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ABSTfUCl- 

The rntrmsz wscosltles, weight-average molecular weights @l,), and radar of 

gyration [(7@ ] of Streprococcrr~ sdzvurzzis levan In various soIvents were respectrveIy 
obtamed from \Jscoslty and h&t-scattermg measurements The data showed that 
the Ievan m water 1s not aggregated by hydrogen bonds, and that the vaIues of both 

the refractwe mdev and (R@$ are Iox>eet m >\aater than m aqueous solutions of urea 
Urea may break mtrarnolecufar hydrogen-bonds, e g between branches, allowng 
the molecuIe to expand 

I\TRODUCTION 

Levan, CL polysaccharIde almost entjrely composed of o-fructofuranosyl 
residues Joined by j&~-(2--+6) bonds’, 1s found m plants3, and m the eutracelIuIar 
substances of some bactena* JS d type generally br‘lnched through B-D-Q-+ I) bonds 
The Ievan produced from dental plaque’ IS of considerable tnteres[ as IE has been 
lmphcated rn dentdl caries and perrodontal diseases 

The elution fractlonatlon, chenlrcal analws and mtnnslc vrscosltres of 
Stre~tococczrs suharrzrs levan tn mater and m dtmeihyl sulfoxlde have been reported6 
Various sofutron parameters obtamed from i@ht-scattermg and sedtmentatron 
analysts she\\ ed that the mofecular wetghts of the fractions varred7 * from - IS x 1 O6 
to 60 x IO6 The S ~afztaruzs Ievan used rn these studres was found to have a highly 
branched, compact structure m water It was shown9 that the moIecuIar t%eight of 
levan produced by S saI~~urr~,s IS related to the pW of the medrum Further I\rnetlc 
studres on the hydrolysis of levan demonstrated” that the degradatzon IS non- 
random 

The Intent of thus paper IS to examine the effect of various solvents cm various 
hydrodynamtc parameters, m order to shed add&or& hght on the behavror, c g , 
aggregation, of fevan m solution 

*Levans Part VII For Part VI, see ref 1 
**Supported, m part, by Grant No DE 341 I from the NatIonal Institute of DtntaI Research, and b> 
the Dr Rene D Wasserman Foundation 
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!zxPEFuhENTAL 

Materr& - The native-Ievan sampIe L3 was the same as that empIoyed 
formerIy’O, having a weight-average moIecuIar wezght of 23 7 x IO6 

Methods - Procedures for mea$urmg mtnnslc vlscosltles and light-scattering 
were reported’ ’ earher 

The refractive mdex (n) of water at 546 1 nm at 25” was obtamed from table Ii 
of the article by Johnson and Smlth’l, and the value of JZ at 57” was calculated by 
usmg the value’ ’ of - I 1 x IO-’ deg-’ for dzzldt Refractive m&ces at 589 3 nm 
for the soivent systems employed were obtamed from a Handbook’ 2, these were 
converted mto values at 546 1 nm by Baphlcal mterpolatlon, using the slmphfied 
Cauchy formula for solvents of known refractI\e m&ces at these wavelengths’ 1 ’ ’ 

The correctlon to n was smal1, 0 01-O 02, and the vatues obtamed for the solvents and 
solvent-systems are hsted m Table T 

TABLE I 

IXCREMENTIN REFRXCI-WE I&DE\, dn/dc,oF Streprococcrrssal~Larrrrz LEVAN L-3 I\ 
~ARIOUS~~LVENTSAT 546 lnrn~v~ 25O 

Solcent Refracme mdex. n, of soltent dnfdc 

H,O 1 334 0 143 
Hz0 at 57’ 1 330 0 14-I 

0 Iv NaCl 1 335 0 141 
v NaCl 1344 0 13.5 
4\f NnCl 1 371 0 11s 

4v Urea 1 369 0 120 
6hl Urea I 355 0 110 
Shl Urea 1 402 0099 

11 9 Eth;mol-water 1 362 0 124 
6hl Urea III 11 9 ethanol+ater 1 356 0 109 

The speczfic increment m refractive mdex (dzz/dc) for Ievan In different solvcnt- 
systems was calculated from the modified Gladstone-Dale equatlon13, namely, 

(&z/dc), = (dzz/dc), - E (n, - n,) , (0 

where subscripts 1 and 2 refer to solvents, and 3 1s the partial, speczfic volume of the 
solute For levan m water, dn/dc and C are 142 pL g- 1 and 0 63 mL g- l, respec- 
tiveIy6 ’ The values of &z/dc calculated for levan m the other solvents, under the 
assumption that t IS constant, are listed’” m Table I 

For 6hI urea m 11 9 ethanol-water, the refractive mdex was obtamed from the 
empirical GIadstone-Dale equation ’ ‘, namely, 

(It---1)/P = Zu,(n,--l)/p,+zu2(JJ2-1)/P~, (2) 

where zrl and IDA, p1 and pz , an d zzL and nz refer to the weight fractions, densltles 
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werght (6&J, the mtrinsic vlscosrty Eq], and the z-average, root-mean-square radu of 

gyratron, (x)$ of levan m various solvent-systems are shown m Table IL. The K$, is, 
wrthm expenmentaI error, -24~ 106, the value reported” for Gus Ievan sampIe 
The somewhat lower and &her values in 4M sodmm chloride and 8~ urea, respec- 
trvely, may be attnbuted to approxlmatrons made m calculatmg the specrfic increment 
in refractrve Index from eq I and, perhaps, to adsorptron of eons 

TABLE II 

L’EiCOSITY AND LIGM-SCATTERbG PARtilETERS OF StfeptOCOCCUS SdlLtnrlUS LEVAN L-3 IU 

VARIOUS SOLVENTS AT 25” 

Solcent 

l-&O 
Hz0 at 57” 

0 lh% NaCL 
hf NaCI 
4M NaCI 

411 Urea 
6x1 Urea 
su Urea 

11 9 Ethanol-u ater 
6x1 Urea In 1 I 9 ethanol-u iter 

23 7 
24 3 

26 7 
21 2 
19 1 

266 
27 3 
30 s 

240 
244 

0 134 349 
0 185 41 6 

0 117 37 6 

0 114 34 5 
0 110 350 

0 174 -I3 s 
0201 45 9 
0 19s 45 2 

0 10s 31 4 
0 137 41 s 

From Table II, u may be seen that there is an increase m [PI] and (c)t III the 
levan m water wdh rise m temperature and wth addltron of urea to the water and 
ethanol-water solvents Sinularly both parameters are lower m ethanol-water than 
m pure water However the mtrmsrc vlscoslty IS lov.er m 0 I u sodium chloride and 

decreases further at higher concentrations of salt whereas the (E)i values remam 
vn-tually constant, w~thm experlmental error 

The results confirm prewous findings ’ I5 that, m solutions of native levan, it 1s 
unlkely that aggregates are formed by noncovalent, secondary forces betlxeen 
mdrvrdual polymer molecules, as, otherwrse, large decreases in molecular \\eelghts and 
srzes X\ ould be expected m some of the solvents Thrs conclusron IS m accord with the 
~oork of Antomm and co-workersr6 and Burchard and Pfannemuller Ii, who found 
aggregation to be absent from solutrons of dextrans havmg molecular \ielghts 
< - 100 x 106, even though the latter authors observed aggregation at higher 
molecular weights 

The results also show that the (?@ of the polysaccharlde may Increase or 
decrease m the varrous solutrons, mdrcatmg different polymer-solvent mteractlons 
and some co11 flexrbrhty 

The polymer expands m water at 57”, as expected, as well as m urea solutrons 
Urea IS a good hydrogen-bondmg agent, and may break mtramolecular hydrogen- 
bonds, e g , between branches, which would allow the molecule to expand’* 
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ContractIon of the poIymer co11 m ethanol-water, as m&cated by a decrease m 

(3: and [q], was anticipated, as ethanol IS a precipitant for levan, and 11 9 ethanoI- 
water at 25” 1s6 a theta solvent The decrease m [q] of levan m aqueous soIutlons of 
sodmm chloride mdlcates that these are poorer solvents than water The observation 
that the radn of gyration did not decrease m salt solutlons, where as the value of [u] 
&d, may be attributed to the conditions of the hght-scattermg experiments, which 
were performed on solutions that were two orders of magmtude more dxlute than 
those used for measunng the wscoslty, 100 pg mL-’ verms 10 mg mL- 1 The hght- 
scattermg and wscoslty results of Antomm et al I6 on dextran m water and m salt 
solutions exhlblt a srmllar phenomenon Apparently, these polysaccharldes of high 
molecular werght behave differently m dilute and concentrated solutlons of salt 

Although the Ievan macromolecule exxsts as a highly branched, compact co11 m 
solutron, It IS, perhaps not surprwn, m that It should etiblt substantial changes In 
YJC 111 ,ilc wr WK solvents Interestmgly, for cellulose, m ad&t:on to long-range 
rnteractlons rnat affect the size of the COJ, short-range, specific, solvent mteractlons 
may alter the angle at the glycosldlc oxygen-atoms, and tbs may Introduce large 
changes m moIecuIar &menslons These conformatIona effects have been calculated’g 
for cellu’ose 
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