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standard is replaced in the instrument at regular inter-
vals and the setting readjusted to maintain the stand-
ards at the desired L values. Marked change in readings
or lack of consistency in the color developed by the stand-
ards would preclude use of the simplified method, al-
though the same objection would apply to results ob-
tained by conventional procedures.

The aceuracy obtained will depend on the extent to
which the readings of the standards deviate from the
desired seale values and the consequent extent of the
shutter or galvanometer adjustment. It has been pos-
sible to select filters or alter sample sizes so that this
deviation was kept to less than 5 mg per 100 ml for
blood sugar, 1 mg per 100 ml for blood urea N, and 0.1 g
per 100 ml for serum protein in a.range of values erdi-
narily encountered. If the instrument adjustment re-
quired. is appreciable, error will increase in proportiom
(1) as zero is approached, and (2) as the difference be-
tween concemtration of the unknown and that of the
standard inecreases.

Application of this method of calculation does not
necessarily require that standards be included with each
run. In clinical laboratory procedure, however, this is
desirable regardless of the system of caleculation em-
ployed, particularly when equilibrium reactions like those
involved in blood sugar determinations are utilized.

The method described deviates partially from the aec-
cepted principles of photometry and any new applieations
should be thoroughly tested. TFurthermore, it deliberately
introduces an approximation and thus should be used with
diserimination. However, it is suitable for many pur-
poses and has proven to be of great convenience where
large numbers of analyses are required in a minimal
period as in the clinical laboratory. Here it has expe-
dited analyses and decreased the number of errors arising
in calculation of results.

The simplified procedure has been applied to determi-
nations of blood sugar, urea nitrogen, serum total protein,
and free and esterified cholesterol. The results in each
instance have agreed closely with those obtained by the
standard method of readings. Differences have been
small and without statistical significance.

The Separation of Purine and Pyrimidine
Bases and of Nucleotides by Ion Exchange

Waldo E. Cohn

Biology Division, Oak Ridge National Laboratory,
Oak Ridge, Tennessee

As a prelude to tracer studies on the enzymatic forma-
tion and degradation of nucleic acids, we have under-
taken to develop ion exchange techniques for the separa-
tion and analysis of the various bases, nucleosides, and
nucleotides at the milligram level. Although this tech-
nique is finding inereasing application in biochemical
studies for separation of these compounds (&, 9) and
others (1, 2, 6, 7), we were led independently to its use
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F1¢. 1. Separation of purine and pyrimidine bases by

cation exchange. Ezchanger: 8.1 cm X 0.74 cm? Dowex-50,
ca. 300 mesh, H+ form. FEluting solution: 2N-HCI at 0.6
ml/min. Test material: 0.5 mg uraeil, 1.0 mg each of
adenine, guanine, and cytosine, in 7.5 ml 2N-HClL Re-
coveries : 98.5-101.59% (based on optical density at 260 mp).

through our earlier experience with radioisotope separa-
tion by ion exchange chromatography (4, 11). The pres-
ent note desecribes briefly methods we have developed for
the separation of each of the purine and pyrimidine bases
and of the ribose nucleotides.

Of the five naturally occurring purine and pyrimidine
bases, three (cytosine, guanine and adenine) exist as
cations in solution of pH < 4 and hence are able to com-
bine with cation exchangers. Since their affinities for the
cation exchanger differ, they may be eluted successively
with such simple reagents as HCI or NaCl; this is dem-
onstrated in Fig. 1. This procedure does mot separate
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Fi1a. 2. Separation of purine and pyrimidine bases by
anion exchange. FEzchanger: 8.5 cm x 0.74 cm? Dowex-Al,
ca. 300 mesh, ClI- form. FEluting solution: 0.2M-NH,OH-
NH4C1 buffer, pH 10.6, 0.025 M-Cl- (at 575 ml, pH changed
to 10.0, C1- to 0.1 M), at 0.25 ml/min. Test material: 1 mg
cytosine, 2 mg each of other bases, in 10 ml eluting solu-
tion. Recoveries: 97.5-999 (based on optical density at
265 mp).
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the mon-ionized bases, thymine and uracil. Since these
will not usually be encountered together, no disadvantage
attaches to this fact, but it is easy to separate them, as
well as the other three substances, by resorting to anion
exchangers® and alkaline solutions as shown in Fig. 2.2
Recoveries by both procedures, based on spectropho-
tometrie absorption in the ultraviolet (260-265 mp) are
essentially quantitative. Identification of components
was made by the shape of the ultraviolet absorption curve
and by partition chromatography (3).3
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Fi16. 8. Separation of mononucleotides of yeast nucleic

acid by cation exchange. EBzchanger: 24 cm X 0.74 cm?
Dowex-50, ca. 300 mesh, H+ form. FEluting agent: 0.1 M
acetic acid at 0.15 ml/min. Test material: 100 mg mixed
nucleotides, recovered from their Ba salts following 0.6N-
Ba(OH), hydrolysis of yeast nucleic acid (conversion of
nucleic acid to nomonucleotides not quantitative), in 10 ml
0.1 M acetic acid. Recoveries: 85-1009% (based on optical
density at 260 mp).

The nuecleotides of yeast nucleic acid (uridylie, eyti-
dylie, guanylic and adenylic acid) exhibit to some degree
the basie properties of the purine or pyrimidine constitu-
ent; this is modified by both size and the negative phos-
phate group with the result that the exchanger-to-ion
bond is considerably weaker. Weak acids have been
found to be the most practical eluting agents and a sepa-
ration by means of dilute acetic acid is demonstrated in
Fig. 3. Recovery of the starting material, based upon
absorption at 260 mp, varies from 85 to 100%. In the
absence of pure starting materials (the commercial prep-
arations showing 5-50% impurity by these methods), it
is difficult to do better than this without an extensive
series of preparations of pure compounds. It is possible
that there is a significant amount of acid hydrolysis of
purine nucleotides occurring during their stay in the ex-
changer bed but we have not been able to prove this eon-

1The Dowex-Al anion exchanger, a strong base, was
kindly furnished us by Dr. L. Matheson of the Dow Chemi-
cal Company, Midland, Michigan.

1These experiments were carried out by Mr. J. X. Khym.

3 We are indebted to Dr. C. E. Carter not only for the
chromatographic analyses but also for continued encourage-
ment and assistance during the course of these experiments.

clusively. Regardless of this possibility, the method as
it stands will isolate the bulk of each constituent in speec-
trophotometrically pure form.

Concentration and metathesis of the large volumes col-
lected in the separations are easily achieved (5, 10),
where evaporation is undesirable, by recycling the effluent
through the same column, washing with water to remove
residual acid or base, and then eluting with a reagent
which removes the adsorbed ion rapidly (e.g., NH,OH in
the acid separations).

Although the separations reported are all at or near
the milligram level, we have been able to effect practical
separations on the same size columns on up to nearly
100-mg amounts. The lower limit is, of course, set by
the limit of detection. At the higher levels, overlapping
of bands becomes more prominent because of the relation-
ship between the concentration of an ion and its distribu-
tion coefficient (12).

The details of these and related separations, with ex-
amples of their application to specific problems, will be
reported elsewhere.
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A Simplified Procedure for the Analytical
Extraction of Lipids?

Joseph J. Kolb

Lankenau Hospital Research Institute and
The Institute for Cancer Research, Philadelphia

Recently Hsiao (3) described a procedure for the ex-
traction of lipids from fish tissues. When this procedure
was applied to pulverized, moist, mouse muscle tis-
sues certain difficulties were encountered. The tissues
clumped, adhered to the walls of the extraction tube, and
did not disperse during the extraction period, thus in-
terfering with complete extraction.

In order to circumvent these difficulties, to expedite
the extraction of comparatively large numbers of
samples, and at the same time to attain the fine state
of division recommended by Bloor (1) the following
procedure was developed.

The method of preparation of the tissue for exfrae-
tion is that of Floyd (2) and Singher (6). A glass

1 Aided by a grant in memory of Mary Frances Sarkisian.




