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In the course of screening for a-glucosidase inhibitor produced by microorganism, the active compound was isolated
from the culture filtrate of Bacillus sp. SKU31-1 using a series of chromatography procedures. The structure of the
active compound was elucidated as 5-amino-1-hydroxymethyl-1, 2, 3, 4-cyclohexanetetrol on the basis of spectroscopic
evidence obtained and comparison with data from the literature. The active compound showed potent inhibitory
activity against a-glucosidase with an ICsy value of 1.9 uM for maltose and 4.9 mM for sucrose. A Lineweaver-Burk
plot indicated that its inhibition of a-glucosidase was competitive, with a K; value of 0.15 mM.
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74y ETHel Aeolet WekET) B ATolAE T =5
A 223t #5 3,00055 thAFC R a-glucosidase A 3A] Ak
o8 Thus 2z} el As PAS K SKUSL1 F5E
Wil 3% 574 9 ML AL AL, SKUSL-1 25
7} AAFeH= a-glucosidase A3l &2 (©]3} compound K)& &
Sletel B4 248 AXIS AL

E9F AR 10 g& 2-3A7 A= A3 EH4=E 107, 107,
10*2 343t &, nutrient agar jZ|of] Z+zF 200 pl¥L =5t
3 28°CollA 297k wjF & Yeld single colonyS G HjA|
(soluble starch 1%, glucose 2%, soybean meal 2.5%, yeast
extract 0.5%, NaCl 0.2%, CaCO; 0.2%, pH 7.3)2 AR5}
28T, 230 rpm O & 547t kst & 5,000 rpmof|A] 1087 &
A Bajst AF=oo] 4 A BAS AAE At A Zhest
A3 S Wel T 3118 ALahT FehH, wjops 24 2
BHSH B4 2419} 163 IDNA G714 E 240 93t 35 5
A& AABHATE SKU3L-1 #3+= 3% FH9 1o =, 43t
&t2 EAJof| 9|3)| Bacillus subtilis/amyloliquefaciens group -2
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Hetioon 31 16S tDNAS] H7|AQ B4 ATt SKU31-1
5+ Bacillus subtilis 1682} Bacillus amyloliquefaciens FZB42
o} TAT 98% 4:229] AL B Bacillus sp. SKU31-12
g3t THAR BIAA)).

SKU31-1 959 &4 54 A4k 9% 24 s =dE &
23}7] Y3 G HiA|, Tryptic Soy Broth (Bacto™™), nutrient
broth Bx]ol| Z+zZh 4E3}o] 230 rpm, 28 ColA] 5U7F ulj<tat
o, o 4A17F wich pH ¥3}, Wi A] FF7ek v oF A7kl wE A
D=9} S SAsITh A FFol T2 A A7 Aol
= UERA] 3L AR B uljX] 27004 8AI7F & FAFH
Z71817) Alkstol uljoy 30A17E 3 A W7} Zchzk(10° CFU/mI)
of =g T O A & KA E L, o-glucosidase A3 &
d2 wixell wet 2 zpolE et YTt NB sz A= A
AL g o|RojF o B EA PARE AT o] oA A &%
1, TSB x| M= u|u|gt F= 9] &4S Uehd vl GuHj
Ao A= 39 FRE AT AfES UeTh(Fig. ). 0|24
SKU31-1 #5929 4 EZ A4l sEAYPo 2= soluble
starch, A4S 2= soybean mealo] 7}2 -2 & 4= U 3ich

SHEE BAitoll 7 B3HHl G ujA| oA SKU31-1 5
£ 3U3t vt w3 L) 227 ¥| P chromatography H
HES AMEsto] =4S 285kl vigdE 5,000 rpm
of| A 3087F YA R 3 F 1 AFSH-S Amberlite IRC-50 (H,
3.5 x 45 cm) columno]] S&A|7] &, Z2F42 &St 05 N
NH,OHZ Z4EZAL A4 IY 55% th3 butanol:
methanol: CHCl;: conc NH,OH (4:5:2:1)2 &1l 2 3} silica
gel column chromatography (silica gel 60, Merck, 3.5 x 45 cm)
£ AAst 8490] Sl £E(F16-F21)S 2ot et A= A
% 50% methanol& ©]83}o] Sephadex LH-20 column
chromatography & 35to] &4 peak& E3 o™ T & 2
A © 2 HPLC (Waters ubondapak Cs column, acetonitrile : 1
mM NH4OH = 1 : 9 isocratic solvent system, 206 nm UV
detection)2 A A5} compound K (12.8 mg)S E&|5tth &
¥ Compound K= WAo] A 7122 TLC plate Ao
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Fig. 1. Profiles of a-glucosidase inhibitory activitities during culture
of SKU 31-1 in three different media. The data are the means of
three replications. Vertical bars indicate standard deviations.

Table 1. Inhibitory effects of compound K and acarbose against
a-glucosidases

Source of 1Cs0 (M)
Enzyme
enzyme Compound K Acarbose
Rat intestinal Maltase 1.9x10° 34x10°
Sucrose 4.9 %107 12x10°
Yeast a-Glucosidase 1.7x10* 55x 10"

single band (silica gel F»ss Merck; CH3Cl : MeOH : conc
NH OH =1:3:2,rf =0.4; BuOH : MeOH : conc NH,OH = 4
1202, 11=0.45) 2 YEPA, HPLCO| A = @Y peak (retention
time; 26 min) £ U} 2 ZR18 4= S5t}

Compound K] o-glucosidase (Yeast, Sigma) A3 4
¢13 7124l p-nitrophenyl a-D-glucopyranoside (Sigma)E ©]
folo] B o2 HASHEHKim, 2013). Phosphate buffer
(25 mM, pH 6.8) 225 ul, 7]& (20 mM) 20 ul, A]=& 25 ul, G4
(0.75 unit/ml) 15 plE EF3te] 37 Cof| A 2087t 9HSAIZ1
NH;OH 500 ulE& F7}ste] B2 £8A]Zl 3 micro plate
readerE ©]8-5}94 405 nmo| A FFE=E =73} a-glucosidase
A oA A=E A3k Rat small intestinal o-glucosidase
9] A3 &A-L maltose (2 mM)&} sucrose (15 mM) 500 ul= 2+
7} 7|4 & 3te] 37°Cof| A 2087 §H&-A7] ok 100 C oA 55
7t Agste] ¥h3-& FAAZ] F AB/AdHE glucose % glucose
kitE AMESle] £431 Tt Compound K9] X0 T}E yeast
a-glucosidase, rat small intestinal maltase2} sucrase2] #3l|&
2 A1 A3 Table 13} Zo] 50% ] AABYL Lebhe
T ICs00] ZH2F 1.7 % 10, 1.9 x 10, 4.9 x 107 M (acarbose ]
9L ICs500] 2+ 5.5 x 107%,3.4 x 10°, 1.2 x 10° M)2.& 7}
3 48 e itk Compound K& AJ# 3521 a-glucosidase
A8 A Q1 acarbose HT} yeast a-glucosidase?} rat small
intestinal maltase 4L k7t 7361 21} sucrase S-S A A
3] A velytth. 849} pre-incubation o] 2]} compound K 2]
Aol Z7tstol Eaoh AU MSTE A & 2 U9
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Fig. 2. Lineweaver-Burk plot analysis of inhibition kinetics of yeast
a-glucosidase by compound K. 4-Nitrophenol-a-D-glucopyranoside
was used as a substrate. The concentration of compound K was 0
mM (@) or 0.1 mM (H). The values are expressed as means of
triplicate reactions.



Table 2. 'H and ""C NMR data for compound K in D,O (8 in ppm
and J in Hz)

Position S¢ ou Multiplicity, J

1 78.7

: e ks (g J=9.5

" G, 367 (I1H,dd) J=9.5,9.8

) o 356 (IH, dd) J=9.8,4.2

p 35'0 3.23 (1H, ddd) J=4.2,2.9,3.9

: 136 (I1H,dd) J=39,15.1

1.89 (1H, dd) J=15.1,2.9

7 68.2 3.34 (1H, d) J=11.2
353 (IH,d) J=11.2

1, AL 90% A &5H= compound K %42 &4} T35t
T EXS 4A)17H) 23](USY-1 ultrafilter, Advantec MFS Inc)
AA|Bte] ¥H351A] ¢1-2 compound K& A|ASIAS o) 48
Aol EALE= Ao Z Hol compound K= 7193 A afjA| U<
& 4= Q3lh Lineweaver-Burk ploto] 23] compound K7}
competitive inhibitor o] B8 H 2w, K; 4k°] 0.15 mM=Z 713
g A A A& AT 4= A TH(Fig. 2).

Compound Ko F+Z= EI-MS, 'H NMR, “C NMR, 2D
COSY 5& A= ste] 2Rkt BAHL ESIMSe}
NMR datao]] 2]8] C;H;sNOs 2.2 818 Z o, (M+H)" peak:=
m/z 1949] e BC NMR spectrumof| 4] 7712 signal (2 x
methylene, 4 x methine I} 1 x quaternary carbon)< &1 4=
3.2, chemical shift:= "H-"H 2D NMR spectra®] 2|3 23
319 CH(Table 2). '"H NMR spectrum®] 2]} six-membered ring
T8} side chain methylene 247} 215 %122, H-22] doublet
splitting © 2 C-1 carbon®] protong 7[RI QA 22 & 4
ATk oL FFST BARAE B8 T B Ke) 72
+ 5-amino-1-hydroxymethyl-1,2,3,4-cyclohexanetetrol (Fig. 3)
2 Streptomyces hygroscopicusol|Al H8 RIE v} A=
valiolamine (Kameda et al., 1984; Wang et al., 2010)T} 5d3t
E290] er& ATt 28 Bacilluso)| A] violamine 2] E&]= o}
2 ®Baug b gloh 2 AolA 8" 5 Bacillus sp.
SKU31-19]| 9J3t violamine 2] AYAS Streptomces hygroscopicus
of ] W} Alzko] Fol Selstoia BerE). SKU3L-1 25

7
CH,OH

OH

Fig. 3. Structure of compound K (5-amino-1-hydroxymethyl-1,2,3,4-
cyclohexanetetrol).
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£ 0|83t a-glucosidase A3 violamine 2] thEF AJAF A4S
TE517] Yote] APt AHG-E wiA] AT gy =24 &
L& Y3t 34 A7 sty Al g

He

1 8E 7199 a-glucosidase A A FATh= I oA =
ol A Bajgt @51 Bacillus sp. SKU31-1 v ol A ZF&jgt
A3 A| compound K& L& Q] I =2ntEda)y] Who| o) B
2 AA5+91 'H NMR, °C NMR, 'H-'H COSY spectra 2433}
EJZAE 53] 5-amino-1-hydroxymethyl-1,2,3,4-cyclohexanetetrol
2 545 ch Compound K9] a-glucosidase #| 3l Z-A-2 ICs
Zko] maltose 7]&of| A= 1.9 uMo] L, sucrose 7|2 ARE-A] 4.9 mM
o]t} Lineweaver Burk ploto]] 2J8f| Kizke] 0.15 mM 2 7}2ist
7BRA AsiAl deol ¥ Fick
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