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ABSTRACT 

Enzymlc degradation of the levan elaborated by St! eptococcus salzvarzus strain 
51 followed by linkage analysis revealed that the levan possesses multiply-branched 

chams (B-chams) Large segments of the levan are arborescent 

IN1 RODUCTION 

There have been few reports concerned with structural details of the levans 

and httle IS known about the sequence of theu- (2 +6)- and (2+ I)-linked p-D-fructo- 

furanosyl residues Speculation about the type-structure has been made’, but, to 
our knowledge, no chemical evidence has been advanced The lack of suitable fructan 
hydrolases has probably hmdered progress m this area (cf glucan analysis byenzymlc 
methods’ 3, Although a (2+6)-j?-D-fructan 6-levanblohydrolase has been reported4 

and an mulase has been induced’, most known fructan hydrolases are probably 
P-D-fructofuranosldases possessmg different degrees of substrate speclficlty No 
systematic study of their mode of actlon has been made6 An extracellular B-D- 

fructofuranosldase’, mductlvely produced by Streptococcus salzvarzus strain 5 1, 
hydrolyses the (2+6)- and (2+1)-/3-o linkages m the levan of S salzvarzus stram 51 
and the (2+1)-p-~ hnkage in muloblose, but not the (2+ 1)$-o lmkages in mulm 

The average repeatmg-umt of the levan’ elaborated by S salzvarzus stram 51 

contains - 9 /3-D-fructofuranosyl residues The branchmg 1s through a smgle (2+ 1) 

linkage7 (1) and the branches through this hnkage contam several /3-D-fructofuranosyl 

residues8 The types of chams that can occur In this levan are therefore analogous to 

those m the three possible structures (comb-like, 2, lammated, 3, and arborescent, 4) 
of a branched homopolysacchandeg-“, and which have been dlstmgulshed” as 
A-, B-, and C-chams A comb-hke segment possesses only A-chams m addltlon to the 

basal C-cham A lanunated segment possesses only B-chams Intermedlate proportlons 

of A- and B-chams are present m arborescent segments We have used the exo-acting 
enzyme-preparation of S_ salzvarzus stram 51 to mvestlgate the types of chams that 

occur m this levan 
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Fig 1 Structural umts of levan and dlagrammatlc representations of Its possible structures In 
2-6 0, non-reducmg end-group. 0, reducmg end-group, - chains of (2-4)~lmked /3-o-fruc- 
tofuranosyl rendues, arrow-heads, (2+1)-p-D-fructofnranosldlc mnier-cham In&ages 

RESULTS AND DISCUSSION 

It was conceived that, during the course of the degradation by the exo-acting 

B-D-fructofuranosidase, the types and proportlons of the glycosldlc lmkages m the 
residual polysaccharlde could depend on the type-structure_ The v~cm~ty of each 
branchmg j?-D-fructofuranosyi resldue m structures 2 and 3 can be reached by the 
enzyme by step-wise hydrolyses of the consecutive (2+6) hnkages of the A- and 
B-chains, respectively If the enzyme could then hydrolyse the hnkages to C-l (m 2) 
and to C-6 (m 3) of the branching /3-o-fructofuranosyl residue, comb-hke (2) and 
lammated segments (3) would essentially be debranched (z e , 2+5 and 3+6) The 
removal of A-chams, which are attached by a (2+1) hnkage to either the basal C- 
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cham (in 2 and 4) or to B-chams (m 3 and 4), would simply generate addztzonal B-D- 

fructofuranosyl residues linked only through C-2 and C-6 (7) On the other hand, 
removal of outer sectlons of B-chains of 3 and 4, which are attached to the branchmg 
8-D-fructofuranosyl residue by a (2+6) linkage, would generate j?-D-fructofuranosyl 
residues linked only through C-2 and C-l (S), a structural feature not present m the 
native levan A dlstmction between the comb-like segment (2) and segments possessing 
the multiply-branched B-chains might therefore be made by linkage analysis before 
and after partial enzymlc degradation of the polysacchande The pertment aspect 
of this procedure 1s to ascertain the presence m, or absence from, the partially 
degraded polysacchande of the structural cmt 8 

The levan was therefore treated with the @-D-fructofuranosldase for up to 
-3 5 h The degree of hydrolysis was determined from the amount of D-fructose 
released (Table I) Portions of each partially degraded polysaccharlde were then 
subjected to the methylatlon-degradatlon procedure developed by Lmdberg and his 
co-workers13 By this procedure, structure 7 would give 10, whereas structure 8 
would give 11 These compounds are not easily dlstmgulshed by g 1 c and, further- 
more, cannot be dlstmgulshed by electron-impact mass spectrometry (e 1 m s ) The 
reduchon step m the methylatlon-degradation procedure was therefore performed 
with sodrum borodeutende8 By this method, segment 7 would give 2,5,6-tn-0-acetyl- 
1,3,4-tn-U-methylhexltol-2-d (12), whereas segment 8 would give 1,2,5-tri-O-acetyl- 
3,4,6-tri-O-methylhexltol-2-d (13) These compounds can be readily dlstmgulshed 
by e 1 m s if analysed separately When m admlxture, their detection 1s made difficult 
due to fragments contammg 13C [I e , (m + 1)/z], or fragments which are often of 
uncertain ongm [z e , (m - 1)/z] It was also for this reason that the levan was 
hydrolysed to different extents, thus allowing comparisons of the various mass spectra 

G 1 c of the hexltol-2-d derivatives obtained from each levan sample gave the 
components expected from the undegraded levan, z e , 2,5-dl-U-acetyl-1,3,4,6-tetra- 
O-methyl-, 2,5,6-trM%acetyl-1,3,4-tn-O-methyl-, and 1,2,5,6-tetra-U-acetyl-3,4-dl-U- 

TABLE 1 

LINKAGE ANALYSIS OF NATIVE AND ENZYMICALLY DEGRADED LEVANS 

Degree of Branchrng 
hydro Iysrs D-fructose 

of Ievan restdues 

(%I (%I 

Rarros of abrtndatlces offragments III the massspectrum 
of the tn-0-acetyl-tn-0-rethylhentol-2-d fractron 

Fragments (m/z) 
1611162 I9O/I89 205/206 

0 11 5 0 14 0 10 0 18 
79 11 8 0 18 0 14 025 

15 8 112 0 15 0 13 0 26 
35 3 104 0 19 0 13 024 
63 2 10 1 0 17 0 11 023 
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Fig 2 E I -Induced fraaentatlon modes of tn-O-acetyl-tn-O-methylhexltol products (stereo- 
chemrstry at C-2 not shown) 

methylhexltol-2-d (see Table I of ref 8 for details) Table I shows the ratios of 
abundances of correspondmg pau-s of fragments which occurred m the mass spectra 

of the tn-0-acetyl-tn-0-methylhexltol-2-d fractions and which anse from structures 
12 and 13 Such comparisons are valid, as the abundances of the various ions 1x1 the 

mass spectrum of most compounds are proportlonal to the pressure of their sample m 
the Ion source14 However, the values rn Table I were obtamed by direct measurements 
of peak heights and may thus be SUbJeCt to small errors On the other hand, the values 

show a consistent Increase m the relative abundances of the Ions havmg m/z 161, 
190, and 205 Therefore, the tn-0-acetyl-tn-0-methylhexltol-2-d fraction contained 
compounds 12 and 13 The percentage of branching B-D-fructofuranosyl residues m 
the native and partially degraded levan samples was determined’ from the molecular 
proportions of the tn-O-methyl- to dl-0-methyl-hexltol derlvatlves Re-methylatlon 
of portions of the methylated levans did not change these proportions Therefore, 
complete methylatlon had been achieved m all cases This finding shows that the 
formation of compound 13 was not the result of mcomplete methylatlon, but that It 
indeed arose as a consequence of enzymlc degradation of the levans We therefore 
conclude that the enzymlcaily degraded levan possessed /I-D-fructofuranosyl residues 
linked only through C-l and C-2 (8); I e , the process 149 had occurred Consequent- 
ly, segments of the native levan possessed B-chains (3) We believe these results to 
be the first chemical evidence of multiple branching m a levan 

Table I shows that the percentage of branchmg j&D-fructofuranosyl residues 
remained essentiaily constant during the course of the degradation by the exo-acting 

enzyme This finding, together with the fact that outer sections of B-chains are 
reinoved at the same time (I e , l-9), shows that large segments of the native levan 
are arborescent (4) Such a structure 1s consistent with the spherical or elhpsoldal 
shape of other mlcroblal levan molecules15 and the mechanism of their enzymlc 
synthesis1 6, as well as the orlgm of the branches’ 

Kmetlc data” on the acid hydrolysis of the levan of S salzvarzus stram ATCC 
13419 suggest an imtlal, rapid reaction m competltlon with a slower reaction It was 
argued that the species present (ii& -3 x 106-6 x 106) at the time when the second 
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reaction begms to dommate would consist mamly of the skeletal backbone with little 
branchmg The assumed structure of that levan 1s different from that proposed here 
for the levan of stram 51 It 1s also at variance with the observation’ that partial 
hydrolysis with acid of the levan of stram 51 yields, m addltlon to levanblose and its 
homologues, a conslderable amount of muloblose together with appreciable quantltles 
of ohgosaccharldes possessing Intact branchmg-units, thereby demonstratmg that the 
susceptlbllltles to acid hydrolysis of the (2+ l)- and (2-6)~p-D-fructowdlc linkages 
are comparable 

Acid hydrolysates of the levan of S sahvarzzts stram ATCC 13419, which had 
m’, between -2 x lo4 and -8 x 106, have also been exammed” for their physical 
properties and by 13C-n m r spectroscopy The conclusion that the observed dlffer- 
ences m physlcal propertles either are not due to the average frequency of branchmg 
or are attributable to subtle differences m branching, which cannot be detected by 
13C-n m r spectmscopy, supports our finding on the susceptlblhtles to acid hydrolysis 
of the D-fructosldlc linkages m levan The structure proposed for large segments of 
the levan of S sahvarzus stram 51 1s also m agreement with the above observations 

EXPERIMENTAL 

A digest contammg levan* [225 mg, in water (15 cm3)] and S salzvarzzcs P-D- 

fructofuranosldase’ (-4 5 units) m phosphate buffer (0 IM, pH 6 6, 67 5 cm3) was 
Incubated under toluene at 37” Samples were wlthdrawn and, after deactlvatlon of 
the enzyme by lmmerslon m bollmg water, their reducing-sacchande content (as 
D-fructose) was determmed by the Nelson method 1 ’ The remamder of each sample 
was exhaustively dlalysed agamst delomsed water and freeze-dried The methylatlon 
of each levan sample and the character,sat.on of the O-acetyl-O-methylhexltols 
obtained from the methylated levans were performed essentially as described before’ 
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