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Study of the ultrastructure of gel-forming (l-d)-/?-D-glUCan 
(curdlan-type polysaccharide) by electron microscopy 
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A soil bacterium, AIcalrgenes faecalts var myxogenes, produces a gel-formmg 
polysacchande, which IS composed almost entirely of (1+3)-p-hnked D-glucose 
residues and was named curdlan’ It 1s soluble m aqueous alkah but not m neutral or 
acid solutron, and It forms* a firm, reslhent gel when heated as an aqueous suspension 
at above 54” Polysacchande 13140, a curdlan-type polysacchande3, obtamed from 
the culture of a mutant of the Just described bactermm, was shown to be composed 
entirely of (1+3)+hnked D-glucose resldues4 

Recently, Takeda et al ’ studled the lvlde- and small-angle X-ray diffractIon 
patterns of this polysacchande m a umaxlally, welLorIented fiIm They found that 
the molecular structuie of the polymer IS a 6/I hehx havmg a fiber penod of 22 3 A and 
a hehcal radms of 3 6 A, and that the film contams cyhndncal mIcelIes, 80 Fi urlde m 
average 

The supramoIecuIar structure of the (1-,3)$-D-glucan as a gel, was exammed 
by electron mlcroscopy on sampIes of various molecular weights m neutrai, aqueous 
media and these studies are reported here 

EXPJZRIMENTAL 

Malerrals - Two samples of polysacchande 13140 (ongmal D&can) and a 
partially depolymenzed polysacchande were obtamed from Nakamshl et al 4. The 
mn values were 400 and 260, respectively Two “rnsoluble fractions” (mn 140 and 
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36) and a “soluble fraction” (DPn 13), prepared by fractional preclpxtatlon of the 
orlgmal D-glucan after degradation6, were also used 

Methods - Solutions (0 5%) of the ongmal D-glucan and of the “msoluble 
fraction” havmg a DPn of 36 m 0 IM sodmm hydroxide were neutrahzed with 0 2~ 

hydrochlonc acid A 0 5% solutron m 0 3hr sodmm hydroxide of the “msoluble 
fraction” of higher molecular weight (DPn 140), which did not glve6 a clear solution 
at a concentration of sodium hydroxide below 0 24~, was neutralized with 0 6~ 
hydrochlonc acid A 0 3% solution of the “soluble fraction” m neutral water was 
prepared Ahquots of these suspensions (the orlgmal and partially depolymerlzed 
D-glucans) and of the solution (the “soluble fraction”) were heated at 95” for IO mm 
For negative stammg, all the suspensions and the solution were mlxed each with three 
volumes of a saturated uranyl acetate solution before and after heatmg Film-covered 
grids were dipped mto the suspensions or solutions and then air-dned The specimens 
were vlewed m a Hltachl HU-11 DS electron microscope with an acceleratmg voltage 
of 75 kV. Electron mlcrographs were taken at orlgmal magmficatlons of 66,000 and 
13,000 

RESULTS AND DISCUSSION 

As shown m Figs la and b, extremely long mxcrofibrds, 100-200 A wide, were 
observed m preparations of the ongmal gel-formmg D-glucan (mn 400) The 
mlcrofibnls appeared to be clusters of elementary fibr&, and m some places the 
fibrJls were also observed separately No slgmficant difference was seen between the 
photographs of preparations of aqueous suspensions before and after heatmg The 
mlcrofibrds of the partially degraded D-glucan (DPn 260) were rather shorter than 
those of the D-glucan havmg a DPn of 400 (Fig lc) The “msoluble fraction” of 
higher molecular weight (DPn 140) contamed mlcrofibrds much shorter than those of 
the ongmal gel-formmg D-glucan and numerous elementary fib& that we e aIso 
very short (Fig Id) No fib& were observed m the “msoluble fraction” of lower 
molecular we&t (DPn 36) or m the “soluble fraction” (mn 13) 

Aqueous suspensions of the ongmal D-glucans form’ ’ firm, reslhent gels when 
heated above 54”. Nakamsb et aZ8 showed that the gel strength of curdlan-type 
polysaccharlde Increased with Increase of the DPn of the D-glucan from 250 to 400 
Ogawa et al 6 reported that none of the msoluble or soluble fractions formed firm 
gels when heated The present results mdlcate that the D-glucan gel 1s composed of 
long mlcrofibr&, 100-200 A wde Thus, there appears to be a relatlonshlp between 
the length of mlcrofibrds and gel strength Takeda et al 5 found from studies on 
small-angle X-ray scattermg patterns that gels contam cylmdrlcal mlcelles havmg an 
average wdth of 80 fr The value for the width of the mIcrofibnls observed here was 
rather bgher than that obtamed by X-ray analysis, but this difference may be due m 
large part to the methods of the preparation 

Ogawa et al 6 reported that, m a sodmm hydroxide solutlon at a concentration 
below 0 19M, the ongmal gel-formmg (1+3)-/?-D-glucan took an ordered confIr- 
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Fig 1 Mlcrofibrds, obtamed from unheated solutions of (l-d)-j?-D-&ICaII, negatwely stamed wth 

uranyl acetate a and b, En 400, c,?%n 260, and d, DPn i40 

matlon (probably a hehx), the msoluble fraction a partially ordered conformation 
(the amount of the ordered form mcreasmg with the i%n), and the soluble fraction a 
disordered structure If these conformatlons of the (1+3)-P-D-glucan m dilute alkali 
are retamed m neutral medmm, where the orlgmal D-glucan and the msoluble 
fractions do not give clear solutions, one can assume that the ordered conformation 
of (1+3)-P-D-glucan 1s mdlspensable for the formatlon of mlcrofibnIs and that 
disordered parts m the msoluble fraction mbblt the formation of long mlcrofibnls, 
so that this fraction cannot form a firm, reslhent gel However, we were unable to 
detect any slgmficant d&erences m the electron mlcrographs before and after heating, 
m spite of the observation that heatmg results m a firm gel 

ACKNOWLEDGhfENTS 

The authors express smcere thanks to Prof T Watanabe, Umverslty of Osaka 
Prefecture for his useful suggestlocs and to Drs S Alta and Y Takano, Japan 
Electron Optical Laboratory (JEOL) for their vaIuable advlce on electron mxcroscopy. 



NOTE 399 

REFERENCES 

1 T HARADA, A MISAKI, AND H SAITO, Arch Btochern B~ophys , 24 (1968) 292 
2 I MAEDA, H SAITO, M MASADA, A MISAKI, AND T HARADA Agr BIOI Cbem f 31 (1967) 1184 
3 T HARADA, m G TLRUI (Ed), Fermentatlott Techrrology To&t, Society of Fermentation Tech- 

nology, Japan, 1972, p 603 
4 I NAKANISHI, T KANAHARU, K KIWJRA, A MATSUKURA, M ASAI, T SUZUKI,AE~DS YALIATODANI, 

278th Meetmg of the Kansal Branch of Agr Chem Sot Japan, Osaka, 1972 
5 H TAUDA, W YASUOKA, N KASAI, AND T HARADA, 2S3rd Meetmg of the Kansal Branch of Agr 

Chem Sot Japan, Osaka, 1973 
6 K OGALVA, J TSURUGI, AND T WATANABE, Carbobyd Res , 29 (1973) 397 
7 H KIMURA, Abstr 32nd IFT (IInstItute Food Technologists) Meetmg at Mmneapohs. 1972 
8 I NAKANISHI, K Krhruru, S KLJSUI, AND E YAMAZAKI, Carbob>d Res , 32 (1974) 47 


