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N TRO0DUC TION

The purpose of this work has been to find suitable
methods which could be used for the separation and
isolation of pure phytic acid from various plant and
animal tlssues. This work was undertaken as part of a
study of the biosynthesis of pnytic acla and related
compounds,

In order that preliminary studies of incorporation
of C-14 labelled myo-inositol into phytic acid in maturing
pea pods might be carried out, 1t was first necessary
that methods he avallanle for isolation of the prytic
acid from the pods in a hishly purified form. For the
purposes of these experiments, 1t 1s much more important
that the phytlc acld be pure than that it should be
recovered in gcod yilela., It is also preferable that other
closely related compounds, such as the other inositol
polyphosphates, sugar phosphates, setc., which may be
precursors of phytic acid, should be capabnle of separatilon
and identification by the sare methods. Another point
winich had to be borns in mind was the plan eventually to
attempt to shiow biosynthiesis of phytic acid in cell-free
honmogenates., In thils case, one or more sources of phosphate
groups (8. ATP) must be added to the mixture and so both
the added compound and its products must later te separatsd

from the phosphorylated inositol products,.



These requirements raise a number of problems which
have not been faced by previous investi atcrs. In all cases,
they worked either with large quantities of tissues, or with
large quantities of semi-purified compounds, or with synthetic
materials. In %the present case, 1t was necessary to dsvelop
methods which would permit working with very small anounts
of tissue or homor:nate, with extremely complex mixtures,
and which would at the same tims permit isolation of closaly

related compoinds as well as pnytic acid itself.



HEISTORICAL

Phytic acid is one of the naturally occurring derivatives
of myo-inositol which 1s characterized by having all of the
hydroxyl groups esterified with phcsphoric acid, as shown in

Figure I. As such, 1t serves as a phosphorus reserve in

0- POS"‘ 0- PO, N,y
| l
) 0' po, H’.
H v
O- PO, My
Hy04P-0 "

I |

H 0-P0o, Ha

Figure I, Phytic acid.

normal plant tissues, and also as a resevoir for metallic
elements such as calcium, magnesium, 2zinc, manganese, and
possibly others. During the germination of various seeds,
phytic acid is hydrolyzed, releasing both phosphorus and
the metalllic elements wnich are indispensible to the growth
of the plant (1). Phytic acid is normally isolated as the
calcium magnesium mixed salt, which is called "phytin".

T™e first real investigations of phytic acid and its
derivatives began with the independent works of R. Anderson
and S, Posteornak. 1In 1912 Anderson, using cormercial samples
of calcium phytate, prepared and described various salts of

this compound (2). In a second paper he described his
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unsuccessr’ul attempts to synthesize phytic acid by the actlon
of phosphoric acid on inositol. These attenpts lead only to
what was descrioed as a tetraphosphoric acid derivative of
inositol (3). Leaving this approach, he attempted a blological
preparation from wheat bran (4) from wuich he obtained a
compound Cgo Hss 049 Pg, the structure of which was never
clearly defined. In 1914 Anderson reported the isolation of
inositol monophospnhate from wheat bran (5) and in 1920, the
crystalline barium salt of phytic acid from that source and
from cotton-éeed meal (5).

Postornak began work on phytic acld in 1903 (7), at which
time he prepared and described several salts of phytic acid
anc attemptsd a chenlcal synthesls. 1In 1921, using phosphorus
pentoxide as the dehydrating agent for the esterification of
inositol with ortnophosphoric acid, he obtained the pure
crystalline calcium macnesium salt of phytic acid (8).

As interest in the ccnnection of phytic acid to plant
and animal nutrition grew, a number of investigators concerned
themselves with the quantitative estimation of this compound
in various foodstuffse. In 1926 Averill and King published
their work (9) on the estimation of phytin from fifty-seven
samples of various wheats, grains and nuts. Tne procedurse
this group followed for the determination of phytic acid
required approximately eignt grams of ground substance, which
was extracted with 2.0 hydrochloric acid. A 0.3, solution

of ammonium thiocyanate was used as an indicator and the phytic



acid titrated with a standard solution of ferric chloride,.
Again, in 1935, lMcCance and Widdowson (10) in a work
involving sixty-four foodstuffs, found that phytin was a
characteristic constituent of grains, whole cereals, nuts,
legumes, vegetables, etc., and iIn some Instances accounted
for 40-50° of the total phosphorus present, Five to ten
grams of the dried ground material was required for each
determination. The phytic acid was extracted witn 2,0 N
HC1l, filtered, and the filtrate heated with a known amount
of ferric chloricde which produced a precipitate of ferric
phytate. Upon removal of the precl>litate, excess iron was
determined colorimetrically as the thiocynats.

As more becama knowvn about phytic acid, and methods for
detecting its presonce wers developed, work in this area
branched out considerably. Still the problem of overcoming
the difficulty of separating phytic acid from the normal
plant and animal tissue consitituents remained incompletsely
solved. With the necessity of working with micro quantities
of phytlic acid and derivatives, and with growineg concern
for the purlty of samples, investi ators turned their
attention to papsr chromatograpny and ovapsr electrophoresis
for the purification of the organic phosphorus cormgounds.

A number of ion exchange resins and eluting procedures have
also been used by different groups for separation of phosphate
esters of 1nositol with varying degrees of success,

In a comparative study of the hydrolysis products of
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phytic acid under acidic and aslkaline cenditions, Desjobert
and Petak (11) found 1t necessary to do extensive work with
solvant systems for paper chromatography. Out of the eleven
systems reported, this group chose the isopropanol/ anz:onium
hydroxide/ water (5:4:1) system to be superior to the othsers,
Using the descending technique for twenty-four hours and the
ethanolic ferric chloride end salicylsulfonic acid spray, they
were able to deumonstrate the separaticn of all six esters,
mono=- through hexa-phosphates, from an acid hydrclyzate of
phytlc acid,

G. Anderson (12) reported particular success with the
system couposed of methanol/ 0.5 ¥ amuornium hydroxile (70:30),
if the paper had heen previcusly washed with dilute hyuro=
chloric acid, water, azonitm vers-nate an? watse, in that
owrdier,

In 19249 Fsnes and Isherwood developed the acidic
molybdate spray for the detection of phosphoric esters of
orcanic compounds (13). Bandurski snd Axslrod (1l4) later
sinplified the procedure for development by substituting
ultraviolet radiation in the place of the hydrogen sulfide
trestmont used by Hanes and Isherwood.

wade and liorzan (13) developed a phosphate spray which
requires more time for developmaiit, but wnich may be more
sensitive, Thls spray involves the use of ethanolic furric
chloride followacd by ethanolic salicylsulfonic acid. Tae
resulting chromatograms are stal:le indefinitely, and improve

in clarity with aze.

>
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In 1656 Arnold (1l6) reported that he could separate the

mono-, di-, tri-, and tstraphosunoric acid esters ol inositol
by nsins paver ionophoresis., The pcata- and hexaphosuho-

inositols migratad at similar rates and cculd not Hs separated

the orthophosphate and pnytin changes
in maturing pea sesis, rowler (17) found ssveral solvent

systams for popsr curomacoyrasny which whien used to.gzther

v

.

produce an eiisctive scpavation of ssveral of tha cr_anic
phosgnorus coiizouncs prosuont in sgeds. FHe ootalinex hls

p2a extract by bolling 100 grams of fresh poas with ¢33
ethanol for several ninutes. The peas were thon filtered
hot and allowed to dry twslve hours at 80' C., after which
they were gzround and treated either of two wars. The first

= o

consisted of treating the ground peas with 107 acetic acid
for three hcurs, filtering, and vacuum distilling the
filtrate to a small vclume. The sacond procedure for
extraction requires the use of 107 TJA on the ground poas
for thres hours, followed by filtration. The adcition of
0.2 M barium hydroxide to a pi of 8.2 causes the formetion
of a precipltate, barium phytate. The precipltate was then
dissolved in either 10) acetic acid or 2.0 °J hydrochloric
acid.

Runeclzles and Krotkov (13) presunted a new technique
for separating complex mixtures of pghosphorus-containing

compounds by using two-dimensional ionophoresis anua

<



chromatography. This group experimented with thirty-five
phosphorylated ccmoounds, plus several organic aclds, amino
aclds and sugars. Thelr procsdure permits the separaticn
of these compounds on a s=ingle sheet of paper,

Several investi -ators have reportsed successful separation
of the inositol polyphosrhates utilizing various lon exchange
resins., Smith and Clark (1l2) seem to have had particular
success using the weak base anion exchange resin De-Acidite
(60-30 mesh) as absorbent and increasing acild strength

solutions of hydrochloric acid as eluent.



SPRAY Took ICUES
L]

Two sprays were used for detection of phosphate-
containing comnounds on the chromatograms:

A, The acid molybdate procedure developed by Hanes and
Isherwood (13) as mocifised by Bandurski and Axelrod (14).
The dry papers are sprayed with thne acid molybadate solution
(5 ml, 607 perchloric acid, 25 ml, 47 ammohium molybdate,

10 ml. 1.0 X HCl, 60 ml, water) and dried at Q0'C. to cause
the hydrolysis of the estars. The liberated orthophosphoric
acld reacts with the molybdate to form a phospho-molybdate
complex. The Bandurskl Axelrod modification requires at
this point that the papsrs bs exposed to ultraviolet
radiation wnich reduces the complex to form a deevly blus
colored compound. The original procedure of Eanes and
Isherwood called for the treatment of the sprayeld papsrs
with hydrogen sulfide gas to cause the same reaction.

It has beon found useful to re-hydrate the papers by
steam treatment before exposure to ultraviolet lirht. This
greatly speeds up the development of blue color and reduces
background coloration.

B. The second procedure (15) consists of spraying the
papers with 0,17 ferric chloride in 807 ethanol, allowinz

the papers to alr dry and repsating the spraying with a 1.07
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salicylsulfonic acid solution in 80% ethyl alcohol. This
technique depends first upon the fixation of the ferric lons
by the phosrhats esters, followed by reaction of tne free
uncoxglexed ferric lons with salicylsulfonic acid., Phos_ hate-
containing compounds appear as wnite spots on a pink to
purple background. This technlqie permits recovery of the
esters by elution from the papers 1f performed the same day
as the spraying. It should be noted that althourh good
development may oe attained within four to twenty-four hours
after spraying, the definition of the areas Iimproves with
time. The resicual moisture In the paper must te within
pY 1.5 to 2.5 for best results. DTelow a pl of 1.5 no color
develops, wnile above a pH of 2.5 poor clstinctions are
obssrved.

Sincoe the reactions involved require a free acldic
group on the phosphate portion of the molscule, triesters
of phosphoric acid are not detected.

C. The nucleotides such as ATP and AlIP were also detected
on the dry chromatogram or electrophoresis strip by exam-
ination under short-wavelength ultraviolet radiation. The
nucleotides "quench" the natural fluorescence of the paper

ana appear as darx spots on the wilte rluoresc:nt background,.



PAPTY CHROTATOGIADTTY

Various solvent systems were tested for both ascending
and descending paper chroratography, in order to obtain a
relatively fast and uncowj;licated means of determining the
ma jor components of pea extracts, to eiffectively separate
these components, and in order to purify the phytic acid if
found in the mixture. It was also of importance to find a
system which would separate all the phosphate esters of
inositol, a necessity ir pathway studies are to be continued.

A. Ascendins Chromatographye.

Whatman # 1 £ilter paper was used in all cases unlsss
otherwise stated. In several instarces Vhatman # 41 I (acid-
washed, ha:dened) paper was tried, but thais did not sipgnifi-
cantly change the resolution of the compounds found in the
mixture,

The standard compounds AT, AP, sodium dihydrogen
phosphate, myo-inosltol-2-phosphate, and sodium phytate,
were spotted one anc one half inches from the ends of the
paper, spaced one inch apart. The paprers were bent into
the shape of cylinders, and stapled closed. The sulvent
front was allowed to travel approximately fourteen 1inches
on papers seventeen inches long. Pyrex cylinuers, 6 by 18
inches with ground tops were usea, and were scaled with ;lass
plates, One hundred milliliters of sclvent was placed in tue
bottoms of tiie tanks and allowed to equilibrate,

The eight solvent systems tested were of the following

cormpositions:
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Isobutyric acid/ 0.5 N ammonium hydroxide (10:6)
Isopropanol/ ammonium hydroxide/ water (6:3:1)
n-Propanol/ amnonium hydroxide,/ water (5:4:1)
I’ethanol/ formic acid/ water (30:13:5)
“ethanol/ ammonium hydroxide/ water (7:3)
n-3utanol/ 30 acetic acid (1:1)
t-Butanol/ formlc acid/ water (6:2:3)
t-Zutanol/ TCA/ water (80: 43.:20)

0f these, five were found satisfactory for separations in-

volving the standard compounds listed above. These were

used as single soluticns arnd together to form s standard
mixturs., The Rf values for these compounds in the five
solvents are shown in Table I. Typlcal separaticns are

snown in Figures 2-6,.

Table I, Rf values of the standard compounds, sodium di-
hydrogenphosphate, ATP, A''P, myo-inositol-2-phosphatse,
and sodium phytate.

Solvent Systems:
1. t-Butanol/ formic acid/ water (6:2:3)
2., Isobutyric acid/ 0.5 I’ ammonium hydroxide (10:6)
3. t-Butanol/ TCA / water (80:4g.:20)

4, n-Propanol/ ammonium hydroxide/ water (5:4:1)
5. liethanol/ formic acid/ water (80:15:5)

-Solvents-
1, 2, 3. 4, S,
Nalkz2PO4g 0.59 0.31 0.50 0.30 0.87
Al'P 0.33 0.57 0.24 0.40 0.49
ATP .24 .21 0.04 0.35 037
“a., Phytate 0,31 0,07 0.05 0.10 0.60
I'yo-Inos.=-2- 0,37 0.138 0.06 0.40 0.51

phoszhate
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0 (
i

Na Inos-2-
Phytate Mixture ATP MNP phosphate vali- PO,

{purified)

Tigure III. A representativa chrorustercram of ths five
standiard compvounds and a mixture c¢f the [ 1ive
- * N ’
In the solvant system Iso»utyric acld)/ 0.5 U
armonium hydroxide (12:¢)
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ia : Inos-2-
Phytatse Mixture ATP AVFP phosphate NaH PC:

(purisinsd;

figure IV. A paper chromatoeogram of the standard
compounds a:xnd 8 mixture of thne compounds,
m ’

run in the scvlvsut system t-IZutancl, TUA
wator (30:4 ~: 20)
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1a Inos-2-
Prytate tixture AT? AMYP phosphate Y aH:PC

(purified)

Ficure 7. A typical papsr chromatogram of the fivse
standard phosphcerus-centainiag compounds and
a mixture of the fliva,

ystem: t-Tutsncl
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These solvent systems 8ll require different times to run
fourteen inches. Table II shows the approximate times for
each of the five solve:ts.
Table II. Approximate time required for each of the filve
solvent systems used to travel fourtesn inches
under standard asceonding ccenditio:s,.

Yote: These papers were run on Vhatman # 1 paper, st
25'C. as described above.

1. 2. Se 4. S
Time: 25 hr. 1Q@ hr. 48hr. 17 hr. 7 hr,
Be Descending Chromatosranky.

vhatuan # 1 paper and Vhatman # 41 H paper was used, but
as in the ascending technique, tne 41 H paper did not improve
the separation of the standard compounds. Two tanks were
used: one, 12 by 24 inches, wi:ich contained two glass troughs,
supprorted on steel rods capable of holding four, seven by
fourteen inch papers. Using this tarnk, it wos possihle to
run similar papers 24, 43, 72 and 6 hours under ldentical
concditicns. In all cases, the sclvents was allowed to flow
off the ends of tie papers, which had been serrated to permilt
even flow, The seccnd tank, 6 by 12 inches, contained one
five inch glass trough supported on glass rods which was
capable of containing one fcur inch paper. Thils tank was
used for runs In which the temperature was held at 37'C.

Using the isobutyric acid/ 0.5 N amuionium hydroxide



system for descerding chromatogrechy, 1t was possible to
separate soue of the myo-inositol polyvhosphates. This
required from three to four days, allowing the sclvsnt to
flow continuously orr tiie end of the papger., The time wss
shortened by placing the chro.atesrachy tank ir. an incuba-
tor held at 37'C. Using this procedure, four separate
Phosphate-containing areas in addition to the inorganlic
phosphate spot were found from a crude sodium phytate
sample., Very little diff'ersnce was noted using washec

(0,01 5 ZDTA) "Mmatman # 1 papsr. A typical separation is

L ]
shown in Flgure VII,

19
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firure VII.

llyo-Inos.-2-Phosp. Na Phytatse

pvescanding chromatogram of a crude preparat-
lon of sodlum phytate, and the standards myo-
inosltol-2-pnosphate and sodium dinydrogen
phosphuate, after running three days 1In the
solvent system Isobutyric/ 0.5 N ammonium
hydroxide (10:6),



PATER ICICPrHOR=ESIE

The procedure of Arnold (le) for papsr icnophoresis
wag followed witn a few minor changes, in an atteapt to
separate the five cumpounds, ATP, A:P, nyo-inositol-2-

phosphate, sodium dihydrogen phosphate, and sodlum phytate.

e

The buffer used, was made by adding ten narts of a 0.2 I

acetic acid solution to one part of a 0.2 N sodium acetate
solution, giving a buffer of pI 3.6. The l'odel R Spinco
electrophoresis unit was used at 230 volts for three hours
at rocm temperature., Lon:ger tlmes at this voltaze caussad
some of the compounds to migrate off ths paper strigs.

Tach of the five standard compocunds, inositol, and a
nixture of the five comnpounds, wsre run on separate strips.
Overlcading the paper strips had to be avoided in oraser to
obhtain satisfactory resolution of the mixture. By using
two separate strips for the mixture, and spraying each with
a different reagect, it was possisle to <2t a joud picture
of thae comgounds present in the mixturs.

At 230 volts end three hours running time, at room
temparature, the comnpounds were located at the following

distances from the origin:

Sodium phytate 13.4 cm.
Sodium dihydrogen phosvhate 16.2 cr.
yo=-1inositol-2-phosohate 12.1 cm.
Adegnosinetrighos-hate 11.0 cu.
Adericsinsmonophicsihate 2.0 cr.
iyo-inositol 4.2 cm.

A P and ATP were detectsed on the Cry strips by examina-

tion under ultraviolet 1lisht, wi.ere they ap.sar as dark blue
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areas cr bands on a 1li ht backsround. One strin containing
the mixture was then sprayei with 0.1 ferric cihiloride,
allowed to dry and sprzyed with 1.07 ethanolic salicyl-
sulfonic acid and alloved to darksd for ao.roxinmstely

four to twanty-four hours. ‘he phosphorylated ccmpounds

appeared as white bHands on a »ink back round. '‘The second

strip containing the mixture was spraysd with the acid

;

molybdate rea ent of HYanas and Isherwood (13), and then
heated at ¢0'Z, until dry. Inorjanlic phosihate apueared

as a bright yellow band Imuediatsly aftar sprayins. By
expcsing ths strip to vltraviolet radiation for several
minutes according to the procedure of Bandu.,skl and Axelrod
(14), the phosvhate esters apoearcsd as blue reglons on a
lish% background. A tracing copy of this strip was made,
as tre troatment leaves the paper in a very fra.ile condi-
tion and exposurse to <cayli ht tends to turn the entire
paper hlus,

Separaticn of the components of the sample mixture was
clear and distinct, as shown in Figure 8, and the migration
distancss closely corres.onded to the standard valuss.
There was sorie shading of the separation of ATP from myo-
inositol-2-phosohate using the molybdate procedure; pre-
sumably thls treatment is not sensitlve enou'h to distinguilsh
clearly between the two areas.

Inosltol was used as a non-charged compound to detect

solvent flow. This strip was sprayed with amicnical silv.r
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nitrate (20) and hsated to 90'C. in an oven until the cark
browm area appsared, inciicating inoslitol., Thils coﬁpound
ran 4,2 cri. from the oril:in undsr the corditions stated

above,
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™o resins wsre ussd Tfor ths column separations of
vhiosphacrus-containic;; corpounds. The lon-exchianie resin
Towex 2 X 8 chlorice form, (100-200 mesh), wnich was
wasned repsatedly with 3.0 1 armionium formate to convert
tne resin to the fcrmate form, and MN,l-dlethylaminoethyl
cellulcse (East.aan 7392) which was used without further
treatment.

A colaumn 12 mm. in dilameter was used 1n all casas.
The elution procecdure of Fubscher and Hawthorn (21) was
followed, which consisted of stepwise increasing concen-
trations of formic acid and ammonium formate,

Typical separation attempts follow:
Column A. Five hundred micromoles of A -glycerol phosphate
and flve hundred micromoles of a crude preparatior of
sodium phytate were applied to a column, and two hundred
milliliters cf distilled water passed throu h to remove
any free Inositol. Three different eluting solvents ware
used, bszinning with 0.01 [ forniic acid in 0,03 L. amr:onium
formate. Two milliliters of ti.e collected sawumples wesre
used to run phosc.norus determinations. (Ses pazsse 30 for
phosvhate determinatilon procedurs). Approximatsly two
hundred milliliters of this solvent was used, but all of
the “etsrmlinations for phospyhorus, both hyarolyzed and
unhydrolyzed were negative.

The eluting solvent was ci:anged to 0,05 M formic acid
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in 0,20 M ammonium formate, and another 200 ml. were
collected. Every ot er tube was tested for vhosphorus by
means of tte colorimetric method, sgain with negative
resultse.

The final solvent was composed of 3.0 ¥ formlc acld
in 1,0 ;I amnonium formate. Althou,;!' Inorganic phosphate
was found in the filrst hundred milliliters of the eluant,
the remaining organic phospnorus compounds were not
releassd, and the colurn was discortinued after three hundred
milliliters of this solvent had been used.

Column B. Ten mature peas wnich had been previously soaked
in water overni,ht were homorenized with ice-cold 5 per-
chloric acid in a Vertis blender., The homogsnate was spun
dowvn in a clinical centrifuse, and then 5 N KO0H added to a
pH of a“out 6. This solution was allowed to stand for one
hour in the refrierator, aft:r which time 1t was filtered
throush "Yhatman # 50 paper,

The clear solution (335 ml.) was placed on a 10 cn.
column, and two nundred milliliters of distilled water was
run throush. Inorganic phosphate was not found in this
water wash. One hundred milliliter fractions were collected,
treated with IR 120 (i) and flash evaporated. The first
solvent, 0.5 X formic acid in 0.2 i ammonium formate
released inorganic pnosphiate as determined by tiie plhiosphorus
determination, and as evidenced on a paper chromato;,ramn of

these samples. A total volume of 500 ml. ¢f this sclvent
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was used. The concentration of eluting solvent was increased
as in Column A to 3.0 M formic acid in 1.0 ¥ armonium formate,
but no other phosphate~cortaining msterials could be located.
Column C. One gram of Eastman N,N-diethylaminoethyl celluloss
was packed into a column 10 mm. in diameter, to a height of
seven cm, Fifty mllliliters of water was used to wash this
column, and then 50 mg. of crude sodium phytate was applied
to the column. Fifty milliliters each of clstilled water,

O.1 M formic acic, 0.3 Il formlc acid, 1.0 I formic acid, and
3.0 1V formic acid iIn 1.0 I ammonium formate were used, 1in

that order, to elute the column. The samples were collected
in fifty milliliter fractions, and evaporated to a volume of
two milliliters. One milliliter each of these solutions were
used for the acid hydrolysis procedure which wculd 1ndicste
total phoschorus, while the remainder was saved for inorganic
phospnorus determinations and for chromatography. The results

of the colorimetric determinations are shown in Table III.

Table III. Micromoles of phosphorus released from Colurn C.

Sample Inorg. Phos. Total Phos.,
Water wash 6.66 ull 5,76 ulM
0.1 1 formic acid 0,67 uil 0.94 uM
0.5 M formic acid 0.56 ul: 0.87 ul
1,0 M formic acid 0.00 ui: 0,70 uil
3 M formlc acid in 0,00 ull 0,38 ull

1 M amm. formate

The above fractions were chromatographed and run in two
solvent systems, t-Butanol/ TGA/ water (80:43:20) and lfethanol/

formic acid/ water (80:15:5). The reproduction of the
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chromatogram run in the latter solvent 1s shown 1In Fizure IX.
Column L. Twenty mature peas and 100 m;. of calcium phytate
were houmogsenized with ice-cold 57 perchloric acid in a Vertis
blender for several minutes. The homogenate was spun down in
a small clinical centrifuge, and the clear supernatant filtered
throuch Whatman ;# 50 paper after standing for one bhour in the
cold,

The clear solution was applied to a five cm. Dowsax 2 X 8
formate column, which was tiien washed with 50 ml, of distilled
water., Increasing concentrations of formic acid were used to
elute the column; O.,1 I formic acid, 0.5 I formic acid, 1.0 M
formic acid, and 3.0 M formic acid in 1.0 M ammonium formate.
Fifty milliliters of each of these solvents were ussd with
the exception of the 3.0 ¥ formlc in 1.0 M ammonium formate,
One hundred milliliters of this solvent was used, in two
fractions. The collected samples were evaporated to approx-
Imately two milliliters, and used for the phosphorus
determination., Table IV shows the results of this column,

Table IV. MNicromoles of phosphorus released in each fractlon
from Column D.

Fraction Inorse. Phos, Total Phos.,
Water wash 0,00 uli 0.30 ul
0.1 M formic acid 0.00 uM 0.16 ulr
0.5 M formic acid 0.00 uM 0.27 uli
1.0 I formic acid 3430 uM 3¢46 ull
3 M formic in 1 II 2.08 ul! 3.72 uli
ammonium formate
3 M formic in 1 M 0.63 uM 0.74 uM

armonium formats
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O O -

Na 3 M forme 1.0 M 0.5 U Ol M Water
Phytate NaHgPO4 1 If Amme formic formic formic wash
formate

Figure IXe. Chromatogram of the DREAE column fractions, and
the standards sodlum phytate and sodium dlhydrogen phos-
phate, Solvent: Methanol/ formic acild/ water (80:15:5)

O SENQ
O
0 o 0 0
Y,

Na 3 I forme 3 M form, 1.0 I "ator First
Phytate NaHoPO4 1 M Arrne 1 M Amm., formic wash fract,
formate formate

Fisure X Chromatogram of the Dowex 2 X 8 formate colurn
fractions, omittin the 0,1 I1 and 0,5 M formlc acid
fractions. Sclvent: Methanol/ formic/ water (80:15:5)
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A chromatosram of these samples (Figure X), walch was
run in the llethanol/ formic acid/ water (30:15:5) system,
indicated the presence of phytic acid in both of tne 3.0 II
formic in 1.0 % ammonium formate fractiocrs, and in the water
wash fraction. Two areas appearsed in the eluant of the p=a

extract wh:ich have not been identified.

Phosohorus Lete minalion, Inorganic phiosphate and total

phosphate were detsermined colorimetrically sccording to the

procedure outlined in Bxperirental bBioche:.istry (22).

Inor_anic prosghorus was determined as follows: to a known
volume of sauple was added one milliliter of 2.5 ¢ molybdate
reagent (in 3 1. sulfuric acid), one milliliter of recucing
reagent (3 sodium bisulfite - 1< p-methvlaminopheirol sulfate),
and water to make a total volume of ten milliliters. The
samples were allowed to stand twenty mlnutes and were then
read at 660 mu using the Spectronic 20 colorimeter,

Total phos:horus was obtalred hy hsatinz cne milliliter
of the sample witl: one milliliter of 5 ¥ HC1l for two hotrs
in a sand bath at 130'C., Four tenths of a millilitor of

the hydrolysate was thern

~

used for the cclorirvietric precedurs
outlined above withh one exception: the cormercial 2.5 J
molybdate rea_ent was renlaced with a 2.5 armoniua uolybdate

soluticn in distilled wator,
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.Purified samples of sodium phytate were obtained by
treating solid barium p:ytate, which had been prepared as
a laboratory preparation from wheat bran according to the
procedure of Anderson (23), witn IX 120 (I). The resin
removed the barium yielding soluble phytic acid. This
resulting solution was immediliately neutralized with 5 N
sodium hydroxide, and the sodium phytate chromatograpled
in a long band on Yhatman # 3 mm paper and run in the
Methanol/ formic acid/ water (80:15:5) solvent system.
This system may be used to purify phytic acid when the
only other constituent present is inorganic phospnste.
Since Inorganlc phosprhate separates well from the phytate,
the phytate band can be cut from the chromato~ram and the

strip eluted with water,



DISCISSLON

The methods to e used for isolation and purification
of inositol polyphosthates, clearly depsend uzon the par-
ticular separation desired, and the amount of material to
be separated. In cases wnere the mixture 1s a complex one,
as in the case of the pea extracts, and where a la:rse
amount of material is to bhe separated, a prelimlnary
fractionation by an ion-exchanre resin colurn may be use-
ful. In most cases, tha paper chiromatograms wsre not
effective 1in the presence of large amount of iImpurities.
Cn the otler hand, the ion-exchai.;e columns did not give
complete separations 1in many cases. A combination of the
two procedures should provide a clean separation of even
the most irmpure extracts,

Paper lonophoresis provides a useful tool for
identificazion of the conponents in the mixtures testad.
It 1s less useful for 1isolation purposes mainly because
of the large amounts of buffer eluted from the electro-
phoresis strips along with the compoundas.,

The best procedure to use for a given separation
can be selected by reference to the restlts shown 1in the

Exparimental Section.
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