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FOR THE SEPARATION AND IDENTWICATION OF IMONO- AND 

OLIGOSACCHA’RIDES ON CELLULOSE THIN LAYERS 
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(First reccivcd March grd, 1971 ; revised manuscript reccivccl April zSth, 197 I) 

A method of separating oligosaccharides (DP 2-10) by means of chromatography 
on cellulose thin layers has been developed, The solvent system formic acid-methyl 
ethyl ketone-tert.-butanol-water (IS : 25 : 35 : 25) gives the best resolution for the 
saccharides tested, still allowing the separation of sucrose, glucose and fructose. 

A multiple detection technique is also described, based upon the successive 
application of different spray reagents to the same plate. The utilization of the tech- 
nique in the location of sugars and their identification is discussed. 

INTRODUCTION 

In our previous work on the soluble carbohydrates of various plants, we have 
achieved good separations of carbohydrate mistures on cellulose thin layers, This 
technique has the advantage of both paper chromatography and of the thin-layer 
method, ,i.e. good resolution of biologically important carbohydrates, sufficient ca- 
pacity of the layer, and ease and speed of the chromatographic procedurei-fi. 

The preferred mobile phase on this support was the system formic acid-methyl 
ethyl ketone-tert.-butanol-water, first used on paper by PINK et nl.7 and successfully 
used on cellulose thin layers by VOMHOF AND TUCICER~ for the separation of mono- 
and disaccharides. 

With the aim of extending the use of this solvent system to the fractionation 
of higher DP oligosaccharides, we evaluated several systems obtained by varying 
the proportions of tire components to give a higher polarity to the system. One of 
the experimental solvent systems gave escellent separations in the range of DP 
Z-IO, while still remaining suitable for the separation of sucrose, glucose, fructose 
and sylose, commonly occurring sugars in higher plants. 

In an attempt to improve visualization and identification of the sugar spots, 
we developed a technique of multiple detection, based upon the successive application 
of different specific sprays. The combination of two or more reagents on the same 
chromatogram appeared to be of value in showing up structural differences in carbo- 
hydrates. To our knowledge this technique has not been used before in the detection 
of sugars on thin-layer chromatograms. In the case of paper chromatograms detection 
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by a split reagent has been used by BAILEY AND BOURN@, a mixed reagent method 
was used by BAILEYO, while a combination of a spray and a dip reagent has been used 
by DRO~DB AND KOWALEWSKI~~~. 

commercial sources. The sample 
2 ml of 70 0/0 ethanol. 
partial acid hydrolysis of starch 

EXPERIMENTAL 

All of the sugars used were obtained from 
solutions were made by dissolving 5 mg of sugar in 

The oligosaccharide series were obtained by 
(in 0.2 N H&SO, at 100~ for 15 min) and inulin (in 0.02 N H,SO, at 70” for 15 min)ll, 
followed by neutralization with BaCO:,. 

Pre@wation of the plates 
20 x 20 cm plates were spread to a thickness of 0.25 mm with MN 300 cellulose 

(Macherey, Nagel and Co., Dliren, G.F.R.) according to standard procedure with 
the “Chemetron” (Milan, Italy) apparatus. 

The plates were allowed to dry overnight at room temperature and then stored 
in a desiccator cabinet. 

ClzromntograpJay 
Aliquots (4 ,~l), containing IO pg of sugars, were spotted on the plates as 

superimposed spots of 0.5 ,ul, with a microsyringe, at I cm intervals and at 1.5 cm 
from the lower edge of the plates. 

Plates were developed by the ascending teclmique in a 20~ thermostated room. 

Sohnt systems 
All solvents used were reagent grade obtained from E. Merck AG (Darmstadt, 

G.F.k.). 
Various solvent systems were obtained by varying the proportions of the com- 

ponents of the system formic acid-methyl ethyl ketone-tert.-butanol-water (15 : 30:40 : 

15)2 (system A) towards a higher polarity. The preferred solvent system was found 
to be formic acid-methyl ethyl ketone-tert.-butanol-water (15 : 25 : 35 : 25) (system B). 
A threefold development with this eluent is used in order to improve separation of 
closely migrating saccharideslz. 

The time required for a single run is approximately 3 11. No previous saturation 
of the chamber was found to be necessary. 

Detection technique and reagents 
A multiple detection technique is used whicll consists in the detection technique 

of a single chromatoplate successively with two or three reagents, 
The reagents are chosen according to the following considerations: 
the i+tiaZ reagent should react specifically only with some carbohydrates; 
the inteimediate reagent (in threefold deterztion) should react specifically with 

some of the carbohydrates which have not reacted with the initial reagent; 
the final reagent should react with all the carbohydrates or, at least, with those 

which have not previously reacted; 
reagents which give selective colour reactions are preferred; 
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TABLE I 

JbRG VALUES OF MONO- AND OLIGOSACCMARIDES IN SOLVBNT SYSTEBIS .& AN13 13 

SitgaYs System A 

TJwecfoZd 
development 

Syslem R 

Twofold 
Tlweefobd 

development2 
devczo~wlmt 

z-Deoxy-D-ribosc I99 - -D 
L-Rhamnosc 180 - I22 

D-Ribose 161 191 IIG 

mLysosc I49 170 114 
D-XylOSC! 143 IGO 113 
D-Arabinosc 132 145 1x2 

D-l'rLlctosc 125 130 109 

n-Mannosc 120 123 104 
~-Glucose 100 100 100 

D-Galactose 92 91 9s 
Sucrose 04 65 90 
Turanosc - - 87 
Maltose - - 76 
Ccllobiosc - - 09 
Mclezitosc - - 6S 
Lactose - - 65 
Gentiobiose - - 07 
Melibiosc - - G6 
Raflinose - - 56 
lMaltotriose - - s= 
Stachyose - - 29 

15 Very close to the solvent front. 

DP DP 

10 0 , ,*------: .._... 0 0' 
20 

50 
0 03 

60 . -. 
70 :_2 04 

30 
0 :"-'-"* cs 

:""": 
: : Ezf 

jfXt.,~S . . . .._.- -_i: . . . . . . . 

a b c d e f 

Fig. I. Separation ou a cellulose layer with solvent system 13, three elutions of x5-16 cm: the spots 
wore clctcctccl with APT followed by DAI?. (a) Inulin hyclrolysatc; (b) fructose; (c) glucose; (cl) 
maltose; (e) ma1totrios.e with tracts of maltotetraose found in one of the samples usecl; (f) starch 
hyclrolysate. 
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hfact?ti$le detection 
The results obtained with the various sequences of reagents chosen for appli- 

cation to the multiple detection technique are listed in Tables II and III. The results 
reported were obtained with a standard amount of IO ,ug of each sugar. 

The visualization limit in the final detection is generally 0.5-r lug for mono- 
saccharides and sucrose, and 1-2 pg for other oligosaccharides. Maximum sensitivity 
is observed for pentoses (0.1-0.2 ,ug), when the initial reagent is APT or PAB, and 
for fructose and sucrose (0.1-0.2 pug), when the initial reagent is THB. A higher dc- 
tection limit is eshibited by cellobiose (2-4 pg). 

With all the sugars examined, the nature of the colours obtained is independent 
of sugar concentration over the range 0.1-10 pg. 

Tzc~ofoZd detectioa In twofold detection the pairs of reagents which were found 
to be most suitable are listed in Table II. 

In the initial step, a-deosyribose is visualized only by APT and TX; rhamnose 
by APT, PAB and TTC. Aldopentoses (ribose, lysose, xylose, arabinose) react with 
all the reagents tested, with the exception of THB and URE, which are specific for 
free and linked ketose units. Generally the colours obtained are not distinctive for 
the single pentoses, but they clearly differentiate the pentoses from other classes of 
sugars. Similar behaviour is found for the aldohexoses (mannose, glucose, galactose), 
which do not react with THB, URE and TZB. Fructose reacts with all the reagents 
tested, the one exception being APT. 

The speed of colour development of fructose is generally higher than that of 
the aldoses. 

Sucrose and turanose, which in solvent B migrate at approsimately the same 
rate, give the typical colour reaction of ketose containing saccharides with URE 
and THB. While no differentiation between the two sugars is afforded with URE, 
a slight difference is observed with THB, with which sucrose is yellow-orange and 
turanose is yellow. Under the conditions used, the two disaccharides do not react 
with APT, whilst only sucrose is visualized by PAB. 

Maltose and cellobiose, which differ only in the configuration of glycosidic bonds, 
show a different behaviour with APT and PAB: under the conditions used, only 
cellobiose is detected. Neither saccharide reacts with TZB. Maltotriose behaves like 
maltose. 

Lactose, gentiobiose and melibiose may be differentiated through their reaction 
with APT (no reaction with melibiose) and PAB (lactose, yellow; gentiobiose and 
melibiose, yellow-brown). 

Melezitose, which migrates together with cellobiose, lactose, gentiobiose anl 
melibiose, is easily distinguished by being non-reducing (TTC negative) and by con 
taining a fructose unit (THB and URE positive). 

Raffinose and stachyose, both sucrose galactosides, behave as melezitose; thei 
terminal fructose unit reacts more rapidly with URE than the internal fructose unil 
of melexitose. 

In the fmal detection all the sugars react, while the initial colours are modified 
allowing further differentiation. Epimeric pen.tose pairs (ribose and arabinose, lysos 
and sylose) are differentiated with APT + DAP and THB + DAP. With TZB $ 
DAP and URE + ,DAP a further differentiation of ribose from the other aldopentose 
is obtained. Among the aldohesoses, galactose gives a different colour than the epimer 
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TAl3LE II 

COLOUIC REACTIONS OF MONO- AND OLIGOSACCHARID@S ON CELLULOSE THIN LAYERS IN TWOPOLD SPRAY 
“‘,:..,. 

n = aldose ; I,: = lcetose; R = reducing; NR = non-reducing; 131~ = brick; 131 = blue; l3r = b,rmwg& 
V = violet; \V = white; Y = pllo~; 17 = faint; l? = pale; Lg = light; 1111 = intense. 

2-Dcoxyribosc 
Rhanmose 
Ribosc 
Lysose 
Sylose 
Arabinose 
Fructose 
Mannose 
Glucose 
Galsctose 
Sucrose 
Turanose 
Maltose 
Cellobiose 
Melezitosc 
Lactose I 
Gentiobiose 
LMelibiose 
Raffinosc 
Maltotriose 
Stachyose 
Background 

PlC 

Y Gr 
01 
01 
01 
01 
Y or 
131 Gy 
Gy l31 
GY 
Rr Y 
Y l3r 
I31 
Bl 
Y Gy 
Gy I31 
Gy l31 
Gy Rl 
Y Gy 
Gy 131 
Y Gy 
W 

Y 
Y 
1% to Dlc R 
Plc to Ulc R 
Pk to Dlc R 
Ia t0 131~ rt 
- 
u 

z 

=_ 
- 
- 
- 
Y Br 
- 
I? y 
Y 
Y 
- 
- 

M; 

PU 

Y Gr 
I3r Y 
Ur Gy 
l3r Gy 
I3r 
Y 
Gy 
Gy 
01 
Y Gy 
l3r Gy 
I31 
Gy 331 
Gy ‘51 
Gy I31 
GY 
GY 
Y Gy 
Bl 
Y Gy 
F Gy 

Y 
Y Br 
Y Br 
- 

M’ 

Plc 131. 
Y Gr 
J.C Br 
R l3r 
R 13r 
R J3r 
Y l3r 
13r Gy 
13r 
Br 
Br Gy 
GYV 
I31 Gy 
Gy Gr 
Gy Y 
Gy Gr 
Br Gy 
I3r 
Gy Y 
131 Gv 
Gy ?? 
I? Gy 

mannose and glucose with APT + DAP (galactose grey, mannose and glucose olive) 
and with THB + DAP (galactose grey-yellow, mannose and glucose grey-brown). 

Sucrose and turanose give markedly different colours with APT + DAP, 
PA13 + DAP, TTC + DAP and TZB + DAP. PAB + DAP and TTC + DAP also 
differentiate maltose from cellobiose. Differences are observed between lactose, 
gentiobiose and melibiose upon treatment with PAR + DAP. As could be expected, 
all the pairs of reagents tested ‘give similar colours with melezitose, raffinose and 
stac11y0se. 

57J~eefoZd detectimz. In threefold detection the best results were obtained with 
the sequences DIM + PAB + DAP, THB + PAB + DAP and URE + PAB + 
DAP. ‘In these sequences, PAB can be replaced by APT. The colours are listed in 
Table III. 

The successive detection with DIM, PAB, DAP provides a selective visualization 
of the sugar.% tested.. This sequence allows discrimination between cellobiose and malt- 
ose and between lactose, gentiobiose and melibiose. It is noteworthy ,that maltose \ 

does not react with the intermediate reagent, whereas cellobiose does, thus providing 
‘%q 

further differentiation between the oc and the p configuration of the I+= 4 linkage. 
,?. (.,P 

If APT is used as intermediate reagent instead of PAB, the final detection with 
DAP allows glucose and galactose to be distinguished. 

In the THB Jr PAB. + DAP sequence, the first spray gives a positive reaction 
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- LC 
- \I Gr 
- - 2 13’ - Gr - Gy GI 
Y Or 111 u 13r 
- Gy 13r 
- Gy 131 
- GY Y 
Y Or In Y l3r 
Y .I I1 I’ 13r 
- Y J3r 

u 
1.’ 
Ill Y Br 

- Y 
- El Gr 

F 
Y Gr 
In Y Dr 

u 
Y Ur 
J.n Y 13r 

W I? Y Gr 

l’l< 
Pl< 
Ill PIi 

.r. I1 Pl< 
Ill I’lc 
‘I I1 I?lc 
.I11 l?lc 
PI< 
PI< 
PI< 
- 
In I’lc 
PI< 
rr’k 
- 
PlC 
Plc 
PI< 
- 
IJl< 

Fr-‘lc 

l?U 
Y I31 
rn l’lc 
I.11 I?lc 

I I1 1% 

L I1 1% 
l31< I.< 
Gy I’lc 
Gy I’lc 
PI< Gy 
Y 13r 
‘l?l< G y 
Lc Gy 
G) 
s Gy 
Plc Gy 
I?l< Gy 
PI< Gy 
Y 
Lc G> 
Y 
L’; PI< Gr 

- PI< 
- ?I.- 

pJ& GY 
Gy 01 

1: Lc 01 
1; Lc Gy 01 
I’ll Lc Gy L’u 
- GV 
- GV 
- Gb 

.- - 
I11 Lc ;y v 
- J.31 
- I31 
- Gy \.- 
-- 131 
- Gy I31 
- Gy I31 
-- \: 
- 131 
- s 
7: Lc 17 Gy 

- l3r 
- Gy 13r 
- I’IC 
- Or Plc 
- Or J?lc 
-- Or Ilc 
Gy 131 Gy l31 
- IX 

- LC 

- LC 

G.y 131 Gy l31 
Gy Bl Gy l31 
- 1’ Gy 131 
- v 

- LC 

c;y l31 
Lc 

GY 
- 17 Gy I31 
Gy I31 Gy 
W w 

with free and linked ltetose units, The second spray results in the appearance of spots 
for aldopentoses, aldohexoses and a few oligosaccharides, while maltose, higher homo- 
logucs of the maltose series and lactose do not react. All the sugars are clearly visible 
after the last spray, with specific colours. Differentiation between sucrose and tur- 
anose and between I+- 4 and I+ G linked aldohesose disaccharides is possible, 

When using APT instead of PAI3, ribose and arabinose give a green-yellow 
colour, while lyxose and sylose are green. Cellobiose and melezitose are also dif- 
ferentiated. 

In the URE + PA33 + DAP sequence, URE reacts specifically with ketose- 
containing sugars, When the lcetose unit is non-terminal, as in melezitose, only a 
faint colour is obtained. After spraying with PAB, all the sugars, except deosyribose 
and maltose, react, Sucrose and turanose are differentiated at this step. After spraying 
with DAP, deosyribose and maltose can also be detected. With this sequence of 
reagents ribose shows a reddish brown colour, different from the brown-orange colour 
of the other aldopentoses. If PAB is replaced by APT, arabinose, after the third 
spray, is slightly different in colour from the other aldopentoses. In addition, lactose 
is grey-brown, while gentiobiose and melibiose are lilac-grey. 

As a rule, APT gives more greyish colours than PA13 when used as inter- 
mediate reagent. 

Slight variations in colours nky be occasionally noted, connected with the 
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TABLE III’ 

COLOUR REACTIONS OF MONO- AND OLIGOSACCHAI~IDES ON CELLULOSE THIN LAYERS IN THRBISFOLD SPR+y 

5 alclose; II; = ketose; R = reducing; NR = non-reducing; 131~ = brick; I31 = blue; Br = brownie 
= Violet; W = white; Y = yellow; I? = faint; I’ = pale; Lg = light; In = intcnsc. 

i, ,:W( ’ 

Sugars RINR A/K DlM DIM -t_ DIM + DrAd + D/M -I_ 
AK? APT -k PA13 PAB -k 

DAP DAP 

z-Deoxyribosc ri 
Rharnnose Ii 
Ribosc 
Lyxose : 
Xylosc R 
Arabinosc R 
Fructose R 
Mannosc 
Glucose E 
Galactose R 
Sucrose NR 
Turanose R 
Maltose R 
Cellobiose R 
Melezitose NIX 
Lactose 
Gontiobiose E 
Melibiose R 
Raffinose NR 
Maltotriosc R 
Stachyose NR 
Background - 

A4 
A 
A 
A 
A 
A 
1; 
A 
A 
A 
A-I; 
A-K 
A-A 
A-A 
A-K-A 
A-A 
A-A 
A-A 
A-A-Ii 
A-A-A 
A-A- A-Ii 
- 

- 
- 
- 
- 
- 
Gr Y 
- 
- 
- 
Gr Y 
Y Gr 
- 
- 
Y 
- 
- 

Gy V 
Y 
OrBr 
OrBr 
Or Br 
Or Br 
Y Gr 
Y Br 
Y Br 
Y Br 
Y Gr 
Y Gr 
1’ Y 
1: y 
Y 
17 y 
Y Br 
Y Br 
Y 
I’ Y 
Y 
I,& Y 

V 
Y 
Y Br 
Y ‘Br 
Y Br 
Y I3r 
Y Gr 
GY Y 
Gy Y 
Y Br 
Y Gr 
Y Gr 
131 
Gy I31 
Y Gr 
Gy RI 
Gy Y 
Gy Y 
Y Gr 
Bl 
Y Gr 
Lg Y 

GY V 
Y 
Or Br 
Or 13r 
Or 13r 
Or l3r 
Y 
1'11 
PU 
1'11 
Br 
Br Y 
- 
Pu 
Br Y 
Pu 
Pu Y 
Or Br 
TL’ Br 
- 
Y Br 
I’lc Y 

GY V 
Y GY 
Br Gy 
‘Br Gy 
Br Gy 
Br Gy 
Y GY 
l3r 
Br 
Br 
13r Y 
13r Y 
131 
GY 
Br 
GY 
Gy Br 
Gy Br 
Y Br 
131 
Y Br 
Lg GY 

- 
Y Or 

- 
- 
Y Or 
Y 

inevitable variations in spraying intensity, 
standardization of detection procedure is 
bility of colours. 

heating time and temperature. Accurate 
therefore very important for reproduci- 

Other spray reagents for the detection of sugars should also prove applicable . 

to the technique described. 
The methods’ reported are already in use in our laboratory and have proved 

to be of vaiue in studies on oligosaccharides. The same sequences of reagents have 
also been applied by us on silica gel layers with satisfactory results. 
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;r = grccll; G,y = grcy; Lc = lilac; 01 - olive; Or = orange; l?lc = pink; Pu = purple; IC = reel ; 

i? 
2 Y 
a 
3r 
Sr Y 
3r 
Y Or 
Y Or 
Y Or 
3r 
Y Or 

FY 
Y Or 
FY 

;yy 
3r 
- 
3r 
L&f Y 

Lc 
Y 
Gy Bl 
Gy Gr 
Gy Gr 
Gy Bl 
Or 
Y Gr 
01 
Y Gr 
Y Br 
Y Br 
Gy Y 
Y GY 
Y Br 
Y GY 
01 
Gr Y 
Y Br 
GY Y 
Y Br 
Y Gr 

Jn Y 
R Br 
R 73r 
l’c 13r 
II 131 
In Y 
Or 
In Or 
Or 
S Br 
1.7 Y 

Fy 
Y 
- 
F Or 
F Or 
Y 

T 
Lg Y 

Pl< 
Y’Br II 
R 13r - 
Rl3r - 
R 13r 
RBr = 
Y 13r Gy I31 
Br Gy - 
13r - 
Y13r - 
Br Gy I31 
Plc Gy Gy I31 
Gy 131 - 
Gy - 
Y 14-z 17 Gy 131 
Gy - 
Br Gy - 
Gy 3r - 
Br Gy II31 
Gy 131 - 
Br Gy 131 
Lg Gr 1’ 

- 
s 
Plc to 131c JC 
I’lc to Blc R 
1’1~ to Blc R 
Plc to Blc IX 
01 
F Y 
Y 
s 
Gy Y 
Y Gy 
- 
1: y 
Y Gy 
J: Y 
17 Y 
17 Y 
01 

7;; 
\V 

1’ Gy 
Y Gy 
Plc Br 
Plc 13r 
Plc 13r 
Plc Or 
01 
Gy Br 
Gy 13r 
Gy Rr 
01 
Gy 
I’BlGy 
Y Gy 
GY 
Gy Br 
Lc Gy 
Lc Gy 
01 
17 I31 Gy 
01 
P Gy 

- 
Y 
IJIC 01 
Plc Or 
Plc Or 
I?lc Or 
Bl Gr 
Y Gy 
Y GY 
‘Y Gy 
01 
Y Gy 
- 
17 Y Gy 
Y Gy 
17 Y G> 
I” Y 
I? Y 
01 
- 
Gy Y 
M’ 

131~ Gy 
Br Y 
R 131 
1% Or 
Ur Or 
Ur Or 
I31 Gy 
Gy V 
GyV 
Gy 
Gy 131 
Gy 
F Gy 
Gy 
Gy 
1’ Gy 
Gy V 
GyV 
Gy Bl 
FGy 
Gv l31 
w 
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