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Comparatlve electrophoresns of cytldmes, adenmes, uraclls and guanmes :

The separation of the 1nd1v1dua1 compounds of the four r1bobase famlhes is
dlfﬁcult and time consuming. Each of the four groups is composed of five -common
members ranging in complexity from ribobase to riboside triphosphate. A relatively
simple and extremely rapid electrophoretic resolution‘appeared. possible by means
of a technique previously described for the separation of the adenines!, RNA nucleo-
tides?, nucleosides® and nucleobasest. The uncomplicated characteristics of the
separatory system along with the simple tools required for the electrophoretic step
could make this a useful analytical adjunct to either chromatographic determmatlons
or other separation procedures The present study will illustrate the following ‘

(1) The separation of the five members of the cytosmes, adenmes, guanmes and
urac1ls at both alkaline and acid pHs. : ~

' (2) The relationship of the mob111t1es of the separated compounds to those of
the adenines as a baseline of study. 3 o

(3) The position of uric acid in the electrophoretic separatlon of the ademnes
to see if it is a’ p0551ble source of interference in the analytical scheme for free nucleo-
tides.

Materials and methods

Reagents

Nucleobase famzhes The five adenmes cytosines, guamnes and uracils represent-
ing the bases, nucleosides and mono-, di- and tr1p11ospho-nuc1e051des were prepared
as four mixtures of five compounds. Ten m1111grams of each of the five compounds
contalnmg the same base were dissolved in 1 ml of H,O. Guamne represented a
special problem in the study. For alkaline electrophoresis 10 mg of guanine were
dissolved in 1 ml of 0.5 IV NaOH with gentle heating. The remaining members of the
guanine family were dissolved in a separate solution as'described above. A sliver of
Whatman No. 3MM paper was dipped into the guanine solutlon dried and then 2-3
ul of the second solution were pipetted onto the sliver. Alternatively, the dried sliver
contalnmg the guanine was: quickly dipped into the second solution before electro-
phoresis. This wetting step did not cause the guanine to dissolve off. a

For acid electrophoresis, 10 mg of guanine were dissolved in 1 ml of 0.05 N I-ICl
and the procedure described for alkaline electrophoresis was followed. .

Alkaline buffer (4X), pH 9.6. Prepare a buffer solution to contain 3. 728 g of
KCl, 3.092 g of boric acid and 43.7 ml of 0.5 M NaOH per liter.

Electro;bkoreszs :

Agarose gel (0.3 %) was prepared with the amd buffer as prevxously descnbed
Agar gel (0.3 % Ion Agar No. 2) was prepared with the alkaline buffer in the same
manner as described for the agarose. Each gel when used was pipetted onto a lantern
slide and allowed to solidify. The semi-solid gel was connected to the buffer in the
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baffle boxes with filter paper wicks (Schleicher and Schuell No. 9o0). Solutions' of
each of the four 5-membered families were transferred to slivers of Whatman 3MM
filter paper by dipping (the slivers) into the respective solutmns and then blottmg
them free of excess liquid.

The slivers were placed in the center of the 4 inch axis for the pH 3.1 gel and
1.25 in. from the cathode in the pH 9.6 gel, and 250 V was applied to the entire
system for 15 min. At the end of this time the voltage was disconnected, the positions
of the different compounds were observed under a 256 nm ultraviolet lamp and their
distances from the starting point were recorded.

Results and discussion
- The resolution characteristics of the four groups of five compounds are shown in

Figs. 1 and 2 for both the acid and alkaline mediums of agar and agarose gel respec-
tively. The uracil-uridine pair migrate at the same speed in acid mediums during the
15min time period and represent the only coincidental mobilities shown for an indivi-
dual family. As a single advantage, in alkaline medium (Fig. 2) there is no set in
which the same mobility was obtained for any two compounds of a family. In general,
the acid resolution was better than the alkaline in terms of reproducibility of mobility.
The order of separation of nucleotides varied with the pH for it can be seen that the

As AMP ADP ATP

! 0

Ct .cd - CMP . CDP CTP
IR
) | is evp obp otp M
Léf:, . UMP UDP UTP
S w
sh

Tig. 1. Separation of the families of compounds at pH 3.1. Potential apphed 250V; time: 15 min;
0.3 9% agarose. .
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Fig. 2. Sepamtlon of the fa.mxhes of compounds at pH 9.6. Potential apphed 2 50 V txme T 5 rmn,
0.3% agarose. . e
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tnphosphate, and monophosphate of the pH 3.1 system change places in the alkaline
system in every group while the others maintain their same relative positions.

A practical probability for the described procedure is the separation of free
nucleotides such as adenine compounds in biological systems. But a potential inter-
ference could be uric acid, a fact which has been previously reporteds. Therefore, an
experiment was carried out to test this possibility. Solutions of the individual adenine
compounds and uric acid'were prepared as well as the mixture which was contamina-
ted with uric acid. The results are shown in Fig. 3.The individually electrophoresed
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Fig. 3. Position of uric acxd in the electrophoresxs schematic of the pH 3.1 separation of the adenme
fa.mxly Potential applied: 250V ; time: 15 min ; agarose 300 mg/100 ml

compounds had the same mobility characteristics as did the same compounds in a
mixture and the uric acid moved very slightly toward the cathode. There is obviously
no interference from uric acid in this partmular separatory scheme.
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