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Abstract

Action of a cyclodextrin glycosyltransferase (CGTase) produced from alkalophilic Bacillus sp. No. 4
was studied in a solution containing starch and sucrose to prepare glycosyl sucrose syrup with good
sweetness and antidecaying properties of teeth. In the initial stage of the reaction the CGTase produced
cyclodextrin, however, the cyclodextrin disappeared and glycosyl sucrose was formed with the lapse
of reaction time. The best proportion of sucrose to starch for prodution of glycosyl sucrose was about
1: 1. The optimum pH and temperature of the coupling reaction was pH 6.0 and 60T, respectively.
Main composition of glycosyl sucrose syrup prepared with 20% starch and 20% sucrose was sucrose
18%, glucosyl sucrose (G,F) 15.3% and maltosyl sucorse (G;F) 11.3%. And glucose, maltose and maltot-
riose were produced very little. Smaller amounts of acid and insoluble glucan were formed in the
syrup by Streptococcus mtans OMZ176 than in the sucrose. Therefore, the prepared glycosyl sucrose
sucrose syrup is expected to prevent teeth from decaying.
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Cyclodextrin  glycosyltransferase(a-1,4-glucan-4-gly-
cosyltransferase, E.C 2.4.1.19, CGTase) = Bacillus ma-

cerans'' ™%

, B. megaterium'®, K. pneumoniae'® ®, B. am-
yloliquefaciens®, B. licheniformis'"', B. circulans'’’, B.
ohbensis"?, B. subtilis''¥, B. stearothermophilus'*'®, al-
kalophilic Bacillus sp.** 2" 22| A|Fell 4| AAtEe] 2] =
Eiﬁ/ﬂ, cyclization, coupling reaction, disproportiona-
tion®] 37}x] #£-& Zwjdic)

wh-ge BAp7k Helabg o 2 el
glucose, maltose, maltotriose, sucrose %2 F&H&
P& Edle CGTased 441719 =13 A4 1 cyclo-

dextrino] 7REE o] &4 Hzlol| glycosyl7}E FolA|

©1% coupling

7 Aol BAEE FAstnR, FEEI o2 A
ol AAHHH®. o)eigt Ho]2t8-& B. macerans B.tt
B. megaterium No.52] CGTase’t ] $43}¢iri+=
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Sucrose, soluble starch+= HA RGO ol A, 4ol
A3} glucose, maltose, maltotrioset= Sigma Chemical
Co.2H¥ T3t o glucosyl sucrose(G,F), malto-
syl sucrose(G.F)= HA Kififizkel gk =Hit=

¥} Fopiro} ALE-shc)

CGTase2| =x|
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woFo o] #AE Y22 ste} Al AT F 80%(NH,),S0,
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Phenol-H.SO, 83Vl 2)slsic). A& 1.0mlist 5%
phenol 1.0 m/E #H3slw 23 4t 5mig Ao 24
DEE AHEA1A 1087 12 YR F A Eghsia
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Thin layer chromatography
Silicagel 60 Fuy plate(Merk Co.)oll %48 spotting
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3}3 n-butanol . n-propanol | water=3:5: 49 H/N&
2 Ao sy e R 45 stk YL c-H,
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Fig. 1. Action of cyclodextrin glycosyltransferase of va-
rious concentrations of sucrose as acceptor

—@—; decrease in iodine-staining power (OD at 660
nm), J; amounts of cyclodextrin precipitated with trich-
loroethylene, A; 2% soluble strach only, B; 2% soluble
starch, 1%, sucrose, C; 2% soluble starch, 2% sucrose

(@) (c)

Fig. 2. Cyclodextrin formation and coupling reaction
by CGTase
a; ppt of cyclodextrin formed (strach only), ¢; disappea-
rance of cyclodextrin by coupling reaction (strach . suc-
rose=1:1)
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Fig. 3. Action of CGTase on soluble starch with various
amounts of sucrose

Mixtures consisted of the enzyme solution (0.5ml, 5
unit) and 10% soluble starch containing various amounts
of sucrose were incubated at 50C and the decreases
iodine color were measured. The numbers in the figure
refer to the concentration (%) of sucrose.

trichloroethylene-s 7}t CD-TCE 4H&2 uvlwd 7l
22 AdldE CD-TCEY Aol viepdort Colld=
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Fig. 4. Thin layer chromatography of glycosyl sucrose
syrup produced by soluble starch with various amounts
of sucrose and commercial coupling sugar
Std; Standard materials (Gy; glucose, GF; sucrose, G;F;
glucosyl sucrose, Gs; maltotriose, G3F; maltosy! sucrose,
G4; maltotetraose)
A; Concentration of soluble sarch 20%, sucrose 25%
B; Concentration of soluble sarch 20%, sucrose 20%
C; Concentration of soluble sarch 20%, sucrose 15%
D; Concentration of soluble sarch 20%, suciose 10%
E; Concentration of soluble sarch 20%, sucrose 5%
J; Commercial coupling sugar (Harada Co. 'apan)

05 mlE 7}8}e] 50Col| 4] 547} coupling reaction A
71 ¥ TLColl oJsle] EAnbs-E9 FAw 24 vk
Az} = A 9-0]E F T glucosyl sucrose(G,F), malto-
syl sucrose(G;F) 7} A =)e) 1, glucose(G,), maltose
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Fig. 5. pH-activity curves of coupling reaction by cyclo-
dextrin glycosyltransferase
Reaction mixtures consisted of 2.0 m/ of 10% soluble
starch containing 10% sucrose, 1 m/ of buffer (pH 4~8;
Mcllvaine buffer, pH 9~11; Glycine-NaOH buffer) and
1m/ of enzyme solution were incubated at 50C for 15
min
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Fig. 6. Temperature-activity curves of coupling reaction
by cyclodextrin glycosyltransferase
Reaction mxitures consisted of 2 m/ of 10% soluble st-
rach containing 10% sucrose, 1 m/ of 0.1 M phosphate
buffer (pH 6.0), 1 m/ of enzyme were in cubated for
15 min at various temperatures

Coupling reaction?| =& 2T
PHOOC L & 919 whgols 8 E weldod
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Fig. 7. High Performance Liquid Chromatograpy of gl-
ycosyl sucrose syrup

GF; sucrose, GoF; glucosyl sucrose, G;F; maltosyl suc-
rose, G,F; maltoriosyl sucrose

Condition: column; NH,, 7 p (7X250 mm), solvent; H,
O/CH:CN=32/68, flow rate; 2mi/min, detector;
KNAUER RI detector, pump; ICI (LC-1100 HPLC pump)
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Table 1. Sugar composition in glycosyl sucrose syrup

Sygar % (d.w.)
Fructose (F) 0
Glucose (Gy) 0.5
Sucrose (GF) 18.0
Maltose (G,) 0.2
Glucosyl sucrose (G.F) 15.3
Maltotriose (Gy) 0.2
Maltosyl sucrose (G3F) 113
Maltotetarose (Gy) < 54.5

dine FAo g =21}

$zo] Hxelgieh.

= Fig. 62} 29tes 60T

Glycosyl sucrose2| A|&{mM| =2} 71 =A

AA Al AR A heke] glycosyl sucrose syrupS-
A zst7] Y3l 3 literSo] Azl Ze}AFol soluble
starch 500g, sucrose 500g& <1 E& 7lste] 714
S8l 5 25 liter® 282 pH6.0°o8 3ted CGTase
4 10m/E 7hsle] 50CelA] 5UzF wkg-A]Zc) o]
ol-g AeF #3}o] trichloroethylene testol]l 2&tod CD-
TCE®] el e ¢EF& #Hadt F o]2mdg7
(Dowex 4B) columnel] E3A)#A &FAuke ZF k7l 3t
LRI A e KA =

¥ syrup®] WxAE o4v] 98l HPLCE 43
A= Fig 77} 29w, 182 £9] o) 24 v]ge
Table 17} zotr} o] A== kol 49] TLC9 e A
ko 2 A FAE-2 sucrose 18%, glucosyl sucrose(GoF)
15.3%, maltosyl sucrose(G;F) 7} 11.3%°]¢] 3%, glucose,
maltose, maltotrioset= A& A== ¢ratch
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TLMTO| ofst & 2HHo D|X|= HE

wjeyl o) A& Hwel AP AdaFS A A Table
29} #d

S Aol o] A&w9} pH Astelz AadA 7}
gleiom, ArAAle) slolA] glycosyl sucroses glucose,

Table 2. Acid fermentation of various sugars by Streptococcus mutans OMZ 176

24 hr 48 hr

Substiates Growth pH Acidity as lactic acid Growth pH Acidity as lactic acid

(0.D. 660) mg/mi(%) (O.D. 660) mg/mi(%)
Glucose 1.12 5.35 0.32 (100) 1.20 5.29 0.34 (100)
Sucrose 1.10 544 0.30 ( 94) 1.10 533 0.33 ( 97)
Maltose 1.12 5.39 0.31 ( 97) 1.10 5.32 0.33 ( 97)
G.S. 1.40 594 0.18 ( 56) 148 5.87 0.20 ( 59)
C.GS. 133 5.64 0.25 ( 78) 1.35 553 027 (79
GyF 1.24 6.84 0 1.30 7.04 0
GsF 1.24 6.72 0 1.30 6.73 0

G.S.; glycosyl sucrose syrup, C.C.S.; commercial coupling sugar, G,F; glucosyl sucrose, GsF; maltosyl sucrose
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Fig. 8. Formation of adhered insolublee glucan from glycosyl-sucrose and sucrose by Streprococcus mutans OMZ

176
A; glycosyl-sucrose syrup, B; sucrose
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