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ABSTRACT 

Structural studies on the water-soluble dextran elaborated by Leuconostoc 
mesenteroides NRRL B-1299 gave several important results that not only sup- 

ported previous results but afforded an insight into the association of average re- 

peating-units in the whole molecule. Sequential degradation of soluble dextran 

from its nonreducing terminals was achieved with two different enzymes, namely, 

a-D-( 1+2)-debranching enzyme and D-glucodextranase. The debranching enzyme 

removed four separate residues of cu-(1+2)-branched D-ghCOSe from the average 

repeating unit consisting of 15 D-glucosyl residues. D-Glucodextranase continu- 

ously produced D-glucose from the nonreducing terminals by an exo type of action, 

but internal branches greatly restricted its action. Extensive digestion of soluble 

dextran B-1299 with the two enzymes released 74.3% of D-glucose and gave a limit 

dextrin of high molecular weight containing 8.4% of 2,6-di-O-substituted D-gluco- 

syl residues. 13C-N.m.r. studies indicated a characteristic pattern of the &D-(1+2)- 

branched structure, which was significantly changed on treatment with the de- 

branching enzyme. Moreover, an -8-fold increase in the degree of linearity was 

observed after action of the debranching enzyme. The possible structure of water- 

soluble dextran B-1299 is discussed, based on a comparison of the limit dextrin with 

the native dextran, in regard to chemical structure, molecular-weight distribution, 

and degree of hydrolysis with two exo-enzymes. The native dextran might be con- 

structed with at least -8,200 “twigs” of repeating unit, and there are 14 steps of 

connected twigs between the reducing and nonreducing terminals. Upon consecu- 

tive hydrolysis with the two exo-enzymes, most of the twigs located at the 14th step 

(i.e., nonreducing terminals) were hydrolyzed to D-glucose. 

INTRODUCTlON 

We have recently reported’ that two types of dextran-hydrolyzing enzyme, 

namely, an cu-D-(l-+2)-debranching enzyme and dextranase II, are produced by a 

Gram-negative strain of Flavobacterium sp. M-73. The former enzyme has a strict 

specificity for the cr-D-(l-2)-glucosidic linkage at branch points of dextran, and 
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produces D-glucose as the sole reducing sugar 2,3. The latter enzyme belongs to the 

endo-dextranase type, but produces isomaltotriose units from the nonreducing end 

of oligosaccharide substrates 4s5 Moreover, Sawai et al6 isolated glucodextranase . 
[exo-cY-D-(l-+6)-glucosidasc, EC 3.2.1.701 from Arthrobacter gfobiformis 142, and 

described its action on isomaltodextrins and 14 dextrans’. The effectiveness of en- 

zymic fragmentation of the highly branched dextran from Leuconostoc mesen- 

teroides NRRL B-1299 has been demonstrateds; this gave three branched oligosac- 

charides containing IX-D-( 1+2) linkages at the nonreducing terminals. 

Among the 96 dextrans isolated, and characterized, by Jeanes et al.“, the 

chemical structure of dextran B-1299 has been extensively studied. We showed” 

polymolecularity and polydispersity among five fractions from native dextran B- 

1299. Chemical analyses of the structure of dextran B-1299 were summarized in 

1974 by Sidebotham”. Later, a series of studies on unusual dextrans, including B- 

1299 dextran, by ‘3C-n.m.r. spectroscopy was reported by Seymour et al. 12. Frag- 

mentation analysis of both insoluble and soluble dextran B-1299 by acetolysis re- 

vealed the presence of consecutive sequences of a-D-(143) linkages13 and a-D- 

(l-2) linkages14, in addition to abundant single D-ghIcosy1 groups joined to the 

back-bone through (y-D-( l-2) linkages. 

We now describe an approach involving enzymic analysis of water-soluble 

dextran B-1299. Differing from the usual enzymic analysis, sequential degradation 

of dextran B-1299 using a-D-(l-2)-debranching enzyme, or D-glucodextranase, or 

both, was applied, in order to compare the structure of native dextran with those 

of the limit dextrins* isolated from consecutive, hydrolysis steps. A typical endo- 

dextranase (EC 3.2.1.11) from Chaetoms’um gracile15 and dextranase II from4Y5 

Flavobacterium sp. M-73 were also used in some experiments. Structural features 

of soluble dextran B-1299 are discussed, based on the results of the enzymic hydro- 

lysis and subsequent, chemical analyses. 

RESULTS AND DIKUSSION 

Action of a-D-(1+2)-debranching enzyme and D-giucodextranase on soluble 

dextran B-1299. -- The progress of hydrolysis of the water-soluble dextran B-1299 

with dextran a-( l-2)-debranching enzyme has already been shown (see ref. 3, Fig. 

6). The degree of hydrolysis (d.h.) at 24 h was” 31.5%; this indicated that about 

one third of the D-glucosyl units in dextran B-1299 constitute a-D-(l-+2)-branch 
points, and each consists of one D-glucosyl group. The d.h. value showed good cor- 

relation to the results from methylation analysis16-‘s. D-Glucodextranase from Ar- 

throbacter globiformis 142 produces only D-ghicose as a hydrolysis product from the 

*The abbreviations used are: D-I, limit dextrin prepared by the digestion of the soluble dextran with the 
debranching enzyme; D,G-I, limit dextrin prepared from D-I by D-glucodextranase; D-II, limit dextrin 
prepared from D,G-I by the debranching enzyme; D,G-II, limit dextrin prepared from D,G-I by D- 
glucodextranase; D-III, D,G-III, IIIIIIO defined in the same way. D,E, limit dextrin prepared by the di- 
gestion of soluble dexrran with the debranching enzyme and dextranase II. 
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Fig. 1. Action of o-glucodextranase on the water-soluble dextran B-1299, its D-I limit dextrins, and 
clinical dextran. [Each dextran (50 mg/S mI, of SOmM acetate buffer (pH 6.0)-5mM Ca&) was hydro- 
lyzed with D-glucodextranase (0.18 U) from Arthrokter glabiformi&’ at 40”, and an aliquot of the di- 
gest {5-30 pL) was withdrawn to determine the degree of hydrolysis (d.h., %) at suitable intervals. (a), 
D-I limit dextrin of dextran B-1299; (O), clinical dextran; (A), D-I limit dextrin of dextran B-1299, CS 
fraction; and (A), dextran B-1299.1 

Fig. 2. Synergistic action of a-D-( l&2)-debranching enzyme and D-glucodextranase on the water-solu- 
ble dextran B-1299. [The reaction mixture contained 50 mg of soluble dextran B-1299,0.18 U of the de- 
branching enzyme and 0.18 U of D-glucodextranase in 5 mL of 5Omhi acetate buffer (pEI 6.0)-5mhI 

CaClz. Incubation was performed at 40”, and an aliquot of the digest (5-30 pL) was withdrawn to deter- 
mine the degree of hydrolysis (d-h., %) at suitable intervals.] 

Tube No. ( 1.0 mL) Tube No. (0.9 ml) 

Fig. 3. Elution patterns of dextran hydrolyzates from a Sepharose CL-6B column. [(a) The soluble dex- 
tran B-1299 hydrolyzate by a-D-(1+2)-debranching enzyme and D-glucodextranase, The digest was pre- 
pared as described in the legend to Fig. 2. A portion of the reaction mixture (d.h. 73.6%) was treated 
for 3 min in a boiling-water bath, and applied to a Sepharose CL-6B column (1.5 x 74 cm). The column 
was eluted with water, and fractions (1.0 mL or 0.9 mL, as indicated) were assayed for the total sugar. 
(b) The digest with debranching enzyme. The soluble dextran B-1299 (100 mgil0 mL of 50mM acetate 
buffer (pH 6.0)-5m.u CaCQ was hydrolyzed with debranching enzyme (1 .O U) for 24 h at 40”. The reac- 
tion was terminated by heating, and the digest was applied to the column. (c) The digest with D-gluco- 
dextranase following the debranching-enzyme action. The D-I limit dextrin, i.e., V, fraction of experi- 
ment (b), was hydrolyzed with D-glucodextranase (1.0 U) for 24 h at 40”, and subjected to the column. 
V,, void volume; Glc, elution volume of standard D-glucose.] 
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nonreducing end of various dextrans, and the ratios of the initial velocity of hydro- 

lysis of isomaltose, maltose, nigerose, and kojibiose are’ 100:3-4:0.03-0.05:0.01- 

0.02. The d.h. values, after 24 h at 40”, of soluble dextran B-1299 and standard clin- 

ical dextran were 3.0 and 32.2%, respectively (see Fig. 1). Thus, the proportion of 
cr-(1+6)-linked D-glucose at the terminal was estimated to be ~3% of the total. 

When dextran B-1299 was digested with a mixture of the u-(l-2)-debranching en- 

zyme and D-glucodextranase, release of D-glUCOSC reached a maximum d.h. of 
73.6% (see Fig. 2). The hydrolyzate gave two peaks, at V, and V,, on a column of 

Sepharose CL-6B (see Fig. 3a). The ratio of peaks eluted at V, (limit dextrin) and 

Vi was - 1: 3. Paper chromatography of the Vi fraction showed that glucose was the 

sole product. On the other hand, on rechromatography in a column of Sepharose 

CL-2B, -70% of the limit dextrin was again eluted at the V, position, and -30% 

of the total was eluted in the subsequent, high-molecular-weight region as a tailing 

shoulder (data not shown). Therefore, the molecular weight of the limit dextrin 

was estimated to be >5 x 106. 

Consecutive hydrolysis of soluble dextran B-1299. - Based on the substrate 

specificity and action pattern of a-D-(1+2)-debranching enzyme and D-gluco- 

dextranase, sequential degradation of the water-soluble dextran B-1299 (WS) from 

the nonreducing end was examined. Clinical dextran and the CS fraction” of na- 

tive dextran B-1299 were used as references. As reported previously”, the CS frac- 

tion was derived from the fraction of the native dextran B-1299 soluble in 0.1~ 

sodium tetraborate (pH 9.3), and had no ability to form a quarternary ammonium 
complex with 4% Cetavlon (cetyltrimethylammonium bromide). 

The first step in the sequential degradation was debranching of the WS and 

CS dextrans with the cY-D-(1+2)-debranching enzyme. The d.h. values of WS and 

TABLE I 

CONSECUTIVE HYDROLYSIS OF SOLUBLE DEXTRAN B-1299 AND ITS CS FRACTION WITH THE DEBRANCHING EN- 

ZYME AND DCLUCODEXTRANASE’ 
-- 

Hydrolysis stepb WS dextran CS dextran 

D.h. (%) Total D.h. (%) Total 
d.h. (%) d.h. (%) 

1st D 
1st G 
2nd D 
2nd G 
3rd D 
3rd G 
4th D 
4th G 

27.3 27.3 26.7 26.7 
?A.0 s-7 16.6 43.3 
5.4 58.7 5.0 48.3 

10.4 69.1 9.3 57.6 
1.0 70.1 2.1 59.7 
3.0 73.1 2.2 61.9 

- - - 

1.2 74.3 1.1 63.0 

BD.h. (%), degree of hydrolysis (%). bD, cy-D-(l-2)-debranching enzyme; G, o-glucodextranase. For 
details see the legend to Fig. 3b and 3c. ‘D.h. (%) values for 1st G to 4th G are represented as the COT- 
rccted values against the amount of original dextrans. 
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Fig. 4. Elution patterns of dextran hydrolyzates from a Bio-Gel P-2 column. [(a) Hydrolyzate of clinical 
dextran by end~extran~. Clinical dextran (2.0 mgQ. mL of .5Om~ acetate buffer, pH 6.0) was hydro- 
lyzed with endodextranase (0.01 U) from Chaet#~u~ grucitei5 for 24 h at 40”. After heat ina~tiv~ion, 
the digest (d.h. 46.9%) was applied to a Bio-Gel P-2 column (1.5 x 93 cm). The column was eluted with 
water, and fractions (1.0 mL) were assayed for the total sugar. (b) Hydroly~te of D,G-I limit dextrin 
by endo-dextranase. The digest (d.h. 34.6%) was subjected to the column. G-G,, elution volumes of 
isomalto-oligosaccharides.] 

CS were 27.3 and Z&7%, respectively (see Table I). The subsequent, D-I limit 

dextrins were then hydrolyzed with D-glucodextranase (see Fig. 1). The d.h. values 

of the D-I limit dextrins of WS and CS were 35.8 and 21.10/o, respectively. The d.h. 

value of clinical dextran (33.6%) was comparable to that of the D-I limit dextrin of 

the WS fraction, which indicated that these limit dextrins might contain a long se- 

quence of a-D-( l-&)-linked, linear structure, and are readily attacked by D-gluco- 

dextranase. 

Fig. 4 shows the gel-filtration pattern of clinical and B-1299 D,G-I limit 

dextrin hydrolyzed with the endo-dex~anase from C~uet~~i~~ grade. The d.h. 
values of clinical dextran and D,G-I limit dextrin were 46.9 and 34.6%, respec- 

tively. Although the elution profiles lying between the higher-oligosaccharide and 

D-glucose regions were almost identical, 22.1% of the total sugar (~orres~nding to 

-5% of the original, WS dextran) was eluted at the V, position (tubes No. 58-65) 

of the column of Bio-Gel P-2. This fraction might contain a relatively higher 

amount of D-glucosidic linkages other than those of the linear, (U-D-(&~) type, be- 

cause of the structure, highly resistant to the three hydrolyzing enzymes employed. 
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The resistant structure was substantiated by the following observations. As 

exemplified by the structure of the average repeating-units” of dextran B-1299, 

some of the branches might be terminated by o-D-( l--+3)-linked D-glucosyl groups. 

We have also demonstrated the occurrence of consecutive, a-D-(l-2)-linked D- 

glucosyl residues by the isolation l4 of fragment oligosaccharides from the acetoly- 
zate of soluble dextran B-1299. 

Gel-filtration patterns of the hydrolyzates obtained by the first (debranching 

enzyme and D-glucodextranase) digestion are shown in Fig. 3b and c, respectively. 

In both cases, more than half the amount of total sugar was eluted at the V, posi- 

tion of a column of Sepharose CL-6B. The V, fraction was subjected to the next 

cycle of consecutive hydrolysis, and this was repeated until the release of D-g]UCOSe 

reached an apparently stationary state (fourth cycle). Table I is a summary of the 

sequential degradation of WS and CS dextrans. Although the first and second cy- 

cles of hydrolysis were very effective in removing D-glucosyl groups from the non- 

reducing terminal, the resulting limit dextrin (D,G-II limit dextrin) gave no signifi- 

cant amount of reducing sugar on enzymic digestion in the next two cycles. The 

d.h. value of 74.3% for WS dextran was comparable to that obtained from the 

combined use of the debranching enzyme and D-glucodextranase (see Fig. 2). 
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Fig. 5. Gas-liquid chromatogram of the partially methylated alditol acetates from methylated dextrans 
and their limit dextrins. [(a) WS Dextran, water-soluble dextran B-1299; D-Dextrin, D-I limit dextrin; 
D-G-Dextrin, D,G-I limit dextrin. (b) CS Dextran, CS fraction from WS dextran; D-Dextrin, D-I limit 
dextrin from CS dextran, D-G-Dextrin, D,G-I limit dextrin from the D-I limit dextrin. Peaks A to E 
correspond to those components described in Table II.] 
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TABLE II 

PROPOKTIONS OF THE METHYLATED D-GLUCOSIDES IN THE DEGRADATION PRODUCTS OF THE METHYLATED 

DEXTRANS AND LIMITDEXTRINS’ 

O-Me-D-glucose Relative mol (76) 

WS dexwan 

Native D-I D, G-I 

CS dextran 

Native D-I D,G-I 

A 2,3,4,6-Tetra- 33.0 11.2 10.4 32.9 20.2 15.2 
B 3,4,6-Tri- - - - 3.7 1.2 1.2 
C 2,4,6-Tri- - - trace 1.1 1.0 2.4 
D 2,3,4-Tri- 34.0 77.0 81.1 28.1 62.2 69.7 
E 3,4-Di- 33.0 11.7 8.4 34.2 15.3 11.5 

“The alditol acetate derivatives of 0-methylated sugars were separated by g.l.c., as described in the 
text. ‘Corresponds to Fig. 5. 

Therefore, most of the D-glucosyl linkages susceptible to these enzymes could be 

removed by the sequential degradations. 

Methylation analysis of the limit dextrins. - The structure of the native dex- 

trans and their limit dextrins was studied by methylation analysis. As shown in Fig. 

5, the native dextrans WS and CS gave almost equal amounts of 2,3,4,6-tetra- (A), 

2,3,4-t& (D), and 3,4-di-0-methylglucose (E). The action of the a-D-(l-+2)-de- 

branching enzyme significantly lowered the ratio of 3,4-di-0-methylglucose, cor- 

responding to the branch points, to 2,3,4-tri-0-methylglucose (0.97 to 0.15; see 

Table II). Although the limit dextrins of WS gave no tri-0-methylglucoses derived 

from the linear structure of a-D-(1+2) or a-D-(1-+3) linkages, those of the CS frac- 

tion gave small amounts of 3,4,6-tri- and 2,4,6-tri-0-methylglucose. This structure 

seemed to restrict the action of both the cY-D-(l-2)-debranching enzyme and the 

D-glucodextranase, as the debranching enzyme could not hydrolyze kojibiose3 and 

kojihexaosem, and D-glucodextranase could scarcely hydrolyze’ nigerose and 

kojibiose, as already described. 

Structural studies on the water-soluble dextran B-1299 by the Bourne 

group’7,‘9, the NRRL group”,“, and this laboratory’0”3,‘4~16 indicated that the a- 

D-(1+2) linkage in this dextran may occur in three different forms. (i) Most of the 

(w-D-(1+2) linkages constitute branch points of a single D-glUC0Syl group, as sub- 
stantiated by the isolation 8,‘4,‘9 of oligosaccharide fragments from the partially de- 

graded dextran B-1299. (ii) About one-fifth of the branched, a-D-(1+2) linkages 

intersect a continuous chain of a-D-(l-6)-linked D-glucosyl residues to the other 

a-D-(l-6)-linked backbones. Isolation of oligosaccharides having alternating, (Y- 

D-(1+2) and a-D-( 1+6) linkages’4*‘9 supported this structure. (iii) A small amount 

of a-D-(1+2) linkages might occur in continuous, or alternating, or both, a-D- 

(l-2) and &D-(1+3) linkages with more than two D-glucosyl residues. Identifica- 
tion of 3,4,6-tri-0-methylglucose from the methylated dextran16, and of kojitriose 
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Fig. 6. 13C-N m r spectra, at 70”, of water-soluble dextran B-1299, D-I limit dextrin, and D,E limit 
dextrin. [The kukencal assignments of resonances correspond to those resonances listed in Table III. 
(a) Soluble dextran B-1299. (b) D-I limit dextrin; for details, see the legend to Fig. 3b. (c) D,E limit 
dextrin. The soluble dextran B-1299 (250 mg/lOO mL of 50mw phosphate buffer, pH 7.0) was hydro- 
lyzed with the mixture of debranching enzyme (11.9 U) and dextranase II (6.3 U) for 40 h at 30”. The 
reaction was terminated by heating for 3 min in a boiling-water bath, and the digest was extensively dia- 
lyzed against water. (d), (e), and (f) arc the spectra of (a), (b), and (c), expanded in the 7C-Wp.p.m. 
region.] 

or kojitriose-containing tetrasaccharides from the acetolyzate14 may constitute evi- 

dence for the former structure. A mixture of trisaccharides containing 2-0- 

nigerOSyl-D-gh_K’OSe (identified from among the acetolyzed fragments14) gave a clue 
suggesting the latter structure. 

13C-N.m r spectroscopy of the soluble dextran B-1299 and limit dextrins. - . . 
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TABLE III 

CHEMICAL SHIFI5’ OF ‘3C-N.H R. SPECTRA, AT 70”, OF SOLUBLE DEXTRAN B-1299 AND LIMIT DEXTRINS 

Signal Dextran Dextran B-1299 Assignment of resonanceb 
No. B-512F- 

type’ Malive D-I D,E Carbon Type of residue 
atom 

1 99.6 100.6 (99.6) loo.5 1 td 106.6(l) C-l chain-extending 

2 99.2 (98.2) 99.2 1 J 99.3 n.c. C-l branch-terminating 

3 98.4 (97.4) 98.4 1 1 98.4 n.c. C-l branch point 

4 78.7 (77.8) 78.6 J J 78.7 t C-2 branch point 

- - 77.1 
5 75.2 76.2 (75.2) 76.2 t t 76.2 s. 
6 75.8 (74.8) 76.0 ( 4 ) 76.0 t 
7 74.8 (73.8) 75.0 n.d. 75.6 n.d. 

8 74.6 (73.6) 74.6 ( t ) 74.7 ( t ) 
9 73.2 74.2 (73.2) 74.2 ( J ) 74.3 ( J ) 

10 72.0 73.0 (72.0) 73.0(J) 73.0 ( 4 ) 
11 71.6 72.4 (71.5) 72.5 n.c. 72.5 n.c. c-4 (l-6)-linked pyranosidic, 

of linear-type chain 

12 67.8 68.8 (67.8) 68.7(J) 68.7 ( 4 ) C-6 linked, both chain- 
extending and branch- 
point types 

13 63.5 (62.5) 63.5 t 63.5 f C-6 free, branch-terminating 

‘The chemical shifts are given in p.p.m. relative to tetramethylsilane. these assignments were made by 
Seymour et al. ‘*. ‘Data of Seymour ef al. I2 dSymbols designate the relative change of rescnance inten- . 
sity compared with that indicated in the previous column. t f or 1 1 , strong increase or decrease; t 
or i , medium increase or decrease; ( 4 ) or ( f ), small increase or decrease; nc., not clearly changed; 
n.d., not detected. 

TABLE IV 

CHARACTERISTICS OFTHE SOLUBLE DEXTRANS B-1299 AND LIMITDEXTRIN~ 

Dextran D.h. 
fraction (%) 

Native - 

D-I 28.5 
D,E 41.3 

Yield 

(%) 

- 
60 
40 

n (calculated 
from “C-n.m.r. 
da& 

0.73 
7.71 
5.19 

n (calculated 
from methylation 
ana1ysi.F) 

1.03 (0.67)” 
6.88 

(7.8O)d 

‘The analytical procedure was the same as those described in the legend to Fig. 6. bRepresents the de.- 
gree of linearity of dextran12. The peak height of the resonance at 100.6 p.p.m. was divided by the peak 
height of the resonance at 99.2 p.p.m. The amount of 2,3,4-tri-O-methyl derivative was divided by that 
of 2,3,4,6-tetra-O-methyl derivative; data taken from Table II. dData from the methylatian analysis of 
D,G-I limit dextrin (see Table II). 

Fig. 6 shows the 13C-n m.r. spectra of the water-soluble dextran B-1299 and the . 

limit dextrins. The spectrum of native dextran (see Fig. 6a) was exactly the same 

as that reported by Seymour ed al. 12, and corresponded to the features of dextrans 
containing 2,6-di-O-substituted cy-D-glucosyl residues at branch points. The 13 sig- 
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nals obtained for dextran B-1299 were compared with the 6 signals for the virtually 

linear, B-512F type of dextran (see Table III). The D-I limit dextrin of dextran B- 

1299 prepared by exhaustive digestion with the cu-D-( 1+2)-debranching enzyme 

showed a significant decrease of the resonances in the 78.7-99.2-p.p.m. region and 

at 63.5 p.p.m. (see Fig. 6b). Apparent changes in the intensity of 13 signals of dex- 

tran B-1299 caused by action of the debranching enzyme are summarized in Table 

III. Based on the assignment of the 13C-n.m.r. resonances described by Seymour 

et al.“, a drastic decrease in the intensity of the signals at 99.2,98.4,78.7, and 63.5 

p.p.m. (see Fig. 6b) might be attributable to the removal of single D-glucosyl 

groups at O-2 branch points. 

The D,E limit dextrin was prepared by the simultaneous action of the de- 

branching enzyme and the dextranase II from4 Flavobacterium sp. M-73. Although 

it had been demonstrated that dextranase II hydrolyzes cy-D-(1+6)-linked, linear 

dextrans in an endo type of action’, the action of this enzyme on dextran B-1299 

might be restricted by the secondary linkages of the a-(1-+2) type. Therefore, the 

d.h. value corresponding to the D,E limit dextrin (41.3%; see Table IV) was some- 

what smaller than that of D,G-I limit dextrin (53.3%; see Table I). The 13C-n.m.r. 

native dextran D-I limit dextrin D,G-I limit dextrln 

! 

D-I 

C 

D-I I c 
D,G-II limit dextrin D-11 limit dextrin 

! t 
QG-III .,.., no action e 

,G-II 

e d 

Fig. 7. Model for the sequential degradation of water-soluble dextran B-1299. [(a) Soluble dextran B- 
1299, (b) D-I limit dextrin, (c) D,G-I limit dextrin, (d) D-II limit dextrin, (e) D,G-II limit dextrin, D-I, 
first digestion of native dextran with debranching enzyme; G-I, first digestion of D-I limit dextrin with 
D-gluwdextranase; D-II, second digestion of D,G-I limit dextrin with debranching enzyme, and so on. 
D-Glucosyl residues are joined through: (0), a-o-(1+6) linkage; (O), a-D-(l-2)-branched linkage; 

(O), a-D-(I+2)-linear linkage; (V), rx-D-(l--t3)-Ikar linkage. (&) shows direction to the reducing 
terminal. The cardinal number indicates the position of the individual repeating-unit arranged from the 
reducing terminal. The smallest arrows indicate the D-ghIcosyl residues not susceptible, or resistant, to 

both the debranching enzyme and D-glucodextranase.] 
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spectrum of D,E limit dextrin (see Fig. 6c) showed a pattern intermediate between 

that of the native dextran and that of D-I limit dextrin (see Fig. 6a, b). Although 

the D,E limit dextrin gave a new signal at 77.1 p.p.m., the new resonance could be 

assigned to neither a-(1+2) nor a-(1+6) linkages. Interestingly, the same signal 

was detected for the D,E limit dextrin of dextran B-1298 (data not shown). Ac- 

cording to the diagnostic evaluation of the ‘3C-n.m.r.-spectral data made by 

Seymour et al. “, the degree of lin e nt a ’ y ( n, the ratio of chain-extending residues to 

branch-point residues) of native dextran and of limit dextrins was estimated (see 

Table IV). The native dextran B-1299 had a constant of n = 0.73, which closely 
agreed with the value (n = 0.67-1.03) obtained by methylation analysis. The aver- 

age chain-length (c.1.) of 3 was calculated from the methylation-analysis data16s”. 

The limit dextrins D-I and D,E had constants of n = 7.71 and n = 5.19, respec- 

tively, indicating that the degree of linearity of these limit dextrins had increased 

7 to lo-fold, compared with the native dextran. 
Structure of the water-soluble dextran B-1299. - The results of the sequential 

enzymic degradation of soluble dextran B-1299 are depicted in Fig. 7. The first 
cycle of enzymic digestion with the cY-D-(1+2)-debranching enzyme and D-gluco- 

dextranase released 53% of D-glucose from the dextran B-1299 (see Table I). The 

former enzyme removed four single D-glucosyl groups at the a-D-(1+2) branch 

points of every repeating-unit (see Fig. 7b), and the latter enzyme successively hy- 

drolyzed (u-~-(1+6) linkages from the nonreducing end of dextran molecules (see 

Fig. 7~). In the second cycle of digestion, most of the outer chains were processed 
and shortened by about two to six D-glucosyl residues (see Fig. 7d, e). Further ac- 

tion of glucodextranase would be greatly restricted in the immediate neighborhood 

of the branch points, and it therefore leaves intact most of the internal, branched 

(w-D-(1+2) linkages connecting the continuous, a-D-( l-6)-linked backbones. 

Moreover, the sequence of a kojitriosyl unitI and 2-O-a-nigerosyl-D-glucosyl 

units17!19 also hinders the D-glucodextranase action. Thus, 8.4% of the 2,6-di-O- 

substituted D-glucosyl residues in the D,G-IV limit dextrin (see Table II) are ap 

proximately attributable to the type (ii) already described (i.e., D-glucosyl residues 

connecting the A and B chains to the B and C chains). 

Because more than 70% of the limit dextrin prepared by the combined action 

of the debranching enzyme and D-glucodextranase was eluted at the V, of the 

Sepharose CL-2B column, the molecular weight of this limit dextrin would be >5 

X 106, even after the hydrolysis of 75% equivalent to D-glucose. Therefore, the na- 
tive dextran B-1299 has a molecular weight of >2 x 10’. The average repeating- 

units (containing 5 branched D-glucosyl residues in the average structure having 15 
residues) proposed by Bourne et al. l7 are consistent with the results of the de- 
branching-enzyme action. If it is presumed that repeating units of 15 D-glucosyl re- 
sidues mutually diverge from the B and C chains, the native dextran might be con- 
structed with -8,200 twigs of repeating units containing 12.3 x lo4 D-ghmsyi units 

(see Fig. 8). For convenience, every internal twig was considered to have one inter- 
secting point. Thus, a simple calculation suggested that there are 14 steps of con- 
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Fig. 8. Tentative model of the whole sequence of the water-soluble dextran B-1299. [(0), reducing ter- 
minal D-ghKoSe; (-), average repeating-unit composed of 15 D-ghtcosyt residues; (---), further x- 
quence of repeating-units was omitted for convenience; (- ), 14th repeating-unit from the reducing 

terminal; (-), b ranched D-glucosyl residues not susceptible to the consecutive enzymic hydrolysis; 
(A), branched structure terminated by n-D-(1+3)-linked D-glucose. The broken circle corresponds 
to structure (a) shown in Fig. 7.1 

netted twigs between the reducing and nonreducing ends. Almost all of the 14th 

twigs (see Fig. 8, thick lines) could be removed by the concerted action of the de- 
branching enzyme and D-glucodextranase, and the resulting D,G-I limit dextrin 

was presumably constructed with -4,100 twigs of repeating units (5.7 X 104 D- 

glucose). The final D,G-IV limit dextrin may contain <3,000 twigs and -3,100 re- 

sidues of cu-D-(l-2)-branched D-glucose, which corresponds to 12 to 13 steps of 

connected twigs. About 4.1 x lo4 D-glucosyl residues are branched in the native 

dextran, and >3.4 x 104 residues could be split by the debranching enzyme, indi- 

cating that almost four-fifths of the branches were removed. These estimates show 

good correspondence with the d.h. values obtained with the various enzymic hy 

drolyses. 

The sequential, degradation method presented here was restricted by the oc- 

currence of “anomalous” linkages, i.e., a-D-( l-2)-linked linear chains and a-D- 

(l-3) linkages, in the dextran molecule. The three dextran-degrading enzymes 

mainly used in these experiments could not attack these “anomalous” linkages, and 
produced a limit dextrin having a high molecular weight. The enzymic degradation 

of polysaccharide from the nonreducing terminal, illustrated herein, would provide 

an effective approach to clarifying the average repeating-structure of the whole 

molecule. An accurate determination of the molecular weight of the polysac- 
charide, and the use of exo-enzymes having a high specificity for the substrate 

would be essential for depicting the structure. 



ENZYMIC DEGRADATION OF DEXTRAN B-l 299 317 

EXPERIMENTAL 

Dextruns. - The water-soluble dextran B-1299 and CS fraction were pre- 

pared by the procedure described previously”. Clinical dextran was provided by 

Meito Sangyo Co., Ltd., Japan. 

Enzymes. - Dextran a-D-( 1+2)-debranching enzyme* and dextranase II 

(ref. 4) from Flavobacterium sp. M-73 were prepared by procedures described pre- 

viously. D-Glucodextranase6 from Arthrobacter globiformis 142 was kindly pro- 

vided by Prof. T. Sawai (Aichi Kyoiku University, Aichi, Japan). Endo-dextranase 

from Chaetomium grucile” was supplied by Sankyo Co., Japan. 

Enzyme assay. -The standard methods for assay of the dextran (~-D-(1+2)- 

debranching enzyme and other dextran-hydrolyzing enzymes have been de- 

scribed’. 
Analytical methods. - Assays of total sugar and reducing sugar, and paper 

chromatography, were conducted as described previously3, and methylation was 

performed by the previous procedures’6. The corresponding alditol acetates were 

separated in an OV-210 columnzl at 190”. I3 C-N.m.r. spectra were recorded with 

a JEOL FX-100 spectrometer, each dextran (20-50 mg) being dissolved in 

deuterium oxide (0.5 mL). 
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