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STUDlES ON THE STRUCTURE OF POLYSACCHARIDES (GLUCANS AND FRUCTANS)

PRODUCED BY CAR10GENIC STREPTOCOCCI AND ON AN ENZYME HYDROLYZING

THE INSOLUBLE GLuCAN.  I. STRUCTURAL STUDIES OF INSOLUBLE GLUCAN,

SOLUBLE GLuCAN, AND FRUCTANS.

Shigeyuki EBISU

D″αrt″
“
tο∫磁 ι Mθ′

``勿
ο, 偽αたα磁

`υ"s多
″ D“ねι

Sοんοοち 52-Jο
“
ο笏,Zた れ のα毎 ― .

Studies were made on the physical and chemical properties of poly‐

saccharides synthesized by cell‐ free extracts of s″ ぜわωο
“
″
“
女″贅ち

Sレ
""ω
ο― S“裂じSっ and s静

""ο““
sp.and their susceptibilities

to dextranasese  Judged by liberation of reducing sugars, the solub]e

polysaccharide II:s were highly susceptible, the soluble polysaccharide

I:s were moderately susceptible, and the insoluble polysaccharides,

especially those produced by s. ″ztt Strain OMZ 176 and OMZ 65, were

scarce]y susceptible.

The correlation between the chemical structure of various 91ucans

and the extent to which they were hydr01yzed by dextranasOs of various

origin was studied.  It was found that the limited extent of hydrolysis

of the insoluble glucans by dextranases is dependent on the amount of

α-1,3 91ucosidic linkages presente

丁he inso]uble glucan from S. 滋 tα
"3 0MZ 176 has been shown by

methylation, Smith degradation, controlled Smith degradation, and

enZytFlatiC examination to be a c-193 91ucan having short l,6-linked

branches.  Hydrolysis of the methylated'91ucan yielded 2,3,4,6-tetra‐
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(14。 6%),2,4,6‐ tri‐ (50.5%),2,394‐ tri¨ (20.9%),and 2,4¨ di-0‐methyl‐

D-91ucose (14。 0 %), WhiCh indicated a highly branched structure with

an average repeating unlt of seven sugar resldues.  Perlodate oxldation

of the glucan followed by reduction and mild hydrolysis with acid

01lminated all of the c-1,6 1inked side chains to give glycerol and

aniwater∵ insoluble1 9 degraded glucan, which gave on methylation and

hydrolysis 2,4,6‐ tri‐0-methyl‐ D-91 ucose, predominantly。

The glucan formed in the presence of dextranase, which is insoluble

but devold of the original adhesive characteristics, was shown to be

an essentially α-1,3 91ucan.

In the view of the physical properties of streptococcal glucans,

it can be deduced that the water‐ insolubility iS attributable mainly

to the long, consecutive c-1,3 1inked backbone chain, whereas the α-1,6

linked side chainS having a certain length are related to the adhesion

of the insoluble glucan to the surface of teeth.  It is anticipated

that if an enzyme preparation is to have a therapeutic effect, it must

contain hydrolyses spesific for α-1,3 as wel]as for α-1,6 1inkages.

The structurerof fructans formed by S. ″ztαηs were also studied

by methylation and enzymatic examinationo  The cold― water― insolubl e

fructans from se ″
“
tα″3 strain BHT and Jc-l have inulin― type structures

containing β‐2,1-D―fructofranosidic linkages, with average repeating

units of 8 and 27 sugar residues, respectively.

●
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c     4.34   78
d     2.18   39
d     2。 34   42
ND
5。 34   96

tr    l14
tr   436
tr   298
tr   726
tr   1023
1.7    15
ND   ior
l。 5    348
tr  
°
 460

¨
　
¨
　
二

＋
　
¨

Ｄヽ
　
¨

＋

・

　

　

　

　

　

　

　

Ｎ

９８

９６

９５

７‐

４５

７３

・

８３

５９

９

９

９

０

５

９

　

３

６

９

９

９

９

９

６

　

８

９

¨
　

¨
　

二

　

二

　

“

Ｄ

　

¨

Ｎ

5。 46
5.34
5。 29
3.93
2。 48
4。 05
ND
4。 61

3.28

5.53
5.36
5。 61

5。 36
4。 27
1。 40
2。 32
ND
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ツトヽr主 多ッ首 I
So mutans AHT―  ――――――

 BH丁

FA-1
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」C-1
0MZ 176
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671        602         583
629        584         577
683        572         625
759        629         621
ND        ND         ND
768        662         777
632        603         606
ND        ND         ND
691        619         630

l)デキストラナーゼの使用量 :ま ,咤懸痛ヤヽ主燿llたのRあの癖:孝糸でデ朽+ランT‐ 70
,ヽら1,000 nmOlesの動 量 2繊虚密饉ざせる画多雑 とした。

・  蛯気旭は、5′ 550 nmdesの 7｀♭じコ_ス量じ4)む荻湧べ多雅:と i嗜素と37℃ で30か間
及メじさせRメ¬ミ三コ有たしF豊九糧  (.7nOle)ていぁる。
2)フルクタン .

3)グリしカンとフ,L7タンの両ブ32全む。
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STUDIES ON THE STRUCTURE OF POLYSACCHARIDES (GLuCANS AND FRUCTANS)

PRODUCED BY CAR10GENIC STREPTOCOCCI AND ON AN ENZYME HYDROLYZING

THE INSOLUBLE GLUCANe  II. ISOLAT10N9 PURIFICAT10N, AND PROPERTIES

OF THE ENZYME HYDROLYZING THE INSOLUBLE GLUCAN。

Shigeyuki EBISU

'マ
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An attempt was made to isolate bacteria capable of degrading the

dextranase‐ resistant glucans by enrichment culture method, using OMz

176 glucan as the sole carbon source.  An organism was isolated that

produced colonies surrounded by a clear 20ne On opaque agar plates

containing OMZ 176 91ucan.  The organism was idetified as a strain of

FZαυOみαοtar`%″ and named the EK-14 bacterium。

When the EK-14 bacterium was grown in Trypticase soy broth, an

enzyme capable of hydrolyzing the OMZ 176 91ucan was produced in the

culture supernatant without α-1,3 91ucan as an inducer.

The enzyme was loncentrated by saturation with ammonium sulfate

and ultrafiltration, and purified by negative adsorption on a diethyl¨

aminoethyl Cellulose (DE 32)column and gradient elution chromatography

with a carboxymethyl cellulose (CM 32)columne  About a 160-fold in‐

clease in the specific activity Of purified enzyme (EK¨ 14 enzyme)was

achived with a yield of 38%.

The EK‐ 14 enzyme was a basic protein with an isoelectric point

of pH 8.5 and molecular weight of 65,000.  Its optimum pH was 6.3 and



●

its optimal temperature was about 40 Co  The

ly affected by a change in the lonic strength

None Of the metal ions tested potentiated the

Hg2+, and Pb2+ were strOngly inhibitory.

44

enzyme activlty waS scarcel

between O。 004 to O。 254。

enzyme activity, and Ag+,

The EK‐ 14 enzyme split the α‐1,3 91ucan endolytically and was

inactive towards 91ucans containing α‐1,4, α-1,6, β‐1,39 β̈ 1,4, and/Or

β‐1,6 bonds as the main linkages。  . The enzyme released ll% of the total

glucose residues of the OMZ 176 glucan as reducing sugars and solubil‐

ized about half of the substrate glucane  The soluble products were

found to be nigerose, isomaltose, and nigerotriose` with some oligo―

saccharideso  The methylation studies on the insoluble product showed

that the EK¨ 14 enzyme attr,ked only α‐1,3 91ucosidic linkages in the

main chain of the OMZ 176 91ucan, but was」 tnacti ve jat」 theSe・1(o-1:3 igl uco―

sidic)linkages which directly adjoin branching points.

The づπ υ
`trり

 effects of the EK¨ 14 enzyme on the adherence of

Strο′サοOοοσνε tttαηS tO tooth surfaCe_and「 on plaque fOrmed by s. ″ztαπs

in the presence of sucrose were evaluated by scanning electron micro―

scopy.  In the presence of the EK‐ 14 enzyme, S. ″ztaηs was not able

to adhere to the teeth and produce insoluble polysaccharides.  The . __ 1:

plaque once formed by s. 
“
″tα
"s in the presence of sucrose was not

completely removed by either_EK-14 enzyme nor sン グοαr`α dextranase when

applied separately, but when applied together they affected complete

removal of the plaque.
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| 万記キ洸数画か
1 療縮働か
DE 32 フラクション

濃 締 面か

CM 32 フラクション

158   79,00o   8。 01    1 20     88

513   563019  31.11      17     62

27?   43。 432   1.15     237     48

799   39,9501 ・ 3。 26     245     44

308   339880   0。 38     813     38

搭量  酵 索 発 性 葎 賞 比うむヤ上 回1癖 綺欺
(ml)   (増ユ1立1/ml)o“心判士) (mg/ml)(霧瑾ζ

m。
) (%)  ( 羽彗 )|    

…
Tヽ…

… …
¬ 判

1 舟義 二靖     30,000   3 903∞ 0
500

¬09
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モ ル 百か キ         |
0-メナルーD‐クbし」―ス 窮 倉 様 式  不搭 trt労助ン 濃 ＼f晶詠 凛) :

Glcp~(1→    14。 6

朝 )― Gl cp‐ (1→  50。 5

→6)― Glcp― (1→>   20。 9

一十

2,3,4,6-テトラー

294,6-トリー

2,3,4-ト リー

2,4-ラ ―゙

18.0

37.6

26.9

17。 5

●

朝 )― GlcP― (1→  14.0
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