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SUMhlARY 

Cellodextrins (cellohexaose to cellobiose) and glucose were separated on deriv- 
atives of Spheron@. The optimum conditions found (TEAE-Spheron 1000; 0.025 J4 
sodium borate. pH 7.5 or 8.0) are suitable for the chromatography of cellodestrins 
prepared from acid hydrolysates of cellulose. The same conditions can be used for the 
separation of the enzymatic hydrolysates of cellulose. At higher buffer concentrations 
(0.1-03 111) and at higher pH (8.5-8.8) lower surgars can bechromatographed togeth- 
er with cellodextrins. The enzymatic hydrolysate of cellulose, prepared by means of 
cellulases from Trichodernm viride. was most conveniently chromatographed on DE- 
AE-Spheron 300 in 0.25 ,W sodium borate. pH 7.5. when the separation of glucose 
and cellobiose was achieved. For simultaneous detection of glucose. cellobiose and 
further cellodextrins, a two-column system was developed, composed of DEAE- 
Spheron and TEAE-Spheron. 

lNTRODUCTlON 

By use of enzymatic methods or partial acid hydrolysis. cellulose can be split 
into cellodextrino. These are linear oligomers consisting of two to seven glucose units 
linked by /j’-1,4-glucoside bonds. The final product of their hydrolysis is glucose_ 
Study of the quantitative course of the enzymatic hydrolysis and of the catalytic effect 
of individual enzymes led to the development of numerous techniques for the separa- 
tion of the hydrolysis products, one of which is liquid chromatography on various 
types of ion exchangers. 

The separation of cellodestrins may be achieved on cation exchangers in vari- 
ous forms by elution with water’ or aqueous solutions of organic solvents’. or on 
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anion exchangers eluted with borate buffers3. Anion-exchange derivatives of Spheron 
have already been used for the chromatography of monosaccharides’ and of mistures 
of mono- and oligo-saccharides’. 

In this paper the liquid chromatography of sugars and their borate complexes 
on Spheron derivatives has been investigated for the separation of cellodextrins, for 
the study of the course of their hydrolysis and as a method for monitoring the 
enzymatic hydrolysis of celiulose. 

EXPERIhIEhiAL 

dlureriuls 
Medium basic anion exchangers DEAE-Spheron 300 (capacity 0.6 mequiv.,g 

and 2.2 mequiv.jg) were Iaboratory products” (particle size 2WO itm). A partly 
quaternized derivative (cf:, Type 2. capacity 2.2 mequiv., ‘g; ref. 7) was prepared from 
DEAE-Spheron 300 (particle size 20-40 itm). This derivative had half of the total 
number of diethylaminoethyl groups quaternized- Fully quaternized TEAE-Spheron 
1000 (capacity 1.4 meqtuv.;g. p article size 2-O j!rn; and 2 mequiv.ig. 13-i S j(m) and 
sulphonated S-Spheron cation exchanger ( 1.41 mequiv./g, 13-l 8 pm) were esperi- 
mental laboratory products from Lachema (Bmo. Czechoslovakia). 

Cellohexaose. cellopentaose_ ceilotetraose. cellotriose and cellobiosef were 
prepared in the pure form according to Miller er crl.‘. 1Monosaccharides and all other 
analytical grade chemicals used were commercial products of Lachema. 

The crude preparation of cellulases was prepared from a liquid cultixltion 
medium -of Trichoclermu t-iride (Research Institute of the Food Industry_ Prague_ 
Czechoslovakia) by desalting on Bio-Gel P-6 and freeze-drying. 

Chromatography was carried out on a sugar analyzer 71 000 (Developmental 
Workshops of the Czechoslovak Academy of Sciences) described in ref. 4. The prepa- 
ration of buffers. solutions of saccharides. detection reagent and the adjustment of 
ion exchangers has also been describeda. IOO-jll Samples. containing mostly 30 jcg of 
individual saccharides, were injected. 

Etgmuric I~nfrolwis of. ceihdose. Ten milligrams of chromatography paper 
Whatman No. 1 (Wharman. Springfield ,Mill. Maidstone. Great Britain). ground in :t 
ball milk indicated as W I_ uere incubated \vith 1.5 mg of lyophilized ceilulase prepa- 
ration (from T. virkk) in i 3 ml of 0.05 _W citrate buffer. pH 4-K at 4O’C for 10.45 and 
90 min_ 

&=_wrcrric- h-t-drol~sis of’ rriloclrstrins. Cellopentaose (4 10 I+) was incubated 
tvith 48 pg of Iyophilized cellulases (T_ Cride) in 60 ~1 of 0.05 &I of citrate buffer. pH 
4.S. at 4G-C for 0.2. 0.45, 2-O and 5.0 min. 

----. 
* These cellodextrins rind the monomer \\ill be indicated ;LS G,. G,, G,. G,. G, and G, (glucose). 

Substances G,-G, are sometimes nsmLvf crilooli_eosaccharidcs. 
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RESULTS 

Ej$ct of pH 
The separation of a mixture of cellodextrins G,-G, on TEAE-Spheron 1000 in 

the pH 7-9 region was studied at constant molarity of the borate buffer, 0.025 M. The 
dependence of the retention volumes and of the resolution of neighbouring pairs of 
cellodextrins on pH is shown in Fig. 1. 

Fig_ I_ Dependence of relention volumes, VR_ ofcellodesrrins G2-G, and saccharose (S) (a). and of resolu- 
tion. R, (b). on the pH values of 0.025 3f borate bulfers during chromatography on TEAE-Spheron 1000 

(2.0 mequi\.;g, 13-18 run). Column: 100 x 8 mm I.D.; temperature 60 C_ Flow-rate: 50 ml/h (flow of 
orcinol-H,SO, through detector 1.93 mljmin plus 0.37 mi/min of ellluenr). The retenrion volumes are nor 

corrected with respect to the volume of the detection system. The resolution values are correc:ed uith 
respect to the spreading of the peaks in the detection system. 

Saccharose (which is very weakly retained on the ion exchanger) was always 
added to the mixture of cellodextrins. In the pH 7-9 region it was found that with 
increasing pH the retention volumes of all cellodextrins are decreased. G, is least 
strongly retained. and with decreasing number of glucose units the retention volumes 

of cellodextrins increase_ 
The calculated values for the resolution of neighbouring pairs are dependent 

on pH_ The pairs G,G,, G,G, have optimum resolution at pH S, while for Gs-G, 
and G,-G2 the resolution decreases with increasing pH. For further esperiments the 
values pIi 7.5 and S were selected. 

From the calculation of the number of theoretical plates of a given column. II,. 

it was found that the tz, values for G,. G5 do not vary greatly with pH, and those for 
G,. G3 and G2 slightly decrease with increasing pH. 

Ionic strettgth efjk-t 
Chromatography of a mixture of G,--G, was carried out at constant pH 7.5 on 

a TEAE-Spheron column in the borate form. After equilibration. elution was carried 
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ot:t with water and borate buffers (0.005 M, O-01 M, 0.017 M, 0.02 M, 0.25 M and 
0.03 92). The dependence of the elution volumes, V,, and the resolution, R,, of 
cellodextrins on molarity is shown in Fig. 2. 

0 015 0 030 
C,rnOlli 

FiU -__ 2. Dependence of retention volumes ofceIlodextrins and saccharose (a) and of resolution (b) on the 
borrite concentration in the eiution buffer. pH 7.5. during chromatogaphy on TEAE-Spheron 1000 ( 13- 1 S 
pm. 1 mequi\.,_g)_ Conditions as in Fig. 1. 

None of the cellodestrins could be eluted with water or with the 0.005 _\I 
borate buffer. Only saccharose was &ted_ On chromatography with the 0.01 Jf 
buffer only G1 \vas retained. while higher celiodestrins were eluted with the indicated 
rwR values. With increasing molarity of the borate buffers. the elution volumes of all 
cellodestrins present were decreased_ 

In the buffer molaritv range investigated it was found that for neighbouring 
pairs ofcellodestrins the resolutions usually slightly increased with increasing borate 
concentration_ From the values of the theoretical plates. II,, it was found that for G, 
and G5 the II, values do not change with increasing molarity and for G,. G3 and G, 
the II, values increase. 

For further esperiments the concentration 0.025 :lI was selected_ 

The chromatography of cellodestrins wzs investigated in the presence of 
monosaccharides_ It \i;as evident that TEAE-Spheron 1000 is a suitable support for 
the separation of more comples mixtures of saccharides. Optimum conditions for the 
separation of GI-G, and of mannose, arabinose. @lactose. xylose and glucose by 
step-wise elution ivere as follows: elution with 0.025 df borate buffer of pH 7.5 on a 
column equiiibrated with the same buffer. foliowed by 50 ml of 0.1 M borate buffer. 
pH S.5. and 50 ml of 0.25 .M borate buffer. pH S-S. Elution of monosaccharides was 
only achieved \vhen the 0.35 .\I bOK.itc buffer. pH S.S. was applied. Glucose was 
eluted after 4 h. 
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The possibilities of substitution of step-wise elution by linear gradient elution 
with buffers of increasing pH and molarity are illustrated in Fig. 3. This figure shows 
a record of the chromatography of a mixture of monosaccharides and cellodextrins 
where isocratic elution of cellodextrins is followed by a steep linear gradient_ Elution 
of glucose was achieved with 0.25 M buffer, pH 8.8, after 3.5 h. For the conditions see 
the caption to Fig. 1. 

420 LINEAR GRADIENT 

LO ml 002% L5 ml OD25M*C5 ml 035 M SO ml 0.35 M 

pH 25 1 pH 7.5.pH 88 I PH@= 

2 L 
t,h 

Fig. 3. Chromatography cf ;1 mixture of cellodextrins G2-G, and five monosaccharides, ardbinose (Ard), 
sylose (Xyl). galactose (Gal), mannose (Man) and glucose (Glc), on TEAE-Spheron 1000 (13-18 m, 2.0 
mequiv.jg)_ The column vas equilibrated with 0.025 hf borate buffer. pH 7.5. Elution was carried out first 
isocratically with 0.025 -If borate buffer. pH 7.5, then a linear gradient was applied (45 ml of 0.025 Af 
borate buffer, pH 7.5, plus 45 ml of 0.35 &f borate buffer, pH KS). Chromatography was terminated by 
elution with 0.35 M borate buffer. pH SS. For other parameters see Fig. 1. 

Chromatogrupi~y of eqmatic Iqdrolysates of cellodes-trim 
The optimum conditions found for chromatography of cellodextrins may be 

used in the analysis of the effect of cellulolytic enzymes on individual cellodextrins. As 
an example, the hydrolysis of G, with the cellulolytic system of the T. viride strain was 
selected. The reaction was carried out as mentioned in Methods. 30-~1 Aliquots were 
taken from the mixture and injected directly into the column (see Fig. 4) 

Chromatograph_v of etqmatic Iq-drolysates of cellulose 
From the results of the chromatography of monosaccharides (Fig. 3) it follows 

that the strongly basic group of TEAE-Spheron enables the elution of glucose only by 
disturbance of the isocratic conditions through the introduction of a new buffer of 
0.25 M and pH 8.8. To enable the isocratic elution of all hydrolysis products, the 
basicity of the functional group must be decreased. For the monitoring of the main 
products of the hydrolysis of cellulose, G, and G1, a suitable support from the series 
of DEAE-Spheron@ was sought. DEAE-Spheron of capacity 0.6 mequiv_/g and par- 
ticle size 2040 pm was selected. With this support a 0.025 M buffer (pH 7.5) could be 
used which had already been found to be suitable in connection with TEAE-Spheron. 
The chromatography of the enzymatic hydrolysate is shown in Fig. 3. 
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t=5min 
t=2min .T 

120 240 
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Fig_ 4_ Formation of lower cellode~trins by action of the cellulolytic enzymes from 7. m%fe on G,_ The 
column of TEAE-Spheron iOO0 was equilibrated with 0.025 M borate buffer, pH 7.5. which was also used 
for isocratic elution. Conditions as in Fig. 1. The arrow and the letters a. b. c, d and e indicate the points of 
injection of the hydrolysates. a, Cellopentaose was not incubated with celhtkses; b, time of incubation v.as 
0.2 mitt; c. 0.45 min; d, 2 min; e, 5 mm. The total time of chromatography was 78 min. The effluent 
persisted for 27 min in the detector. New samples were injected before the preceding analysis was ter- 
minated. appro.ximately at 45-min intervals. 

t=lO min 

G 

t.min 

Fig. 5. Chromatography of the hydrolqsate of the ground paper Wl with the ceiltdolytic enzymes of T. 
riride carried out on a column of DEAE-Spheron 300 (0.6 mequiv./g. XI-40 jtm). 250 x 8 mm I.D., at 
6OC; tlow-rate 50 mljh. The coltunn was equilibrated and the elution carried out with 0.025 M bOWe 
buffer, pH 7.5. For the preparation of the hydroiysate see :\Zer/zu&. IO&n1 Samples hydrolysed for 10 min. 
45 min and 90 mm were injected_ The total time of analysis was about 60 mitt, of which the eluent spent 27 
mm in the detector. and further samples were injected every 30 min. For the labelling of peaks see Fig. 4. 

DISCL’SSION 

Saccharides can be separated on ion exchangers9 either using the partition 
chromato,oraphy principle, Le., elution with aqueous solutions of organic solvents, 
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mainly ethanollO of various concentrations or water”, or using ion-exchange chro- 
matography with borate buffers of various pH and ionic strengths”. However. 
during the separation of some cellodextrins in the ethanol-water system precipitation 
may take place _ l3 Moreover 

The mixtures applied were 
eluted within the hold-up volume as a single peak. The previous separation of cello- 
dextrins by this method* was caded out on supports of the serogel type in which the 
sugar molecules must diffuse 

secutive detection of the separated cellodextrins and glucose after a single injection 

(Fig. 7). 
The described method of chromatography of borate complexes of cellodextrins 
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Fig 6. Tv.w-column ion-exchange system for simulttmeous analysis of glucose, cellobiose and cellodextrins 
by is-tic elution. B. P = Buffer container and a laboratory piston-pump; V = six-port valte; a. b, c = 
individual positions of the vnlte: I = injector; DEAE, TEAE = ion-exchange columns of DEAE-Spheron 
300 (250 x S mm), 70-N pm, 0.6 mequi\.:g. and TEAE-Spheron 1000 (30 x S mm), 13-1s pm, 1.0 
mequiv_:g; D = detection system. A three-step opetxtion clycle is employed (~5. Fig. 7): after the introduc- 
tion of thr sample. \tll\c position a connects the two columns for a short time (glucose is.retaincd on the 
first. and cellodextrins pass into the second column)_ Position b excludes the first col9rnc and a separation 
ofcellodextrins takes place in the second column. After detection of G, (G2-G, are already in rhe detcu-tor 
system) the second column is excluded by position c and thr first column is simultrineously connected 10 the 
detector until glucose (G,) is &ted. Then the system is ready for a further cycle. Buffer: 0.025 .I1 sodium 
borate. pII 7.5. Flow-rate: 5-O ml:h. Temperature: 6O’C. 

Fig. 7. Chromatography of ceiiodextrins and glucose on the two-column system described in Fig. 6. 
Samples of 20 jzg of cellodentrins G2-G, and 40 ,ug of glucose (G,) were injected into a DEAE column. The 
tc~rers a-c correspond to the three positions of the >alve in Fig. 6. A further sample for analysis can be 
injected into &is isocratic elution at the position a’ (arrow). 

on an automatic analyzer for sugars permits easy identification and quantification_ 
The isocratic elution permits repetition of chromatography without equilibration. 
Thus, the anion-exchange derivatives of Spheron represent suitable supports not only 
for the separation of monosaccharides4 and lower oli_gosaccharides’ but also for 
cellodextrins. 
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