. Eggy 17-2210% (pH 20 Ay 2740, 64, 1243 X
P (pH 12) (Found: €, 432 H. 37 N, 364, Cale. for
CoH,NgD,. ©, 4350 H, 36: N, 36391

-Carboxymethylhypoxanthine, 9-Carboxymethyladen-
ine (042g) was dissolved with warming in N-hydro-
chioric acid (250 mi), the solution cooled, sodium
nitrite {1-53 g) added and the mixture kept st 20° for 18 hr.
¥ was then evaporated 1o dryness and the residue ex-
tracted three limes with portions (30 ml of dimethyh
formamide. The dimethylformamide extract was evapor-
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Table 1. Condensation of carboxymethyl derivatives with protamine

Carboxymethyl Triethylamine  CICOOEt Yield of Degree of substitution
derivative (mmole) (mmole) product (mg) Base residue/arginine
residue
1-Carboxymethyl- 0-27 0-30 27 1:4-1
thymine (0-27 mmol)
1-Carboxymethyl- 0-82 1-21 27 1:2:2
uracil (0-27 mmole)
9-Carboxymethyl- 0-95 1-4 21 1:3-6
hypoxanthine
(0-29 mmole)

ated to dryness and the residue crystallised from water
to give 9-carboxymethylhypoxanthine m.p. 300° Ap.
250 nm, €quy F1:0X 10% (pH 1): Aoy 252 M €y 12-8 X 10°
(pH 13). (Found: C, 43-3: H, 3-1: N. 28-8. Calc. for
C;HgN,0,. C.43-3: H, 3-3: N, 28-8%).

Condensation of carboxymethyl derivatives with
protamine. The carboxymethyl compound was dissolved
in dry dimethylformamide (4 ml), triethylamine in dry
dimethylformamide (0-5 ml) was added and the solution
cooled to 0°. A solution of ethylchloroformate in dry
dimethylformamide (0-5ml) was then added and the
solution kept at 0° for 10 min. To the mixture was then
added a solution of salmine sulphate (50 mg, 0:2 mmole
arginine residues) dissolved in 3N-sodium hydroxide
(15 ml) cooled to 0° and the mixture kept at 0° for 10 min.
It was then neutralised with acetic acid. diluted with
water and the solution dialysed exhaustively against
distilled water. In the case of the 9-carboxymethyl-
hypoxanthine derivative there was insoluble material
remaining inside the dialysis tube and this was centri-
fuged off. The clear solutions of non-diffusible material
were freeze-dried to give the required products. n each
case they gave the characteristic UV absorption spectrum
of the purine or pyrimidine derivative and from these the
extent of reaction was determined. The results and
conditions used are summarised in Table 1.

Condensation of carboxymethyl derivatives with dex-
tran. (a) 1-Carboxymethylthymine. 1-Carboxymethylthy-
mine (50 mg) was allowed to stand with trifluoroacetic an-
hydride (0-5ml) for 30 min at 20°. Freeze-dried dextran
(50 mg, moisture content, 10%) and trifluoroacetic an-
hydride (1-5ml) was added and the mixture boiled
under reflux for 24 hr. The resulting clear, viscous liquid
was cooled and mixed with an excess of sodium hydrogen
carbonate solution and the resulting solution exhaustively
dialysed against distilled water at 0°. The non-diffusible
material was freeze-dried to give a l-carboxymethyl
derivative of dextran (67 mg, water content, 109%). It had a
UV absorption spectrum typical of a 1-carboxymethyl-
thymine derivative and it contained 33% of l-carboxy-
methylthymine residues (based on dry weight).

(b) I-Carboxymethyluracil. 1-Carboxymethyluracil
(200 mg), dextran (190 mg) and trifluoroacetic anhydride
(1-5 ml) were heated at 55° for 4 hr and then at 70° for

*Some water-insoluble material was centrifuged off
before freeze-drying.

2 hr in a sealed vessel. The reaction mixture was worked
up as described above to give a product (118 mg, water
content, 10%) which had a UV absorption spectrum
typical of a l-carboxymethyluracil derivative. It con-
tained 21% I-carboxymethyluracil residues (based on
dry weight).

(¢y 9-Carboxymethvihypoxanthine. 9-Carboxymethyl-
hypoxanthine (26 mg). dextran (24 mg), and dichloro-
acetic anhydride (1 ml) were heated at 60° for 22 hr. The
product was worked up as described above (yield, 17 mg,
water content, 10%).* The product contained 3-7% 9-
carboxymethylhypoxanthine residues. No dichloroacetate
groups were present.
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