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SUMHARY

Procedures for the separatxon, locatxon and elut:on of malto-ohgosacchandes o
are descnbed ‘Best separations were: ‘obtained on glass plates. (20 % 46- .05 cm).
coated with - Kleselguhr G, serially developed in solvents of varying proportlons of
‘t-butanol, pyndme and water. Major zones were temporanly visualized by exposing. '
“the plates to iodine vapors. ‘The located zones were eluted from the ‘thin-layer plates -
into fiberglass filter pieces with water. Radioactivity of ‘the zone ¢an be determmed 2
_directly by placing the filter in.a toluene-based scintillation fluid and counting in
" a scintillation counter. . After rad:oactrv:ty determmatlon, the ca.rbohydrates can be
‘eluted from the ﬁlter w;th water and quantltatwely measured .

: :‘"ﬂd .

AT N H Y

l\TRODUCTION l. ‘-“’;l. :;‘,\.'.l‘ ‘ ;'-.'- ' LA " v. . e"' " ». ‘ ' -‘.‘v ; " .....‘ : .:.'4 _ ‘."..-. ~

‘ A procedure for the separatlon, ‘recovery and determmatlon of: both carbohy- :
' drate content and radloactlwty of malto-ohgosacchandes ‘was . reqmred ‘as ‘part of

a study of i vivo. starch synthesis'. Paper chromatographic - separations require

-several days, and generally are only capable of separating malto-oligosaccharides of

degree of polymenzat:on (DP) below 10 (cf. refs. z and 3) Several thin-layer chromato- .

‘ graphw procedures have been reported“-‘ ‘but these procedures have been designed
primarily for the separatlon and qualitative or quantltatwe measurement of the frac- .
- tions directly -on the" thin-layer. plate®. This communication- ‘describes a thm—layer :
: chromatographxc system suitable for the separation of malto-olxgosacchandes with -

- DPofupto 20—25 A convement procedure for the locatxon a.nd elutxon of zones wrll
‘ ‘bedescnbed SR e ‘ L :

Purdue Agrxcultural Expenment Statlon Joumal Paper No '371T. ' ‘
- "l'hls ‘study. was begun when one of us (J.C.S.) was a v:sntmg professor of Hortxeulture at
e The Peunsylvama State Umversxty. .Umversxty Park. Pa. - , : ‘ :
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MATERIALS AND METHODS

Equipment :

The Shandon 300 Chromatank* chambers were obtained from Colab Labora-
tories, Inc., Chicago Heights, Ill. Carbohydrates were streaked on the thin-layer plates
with a Micro Spray Pistol obtained from Brinkmann Instruments, Inc.,” Westbury,

. N.Y. A fixed thickness applicator was also obtained from Brinkmann Instru-
‘ments, Inc.

Materials ~ :

Kieselguhr G was a product of E. Merck, Darmstadt, G.F.R. Solvents were of
reagent grade and used as received. The malto-oligosaccharide mixture, prepared by
partial acid hydrolysis of amylose, was a gift from Dr. H. F. ZoBEL.

Pyocedures . '

A Kieselguhr G layer 250 u thick was spread on glass plates 20 X 46 X 0.5 cm.
The plates were allowed to dry at room temperature overnight prior to use. The
malto-oligosaccharide mixture was solubilized in 9o % dimethylsulfoxide (DMSO)
and aliquots (0.5~20 mg) were applied as narrow streaks 2 cm above the lower edge

Fig. 1. (A). Developed thin-layer chromatogram exposed to iodine vapors. A 6 mg sample of malto-
oligosaccharides was separated as described for the large plates in Table 11. (B). The plate pictured
in (A) after spraying with 20 m! of detection reagent (18 ml of 95 9% ethanol, 1.0 ml concentrated
H,SO, and 1.0 ml of anisaldehyde) and heating at 100° for 25 miné, :

i

* Mention of a trademark name, proprietory product, or specific equipment does not con-
stitute a guarantee or warranty by the USDA and does not imply its approval to the exclusion of
other products that may also be suitable. ’ : ' : . :
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jfof he. plate.y,The plates were -_developed in solvents contammg vanous proportlons.
: of ‘f-butanol, pyridine and water as will be noted in ‘the results.

aeliCThe malto»ohgosacchande zones were visualized by spraymg w1th 20 ml of»
! anlsaldehyde«H,SC)‘methanol (x:x:18)- spray recagent and heating at-100°for 15 to
-30 min*, The malto-oligosaccharides so: detectéed could not be eluted for the determi-.
g,ﬂatlon of radmacthty and carbohydrate contents. In order to elute the carbohydrate:
“zones, from ‘the plates: the zones were located by placmg the" plate, adsorbent side
B down, over a glass tray: contammg 1odme crystals (Fig. TA). The malto-ollgosaccha-
rides’ complex with the jodine’vapors- more rapidly than the Kieselguhr, and thus
_show up-as’ hght yellow ‘bands’ across the plate: -which can be marked on the back of
‘the glass. The zone should contain at least 100 ug of malto-ohgosacchandes in order
to show up well. When the plate is removed from: the presence of the iodine vapors, :
‘.the color dxsappears rapld.ly and the maltoaohgosacchandes are ‘left unchanged

‘, ~‘The malto ohgosacchandes can be eluted from the plate by first removmg a
streak of Kieselguhr 0.5-1.0- mm wide from between each zone. Place the. plate in a.
‘humid chamber. The: malto-ollgosacchandes can be chromatographed off the ‘plate
: wnth water and mto Whatman GF-Sz ﬁberglass paper pleces (r. 5 mm >< 4 cm);

‘Fig. 2. Elution’ apparatus (51 cm Tong* %37 cm wide X 10 cm’ h:gh) was constructed from 3 mm "
thlck wmdow glass held together ‘with polyethylene tape. Water is carried by capillarity from
X chromatograph trough (a):to the zones by wicks' (b) cut from: Whatman No. 54 chromatograph
paper. Strips of teflon are taped to the cover. glass(c) and top; of the wall (not shown) where they
contact the wicks. F:berglass filter pieces (d) are placed on'a: :glass plate. covered with a sheet of ;
teflon (e). The teflon is used to ir.hibit any transfer of compound from the paper. A movable glass
Ppicce () with a strip of teflon on the lower edge holds the filters firmly in contact with the chroma-
tograph- zones and also makes it possible to maintain’ ‘high' humndnty around. the. chromatogram*:
even if the cover glass (g) above the fiberglass filters is removed to allow drying: To aid in main-"
tiining high humidity a shallow pan of water (not shown) was placed directly below: the thm-layer;‘
'“'° tatogram. The entire- appara.tus is l'.ept m a metal tray to facnhtate handlmg IRy

g j.: cmomatog.,.“ (1969) 307-3:4.{
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TABLE Y

Rp VALUES OF MALTO-OLIGOSACCHARIDES SEPARATED BY THIN-LAVER CHROMATOGRAPHY

Glass plates § X 20 cm and 20 X 45 cm were coated with a 250 4 thick layer of Kieselguhr G. The malto-
natively narrow streaks 16 cm long were applied to the large plates. All solvent compositions are given

Solvents Degree of polymeyization
x 2 3 4 s 6 - 8 o 10
Swmall plates T
40:20:10 0.86 0.56 0.25 0.08 0.63 0/0I. t
60:30:10 0.90 0.76 0.57 0.37 0.18 0.0 0,06 0.04 0.03
50:40:10 0.02 0.83 = 0.77 0.53 0.31 0.19 o.xz  o.08 0.05
40:50:10 0.94 0.90 081 ~ o.70 0.52 0.36 0.2%5 0.18 0.12 0.10

65:20:154 0.89 0.78 0.60 '0.39 0.20 .
50:40:204 0.93 0.89 - 0.84 0.78 0.70 0.63 0.55% 0.44 0.36 ‘0.30

60:20:20° 0.g0 0.82 0.70 0.54 0.37 0.23 0.16 0.10 0.07Y 0.03
50:30:20 0.93 0.90 0.86 0.79 0.70 0:61 o.51 0.39 0.29 0.20
4%:35:20 0.9% 0.91Y 0.87 0.81 0.74 0.67 061  0.53 . O.44 0.35
40:40:20 0.06% 0.03* 0.gos 0.85 080. n.73 0.65 0.54 0.44 0.34
35:45:20 0.96% 0.94% 0.8g% 0.85 0.79 0.73 0.68 0.59 0.50 0.4Y
30:50:20 0.96* 0.92% o.go* - 0.87 0.83 0.78 0.71 0.63 0.52 ~ 0.42
50:28:22 0.93 - 0.88 0.82 0.75 0.67 0.58 0.50 0.30 0.31 0.23
45:33:22 0.9% 0.92 0.86 o.80 0.74 0.69 0.64 0.58 0.50 0.44
40:38:22 0.93% 0.89% 0.84 0.81 0.77 0.73 0.68 0.62 0.55 0.49
39:390:22. 0.98% 0.90% 0.85 0.82 0.8 0.73 0.68 0.62  0.57 0.50 -
30:48:22 . 0.93* ©o0.go* .85 -.0.81 ¥ 0,78 0.93 066 0.6 - 0.53 ~0.45
42:34:24 0.96* 0.91% 0.87 0.83 0.78 0.75 0.70 0.65 0.59° 0.52
40:36:24 0.92 088 083 o.8o 0.76 0.73 0.68 0.64 0.60 . 0.55
38:38:24 0.92 0,87 0.82 0.97. 0.75 0.67° 060 0.54 0.49 - 0.44
50:20:30° 0.88 - 0.812 0.67 0.40. o0.3% 0.2% 0.18 0.14 = O.1} .0.08
40:30: 30 0.94 0.90 0.86 ‘0.82 0.79 0.74 *.. 0.68 0.62 0.55 0.49Y%
60:40: 309 0.92 0.90 0.84 0.97  0.71 064 057 049 0.39 0.3Y
Large Plates e ' R o - )

4%:35:20 094 - V.00  0.86 0.8t .77 0.69 0.61 0.51 0.42 0.34
40:38:22 093 0.90 0.86 0.81 0.75  0.70 0.62 0.53 0.45 0.37
65:20:154 . 0.87 0.97 0.61 0.42 0.24 0.14 0.09 0.05 0.03 0.02

60: 40: 304 0.0% 0.87 . o0.83 0.77 0.69 0.61 0.53 0.42 .33 0.25
50:40:204 0.94 0.01 0.87 0.81 .. o.74 o.65 0.55 0.44 0.33 0.25

* Denotes detectable zones. which were very close together.

b Very dark narrow zones composed of several different size malto-ol:gosacchandes Thus all zones
© These solvents separated into two phases during chromatography.

4 These solvents were used in the earlier study and are included for comparison.

RESULTS AND DISCUSSION

. WEILL AND HANKE? reported the separation of malto-oligosaccharides up to
DP g on thin-layer plates coated with Kielselguhr G. One of their better solvents was
.composed of x-butanol-pyridine-water (13:4:3). In our laboratory this solvent sepa-
rated malto-oligosaccharides of DP 5 or smaller but the larger components remained
near the origin. These same workers also reported the separation of malto-oligosac-
charides to DP 1o with a r-butanol-ethanol-water (5:3:2) solvent. We found that
this system resolved components to DP 7; but the larger malto-oligosaccharides ap-
peared as a smear up the lower half of the plate. HUBER ¢! al.® reported the separation
of megalosaccharides up to about DP 35 using continuous TLC. In this separation
components smaller than DP 19 were chromatographed off the plate. Their optimum

_ J. Chromatog., 44 (1969) 307314



LC or satro-outcossconkmives

llgosacchandes, dxssolved in go% dnmethylsull’oxnde, were applied as a na.rrow band T cm long. Alter-
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_below this'are of unknown degreées of polymerization.

o ,-,j.'separatlons Were obtamed ou thm—layer plates coated thh ‘a. mlxture of three parts:;
0 jj'Silica Gel G and .one part Klese]guhr G. A solvent system of I-propanol—mtromethane—‘
T water (3%2:3) was ‘considered’ to be the. best ‘When this system was tested in our la-
- jboratory there was; mcomplete separatlon and consmlerable smearing between, .zones.:
T PR Ry Prelnmmary studies ‘indicated - that malto-ollgosaccharxdes larger. than: DP ‘12"
could be separated: with. x—butanol—-pyndme—water ‘solvents in ratios of (6 41 3) and;'f
(5141 2). We have reported partial separations of malto-ohgosaccharldes derwed from.,:
1{'pullulanase dlgestlon of f-amylase limit dextrins by using long plates (45 X 20 cm)"
"and multlple developments1 The plates were ﬁrst developed 23: cm. _m‘*" I-bqtanol—"-f

et 4 o st



3x2 J. C. SHANNON, R. G. CREECH

TABLE 11 .
Rp VALUES OF MAL'!'O-O!JGOSACC!!ARIDES SEPARATED BY UNIDIMENSIONAL MULTIPLE THIN-LAYER CHROMA-
TOCRAPHY

Small plates prepared as described in Table I were developed their entire length 1, 2 or 4 times in 1-buta-
once 25 cm in (39:39:22); once 30 cm in (50:28:22) and finally 40 cm in (70:20: 10). All plates were dried

Solvent Times Degrves of polymevizalion

devel-

oped x 2 3 4 5 6 rd 8¢ 8 9 ro xr
Small plates
40:40:20 I 0.92*% 0.80* 0.84 o0.80 0.7 0690 0.61 — 0.53 0.44 0.34 0©0.2%
40:40:20 2 —b b 0.90* 0.98* ©0.96* 0.94* 091 0.86 0.85 0.76 0.65 0.56
40:40:20 4 . —b —b b  0.96% 0.95% 0.94* 0.93* 0.92 0.0 0.8 0.79 O.7r
Large plates
Plate 1 095 o0.89 0.83 0.75 o0.65 0.58 049 — 0.42 0.35 0.20 0.2§5
Plate 2 087 084 0.74 0.67 0.50 0.53 0.46 — 0.41 0.35 0.30 0.26

¢ Same as in Table I.
b Zones crowded together near the front. ’
¢ Relative Rp value of a DP 8 standard chromatogramed on the same plate.

concentrated into a very narrow region. In an effort to find a solvent composition
which can be used for optimum separation we have tested a number of systems com-
posed of varying proportions of 1-butanol, pyridine and water chosen from points on
a tri-linear graph. These solvents were first tested on § X 20 cm plates coated with
Kieselguhr G. Several mixtures resulted in good separations of malto-oligosaccharides
(Table I). Multiple development of the small plates could be used to resolve the larger
components (Table II). In an effort to obtain maximum separation on a single
chromatogram, large plates were serially developed in several solvent combinations.
One of the better separations utilized two developments (I8 and 25 cm) with a solvent
shown to move the larger malto-oligosaccharides followed by development 2/3 of the
distance with a solvent capable of separating the intermediate size components. The
final full plate development separated the smallest compounds (Table 1I and Fig. 1).
If the separated malto-oligosaccharides are to be removed from the Kieselguhr
G, a non-destructive method for the location of the zones is required. Iodine vapors

TABLE III .

RECOVERY OF MALTOSE FROM THIN-LAYVER CHROMATOGRAM PLATES -

Maltose (0.5-4.0 mg) was streaked on a 20 X 20 cm thin-layer plate. After drying 2 X 20 cm zones
containing the maltose were eluted with water into fiberglass filters. The maltose was then eluted
from the ﬁ.)ters-mto 10 ml scored tubes and the quantity recovered measured by the pheuol-H,SO.
procedure .

Mallose added Mallose found Recoveved

(mg) (mg) (%)
0.0 0.04%

0.5 C 045 e Q0.0
1.0 " . 0.8% . 84.0
2.0 x.83 : 01.§
4.0 - 3.99 99-7

~ ® This amount in the blank was substracted from each standard sample. ‘ .

J. Chvomatog., 44 (1960) 307-314
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uolspyndme-water solveuts. ‘l‘he large plates were senally developed ‘once - 18 cm in (39 39 22).
between developments ‘ o L , DS :

12 ':r3. ‘r4. 1§ 16 .xy. r8 19 20 2r 22 23 24 a5 a6 a3y

620 o;ts o122 . 0.09 0. o8 o L .
0.44 ©0.35 ©0.27 0,22 0.16. 013 O.I0* 0.00% O.07% =
062 - 0.50 0.40 0©0.28 0.22  0.I5 0.I12% 0.ro* 0.08% 0.07% 0.06%

025  0.24 0124 . 023 0.22 021 020 019 0.9 0.18 018 017 016 016 0.15 0.12
9;35--.-’=_o.z4“:'. 0.23 . 0.23 _io.z; 0.19 . 0.I7 o;:_e 0.14 " Ao.";s,, 0.1 ' 0,009 oo7 ‘0.06 ©0.04 0.0z

S 'have been used to vxsuahze temporanly ammo amds on paper chromatovrams" and‘
steronds on. thm-layer chromatograms“ The malto-ohgosaccha.nde zones complexed
i w:th the xodxne vapors when sufficient: carbohyd.rate was present (4-20 mg on a
S 48X 20 cm plate) ‘The zones appear as' famt yellow bands ancl are best seen when
fvxewed with light from below (Fig. LA):’ .
R Once the zones are located they can be convemently eluted from the plate mto
- .pieces of chromatograph ‘paper: or. ﬁberglass filters (Fig. 2). ‘Maltose and: malto-ollgo-
o sacchandes essentlally move with the water front and are completely transferred to,
L _the ﬁlter m one development ('.I‘a,bles III and IV) Thm-la.yer chromatograms con— ,
}TABLEIV R e N U DL R, RN
i . RECOVERY or. uu.‘ro-oucosmcua.mons rou.owmo cnnouxroon.\pnv -

o Samples of a mixture of malto-ohgosacchandes (4—20 mg) were. streaked on 20 X% 45 ‘cm thm;
S layee plates “The chromatograms were senally developed once to 23.¢m in the 1-butanol—pyndme—
L water (50 40:20) solvent; once to- 33 cm in the (60:40: 30) solvent and once to 4r.cm in the

: - (68:20:18) solvent. The zones were detected with iodine vapor. The Kxeselguhr was scored between-

‘. each-zone and the- malto-ohgosaccharides eluted into fiberglass filters with water until saturated
7+ and then removed. New filters were added for the second elution. For the third. elution the zones
" . were scraped off the' .plate and put in 10 ml. scored: tubes. Water was’ added and heaten 20 min-
20 in a boiling water bath. After centrifugation an alxquot was taken for earbohydra.te determmahon.
1.7 The total caxbohydrate content:was; measured as descnbed in Table IIL.. = -~ = o0 b

" Malto- '-' . Mallo-ohgosaaahande vecovered in all :ones

L ‘;25‘,’2"{,‘,,3‘;" eh R and elution a_; :ml elution . T Sum S
C mes % L% mer %

3 :"‘:."'f'i.fio.oz o i o Ll 323 '80’.'7{'25“@

. 0.40 o PO 546.4‘--‘ T 94:0 -

- '1.80 xSo Lo T 10,14 xo:o,..

‘ .66;} : _8‘.3 1.3; ERPRIN {5 42 92 3 ;f,'{‘:-':

EIRIE ¥ All samples were correeted for the shght contammatnon m the Kleselguhr G. A zone above
_ che.front was eluted and'used asa: blank. R R T , .

o J 'c;.;a.{.awg,, 44 (:969)307—3!'4
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taining between 4 and 20 mg of malto-oligosaccharide mixture were developed by a
three-development system. The zones were visualized with iodine and eluted with
water. Over 80 % of the carbohydrate was recovered in the first elution (Table IV).
The small amount of carbohydrate not eluted the first time was confined to the origin.
With such a system one can measure the radioactivity of a zone by placing the dried
filter, plus carbohydrate, in a toluene based scintillation fluid and counting as 'pre-
viously described!. After counting, the filter can be removed, and dipped twice in
toluene to remove the scintillators. The carbohydrates can be eluted from the filter
with water and quantitatively measured?!.
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