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STUDIES ON MICROBIAL PRODUCTION OF GLYCOSIDASES

Part 1. Degradation of Polysaccharides of Fusarium sp. M7-1
by the Enzymes Produced by a Bacterium Isolated from Soil*.

Shojiro IwaHAaRrA, Tadashi TANAKA, Tkuo KiGUucHI and Makoto SAITO

A bacterium, 50b strain isolated from soilxby enrichment culture method, produced the enzyme(s) which
hydrolyzed polysaccharides of Fusarium sp. MT7-1 as well as yeast mannan. The reaction product from yeast
mannan and neutral polysaccharides of Fusarium sp. M7-1 was mannose alone. However, mannose and
mannobiose were produced from the acidic polysaccharides of Fusarium sp. MT7-1 by the enzymic digestion.
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1. EREks L UBEFEE  Fusarium sp. M7-1 RIS OB » TEE L, SRS BEREER,
50 b B OB E TROEROE A AV, REE (18mX18em) KM 4mh SEL, REREELHE
LD 1 HeFHERE L CHRBRETIRE 581 Q10 rpm) T8C I I\ C24BFHIEEH L o 3 O & FE100 mf% & ¥5500
WEZH7 7 A2 CBERELTBCRIVTEHERRESE 5 BB T ERMBEL 2, BRI «-Methyl-D
-mannopyranoside 0.5 g, Yeast extract 1 g, Glycerin 1 g, Casamino acid 10 g, K,HPO, 1.¢, KCl 0.5 g, MgSO,+
7H,0 0.5 g, FeSO,+7H,0 10 mg, MnCl,+4H,0 5 mg, CaCl,+2H,0 20 mg, CuSO,+5H,0 1 mg, Bi1 #* ‘)7)(1 2, pH6.0

*ARBFTR D — ik B A =L LBRGEE AL GLIR, FEFIG0E 7 B) S X UBMIEE A S (RE, BR6IEF 4
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2. BEOWBYHEFE  Fusarium sp. MT-1 EEEL BIHS o R - THRL, PRLCER R LES LS
WL T, BERVRIIETERD O SR » THME, BHTE Sephadex G-50 12 &k b ¥ A ABETVWSER S S L LB LE
THEFIBEORBRORDIEM L, T, BEBEH500 813 LT 1 %Na,CO, BHES00 md % i 2120°C, 305 HnEh
WL, TEE% 3K TR Bthanol, Acetone ¥ X O Ether CIER S L CHESMEOERERARER L L
TERALL, BRREOEEYOHH /2 EGLTRBRREWAOBHUESELHC T -1, MT-1 EORERAH]I0 ¢
#9200 mOCIERE L AR 2R OOBIC X DREFELIRAKFT 2 BESBH L 7o, BHITREZHB0mlcEBEL o 0. 1M
phosphate buffer, pH8 0 150 mg% i1 2 100°C, 154 MIMEAL T& v < 7 B4 B &1 DOb, Pronase 5 v A7 BD
1/50& %10 %2 37°C T12065 /L %2 17 - 7z, Pronase /L % #9100 mgici@fE L, pH 48 1w FHE L € 99% Ethanol 900
mERARHEM LI, BOOHC L DL TA R EDTI0% Ethanol THi¥HE, PEOBRA 4 v KIZHEBLE T 4+ VK
LT3 BEBHOO BP0 i B LI, BfEKY DEAE-Toyopearl 650M iz X B4 A vt r <t 7 5
7 4 —&2{TVIERE Fr. ) & ®EW (Fr. II) Kf]‘@ L, &b, ThFh% Toyopearl HW65, 757/ & b
SELIZAThOBSFR SR ED TR LUERICHEL L,

—7, MI-1EHOBEE» 4B 2B UEOBR L TR LA, MT-1EHROEEAS0E AL T4%
NaOH 600 mg#% 1 2. 120°C TI05HIME L, EEECHMER OO X Y EEEZREL o, LR 1200 mQic i L
PRAHT 3 BREIBITHIO0 mlic B L, ABEYRLDMC L Y RELL, EEKICI9% Ethanol 400 me% iz ¥C
ARBEOHBC X D EDOMOBEA A v KR L T 2 BEEWR L, o2&, BEREOEHE L A Pronase it X
% HAt% 4T - 72, Pronase H{L#1299% Ethanol % R#BE 0% LD & S M TROSE L H ILTAZED
DEOBA A VIKCER LT, ZOBEELZBA 4 v K U TEN Lic, B % DEAE-Toyopearl 650M iz k& % 1
TR r= 7574 —RTCBBOFERERSEREL, BER S AEY AV CHEABR B L Y BE L,
B SR HD TEM Ui, MW % Toyopearl HWT5 12 & 5 # A AB % T WE S TR ED TEMB LI, ZOFH
5% Fr Il & UCRBIfE LAz, Fr.1ix Mannose %3R4 & L ##& o Galactose ¥ & 0 Glucose % & {54 4%
TH D, Fr. Il E60%, BEEL40% % & LR SR Ch i & LT Mannose, Galactose ¥ X Ot Glucose %
EREOLIIT6 3 1TH ok, Fr. I & iiE60%, BRMEREA0% 2 5% % R 28 Crh 8 & L« Mannose, Ga-
lactose %5 X 18 Glucose X &R EDHIZE 1 4 1 1 Tholt, Froi IO Fr Il vwihd BEErI%BESHE
L O e B0 BT, Sh b SEOLERS OV TIREREFTH 3,

3. HEBEE B)IAREFETRIOLE N1 EXI0mOBERICFTARLEL L, £0 1% TEER DR 4 md

B LRCTT BEERE SR L, B ERET LIEhORFER E LR Uk Fusarium sp. M7-1 8k
DEEOBMPRD LI OB, L0l BEFELH L VCEMCERHL 5 BEIRE S8R L, PHRERERCE
DED SRR T > o, £ OKEAESIES X 00 U2 E B, BHARE, MI-1 EHEOBEE(L % Na,CO, T
oOWMHEE) 1g, NH,NO;2g, K;HPO,1g, MgSO,-TH,005¢g, i1 +vKk1 8, pH60TH %,
4, MREHOAFE o-Mannosidase 5% p-nitrophenyl-a-D-mannopyranoside ¥ k OB~ v v ¥ &
& UTHIE Lz, p-Nitrophenyl-a-D-mannopyranoside 0.5 gmole, %438 DB, phosphate buffer (pH8.0) 100
umole ¥ & U CaCl, 10 gmole  &¥Lr& 4 1 mbod RIGH % 30°C TIOHHIR G & e, KIGH#0.2MNa,COs 2 mg% b0 2.
TR EE 2t £ Ut p-Nitrophenol %420 nm 313 2 BEEW X © BE Uk, BERIEY 1 unit 13 1 fsic
1 umole & p-Nitrophenol ¥ &R T35 L BABRE L L, B~ v v HEBE LT8R, B~V F V2
mg, BB OEEI, phosphate buffer (pHS.0) 150 gmole, CaCl, 15 umole ¥ &1:251.5 MO KIGH #30C T 1 B
RIR G & 45T % Mannose % Somogyi-Nelson tkic & ¥ & U CBERESE P AE L 7o, BREEL unit 13 1 55
iz 1 gmole © Mannose & R$T 5 NBLREREE L, ki, BHEENR p-Nitrophenyl-a-D-mannopyrano-
side &% & U TRIE L4 1it @-Mannosidase (PNPMP) i< v + v % H 73841k «-Mannosidase
(mannan) °ZF L7,

5. BOXER £ER7 =/ -ARBEY LY, BT Somogyi-Nelson %® 1 & b £ h %+ Mannose %
BRyEL LTERELL,

6. 72AvbNI5714M— BERHSOGHOdD@HEBrsr e~ /7574 - (TLO R AA 7 #HBl Y BT L~
F60 Fase (5emX10cem, 0.25mB) 2 FEHLCTEROBFELYHVCCERCLARIC I VBEL TTo%, FHEITER
BAEELMAL T %, BEBEOHERITTRO®Y TH5B, n-butanol-ethanol-water (6: 2: 2: , v/v/v),
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n-butanol-acetone-water (4:5:1, v/v/v), ethylacetate-#-propanol-water (10:2:0.5, v/v/v), ¥ 7=, Bio-Gel P
L2EBOCB LB I BRGERD OIS 1T -7,

ERBERE I UEE

1. SEIMBREEFORR TiEROKEM 4mrRBYE (18mX18m) KHHEL, 24BH28CI I\ TR
EORBLLDOYRABHIOmMY EL50MESA7 5 A 2 EB L8 C T3 HEEE 5BR L, BHlEARIL
Fusarium sp. M7-1 Bifko 4 %4k 30 g, Peptone 10 g, KH,PO, 2 g, MgS0,-7H,005g, Bif 4~k 1 4, pH60 ©
b5, BEREROSEC X Y HGEBRFEL 01M Phosphate buffer (pH6.0) izt L24RERE 4 Cic s\ TBIT L7,
Fusarium sp. M7-1 Bk DOBEE 4% (Sephadex GE0 It X 5 ¥ A A @I X DB Lo b ) #EH L LTERED
BILEOEREXEIE L, MBS, »U020RIE OV THANLER, £ 0kl TSHESRERIRDbh
e oted’, Table LR X 9ic, 2, SOWHRIZOWCREENRD bR E S 0 b BBV SRIEE LR LI,
DBEORBRIAERY AV TIT» e, FAERIENAEHEEE THNERTEHR L cWERETH S, AEKROEE
R B MBSV TRBEREF TH 5,

2. BROLERGE #RT5X5K ARORBERY ZBCEB IS AERT»ETEO R F13 Man-
nose T - fe O CHRICEI L 5 BRI a-Mannosidase TH 5 5 L #E L, p-Nitrophenyl-a -D-mannopyrano-
side ##'H & +% «-Mannosidase {EM 2 #E & U CBREEOLKBICOVWTEN L, FOBEEIL Table2 51 18
Fig. 1o & kb TARBERZROLEFE N LT Fusarium sp. M7-1 Bk OB & ¥ 7211 Methyl-a-D-mannoside #3583 72 %)
RERLIc, SO ERABENPFEBRETHIBILERTLOTHS, FUYEOFAET CIIBEHR O EERIEH20
RRE BE BT % 0 24RR B IR & 75 0 DB R <« RET T3 E 23580 b hi,

Table 1. Production of polysaccharide-degrading enzyme by the isolated bacteria.

The reaction mixture containing 200 xg of the polysaccharide, 100 zmole of phosphate buffer pH 6.0 and
0.5 ml of the dialyzed culture filtrate in a total volume of 1 ml was incubated for 12 hr at 30C. Reducing
sugar liberated was determined by the method described in the text.

Strain Enzyme activity
tested (Reducing sugar liberated, xg/ml)
6a 141

10¢c3 14.2

10c4 36.4

18a2 4.1

18b 3.5

20b 3.5

50b 55.9

50c¢ : 38.5

53 45.5

44c 155

Table 2. Effect of inducers on the production of a«-mannosidase.
The bacterium was grown for 30 hr at 28 °C with shaking.

Inducer a-Mannosidase (PNPMP)*produced

(munits/ml)
None 0.1
Mycelium of Fusarium sp. M7-1 (30 mg/ml) 4.6
a-Methyl-D-mannopyranoside (500 xg/ml) 18.0

*Enzyme activity was determined with p-nitrophenyl a-mannopyranoside as substrate.
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Fig. 1. Effect of a-methyl-D-mannopyranoside on the production of a-mannosidase.
- : a-mannosidase produced without addition of inducer,

: a-mannosidase produced with addition of a-methyl-D-mannopyranoside, — « —: Growth
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Fig. 2. Time course of hydrolysis of the polysaccharides by the crude enzyme preparation
The reaction mixture containing 20 mg of each polysaccharide, crude enzyme solution (300 munits as a
-mannosidase(mannan)), 1 zmole of CaCl, and 100 gmole of phosphate buffer (pH 8.0) in a total volume
of 2 ml was incubated at 30 °C for a period indicated.
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Fig. 3. Gel filtration of the reaction products on Bio-Gel P-2.
The reaction conditions were the same as those in Fig. 2. One ml of each reaction mixture inbubated for
24 hr was poured over a column (2.6 cm x 68 cm) of Bio-Gel P-2 equilibrated with deionized water and
eluted with deionized water at a flow rate of 1 ml per min. Ten-ml fractions were collected.
(A): Yeast mannan, (B): Fr.1, (C): Fr I, (D): Fr.III
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Table 3. TLC and HPLC of monosaccharide fraction in the reaction products

R; value on TLC Retention time (min)
Material ' Hitachi  Hitachi
A B C S019N°  GL-Cell**

Monosaccharide
fraction from

Fr. 1 0.41 0.48 0.16 13.0 17.0

Fr. 11 0.40 0.47 0.16 13.0 17.0

Fr. IiI 0.41 0.48 0.16 © 131 17.1

Yeast mannan 0.41 0.48 0.15 13.0 17.0
Mannose 0.41 0.48 0.15 13.1 17.0
Galactose 0.30 0.40 0.07 25.0 16.0
Glucose 0.38 0.41 0.09 80.0 15.5

A : n-Butanol-ethanol-water (6:2:2, v/v/v)

B : n-Butanol-acetone-water (4:5:1, v/v/v)

C: Ethylacetate-n-propanol-water (10:2:0.5, v/v/v)

* Eluted with 0.167 M borate buffer (pH 7.5) at a flow rate of 1 ml per min at 65°C.
** Eluted with water at a flow rate of 1 ml per min at 60°C.

Table 4. Yield of mannose and mannobiose.

Reaction products

Substrate (ug/mg of Substrate) Manno}ksiz:)tslg/l?/fannose
Mannose Mannobiose

Fr. 1 490 — —

Fr. 11 92 20 0.22

Fr. HI 167 49 029

Yeast mannan 660 - -

3. HEBEROBE T F 8 LU Fusarium sp. MT-1 SR 53 2 /A 50 b BB BEYEOTHL
THkEBREL, EBKRO pHY6 0% LEMRELIOBAMCED L Srinzi, 4 TRl T24BMRERE
DB X ) T A 8% 01 M Phosphate buffer (pH8.0, Ca** 107°M 2 & LN LIBAL ABIc X b BHL .
¥4 % 01M Phosphate buffer (pH8.0, Ca** 1072 M) et L C 2485/ 4 Clo s\ TBEN LABHWE L RO 58
CXhBELCHERE L LU ToERE L,

B A G < v 7 v 35 X O Fusarium sp. M7-1 Btk o 448 (Fr. ], Fr I s L OV Fr. 111 ) wfER & eic L T 5,
Fig 2 w4 X 5 CABSZERIEBR~ v 7 v ERL L OB LI, Fusarium £¥ED 5 b0 Fr.l 4R ~vF v E
BERB Y ABERT, L L, Fr X0 Fr.ll o @Rk H % H RIFTRichoic, o& K, RIGERBK
ST Bio-Gel P-2 12 X 5 # L BB 2 F oo BR Fig 3Rt L S KER~ v F v B I U FrL.I nboERgit
Monomer R4z D & & — 7 "R b, —7, BEELZESHE LT3 Fr.ll X ot Fr. 1T 25 o &4 Mono-
mer X 5o Ehic Dimer B I NBROOERNED bhic, ARFSEPWT TLC I OBEEKE s =+ 77
74— IO G LI, FiER, Table3 kR T L 5 Monomer X4 Rf % Mannose Dz h & —FH L1, —
5, Dimer K42\ T ERESH, NMR 7t £ & % 50 R4 5 Mannopyranosyl g1 — 2mannopyronoside ¢
BHo ENERIR TS (Agric. Biol. Chem. ##55), = ® X 5 7z Mannobiose (3B}t = v 7 v =R Fusarium sp.
M7-1 Bk Db S8 n Hite S AR SR, BEEcHs Fr il sl 0 Fr. I 260 4ER LA (Tabled), 2oz
LR ED k5 ISR A Fusarium sp. M7-1 Bk OBHE > S USRI BRWCHEEL TWDH I L 2RTHIOT
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%, Fusarium sp. M7-1 BEEREWED S £ D X 5 IeBER A BIE LT B 03B BT, REFEER 2 BHY
<V FVERETSE L, al > 23X 0 al > 6 Mannobiose & 5MET B = &, RGAERY I Mannose 3 & O°
Mannobiose IS DBENRBD Hhis & L EnbE 2 TEEO HRICES LT\ 5 EEEIT «-Mannosidase(s) T 5
HErEZONS, T, KERERN 1 —» 2 Mannobiose ¥ £5,T5 2 L X E%RSLERTH v, RERESLEE
Fr B1 — 2 Mannobiose BEDEM - EED/HDORIEE LCHATELTREEND 5, ABROEEBE M-
WTRBERETTH B,
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