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Frequency and distribution of branching 
in a dextran: an enzymic method* 

Sevrral chemical and ph~~~cnl msrhods j-e!d Infarmstlcn on ihe frequency or 

relatl\e content of non (i-6)-111bages In deutraos’. and some of the>r merhodb 

(’ 9 * meIh>Isrlon) unequlvocslly all~cnte such lrnhages as branch pomts Other 

chemical methods have yrelded rnfkmatlon on the length of side chains’. Thus, for 
example. rhe commerasli~ rmportsnt B-512 dektran 1s hnown to ha\e -5”G of 

(I -+3)-z-~ lrnhages present as branch points m the (I -+6)-r-D-linked hacbbone charn. 

-4OYb of the wle chains consI oi single D-giUCOse rcwdues. 45% conM of 80 
lsomaltose residue, and the rcmslndcr contnln more than t\\o D-&ICO~~ rebldues’ 

Hokiever, oc prc\~ous methods fiakc PIben rnformatron on the distribution of hranch1.s 

along the backbone We now report an enz>mlc approach to this problem 

An endo-dextransae lion1 Pserr&nlunu, UOhl 733, known3 as D,. was 

selected for rhts purpose bccau\e II> spccdicrty IS sLlch that, for efTect!!e action. I[ 

requires 3 large number fmorr: than 5) of successlvc (I-+6)-lrnkcd r-D-plucopgrancsyl 

units wrthout branch points’ A sample of B-512 oatlvc devtrsn 163s rreated lvlth 

three successl\e addlttons of the enzyme until no funher Increase in reducing pouer 

occurred (Fig I ), and the products \iere e.sammed by quantltauw t I c.’ (see Table I) 

Llnenr ollgosaccharldes of Ihe lsonaltose sews b%err detected \rlth degrees of 

polymen~ntron (d p.) rangmg from I? to 5, and branched ollgo~acchandes {{we niso 

obtained \vlth d p 4-l I The smaller, branched products B, dnd B, contained (p m r 

spectrobcopy) a sInrIP t i-3)-I-Ilnhage, wlrh the remalndrr being ( I+6j-;l-lmkagesfi 

We have assumed that the higher ohgo~acchsndes (B,-B,,) also contain a single 

(I--+3)-sr-llnhags, and the relattonshrp betiieen their R, and d p. (FI_~. 2) wnlirms 

thus blew. Stmllar mfievlons to those in F1.g 2 for the hnear ollgosacchande scnes have 

prewously been obw-ved b: paper chromatography- 
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Fig I Con\srBlon (:a) ~nlo apparent ~II.ICO~C or B-511 dsxtran Hlth cnzymz DL 31 33’ \rrou, 

mdvzatc sxond and third addltlonJ 01‘0 01b enarnr: unit 

FIB 1 Rel?llonshjp bel\%ero d p and log RF/(1 -RF) for I,omxltore ~erl~a of ollgosascharldrs 

RI values are rclar~re and not abbolute. twng c&ulatcd from an nrbltraq value oi 10 cm Tar thz 

solbent Iron: 

Thz relaUvc amount of each olrgosacchande product \\a5 aetermloed by 
reference to stanctard curvess, and the results are shoHn in Table I. The branched 

wmaltosacchande~, other than B, and B,, were determmed by reference to the 
hnear lsomaltosacchande standard curve for ‘-J-p n- I, \bherr tt IS the d.p. of the 
branched lsomaltosacchande The percentage branchlug \$a~ then determined by the 

fclloH mg formulae. 
II=5 n= I I 

Total Height (pg) ot‘ohgosacchar~des present = y, w,,,_ + 1 W,“. 
II=_ II=-% 

Percentage ot' a particular ohgosaccbande present 

(e 9 , IW 

= p = J w,,,x 100 
?I= I I 

-s Wlhl, + -T wri. 
nrz .-z-i 

= ‘2, Ihi, or B,. 

Percentage branc~ng In destran 

Percentage conversion Into apparent gluco~ 
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where W,,,. IS the weight !~g) of Isomaltosacchande present havmg d p = n. and 
W,, IS the weight &g) oi branched rsomaltosacchande present havmg d p. = n. 

The use of the formulae depends on the followmg assumptions. (a) The 
densitometer response after t I c of branched rhomaltosacchandes of d.p = 18 IS the 
same as that of an equal quantity of a Ilnear lsomaltosnccharrde of d p = n - I. Thrs 
assumption has been venfied for 5,. I ibl, and B,, IM 5. (b) The enzyme preparation 
does not contain sny debranching actt\~ty. (c) The dc\tran is completely degraded by 
the enqme. (d) There IS oni) one branch unit per lsomaltosacchande produced. 

The formulae can be used as shown to determine the percenlage branching and 
also the conversion Into apparent glucose, and gwes the Lalue; llstsd m Table 11. The 
close agreement between the enzyme hydrolgsls-t I c method and the p m r method 

of branch-point determmatlon Indicates that the assumptlox made In the application 

of the formula to B-51 2 natwe dektran are vahd 

TABLE I 

‘SG\l4LIOSACCHARtDES FORWD B\ HYDHQLYSIS OF B 51’YAllbE DE\lR%N \CtlH D: 

Ihl: 
lhl, 
Ihl, 
Ihl, 

B, 
B5 
Bb 
B, 
BR 
B3 
B 10 
BI, 

I 85 

76 

52 

46 

in 
07 
07 

i 2 
03 
0-l 
03 

01 

TABLE II 

BPANCHING (?a) AND COhlVERSIOV (‘6) INTO APPARENT GLUCOSE OF B-511 2 NATn’E DE_YTRAN 

Branching (56) 47 46 
Conversion I?&) 1010 apparent 

flucose 24 0 24 4 

T I c. of the enzymlc degradswn products showed that the dewan was 
completely degraded to the ohgosaccharldes hsted In Table E, and that no matenal 
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remained with d.p. greater than II. The amount of branched ohgosacchandes reaches 
a maximum at d.p. 7, and such products probably result from SCISSIO~S such as. 

I I / 
-o-o-o-o-oto-o-o-o-~-~~~-~-~- 

A f 
I I: I 

[-‘o- = (I + 6)e-hnkage; 0 = (1 -+3)-r-h&age] 

7Ie enzyme hydrolyses IM, as follows 

I 
0-0~0~0~0-0 

Assummg tbit 6, can or115 produce chain SCISSIO~ where rhere are at least SIY 

contl_guous marn-chaln unlcs unbranched, the smallest, and largest, slgnificanr 
branched-ohgosacchandes to be expected from the devtran degradation were: 

,‘~__0__3-,-J-_c Bfi 
I 

s, L 

All ollgosaccharldes of Inrermedlatr d.p would also be expecied Snce IM, IS veq 

slowly attached by rhe enzyme to produce Ihf,,, It 1s probable rhst the prolonged 

degradation oi the dextran has produced hmlted secondary attack. especially on the 
larger. primary branched-products. resulung ILI &he dlstnbubon shown m Table I. 
However, the lulgh yxlds of B4 and B5 \$ere unantlclpated, and cannot be explamed 

OG the basis of rate srudles with imear olJ_gosncchandes 

il IS not pojslble to reach any elact conclusions about the drstnbutlon of 

branches from &he above results, but certam firm, general comments can be made. 

The majority of branch pomts are separated from the near branch point by SLA or more 

ur,substJtuted (I--6)~hnhed a-D-glucopyranose residues No regons m the deutran 
mAecule contam “bunches” or local. Hugh concentratloos of branch points, because 
no slpalficant product remsIns whxh IS larger than d p 11. Flnally, since the average 

separation of branch points must be less than I8 D-, 4ucose residues, NC conclude rhat 

the branch po101’~ are dlsrrlbuted along rhe bacbbone III a relatively regu1a.r manner. 

O*Jr results would not be compatible wnh a statlsticaiiy random dlstnbutmn of 
branch points. smti ths would reqt.ure a slgmficant number to be separated by less 
r$an SI\ D-glucose resrdues, and thJS, rn turn. would result in the production of 
stgmkant anol;nts of products of &her d.p. than those detected. 
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MaterloIs and twtlrods. - The B-512 dextran (batch TG 2941) was supphed by 
Pharmacla AB. Sweden, and was the native dektran obtaned dtrectly from the 
L~~rcnasroc fermentation H lthout hydrolysis or fractronatloo 

The isomaltose olrgosaccharrdes wdl be referred to as cltber IhI, or B,, where 
IM refers to the linear o’igosaccharrde, B refers to the olrgosacchande with a smgle 
(I-r3)+brsnch, and n refers to rhc d.p in both cases. lM,-I~19 Here prepared b] 
111 StreameP, and the IhI ~'2s a gift from Dr H. Schi\\eck, Suddeurschenzucker- 
AC Bj and B, Here prepared in this laboratory by enzymlc hqdrolysls of B-512 
native dextran, and their structures have been Investigated by p m r. spe~troscopy~. 

The enzyme used was an extracellular endo-de.utranas:: (D,) Isolated and 
purified from ‘he bacterium Pseudomonas UQM 733. as dcscnbed earhe?. 

Hwrolyx of B-S/.? natwe dextrm wrrh D2 erlzyme. - B-512 Native devtran 
( - 5 mg. xcurately w:lgheJ) was dts,olved In 0.9 ml of O.Otal citrate buffer (PI-I 5 5). 
The carbobvdrate content of the solutron was determined m duphcate on O.l-ml 
fractions by the phenol-sulphunc aced method * To the remamder of the solution, 
0 016 unrt of D, enzyme was added: the solution was then saturated wtb toluene to 
prevent microbial growth, and Incubated at 33’. The hqdrolysrs of the aextran was 
followcrf by wt.hdraw:ng, IG duph=te, 0 OSml samples for determrnation of reducing 
power b> the Nelson-Somo_gyl method g. After 23 and 38 h, respeciively, additional 
amounts of 0 016 unit of enzyme were added. When the reaction had reached com- 
pletion, a 0.05~ml barnpie was delonised wtth mixed ion-exchange resins [4mberllte 
IRd5(OH-) and IR-120(HC)], and 002 ml was SubJected to quantitative t 1 c. for 
IS h at 30”, m the contrnuous mode described eziier’. 

Tius work was conducted while one of the authors (hl T-C.) Bas on study leave 
from the Queensland Cane Growers Councd, who also provided financial support tor 
the proJect. The techmcal assistance of h¶r. G. Stoke IS gratefully achnowledged 
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