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ABSTRACT

Thin~layer chromatography (TLG); a new analytical tool, has
found many applications in the separation and qualitative identification
of small quantities of organic compounds., The simple sugars are one class
of compounds for which TLC as yet has‘not been satisfactéryo

The present work iﬁves;igates possible procedures to improve the
usefulness of cellulose thin-layers in separating sugars. Sevéral solvent
systems previously used in the paper chromatographic separation of
sugars were evaluated with this medium,

Twe colorimetric procedures previously used for ﬁhe quantitative
analysis of sugars separated by paper chromatography have been employed
in this study in an effort to make thin-layer chromatography even more
effective for the analysis of sugars.

The applicaﬂility of these methods to the field of plant

physiology is demonstrated using Gossypium hirsutum var. Acala 4=42 as

the test plant. The sugars present in the free state in various tissues
of this plant were separated and qualitatively identified. The quantities

of fructose, glucose, and sucrose were then determined for each tissue.



INTRODUCTION

'Thin-layer chromatography (TIC) is aruseful‘tool for the rapid
separation of a wide range of compounds of biological interest, The classes
of compqunds which can be separated by TLC depend both on the sorben;
material used for the layer and the solvent system seleetedo_ The ﬁajority
of the workers have used silica gel for the sorbent layer with a fair
degree of success. However, TLC has not been as successful for the sep-
aration of sugars as it has been for the separétion of many other compounds,

Paper chromatography has been the method of choice for many
years for the separation of sugars. Samples containing from 25f£o over
1 mg. of each sugar can be successfully separated. The major disadvantage
of paper chromatography is that the time‘necesséry to separate a series
of sugars ranges from 24 hours to three or four days. When many samples
must be analyzed this may become a serious problem.

Innumerable metheds have been developed‘for the quantitatfﬁeA

" determinations of sugars. Colorimetric procedures are the most applicable

when working in the microgram range. Many of these methods have been
developed using pure sugars. When working with plant extracts, other
compounds often co~chromatograph with the4smgars and interfere with the
quantitative methods,

The aims of the present investigation are firstly, to develop a
method for the separation of simple. sugars which will combine the sepa-
ration characteristics of paper chromatography with the speed of TIC.

Since cellulese is available for TLC this will be used for the sorbent.

1
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Secondly, a quantitative method will be adapted for use with TLC, Finally,
cotton plant tissue will be used ;s a representative plant source to
determinevthe applicability of the method to the separation and determin-
ation of sugars in the presence of other compounds ordinarily present in.

the biological matrix.



LITERATURE REVIEW

Thinmlayer’Ehromatqgraphy is am analytical tool which is gaining
wide acceptance. The historical development, theoretical aspects, and

sgveral applications have recently been discussed (31, 24, 7). Although

many different sorbents are available which are suitable for TLC, the 9 o

majority of the workers have used silica gel with a‘binder‘for the sor=
bent layer. One group of GOmpounds for which silicé gel has not been a
satisfactory medium is the naturally occuring free sugars. Poor sepa~
ration of some of the more common sugars and the low capacity of the
plates are twe &QsaéVantages in this applicafion (32}

Paper chf;mat@graphy has proven quite useful for the separation
of small quantities of many compounds. Theory;~techniqués, and appli=
cations have beeﬁ,reviéwed gy sgveral authors (4, 30, 15)9'LinksensP
text deals strictly'with the application of these techgiques to investi~
gations in plant science (19}¢ Although the simple sugars.have'bgen
sepérated for many years using paper chromatography? major- disadvantages
afé“tﬁéﬁlong elution ﬁimeé requifed for satisfactory separatioms, the
lassaciétéd problems of temperature fluctuation, and the total time and
equipmeﬁt invelved if a 1arge‘number of sampleé'are to be analyzed (5).

Using cellulose as the sorbent in thin-layer chromatography
should provide the advantages of paper chromatdgraphy without its dis=
advantages and the advantages of TLC without the problems involved with
silica gelo. Randerath has found celluloses=TLC sﬁperior to paper in the

separation of nucleotides (25). The author is aware of only ome paper in

3.



the literature dealing With the separation of a few simple sugars using
celluloée plates (27).

Very few efforts have been made to quantitize TLC. Only one paper
has dealt with the quanﬁitative determination of simple sugars separated
by TLC (23). That procedure requires 300 to 400Y of sample while the
silica gel plates have a capacity of about 40Y¥

The colorimetric method of Dubeis, §§x§L°’ (12) which has found
wide use and acceptance in paper chromatographic techniques is unsatisfae
tory for cellulose=TLC due to the persistent high background which tan not
be eliminated by prewashigg the plates (29). Dische has recently reviewed
several colorimetric procedures which are applicable to paper chromato-
graphy (1050 The reaction of anthrone with carbohydrates was first described
by Dreywcod {11). Bince then several authors have reported'the application
of this reaction to the quantitative determination of various carbohydrates
(17, 21, 22, 28). Both Koehler (17) and Bonting (8) comment on the rate of
color development with fructose in cemparison to that of glucose.

Although the p-aminobenzoic acid colorimetric method as modified
by Leopold has not been studied as thoroughly it will aléo be considered

here (18),



EXPERIMENTAL

Io\Ereparation of ?1atgsrand Qualitative Separation
(A) Preparation of plates

The plates were washed with a detergent, rinsed well with tap
water, followed by diétilled water and finally methanol (reagent grade).

The cellulose slurry was prepared as £ollows§ 15 gm, of cellﬁlose
300 MN (Macherey, Nagel & Company) were mixed with 90 ml. of a deioniéed
water-methanol solution (5:19.v/v)>by adding small portions of the solu-
tion to the powder and stirring well., A homogeneous slurry resg}teda
This was sufficient to cover five ZOXZO cm. plates and two 5x20 cm, plates,
A 0,37 mm, tﬁickrlayer was applied with an adjustable applicator
(Brinkman-Desaga) o |

The plates were always dried in a hood for two hours and then
stored in a desicator cabinet qyernight before use. (The relative humidity
in the laﬁoratory seldom was over 15 percent).
(B) Saﬁple prepaéation

The sugar solutions were made by dissolving 1 mg. of sugar in 10
ml, of 10 pexcent isopropaﬁolo. A mixture of glucose, fructose, and sucrose
was prepared in the same way. The following sugars were studied:

Disacéharides: sucrose, lactose, cellobiose, maltose

NAldohexosesz a-D-glucose, D-mannose, D-galactose
Ketohexoses: D-fructose, L-sorbose
Aldopentoses: D-arabinose, L-arabinose, D-xylose, D-lyxose,

D=ribose,



(< Solvents
The following solvents wére evaluated:
1. Formic acid-methyl ethyl ketone-tert. butanol-water
(15:30:40:15, v/v) (13},
2. Ethyl acetate=pyridine-water (2:1:2, v/v) (16},
3. Ethyl acetate-isopropanol-water (65:24:1L, v/v) (33),
4, n-Butanol=acetic acid water (6:3:1, v/v) (33).
5. Methyl ethyl ketone-acetic acid-methanol (3;1:19 viv) (33},
6;>Ethy1 acetate-acetic acid-water (3:2:3, v/v) (6o
7. n~Butanol-pyridine-water (45225240s viv) (6},
8. Isopropanol-pyridine-acetic acid-water (8:8:1:4, v/v).glé)o
9. Phenol aq. (ca. 90%) -water (10:1.25, v/v) 4 0.002% 8~hydroxy-
quinoline (35). \
{D)} Detection reaéent
The detection reagent used was 2-aminodiphenyl - oxalic acid diss
solved in 85 percent ethanol (14); This reagent locates disaccharides as
well as hexoses and pentoses., The 2-aminodiphenyl is no longer commercialr
ly'available becaﬁse of its suspected carcinogeﬁic propertiéso Several
methods of preparation are given in ;he literature (1,26};
(E) Chromatographic procedure |
The samples were spotted at l:chg intervals using a micropipette°
The pentoses were applied at 30V per spot4ahd tﬁe others at-40¥'per'$potq
The origin was 2 cm, above the cottonAedge of the plate, The film was
broken 15 cm. above the origin. The film was also br@kenAvertically’OQS
cm. from each side to eliminate edge effects (9). Solvent was placed in

J
the tank 15 minutes before the plates were added., The laboratory



temperature was 23 C,

After the plates were developed ané dried they were sprayed with
the detection reagent. The sugars were logated by heating the plates with
anvindustrial hot air drier. A 1ig§ter background resulted by this method

than when hedted for 10 minutes in an oven at 110 C,

- II. Quantitative Analysis of Standardeugaré
(A) Separation of ﬁixtures
PlateS'ﬁére prepared aswdescribed éb@veo Samples were sﬁgttgd at -
1.5 cm. intervals across the origin; leaving the first énd-last spaces
blank. The plates were developed two times in soivent 1 described in the
preceeding section.
{B) Location of sugars and removél'from_plate
After the plate has been developed and dried the pléte was masked
using clean glass platés leaving bnly the samples nearest the edges exposeda
These areas were sprayed with the_deteétion reagenﬁ apd~heated with the hot
air‘guu to develop the colors. The plate was then sectioned hofizontally
and vertically b& breaking‘the cellulose layer with a shaxp penciLoanch
sqﬁare contains one sugara The indicétor ét?iPStwére not used in the
quantitative pﬁbceduresovBlanks weré taken from the'edgés'at the same
height as the sugars. Figure 1 shows a plate ready foi scraping; Each square
. was scraped into a clean 10 ml. Pyrex cultﬁre,tube using a sharp single-
adged razor-blédeo The tubes are fheﬁ-capped until needed.
(C) Reagents
Lo Eiuents

95% acetone (reagent grade, v/v in deionized water).

Deionized water

~>
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2. pwgminobenzoic acid procedure
1.5% p-aminobenzoic acid (Eastman) in glacial acetic acid
J. T, Béker Co., reagent grade, w/v),
1.3% phosphoric acid in glacial acetic acid (J. T. Baker Cos,
reagent gradegleS'mLa éonsentrated (87%) H3PO4 per 100 ml.).
3. Anthrone‘procedgre
2% anthrone (Eéstman) dissolved in ethyl acetate (reagent
grade, wiv)o. (20). : |
llﬁonqentrated sulfuric acid (96 * 0,7%) (reagent grade}),
(D) Quantitative procedure using p=aminobenzoic gcid

To each tube of scrapings 5 ml. of 95 percent acetone were added
by buret. The tubes were covered witﬁ;&aﬁagilm-and shaken vigourously to
break up the celiulose mat§ The tube was then cgently shaken to wash the
celiulose flakes to the ﬁottom of the tube. The tube was set aside until
most of the cellulose had settled.

Each sample is then f£iltered with suction through a medium~
porosity Hirsch filter inte a giean tube (Figure 2). The samples are
taken to dryness in a vacuum oven at 60 € and 90 mm., Hg.

Using microburets 0;25'51: deionized water, 2.0 ml. p»aminoﬁénzoic
acid reagent, and 2,0 ﬁle phosphoric acid reagent were successively added
to the dry sample. The tubes were covered with Parafilm, aggitated gengly
and placed in a boiling water bath for one hour. They are cooled for at
least 45 minutes., The absorbance is determined on a Beckmann DU spectro-

photometer at 365 mu using a slitewidth of 0.2 mmo
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(E) Quantitative procedure using anthréne

The samples were eluted with 5 ml, of 95 percent acetone, filtered,
and dried as described above., The dried samples were_placed in an ice~
water bath and 2 ml, water, 0,5 ml, anthrone reagent, and 4 ml. concen-
trated sulfuric acid were added in order. The tubes were covered with
'Earafilm, shaken gently while cold to achieve partial mixingg'and then the
tube was inverted ten timeé to mix the reagents completely, GAﬁTION?

Tubes containing ketohexoses such as fructose were then heated in
a 60 C. bath for five minutes; Tubes containing aldohexoses sugh as
glucose, or dissacharides such as suecrose, Were_heéted in an 80‘Ca water
bath for thirty minuteso. After the proper heating the tubes were removed
from the bath and cooled to room temperature by placing them in a room-
temperature water bath for a short time. The absorbance was then
determined on a Beckmann DU at 625 mu (blue tube) and a slit-width of

. 051 mit o

I11, Determinaﬁion of Sugars in Cotton Plant Tissue

A weighed smmple of dry, finely ground plant material was extracted
with 80 percent ethanol., The extraction may be done gither with a Soxhlet
extractor or with a high speed h§mogenizer° The extract was concentrated
to a known volume and centrifuged to remove any solids presento

Using a micropipette, a sémplg was applied to the TLC plate and
the sugars isolated in'thé usual manner.

The particular_plant material used in this study was Gossypium
-hirsutum varo. Acala 4=42, The plants werxe fie}dagrown south of Tucson

during 1963. The particular plant sample was taken August 16, 1963,
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The plant was separated into root, stem, and leaves and @ried in a forced~
draft oven at 70 C. for four days. The dry material was ground to pass a
éoémesh screen. Soxhlet extractions were carried out for three days per -

3 gm; sample., The cooled extracts were concentrated to 10 ml. and

refrigerated until used,



REBULTS AND DISCUSSION

I, Qualitative Separatioﬁ of Simple Sugars

In terms of solute detectab;lity and time, it is advantagéous to
find a solvenﬁ or solvents which will give good separation df sugars in
one dimensior;° Since cellulose thin-layer plates possess the same par-
tition properties as paper, it seemgd advisable to evaluate se?eral
selvents previausiy use& for the separation of sugars by paper chromato=
graphy, as well as a few solvents uséd with silica gel TLC, to determine
their applicability for the separation of sugars on cellulose layers.

Nine solvents werxe evaluated im this study. Special emphasi;
was placed upon the property of the solvent to separate sucrose, glucose,
and fructose in one dimension without a long period of pre-saturation of
the plate, These sugars ére of principal interest because they are the
most commonly occurring free sugars in higher plagtSa

These nine solvents ascend more slowly on cellﬁlese layers than
on silica gel layers. The develo?ment time is still rapid when compared
to the usual developing times of 24 hours or longer for paper chromatography.
A slightly faster development time can be achieved using cellulpse with
Caso4 as a binder., No other differences were observed in this laboratory
between cellulose with and Without.a,bindere

Table 1 lists the characteristic cdlors produced by the spray

reagent; The order of appearance and relative intensities are also given.

These results were the same for all solvents tested,

13
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Table 1. Characteristic colers of sugars sprayed with 2-aminodiphenyl.

Class Color ‘Order of Relative
appearance - intensity
Disaccharides  Light tan 3 _ 3
Aldohexoses Very dark brown : 2 2
Ketohexoses Green, to greenish-brown on -
prolonged heating 4 A

Aldopentoses ‘Red ' ' o : 1 1

l?dble 2 lists the Rx100 values for the various so@ventsnghe
Rgx100 values for solvent 1 are also given; In this case, the‘p¥ate was
dgvelqped twice in the same directien;_Several of the solvents gave severe
streaking, especially the more volatile, faster rumning solveﬁts; In some
cases this made it impossible to dgtermiée an R-value,

Selvent 1 is the prefered sélvent;.The spots containing pentoses
enlarged to about twice the diameter of the original spot after being
developgd‘twicea The higherx mélecular Weight.sugafs diffused even less.*
ALl spots were nearly circglar with no bearding or tailing, whereas for
all of the other solvehts tested the spots were elongated and bearded
(streaked), and.thereawas an occasional double spot. Figure 3 shows the
results of a 15 cm, development using sbiﬁent 3o

BSince the‘Rf values are low in solﬁent 1 multiple developmegt can
be used to advantage'(34}a Figure & shows the separatioh achieved after
two dévelopments in the s;me direction using solvent 10‘ |

| Thejliterature to date indicates that the use of TLC for the sep-

aration of sugars is inferioxr to paper chromatography because of the small
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Table 2. R-values of sugars in nine solvents on cellulose.

aaaens

Rgx100 ng;oo
Compound/Solvent 1 2 3 4 5 6 7 8 9 1
Sucrose 10 20 4 5 0O 63 40 67 37 65
Lactose 4 17 1 5 6 5 31 39 37 26
Maltose 6 S8 2 7 0 62 34 48 34 _ 38
Cellobiose 5 27 1 L 0 60 33 45 32 32
;mDeGlucose 19 ] 5 17 0 63 40 47 35 100
D-Mannose 23 4 S s 0 65 43 60 40 123
D=Galactose 17 s ] 8 0 60 37 53 40 91
DaFructpse 24 ] 1 22 0 62 41 61 47 130-
L-Sorbose 23 s 10 20 0 . 63 4L 60 37 123

D-Arabinose 27 40 s 23 0 63 41 61 50 145

D-Lyxose 33 48 s S 0 67 4 57 46 170
L-Lylose 30 47 8 25 0 67 46 65 41 160
‘D-Ribose 39 53 s s 0 69 49 63 57 191

LeArabinose 29 39 s 23 0 63 40 60 51 151

Mixture:

a-D-Glucose, -

D=Fructose, Y N N N N N N N Y Y

Sucrose

Approximate ,

time (hrs.) 3 2 3 4 E 3 4 4 6 5

for solvent ' Total time

to travel 15 cmo 2 developments
N = No separation of mixture; Y = Yes, complete separation aclhieved;

8 = Badly streaked, couldn’t measure an R~-value.



Figure 3. A 15 cm, development in ethyl acetate-isopropanol-water showing
typical bearding and poor separation. From left to right the sugars
are: sucrose, lactose, maltose, cellobiose;, D-glucose, D-mannose,
D-galactose, mixture, D-fructose, L-sorbose, D-arabinose, D-lyxose,
L-xylose, D-ribose, and Learabincse,

)
Figure 4. The separation of sugars achieved after two developments of 15
cmo, in the formic acid-methyl ethyl ketome-tert. butanel-water
solvent. The sugars are in the same sequence as in Figure 3.
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quantities‘of sugars that can be used. These results were obtained on silica
gelo, With the solvent 1 - cel}ulose substrate combination, mixtures contain-
;ng 100Y'or more of sucrose, glucose, and fructose can be separated using
the multiple development technique. The upper limits for the separation of
most pentoses appear to be 50V,

Galactose can be separated from glucose_using this system. After
two developménts_with solvent 1, aBout 15y of galactose can be sgparated
from the same quantity of glucose; If larger amounts of these sugars are
present, three or more developments may be required for complete separation,
With the phenol-water system (solvent 9)galactose moves farther than
glucose, permitting a satisfactory seéaration of as much as 50Y¥ of each
sugar in one development,

Using solvent 1,.the sugars are separated into classes, i.eo,

trisaccharides nearest the origin, then disaccharides, and so forth.

I1. The Quantitative Methods
(A) p-Aminobenaoic acid method

The author was unable to find any reference to the chemistry of
this procedureo The reaction will not proceed stoichiometrically with
ketohexoses such as fructose, indicating an aldehyde group is necessary.
This is also observed with dissaccharides suchAés sucrose whgre the
absorbance valuesAare at least 50 percent less than for an equal weight
of glucoses |

Ultra-violet spectra were'obtained for both the sucrose and glucose
preducts of the reaction to ascertain the wavelength chosen for the colop-

imetric proceduxe as réported in the literature was optimum (18).
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The speétra”were ébtained on a Perkin%@lmer 202 ultra-violet - visible
reeording spectrophotometer:uéing-éiiica cuvettes and the reaveht blank
as the referenceo The spectra of a. Pyrex cuvette containing dlstllled
water9 using dmstllled water in a silica cuvette as the reference, was
obtained to be sure that the Pyrex cuvettes ceould be used in routine
analyses; Thesg spectra aré shown in Figure 56

The author found that all sources of glacial acetic acid are not
equally effectlve for this procedureo Figure 6 shows calibration curves
obtained for-three sources of acetic acid. The acid from Mhllinckxodt and
DePont both assayed at 99.5 percent minimum purity. That from J. Tg‘Baker
Co, had'a reported assay of 99.8 percent minimum acetic'acidclThe rg;son
£qr the poor results obtained using the DePont acid is angowﬁo Acetic
acid from J. T, Bakeﬁ was used throughout this project because of its
ready availabilityo

Leopdld (iS) used 0,5 ml. of water in his procedure; However; i;
. was found that 0,25 ml. water increased the sensitivity of the procedure
slightly.
’ Reproducible values aré not obtained from plate to plate. Howeve#,
within a’plate the results of duplicate samples will approach a straigﬁt
line, ﬁaliﬁkatién curves obtained by taking éhe average of duplicate
sémplés are'éhown in Figure 7a From the data it can be seen that standards
must be run on each platea 1f two concentrations of a standard mixture are
applied such as 20 and 50Y, this will be adequate to determlne the slope
of the line for that plate.

The color com@lex f@rﬁéh is stable for_ét least three'héurs after
:removai fnom*the water bath. After ﬁhis time crystals begin to formvwhigh.

could interfere when determining abserbances
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The p-aminobenzoic acid reagent is stable for at least two days.
However, it_is advisab;é to make up the reagent daily,

'I; is of the utmost importgnce that the tubes are absolutely clean
gnd free from cellulose dust and lint§’These are readily broken down to
glucose under the conditiéns of the method.

B) Ahthrone method

The color produced in this procedure results from the reaction of
the anthrone with the furfural derivative of the sugar in strong acid (2).

‘The absorptionvspectrgm of the fructoseeanthrqne complex was
~obtained using the Perkin-Elmer 202 recording spe;trephotometexe This
spectrum is shéﬁﬁ‘in Figure'S; The maximum absorption occurs at 625 mu.

) A study was made of the length of time required to attain maximum
absorption at different temperamreso Iﬁ general agreement witthpehler
(17) it was found that the anthrone-=fructose complex develops maximum
color in 5 minutes at 60 C. At 86 C, using concentrated sulfuric ac;ds the
pime was shortened to less than two minutes. The glucose coﬁplex reached
a maximum 15\30 minutes at 80 C. Sucrose essentially feached a maximum in
15 minutes at 80 €., which wés stable for several minutes at this temper-
atura;‘Using more dilute acids, i;e;»-86 percent and 76 percent sulfuric
acid, the time'necessary to‘develop a maximum color was much'ngggto Also
the maximum waé less with the ﬁore dilute acids. These reéﬁitgiafé.shown
in Figure 9. (96% HZSG4 was used throughout this study). A‘direct éompar-
ison of the actual values obtained for a given concentration of sugar
obtained by various investigators cannot be made éince much 6f the older
work was done on a Klett-Sommerson colorimeter rather than on a DU. Also,

the investigators used different heating temperatures and different acid

strengths.
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~ When eluting the sample from the cellulose plate it was found
éﬁeferaﬁleuﬁo use 95 percent acetone as the eluent., When water was used
a very high background reading Was.obtained_and the eluent waé/difficult
tq filter_with complete recovery of the sample; When using acetone the
oligqsaccha;ides present in the cellulose are insoluble and the platg
blank has the same absorbance valué-as a pure reagent blanko‘The.gcetone
must be removed before developing the color, however, If acetone is
present a daﬁk brown.ga;q;wgé%ults instead of a clear green; Ihe former
is not quantitative %pféelétidn to the amount of sugar present;

The calibration curvég obtained‘qsing averages of dﬁplicate samples

eluted frqm,azcellulose plate are shown iniFigure 10, These samples were

te

eluted with'w _resﬁlting‘in the high blank value from the plate; The

instruméﬁt-was~zeroed agaiﬁé%vdistilied water. As with the previoqs'method o

tpe reproducibility betwegn éiates is not good. The rep:oducibility between

samples>en a giveﬁvﬁlafesvhowever is ver& good., Thus, standards must be

run on the same»plate as the unknowns to eliﬁinate this plate variatiom.
The most reprgducible_absorbéncé values are obtained using reagent

not more than two days old. Usually the reagent was made one déy and used

the following day.

.II1, Free Sugérs in Various Tissues of Gossypium hirsutum var. Acala be=bi2
The free sugéré éré those not bound to other groups such as
phosphate, uracil diphosphate, pigments, etc, In actual practice a small
fraction of the free sugars extracted were phosphorylated bu; underwent
autohydrolysis by the piant phosphatases during the preparation of the
tissué (3). The contribution of hydrolyzed sugar phosphates to the total

free sugar concentration is generally quite smalj.a
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The free sugars present in the various parts of the cotton variety
studied were identified by co»chromafggraphing an aliquot of plant extract
with pure sugarsL A visual cqmparison of location and color of the spots
were made as well as a compari;on of Rcx100 values. The comparisonAof
these values for three solvent systems is given in Table 3. No pentoses
were found, either in young plants (six leaf stage, grown in greenhouse)

or in mature fruiting plants taken from the field.

Table 3., Qualitative Identification of Sugars Present in Cotton Plant Tissue

_R x 100

Compound / Solvent ' 1 _ 9 10
.Sucrose 64 133 ‘ 92

Leaf X 62 117 : 92
Glucose . 100 100 100

Leaf Y ' 97 97 108
Fructose ' 128 170 : 113

Leaf % 128 150 120

Solvent 10: n-Butanol-acetic acid-water (2:1:L, v/v) (13).

Similar results were obtained for stem and root tissue.
Table 4 shows the concentrations of free sugars found in the root,

stem, and leaves of the test plant as found by the procedures described above.
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Table 4. Quantities of Sugars Found in Cotton Plant Tissue

Compound / Tissue Root _ ‘Stem Leaf
) (mg. suggr/gmo dry tissue)
Fructose | 53 566 0.0
Glucose® - ‘5;7 9.8 £ 17
Sucrose* - 4.2 - 6.6 1.9

- % determined using p-aminobenzoic¢ acid method.
All values are averages of duplicate samples,

The plants used for this study were takgn from the fiéld approxi;
mateiy one week gﬁter the pefi@d ofléeak floweriﬁga The majority of #he
‘metab@lites‘being prod@ced by the plant at this stage of growth are beiﬁg
usgd for thé production of tﬁé fruiﬁ? iné;9 the seeds and lint of the
cotten boli} Thusg éne would not exﬁect to find é large excess of sugars
present in the_freé state in the leaves at this stage of plant grewth;'The
stems included the branches and petioles, therefore most of the free sugars
found in this tissue were probgbly bging translocated to the bolls, rather
thén being étored before, incorporation into the structural polysaccharides;

To de;eﬁmine if:thére were compounds migrating to the same positions‘
on the plate.as the sugars Whicﬁ might interfere with the determinations,

- plant samples were applled at tho concentratlonso In all cases the sugars

recovered Were 1n*the same ratios as the quantities of extract applledc

The same results were'obtalned when a standard addltlon of pure sugar was
added to one of the)plant sampleso It is thus concluded that there are no
cempounds présent in sufficiently high concentrations, relative to the
sugars present, Lo interfere with any of these procedures.

1£, when studying ogher plants; it is found thatlsome plant con=
séituents are interfering; either the extract can be passed‘througb’small |
‘ion exchange columns to remove ionic compounds, or different solvgnt sygtem§. ,

‘mav be used.



CONCLUSIONS

When the thin=layer plates afe prepared With care to insure a layer
of uniform thickness, and wﬁen the sample is applied as a small spot 0.3
cm,, or less, in diémeterg good reproducibility of R-values can be»obtaineda
in some plant samples other compouﬁds may be present in the.extract in such
large amcuntsrfﬁ;t they will retard the migration of the sugars, Erreneous
conclusions in iﬁentification may be drawn in such a case if onlyvone’SQE

.vent system is used,

The methods desecribed providé a means for the rapid qualitative
identification of sugars present in a biological extract. These sugars may
then be determined quantitatively using one of the described procedureSQ
Table 5 compares the relative sensiti%ities of the two methods for quant-

‘-

itative analysis. The anthrone method is to be preferred., In addition to

Table 5, A Comparison of the Semsitivities of the Quantitative Methods

Compound / Method p-~aminobenzoic_acid anthrone
(Change in absorbance units per microgram sugar)

Fructose O‘ 10
Glucose 11 8
_BSucrose - 3 8

being more widely applicable, this method is faster, requires fewer reagents
and the volumes added are not as critical as with thg other method. The
precision of the anthrone method is 0,005 absorbance units differente
between duplicate samples at the 10tlevel as averaged from fo&r plates. At
the 50v level the range is about 0,025 sbsorbance units as calculated on

29



30

the same basis, Thg p=aminobenzoic aeiﬁ method'gives about the same
preciéiono |
A major disadvantage to either quantitative procedure is that
' absglutely»no‘contamination by cellulosic material can be permitted. A
second disadvantage is that seraping the plates is a tediogs ﬁrocedurea
Gcntamination is‘prgbably the major reason for large discrepan~-
eles between dgplicate_sampleso The second most probable reason for error
is in the quantity of extract applied to the plate. & vefy sméll difference
in the quantity of material applied tg;duplicate spots can amount to a

variation of 3 to 10y depending on the concentration of the solution.



SUMMARY

Several solvents previously used in paper chromatography for' the
separat;on of sugars were evaluated'for use with cellulose thin-layer
plates, Several simple sugais which were difficult to separate by one=
dimensional chfomatography on eithef paper or silica gel can be separated
on cellulose using a solvent of formic acid-methyl ethyl-ketone-tert, but=
anol-water.

Colorimetric procedures using anthrone and p~aminobenzoic acid were
compared for their usefulness for the quantitative analysis of sugaré
separated by the above method. The anthrone procedure was recomﬁended for
its wider range of applicability. |

The qualitative and quantitative procedures developed were then »
shown to be applicable to the analysis of plant eXtraéts by identify;pg

and quantitatively determining the free sugars extracted from various

tissues of the cotton variety Acala 4-42,
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