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ABSTRACT 

The general propertles and speclficlty of a dextran a-(1+2)-debranchmg 
enzyme from Flavobacterzum have been examined m order to apply this enzyme to 
the structural analysis of highly branched dextrans The optimum pH range and 
temperature were pH 5 5-6 5, and 45”, respectively The enzyme was stable up to 
40” on heatmg for 10 mm, and over a pH range of 6 5-9 0 on mcubatlon at 4” for 24 h 
The effects of vanous metal Ions and chemical reagents have also been exammed 
The debranchmg enzyme has a strict speclficlty for the (1+2)-cr-D-glucosldlc linkage 
at branch points of dextrans and related branched oligosaccharides, and produces 
D-glucose as the only reducing sugar The degree of hydrolysis of the dextrans by this 
enzyme and the K, value (mg/mL) were as follows B-1298 soluble, 25 2%, 0 21, 
B-1299 soluble, 31 5 %, 0 27, and B-1397, 11 8 %, 0 91 The debranchmg enzyme 
thus has a novel type of speclficlty as a dextranhydrolase We have termed this 
enzyme as dextran a-(l-+2)-debranchmg enzyme, and its systematic name 1s also 
dlscussed 

INTRODUCTION 

A dextran a-(1+=2)-debranchmg enzyme produced by sol1 bactermm stram 
M-73 completely hydrolyzes the highly branched dextran elaborated by Leuconostoc 
mesenterozdes NRRL B-1299 Two types of enzyme, dextranase I and II, were 
detected from the strain M-73, and the former has a specficlty for dextrans containing 
a (1+2)-a-D-ghIcosidlc hnkage at branch points’ Our previous paper described the 
charactenzatlon of the stram (tentatively named FZavobacterzum sp M-73) and 

puticatlon of the cr-(1+2)-debranchmg enzyme ’ The dextran-debranchmg enzyme 
was punfied by chromatography on a column of DEAE-cellulose, by affimty chro- 
matography on Sephadex G-l 50, and by preparative gel-electrophorews The purtied 
enzyme was electrophoretlcally homogeneous and had a molecular weight of 125,000 

Enzymlc analysis of polysaccharlde structure IS often more useful than non- 
enzymlc analysis, as quantitative results may be obtained more rapldly by simple 
enzymlc procedures. Although several types of dextran-degradmg enzyme thus far 

000%6215/8O/OK&OOOO /% 02 25, @ 1980 - Elsevler Sclenttic Pubhshmg Company 



304 Y. MITSUISHI, M KOBAYASHI, K MATSUDA 

isolated have been used m structural studies of dextrans3p4, there 1s no enzyme that 
can spec&cally split (1+2)-cc-D-ghICOSl~C lmkages In a hnear or branched structure 

The present debranchmg enzyme should thus make a valuable contnbutlon for the 
structural analysis of highly branched dextrans contammg the (1+2)-a-D-glucosldlc 
lmkage 

The present paper reports detaded exammatlon of the general propertles and 

substrate speclficlty of the dextran a-(1 +2)-debranchmg enzyme. 

MATERIALS AND METHODS 

a-D-Ghcans - The B-1299 soluble dextran was prepared by a procedure 
essentially the same as that reported previously’ Dextran from Leuconosroc mesente- 
rozdes NRRL B-1307 (B-1307 dextran) was also prepared by the same procedure 
The B-1298 soluble dextran elaborated by L mesenterozdes B-1298 was extracted 
with water from the methanol-preclpltated, B-1298 dextran preparation The B-1397 
dextran was kindly provided by Prof A Mlsalu (Osaka City Umverslty, Osaka, 
Japan) Chmcal dextran was supphed by Melto Sangyo Co , Ltd , Japan Such 
other a-D-glucans as Lentznus a-(l-+3)-glucan6, pseudomgeran, and mutan’ IG-1 
were avadable m our laboratory collectlons 

Enzymes - Dextran a-(l-,2)-debranchmg enzyme was prepared by the 
procedure described m a previous paper’ Endodextranase from Chaetomzum gracde 
was supphed by Sankyo Co, Japan’ Glucoamylase from Rhrzopus mveus (2 x 

crystallized) was purchased from Selkagaku Kogyo Co , Japan 
Preparatron of a-( I + 2)-branched ohgosacchandes - a-( 1+2)-Branched 

ohgosaccharldes were prepared from the B-1299 soluble dextran that had been 
previously treated with the dextran a-(1 +2)-debranchmg enzyme and then hydrolyzed 
with endodextranase from Chaetomrum gracde After fractlonatlon by column 
chromatography on Blo-Gel P-2, three branched ohgosacchandes A, B, and C were 
obtamed The structures of these ohgosacchandes were determined to be as follows’, 
(A) 23-U-a-D-glucosyl-~somaltotnose, (B) 23-0-a-D-glucosyl-lsomaltotetraose, (C) 

23,24-d1-O-a-D-glucosyl-isomaltotetraose 
Enzyme assay - The standard method for assay of the dextran a-(1+2)- 

debranchmg enzyme has been described m a previous paper’ 
AnaZytzcal methods - Throughout this study, total sugar was determmed by 

the phenol-sulfuric acid methodg, and reducmg sugar by the Nelson-Somogyl 
method1 O I’, with anhydrous D-glucose as reference standard. 

Paper chromatography - Ascendmg paper chromatography was performed 
on Toyo No 50 filter paper at room temperature with A, 6 4 3 (v/v) l-butanol- 
pyrldme-water, and B, 65 % aqueous 1-propanol (v/v) Spots were detected by the 
alkalme sdver nitrate dip-procedure” 

RESULTS 

General propertres of the dextran a-(1 +d)-debranching enzyme - The proper- 
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further studies are required to clarrfy whether or not the enzyme hydrolyzes sequential 
chains and/or internal chains of a-(1+2) linkages 

As shown m Frg 5a, the m1tra.l rate of hydrolyses of B-1299 soluble dextran 
was lower than that of B-1299 dextran The percent of hydrolyses of the former was, 
however, bgher than that of the latter (FI- (J 6) The B-1397 dextran showed the lowest 
uutral rate and percent of hydrolysis Moreover, I& values for the three types of 
dextrans (Frg 5b) indicated that the affimty of the enzyme for the substrate corre- 
sponded to the mihal rate of hydrolysis (Table III) For the B-1299 dextran, the 
mmal rate of hydrolysis seemed to be lowered because of restnction of hydrolyses 
by the rather high proportlon of branches, as indicated by the occurrence of adJacent 
branches 

Whether or not the debranchmg enzyme requues the presence of a-(1-+6)- 
hnked ~glucosyl residues m the substrate stdl remams to be clarified, as substrates 
of htgh molecular weight contamm, a solely of cc-(1+2)-linkages are unavailable 
However, netther kojibiose nor any other a-hnked glucobtose was susceptible to this 
enzyme Furthermore, we have previously suggested that thts enzyme may have a 
partrcular subsrte that interacts strongly wrth the a-(1+6)-hnkage of the dextran* 
Thus, thts enzyme seems to fall under the category of a debranchmg enzyme, and an 
a-(1+6)-linked skeletal cham appears to be necessary for recogmtton of the branch 
point m the substrate For the reasons already descrrbed, the systemattc name 
dextran 2-glucohydrolase would be preferable for thus enzyme 

Various types of a-(1-+2) linkage m the dextran molecule may be determined 
quantttatlvely by combmed use of the dextran a-(1+2)-debranchmg enzyme and 
common dextranases Moreover, the debranchmg enzyme should provide useful 
mformatron concemmg the fine structure of dextrans 

REFERENCES 

1 M KOBAYASHI, Y M~IXJEHI, AND K MATSUDA, Brochem Brophys Res Commwz, 80 (1978) 
306-312 

2 Y ~~~SULWI, M KOBAYASHI, AND K M~SUDA, Agr~c BIO~ Chem ,43 (1979) 2283-2290 
3 J J MARSHALL, Adv Carbohydr Chem Brochem, 30 (1974) 338-342 
4 R L SID~SOTHAM, Adv Carbohydr Chem Blochem, 30 (1974) 390-399 
5 M KOBAYASHI, K SHISHID o, T KIKUCHI, AND K MAISUDA, Agrrc BIO~ Chem, 37 (1973) 

357-365 
6 M SHIDA, T UCHIDA, AND K MATSUDA, Carbohydr Res , 60 (1978) 117-127 
7 K IMAI, M KOBAYASHI, AVD K ~~ATSUDA, Agrx Brol Chem ,41 (1977) 18894895 
8 Y Tv¶rrsursm, M KOBAYAS~,ANDK MATSUDA, unpublisheddata 
9 M Dvsors, K A GILLES, J K &WILTON, P A REBERS, AND F SMITFZ, Anal Chem ,28 (1956) 

350-356 
10 N NELSON, J BIO~ Chem , 153 (1944) 375-380 
11 M SOMOGYI, J BIO~ Chem, 160 (1945) 61-68 
12 W F TREVELYAN,D P PROCTER,AND J S HARRISoN, Natrrre (London), 166 (1950) 444-445 
13 E J BOURNE,R L SIDEBOTH;ZM, AND H WEIGEL, Curbohydr Res,22(1972)13-22 
14 M KOBAYASHI, K SHISHIDO, T KIKUCHI, AND K MA~UDA, AgrIc BIOI Chem, 37 (1973) 

2763-2769 
15 F R SEYMOUR,M E SLODKT,R D PLATTNER, AND A JEANES, Carbohydr Res ,53 (1977) 153- 

166 



DEXTRAN-DEBRANCHING ENZYME 313 

16 B A J.,~wrs, M J ST CYR, AND F SMITH, J Org Chem, 33 (1968) 3136-3139 
17 H MIYAJI AND A MISAKI, Carbohydr Res , 31 (1973) 277-287 
18 S KAWAMURA, T WATANABE, AND K MAISUDA, Tohoku J Agrlc Res ,20 (1969) 137-142 
19 M SUGIURA, A ITO, T OGISO, K KATO, AND H ASANO, Wochrm Blophys Acta, 309 (1973) 

357-362 


