The Purines, Pyrimidines and Nucleosides in Beet
Diffusion Juice and Molasses

J- B Stark, T, Jaouns, axe G F. Banay!

As a continuation of our work on compaosition of sugar beets and sugar
beet liquors (1)7 the presence of purines, pyrimidines, and nucleosides was
investigaied and in some cases the quantitics determined.

Puarines, pyrimidines, and nucleosides  are  nirogen-containing  com-
pounds that [all in the dass of “harmiul nitrogen”™ compownds. Purines
contuin 8 murogen atoms in oa fused 5 and 6 member ving struciure. Pyri
midines contain 2 nitrogen atoms in g 6§ member ring.  There may also
be amino groups, methyl groups, cle attached o the rving, Nudleosides
are compowmnds of purines or pyrimidines and a sugar such as ribose. These
various compounds are of jnterest because they are the basic units of
aucleotides which in vun form nudeic acids and nucleoproteins. Nucleo-
proteins, which are presens i all cells, are distinetive for different species
of plants, but are subject to minor modification. Tr may be the minor modi-
fications in the nucleoprowins that make the diffcrence hetween resistance
and nonresistance to viras attacks. The purines and pyrimidines are also
ol interest since pucleoside derivatives such as uridine diphosphatwe glucose
may assist in the synthesis of sucrose in the beet (2).

Increased knowledge of these campounds and ncthods ol separating
chem may be important in breeding stadies, in processing, m improving the
storage quality of bects, and possibly, as the source of by-produces.

Some work has been done on the purines und pyrimidine composition
ol European beets. Lurly work s reviewed by Janacek {3y, Fe lists ade-
nine, guanine, hypoxanthine, xanthine, 7-methybanthine, and  carnine
present in beet diffusion juice. Carnine is an indelinite compound and may
he a mixture or a compomnd of hypoxanthine and inosine  (hypoxanthine
nucleosidey . Vavruch (13, using paper chromatwgraphy with only shight
purification of the sugar heet juice, identified adenine, guanine, hypoxuanthine,
xanthine, 7-methyvlxanthine, and guanosine  {guanine nucleosidey . Uracil
was thought to be present. No work on the puarine-pyrimidine composition

s is known to the authors,

of maola

Materials and Methods.

Molasses was obtained from Mand and Bett
ston juice was obtaiaed from Manweca and beets for press juice noar Davis,
California. fon exchange yosins wsed were Dowex-3{), 1 eation exchanger and
Dowex-l, an aion oxchanger, (Dow Chemical Company; and Permutit A,
an anfon cxchanger, (The Permutit Companyy. Clivomatographic paper 589,
Blue Ribbon, Schleicher and Schuell, was used for paper chromatography
with the Tollowing solvents: For two-dimensional chromatography, isopropyl
alcohol, 170 ml. concentrated hydrochlorie acid, 41 ml. water 1o make
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200 ml 5y dollowed by w-buyl wleohol saturated with water, 160 mi con-
centrated ammoniv hvdroxide, 1wl {6y, For encdimensional chroma-
tography, witer=saturated n-buvl aleohol (73 and w-bunvl aleoholl 77 per-
cont waier, 13 percent formic acid, 19 percent by volume (7). were used in
addition 1o the other solvents, % Cary Model 1 Spectrophotometer (Ap-
plicd Physiex Corporation) was used to neasure the absorbance of solutions
in the uwltraviolet, v Mineralighe Medel Vo (Uloa Violer Products, To-
corporated) was wsed as o osource of shortwave ulivavioler light o deteet the
purine or pyrintidine spots on paper.

Botlt ion exchange and paper dwomatograpby wore usedd o this Fab-
oratory for the separation and ostimation ol the purine-pyrimadine type
cof compounds. Advantige wis ken of the strong almorption of uliravioler
Light 10 the region of 268 millimicrons o follow the course ol clution and
to detect the presence of these (ompounds on paper. Preliminary work used
the general method deseribed by Wall (8) . Vhe solution containing purines,
cte. was loaded on oo column of cation exchange resin (1-50, 60-100 mesh)
and clured with an increusing concentration ol hvidiochloric acid, To simplily
our problem o deteciion we passed the column cluate through a coll in
the Cary Spectrophotamerer and obtained o continuous recovd ol e Light
adsorption at 260 millinmicrons. This method was velatively satisfactory {or
some constituents but compownds that were cluted carly were obscured by
the presence of large amounts of wlored compounds. A different method
wis necessary o separate the mixwure of colored mawerials from the purines
and pyrimidines,

Most of the purines amd pyrimidines are adsorbed by eithey cation or
anion exchange rvestus. A tew. such as orotic aad, uracil, and avidine, are
o acidic o be adsorbed by cation exchangers and are removed lrow
selution only by anion exchangers. The following moethod was devised o
give a considerable degree ol purification prior 1o paper ciromutography.
A solation of dilute molasses was passed through o colwm of cation ex-
changer (Dowex-30, hvdrogen fora) and washed swith water. The offfuent
contained acids, sugars, cortain purines and pyrimidines such ws wracil and
some colored nugerials, This solaton was passed dwough o cobumn of
anion exchanger (Permuot A, hvdroxide Tormy . The cohumn was washed
with water. Sugars and other neotral materials pussed throngh, Acids,
pyrindines, purines, and most colored materials were retwined, The column
wits cluted with spturated agueous carben dioxide. The purines or pyriv-
dines were eluted while the stronger acids and most of the colored material
renned on the resing The solution was concentrated wder vacuuwm, The
3 bvdrochloric add and

vesidue was dissolved o water o1 dilute (001
chromutogruphed with a suitable solvent

Most of the purines remained on the cation resin, These were cluted
with AN ammomum hvdroxide. The anmonia was removed by vacuum
concentration. This sohition contained  hetaine and  the aminoe acids m
addirion 1o a namber ol purines such as adenine and guanine. The solution
was passed through o colunmm of anion exchunger (Dowes-1, carbonie acid
formy . To obtain the rosin i this state g suspension of the hedrovide

form of the resing wis trewted with carbon dioxide gas uniil the pIt of the
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supernatant was less than 50 With the rosin i this form amineg acids and
betaine pass through and the purines remain and were eluted with agueons
carbon dioxide salution. "The resin doos not need o be regenerated after
cach bateh and may be used several times. Glutamic and aspartic acids were
retined on the resin but were nor cluted with carbon dioxide solution,
This will give a gradual baild-ap ol these compounds, The purine-contine
mg selution was concentrated under vacuum and chromatographed in oa
manner similar to the cffuent from the Dowex-50,

purine and pyrmadine spots ave located on paper by wsing a
Mineralight having a high light omisston at 2337 millhmicrons. Near this
wavelength purines and pyrimidines have a high absorbanee and show up
as purple spots on the paper against a fluorcscent background,

For quantitative determinations the oniginal solution ol molasses, e.g.,
100 mib. ol 10 brix molasses, was treated by the don exchange procedure and
concentrated 10w small volume, Final concomtration and dryving may be
done i a vacuum desiceator over calcium chloride. "There were two simples.
The fivst, called the uracil fraction, is that portion which is not retained
on the cation resing the second, called the adenine fraction. coutained
those materials that ave retained by the cation exchuanger. Fach is made to
a defmite volume (1025 mly . The samples should be siored in the relrig-
erator with a small amount of chlorolorm in the flask, The solutions are
applicd to the paper with a 0.00mL sclf-lilling pipette to a total volume
of 8.04 1o 0.08 ml. The paper s}muH be drted after cach addition. The
paper was chiromatographed with o suitable solvent and then air dried for
several hours. The spots were Tocated with the Mineradight and cirded lightls
in pencil. They wore cur ont and exvacted for two or more hours o a
10-mb beaker with 6.00 ml of 0N hydrochloric acid. Approximately 5
ml of the solution was placed in o 10-cm. micro wibe and the absorbanice
measured in the Cary spectrophotometer. Actually the curve for the absorb-

ance was run from 400 to 220 millimicrons and recorded on the charte. The
curve was an additgonal aid o identification, A blank curve was also run
on the paper. In addition to mdmg in ldentification the curves also cnabled

a more accurate estimation of the blank. The guantity of the purine was
calcubated with the values for molar absorbance in 01N hydrochloric acid
(410, T o A flow diagram is presented in Tigure 1.

Resuls: ,

Using the method of Wall (%) separations were made of Muauteca
molasses and Manteca diflusion juice. Because of the colored  materials
cluted near the beginning of the fractionation. uracil and other substances
acting Like uracil coukd not be detected. With this method, adenine appeared
o be the principal constituent in molusses with a considerably lesser quantity
of guanine and hypoxanthine, Xanthine was not detected. Xanthine and
hypoxanthine were found to be present in the diffusion juice but guanine
and adenine were absent, or nearly so. This is different from the work
reported by Janacek {8y and Vavruch (1. The former reported guanine
as the prineipal constituent and the Iatter reported adenine as the principal
purine with w lesser guantity of guanine.  The ammo acd tryptophan
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Figure l—IJon exchange separation of purine-type compounds.

proviouwsly unreported was also found in molasses by the method of Wall
(8} . Tryprophan was cluted after adenine by the use of 8N hydrochloric
acid.

Manteca molusses was eated by the Jou-exchange procedure previously
described. The [raction not held by the cation vesin was reated with the
anion resin (Permutit A) and the product chromatographed,

‘The following compounds were identificd front this fraction by the
crystallographic properties of their derivatives: wradil, uridine, and, hypo
xanthine, Thymidine was identified by its chromatographic behavior and
ultraviolet abworbance curves i afkatine, acid, and neutral solution. Guanine
and adenine were fownd in the portion cluted from rhe cation resin and

identified by the crvstallographic properties of diciy derivatives.

Table @Purines, Fyrimidines, aod “ucleosides in Beer Molasses,

Compound mg./ 100 grams non-sugars mg./ L. melasses

Thymidine 13 45

Criding 210 630
U racil ‘ 7 21
Adenine 150 450
Guanine an 00
Hypoxanthine 10 30

nknowns (eost,) 5] 45
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Quantitative data for molasses are given in Table 1. The results are
in milligrams per 100 gramy of vonssugars aud are estinuwed {or o lirer of
molasses.

Press jutce was obtuined from a lot of wellmixed cossettes that had
been frozen and then dhawed with 2 small amount of water hefore pressing,
The juice was filtered and then weawed by the don-exchiange procedure
described carlicr in this paper. In addition 1o the compounds found in
molasses cytosine and ovtidine were identified by their chromaiographic
behavior and ultraviolet absorption curves, The guantitutive data are given
in Table 2 und compared with carlier reports on European beets,

Table 2~—Purines, Pyrimidines, and Nucleosides in Sugar Beot Julce (mg./1)

Compound Janeck (3) Yavruch (1) ’ WURE
Adenine 78 H 40
Gouanine 8} 4 25
Hypoxanthine 52 4 35
Nanthine 50 5 ?
7 -Muethvlxanthine 28 6 2
Uracil probably 60
Cytosine 5
Guanosiue 2 ?
Lirvidine 1485
Thymidine 20
Cytidine 10

Several ol the compounds in molasses have a high retddl value. The
retail price of adenine iy S2.20 per gram, uridine 5150 per gram, and
thymidine 82000 per grami. On this basis a liter of molasses has o retail
by-product value of 8500, Probably the compounds could be recovered
ceconomically ar o price very much lower than this. I a seilidient market
could be developed the worth of molisses would be gready oreased.

Summary.

foosome ol the purines, pyrimidines, and nucleosides present s beet
molasses have been identiied and the quantides determined.

2. A number ol the purines, pyrimidines, and nuocleosides prosent in
bect juice bave been identified and the quantities determined and compared
with work on Furopean bects.

3o An don-exchange method has been developed Tor separating these
compounds from the bulk of the impurities,

1. Uridine, previously unreported, has been found to be the principal
constituent of this dass of compounds i beet juice and in molasses,

5. Thymidine, cytosine, and oviidine have been lound in beet juice.

6. The presence of uracil, reporied by Vavruch (43 has been confirmed.

7. Molasses is an attractive commercial source ol uridine, adenine, and
tymidine.
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