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Isolation and Characterization of [B-Glucosidase Inhibitor Suppressing Cell Growth and En-
zyme Action of Penicillium sp.-L4. Moo-Sung Kim*, Sung- Yoon Ha, Gi-Boong Jeon, Dal-Taek
Lim, Byung-Hwa Park, Bo-Seop Lee, Sang-Rin Lee and Yong-Keel Choi'’. Specialty Chemical
Institute, Pacific R&D Center, Yongin 449-900, Korea, 'Department of Biology. Hanyang Univ-
ersity, Seoul 133-791, Korea, ’Research Center for Molecular Microbiology, Seoul National
University, Seoul 151-742, Korea. - A producer of inhibitor against B-glucosidase of Penicillium sp.-L4
was screened from Actfinomycetes, and the isolated strain was identified as Swreptomyces sp. The in-
hibitor produced was very stable against heat, acidic and alkaline conditions, proteolytic and amylolytic

€nzymes.

The inhibitor was purified from culture broth through activated carbon treatment, ul-

trafiltration, anion and cation exchange, activated carbon column, acetone precipitation and preparative
HPLC. It showed inhibitory activities against a variety of dissacharide hydrolyzing enymes produced
by P. sp.-L4, and the mode of inhibition was competitive. Its structure and molecular formular was
elucidated by IR, 'H and "C NMR and FAB/Mass spectrometry, which was identified as 1-deoxynojiri-
mycin (dNM). dNM showed inhibitory cffects on the cell growth and hydrolytic enzyme action of P.

sp.-L4 on agar plate and infected lemon peel.
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Penicillium sp.-L45 AF8-3}91 .21, B-glucosidase inhi-
bitorel Aikell= EoFellA H-elxl Streptomyces sp.
BGI-1& AHg-shairh.

B-Glucosidase inhibitor M 2| 22|

- Bele AT B AIRE 90Tl 2 A7E
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Bennet's agar Y#] = Humic acid-vitamin agar B]=
off &3 ], 28TellM 1-3 77k wljeksto] vubdaf A
S Zeispdch o] u Aol et dut Al ¥ AdE
A &}7] 2]él nalidixic acid, tetracyclin % cyclohe-
ximides 27 A3 #H7lsle] A2k B-Glucosi-
dase mhibitore] A4t 21 Monosodium gluta-
mate(MSG) ¥} A (MSG 2.5, glycerol 10, K,HPO, 1,
MgSO, - 7H.O 0.5¢/L, 1% FeSO,- 7HO 1 ml, 0.1%
CuSO, - 51O 2ml, 0.1% ZnSO, - 7H.O 2ml, 0.1%
MnSO, - 4H.,O 2 mDE ARE-3kod, 28CellA 5-10 &7k
SHEZIEMNCF(120 rpm) 3k 44 2{(Microfuge, 12,000
rpm) 8t A4EN5 crude inhibitor 8- 2 2 3lo] = s}
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B-Glucosidase activity= p-nitrophenyl-B-D-glucopy-

PNPG £-94(2 mM, 0.1 M acetate buffer, pH 4.5)l] &
g 0.1 mls gl 30C #2524 1027 vkE-A]
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H %l MSG WRI(MSG 3.75, glycerol 15, K,HPO, 1,
MgSO, - TH.O 0.5¢/L, 1% FeSO, - 7THO 1ml, 0.1%
CuSO, - 5H.0 2ml, 0.19% ZnSO,- 7H0 2ml, 0.1%
MnS80; - 4H.0 2 mDE AH&-3led 30 L & F(jar fer-
menter ol EuloFsieic) W FoAe] ulFzTl-S
w22k 20 L, % 307, ZEHFE 350 rpm, 718 0.5
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c}. $A8-(analytical) HPLCE eo}-8¢F 42 YMC
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nmellA4] detectiond}siermd o] o eluent®+ acetoni-
triliwater(83:27, v/v)& flow rate 1.0 ml/min® AR&-
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a) Agar plate AollA1e] oA a3}

EF42%12 2 glucose, cellobiose, carboxymethylcellu-
lose(CMC) % polygalacturonase(PG)E 27 0.5%(w/
v)EH A 2718 Czapek agar sl P. sp.-L4°] 2z}
10°/m!l 28 pour plating WA Z L 2 filter
paper disc® F1 FTH INMEAH(1-100 ug/mb 10
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Fig. 1. Scanning electron microscopy of strain BGI-1.
Bar represents 2 Llm.
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Fig. 2. Profile of the production of [-glucosidase inhibitor
BGI-1 in 30 L jar fermentor.

Streptomyces sp. BGl-1 was cultivated 1n modified MSG medi-
um. Conditions for BGI-1 production in fermentor were, work-
ing volume 20 L, temperature 307, agitation 350 rpm, aeration
0.5 vvm, initial pH 7.0. Symbols: @- @ Cell growth, O-0O pH,
- B B-Glucosidase inhibitor production.

Tabie 1. Residual activities [3-glucosidase inhibitor BGI-1
after various teratments

Treatments’ Residual
activity (%)

1 N HCL 30T, 12hr 96.6
1 N NaOH, 20T, 12 hr 96.0
1006, 1| hr 94.2
Protease

Bacillus subtilis, pH 7, 37C, 1 hr 07.7

Pepsin, pH 2, 37C, 1 hr U8.3

Trypsin, pH &, 377C, 1 hr 100.5
o-Amylase(Aspergillus niger), pH 5, 30T, 1 hr 96.0
Glucoamylase(A. niger), pH 5, 30T, 1 hr 96.2

‘Crude solutions of B-glucosidase inhibitor BGI-1 (10 ml, 10,000
units/ml) were treated with described conditions.



Culture broth

Centrifugation

supernatent

Activated carbon treatment (2%, pH 4)
unadsorbed part

Cation exchange (Diaion PK208, H' form)
eluted with 1IN NH,OH
concentration

Ultrafiltration (M.W. cut off 1,000)

Anion exchange (Dowex 1, CI' form)

pass through

concentration

Cation exchange {Dowex 50W, Na' form)
fractionated with NaCl{0-3 N linear gradient)
neutralization

concentration

Activated carbon column

fractionated with Me-OH (0-90% linear gradient)
concentration

Acetone precipitation

Preparative HPLC
concentration

Table 2. Yields of purification step of B-glucosidase inhibi-
tor BGI-1

Purification steps Volume Total activity Yield

(ml) (X 10 units) (%)

White or colorless powder

Fig. 3. Purification procedure of BGI-I.
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(a) (b)
Fig. 4. Chromatograms of BGI-1 by HPLC.
(a) Preparative HPLC. {b) Analytical HPLC.

2|l

Inhibiotor®] A A <] E=AA FA-& Fig. 357 22

Culture broth 20,000 20.0 160.0

Activated carbon 20,0600 184 92.0
Cation exchange (PK208) 500 15.0 75.0
Utrafiliration (M.W. 1000) 750 15.0 75.0
Anion exchange (Dowex-1) 1,500 13.5 67.5
Cation exchange {Dowex 50W) 150 9.7 48.5
Activated carbon column 200 6.5 32.5
Acetone precipitation S5g 5.0 25.0
Preparative HPLC 10 5.0 25.0

Table 3. Inhibitory activities of BGI-1 against various hy-
drolytic enzymes produced by Penicillium sp.-LA

Enzymes’ Substrates Inhibition”
B-Glucosidase PNPG{BY +++++
o-Glucosidase PNPG{o +++++
Sucrase SUCOTSE +
B-Galactosidase ONPG(B)’ 4+
o-Galactosidase ONPG(o)’ +++
Laminarinase laminarin ++++
Laminariobiase laminariobiose ++4+++
CMCase CMC -
Cellobiase cellobiose +++++
Glucoamylase starch +++
o-Amylase starch -
Polygalacturonase pectin -
Xylanase xylan -
Dextranase dextran -

‘Enzymes were prepared as crude filtrate from solid culture of
Penicillium sp.-14 in wheat bran medium. "Number of mark+
means inhibition strength{+++++ strong inhibition, + weak in-
hibition), and mark - means no inhibition. ‘PNPG; p-nitrophenyl-
(a. or B)-D-glucopyranoside. "ONPG; o-nitrophenyl-(ct or B)-D-
galactopyranoside.

1, +38 HPLCel| &3] =oixl &A3EH(Fig. 4a)<
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Fig. 5. Effects of 3-glucesidase inhibitor BGI-1 on hydroly-
sis of PNPG (Lineweaver-burk plot).

(a) Effect of BGI-1 (1x 10" M) on B-glucosidase of Penicillium
sp.-L4. (b) Effect of BGI-1 on J-glucosidase of Almond. {(c) No
inhibitor (BGI-1) added.

Table 4. Physico-chemical characteristics of BGI-1

Appearence
UV adsorption
FAB-MS m/z
Solubility

Colorless powder, very hvgroscopic
End adsorption

164 (M"+1)

C.H,.NO,

Soluble in H.O, Me-OH, DMSO
Slightly soluble in Et-OH

Insoluble in acetone, ethyl acetate

Silver nitrate-sodium hydroxide

Ninhydrin, phenol-sulturic acid, DNS,
Negative tluorescence

Rf values in TLC (.34 in n-propanol:10% ammonia

(2:1, v/v)

0.57 m 1sopropanol:pyridine:aceticacid:

H.O (10:4:6:10, viv)

Color reaction
Positive
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Fig. 6. IR spectrum of BGI-1.
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Fig. 7. '"H-NMR spectrum of BGI-1.
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Fig. 8. "C-NMR spectrum of BGI-1.

:ﬂ(hg 6. 7. 8), A= 54 S 23] FAB/Mass spec-
trum-= §L°]3]-°3£(F1g 9). O}EHQ] 72 datags Lgiv
IR v {KBr) em™ 3333.9 (OH), 1093.4, 1043.8 (C-0O)
'H NMR ppm(in D,0):2.3184-2.3764 (H,,), 2.4142
-2.4618 (H;), 2.9829-3.0263 (H,,), 3.0946-3.1422 (H,),
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Fig. 9. FAB/Mass spectrum and structure of BGI-1.

Fig. 10. Formation of inhibitory zones for the growth of
Penicillium sp-1.4 with different concentrationa of dNM.
Penicillium sp.-L4 was cultivated on Czapek agar medium con-
taining 0.53%(w/v) CMC. Concentrations of ANM were, A: 1 Mg/
ml, B; 10 ug/ml, C; 100 pg/ml.

3.1788-3.2240 (H.), 3.3430-3.4052 (H,), 3.4424 -3.5358
(Hq,), 3:6615-3.7286 (H,.)

“C NMR ppm(in D.O): 47.184 (triplet, HNCH,),
59.144 (doublet, CH), 60.929 (triplet, CH.OH), 68.432
(doublet, CH), 69.247 (doublet, CH), 77.441 (doublet,
CH)

MS m/z: 163(M") or 164(M"+1)

717124 dataell 9)sl g ERle Bxjepo)
163(M"), £+ 164(M'+1)e]% 2w, C.H,L.NO,2| st
Ae 7hl e viepydkn, 238 A3} 1-deoxynojiri-
mycin (dANM) 2.2 v 5] cHFig. 9).

Agar plate A0IAM2] AT}

B-Glucosidase inhibitoral dANM<2] P. sp.-L4ol| o3t
A &I-F odetrr] 2lsted AYPF A, glucose S
7R v A el A = 1-100 ug/mle) ExolA A3 FalA
A& A A7 2] 28)ed o1}, cellobiose, CMC %2 PGE

Fig. 11. Inhibitory effect of dANM against infection of Pen-
icillium sp.-14 on intact lemon peel.

Spores (1% 10%) of Penicillium sp.-14 were infected on lemon
peels, and the infected lemons were incubated at 26°C for 7
days. 10 uJ(10 pg/mt) of dANM was added 4 times with interval
of 12 hr. Left; with dNM, Right; without dNM.

718 v Rl &= 10-100 pg/mlS] T ol|4] 25 F 1)
A& AR ZHeHFig. 10). Glucose &7}l %] o) ]"1 Fix
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lobioses}t CMC ¥iz| % olu]z} =14 B-plucosidase®] 2F
= WA= PG H7MIR A S F AAS Aast=
A2 B-glucosidase”t A A Hs) B Ao 2He-st 0} 2
Apgotel] glofa] Fa3d S sly) Wiy Aoz =

A gl

St ZH AL A& D}

AA| P. sp.-L49] lemon WsHel] ofg dNMe] Fae
AR Z 3 Fig. 119 LJrEJr"*IL Bie} Zhe] 10 pg/mie] <&
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) *Jr"”«] HIllS 3 &40z g = 9l= 7lsAl S
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dNM~> Moranoline|2}:= o] E 032 ghlal el &
o] Ao 2A4(18) g gl & wlME(19)dA] %
WAHT Bl dig As)So] wal A wal s o
X A BAE sl BAY m 10662) core compound
241 olgH 3 glrh w due] A8 Aoleld #] a3}
= enzyme®| A XY 7|5 L EAflo o3t T -9
bdol] mek cancer 4= virus®] A1 A, A=) A}
¥ AR AEe] izl v 22 e AlEEzle] ubo)
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24 Nk )3l rhamnosidase * 3, cellulase A3l 5
clekgl S slHte] 21815 7 glch(24, 25). ANMS X
Ao Ao gk Aol AREE W 7yl Qlod

(26), A= HUTFA 23 A A EREA L] A=
olz] W x| 2] gt orm] B ool r]s} 7"'“1 el 2]
& Al B4 7393o) glolA] B-glucosidase 5 o)F Ha
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QI:

P. sp.-L4%{ lemon 4 Al key enzyme<] B*glucosi-
daseoll o3t s EA AMAIAFES bl g o 2 He] A5
giow Ha]¥E - Streptomyces sp. & Bl oo}, *B*é
o A& EA BGI-12 o, 4, o2e] A 2hE chala] | o
vl Aol tHal vi-g- <A Ekedc). wiofd o Z HE] A
x|, ghejoqx}, ofol 2 U FolE nshex|, AlEE
column, acetone A& % 3L HPLC 59 vl L o]
S8t A HaleAs Fe|A A B(:I-—
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