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The determination of amall quantities of pentose, especially in
derivatives of adenylic acid.

by Wanda Mejbaum.

Z. f. Physicl. Chem. 258: 117-120 (1939).

The increasing importance of pentoege derivatives in biochemical
research refdres the utilization of methods for their analysis. Pentose
analysis based on transfer to furfurol and the coler veaction of
distilled furfurocl fails in compounds in which the phosphoric acid
group at carbon 5 of the rihose has been esterified (1). The yields
in furfurecl are low and inconstant with these compounds, they depend cn
ithe amounts of pentose; the cause of this phenomenon is viiknown.

However, it is possible to find conditions for color reactions in
the same reaction milieu, where pentoss is transferred to furfurol by
heating with HCl, under which a proportionality is obtained batween
the pentose concentration on one hand and the color intensity on the
other. WNo color reaction is as well suited for this purpose as the
green Blal reaction which appears when & pentose derivative is heated
with orcin and hydrochloric acid containing FeClq. Bial's reactiou hus
already been used by G. Embden and M. Lehnartz (3) as well as by Z. Dische
and K. Schwarz (3) in the quantitative analysis of pentoses. Milligrams
of arabincse, xylose and adenylic acid were determined in studies by
Dische and 3chwarsz.

The work performed at our laboratory has for some time required a
methed for the anulysis of very small quantitiss of the derivalives of
riboge=5-phosphoric acld. Studies dealing with the transfer of
phozphorus with the aid of radioactive phosphorus (4) showed the extent
to which organic phosphoric compounds may adhere among themselves as
well as to inorganic precipitates; e.g. NH MgPO, . 6 Hy0 invariably
carries the nucleotides from a solution containing invoinic acid or
adenylic acid., In this connection, Blal's reaction was always used
for the testing of phosphorie preparations and its quantitative
evaluation, egspecially of very small amounts of pentose derivatives,
seems highly desirable. Followlng a suggestion by Pruf. Parnas, I
have undertaken tc estabiish the conditions for colorimetric evaluation
of Bial's reaction, particularly in its application to derivatives of
pentose~5-phosplioric icid.




I lave investigated the analysis of pentose in quantities of 1-25¢
i.e. in amounts rcpresenting about 1/10 of those utilized by Dische and
Sehwarz. These quantities do not require the fixation of the indicator
by addition of alcohinl amd ether or by cooling in ics water. On the
other hand, heating to 100°C proved necerssary for a much longer duration;
Dische and Schwarz heated for 3 minutes, T heat for 20 minutes and obtain
a constant green color. The principle of this method 1s very simple:
It is most important that the concentration of HUL and FeC13 is kept
constant, that the orcin reagent is freshly plepared and ¢hat the period
of hedtihU is sufficiently long.

Reagents. Concentrated hydrouiloric acid is mixed with & concentratcd
solution of FeCly, so that the F8013 amounts to 0.1%. This rcagont must
be stored in flasks with glass stoppers; cork stoppers mske the redbeub
completely useless, merely yielding a positive Bial reaction. Orcin in
the ratio of 10 mg to 1 cc solution is added to small amounts of the
reagent prior to {its use; the reagent may be used only within a few hours,
Srall test tubes with a diameter of 10 mm, calibrated at 2, 4 and 6 cc,
are wost practical for analytical purposes. They serve in the determina-
tion of small as well as larger quantities of pentose. The determination
of small amounts is conducted as follows: 0.5 cc of the t..st solution
and 0.5 c¢ of the reagent (the test liquid must be precisely measured! )
are mixed and heated in an open beaker with boiling water. The tube is
then filled to the 2 cc mark and, aftsr cooling, wsasursd in the
Pulfrich photometer in a microcuvette with a stratal thicknezas of 5 cm,
utilizing filter S6L. This rule appll+s to amounts of from 1 to 3
of pentose. For larger quantities, 1 cc each of the test solution and
the reagent are mixed, and the solutian is filled to the 4 cc mark;
measurements ara made in normal cuvettus of the Pulfrich photometer with
a stratal thickness of 1 cm. The callibrotion of 6 cc serves in the
dilution of tiw final solution by 1%, in the svent it proves too con-
centrated for analysis in a volume of 4 cc, After some experience, a
preliminary test is indicated in order to ascertain whether a micro-
cuvette or a normal cuvetcue should be used; and furthermore, which
volume should be measured. It must be streseed particularly that
turbidness, paling and variation in hue should not be feared in
connection with quantities zud concentrations indicated here; if
larger amounivs are to bo anuslysed, the tezt anlution muat be diluted

to that 1 c¢c does not contain more than ZOIXV rentose,

1 have tested the method with the following well-defined substanccs:
Arablnose, barium of inesinic acid, and mur : adenylic acid. 1In the
light of filter 361 (the second beum of th. iulfrich photcmeter passes
through distilled water), extinction for concentrations 1-18 7 pentoss
in 1 ce of test solution is exactly proportional to free or bound pzatosc:
It amounts to 0,0536 for 2 f~ pentose in 1 cc of test liquid, with 1 cm
stratal thickness. In one series (35 determinations), using pure,
analysed barium of inosinic acid as standard substance, I found values




of 0.0536 £ 0,0008; with higher concentrations it drops and amounts to
0.049 at 24 N provided tha test swolution iy heated to 100°C for 20
minutes with an equal volume of the reagent, thsn diluted to a twofold
volume. If a few pentose are tu be treated in 0.5 cc of a pentose
solution, filled to 2 cc, photometric measurements are made in micro
cuvaettes with a stratal thickness of 5 cmjy with higher contents of
pentose the original solution is diluted with a doubled volume of
water amd treated identicslly; if larger amounts are available, 1 cc
teat solution and 1 cc reagent are taken, diluted to-4 cc and photo-
measured in cuvettes with a stratal thicluiess of 1 em, or 0.5 cm if
the color is intense.

Bial's reaction is disrupted by various factors; the presence of
glucose, lead and nitrates is especially disturbing. Bariws, often
used as precipitant of nucleotides and nucleotide polyphospheric acid,
has no derogatory effect (%),

Summary .

A simple wethod for the photometric evaluation of Bial's reaction
in connection with pentoses and soluble pentose derivatives is described,
suited for the determination of 1 to 20 of free or bound pentose,
particularly for the determination of pentosce in derivatives of
adsnosine-5-phogphoric acid,
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(#) Footnote: The method deacribed hore may also be utilized if
no Pulfrich pnotometer is available; a colorimoter may be used. A
standard solutior if produced, and Bial's reaction 1s developed in the
test and standaru golutions as indicated, then compared colerimetrically.
A sBuitable standard substance which may be maintained in a pure ard
well-defined state, is offered by barium of inosinic acid. It m:y be
extensively purified and tested for purity by the determination of Ba,
P and N contained therein.




