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Production and Secretion of Exo B-/V-Acetylglucosaminidase
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Ehime University, Matsuyama-shi, Ehime

The formation and secretion of exo f-N-acetylglucosaminidase (EC 3.2.1.30) pro-
duced by a strain of Streptomyces (L-13) was studied. This strain scereted only a small
amount of the enzyme into the culture broth while most of the enzyme appeared to be
bound to the exterior of the cell, from which it was not easily released except by incuba-
tion with 29, NaCl, 0.2 M phosphate buffer (pH 7.0), or lysozyme solution at 40°C.
Other agents such as detergent, saccharide and protease were not effective for the
liberation of this enzyme from the cell. The §-N-acetylglucosaminidase thus liberated
from the cell was found to be reabsorbed onto the cell. When the L-13 strain cells with
bound enzyme were incubated with enzyme substrate solution, the substrate was
Other strains of Streptomyces
could also form exo f-N-acetylglucosaminidase to some extent.

hydrolysed in the same pattern as by the cell-free enzyme.
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BIERY TS U7c Bacillus subtilis %38 L YRiwd 5 8%
SRAMKEET % Streptomyces O—BiRE (L-13 B) H3KE#I
Wb D VBB & 3BUIC, BIHKIC exo type @ - N-ace-
tylglucosaminidase {E. C. 3. 2. 1. 30] &4 LT3
TEERB UL
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A. oryzae,® B. subtilisY F 23 Diplococcus pneumoniae
DIEECHRESINTOBL, SEEROIMKI RS
ZHET LT EBMONTIN S Streptomyces (1212, Z&
BRICOOTORENRE M S0, BB O MR EE

* B IREE A REEE OB AL (5B 4 80
Studies on Enzymes Lysing Bacterial Cell Walls (IV)

Aspergillus niger,?

Exo type @ p-N-acetylglucosaminidase |3, 40
BB OEFICIBEE LISV, V)V F-sDkD
73 endo type » N-acetylmuramidase {44t L1 ~<7
FETY A vMRINCIER T 5 LB 0N 5. ABER
EHBES B B. subtilis BT\ T, T OREREOETRN
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BT 5 ARESE L MBI B AR O — I & LT &
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JZEITY, ABROEBEMNBEHAERICE2BNE
UTEBREfT- Te.
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A TRECABADRAEMRITOU “CHEE T 5.
EBMEERUHE

BBk CEEEE  BIEY O Streptomyees L-
13 L, ABEDRBOIDICREBFRERID
SEINTBERE AV, I3 BOERIIROSHE
O EEEERH L, 37°C T2~5 HHRED LT
Frote. M (A); yva—20.5%, BEBT+20.2
%, KoHPO,4 0.2%, MgSO4+7TH:0 0.1% % K UF NHs-
HiPO4 0.19%, pH 7.0, ¥ (B); pH 9.0 icH% U7
11 (A), ¥ (C); 1.5% fxi % &teki (A), Hiith (D);
7wy A v B, B (E); IABRESRA B B, D
pH 7.0 2R 7.

BREHAEX 1mM p-nitrophenyl p-N-ace-
tylglucosaminide 1.0 ml, 0.05M Y v EfE@EK (PH
6.5) 0.5ml 3 X U B 0.5ml 2 A SUSHKALRK &
50°C 10 RIS XY, #HHL/ p-nitrophenol %
8.0ml. 0.1 M NasCOs #5222 TERAL, 430nm
OB A RE Lic. BREHRCOEHTT, 15
RSiz 1 ¢ mole (D p-nitrophenol 7 5#E U 75 1 AT &
L7z

2H
Koch-Light $¢ 2.4 7.

p-nitrophenyl - N-acetylglucosaminide {3

£ B B R

MM D BROEN LIS EAEx O TR
3% UEsbrh ic 2 X5 f-N-acetylglucosaminidase
BAm~yr. i (A)~(E) @ 100ml % 500 ml 3%
07323k, ThichEEE L7 L-13 §@% 10ml
L, 37°C TRESERET, RREIICHERER
WOREEE®ARE L (Fig. 1).

e (A) B XU EH (B) T3, $HihORERER R
HE% S HEHIKE S ¥ TR IEL - 1o ThiextL
T, B (B) b kUkEH (C) TlIEERE% 2 HE TR&
CEL, ZoEbBVCEBBED LNl THIIEER
OHBEX DT LABEOEEANDOIMDORE TR
WhEEZ, ABED L-13 Bick 1 2iEE R~

BEO L-13 BkCHITI/EE LOERICE
W, BEHihic S BOBREER LI B) 5 LU
(C) &, BEREODISH- kM (A) 2H0 L-13 &
% 2 ORIk U7, Fig 2 iORLCX DGR LR
%757 Vs vOBEEEERE L (Table 1).
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Fig. 1. Time course of B- N-acetylglucosamini-

dase accumulation in various culture broths
by L-13 strain.

—(-- medium (A), —(O— medium (B),
—@— medium (C), —@— medium (D),
——@-- medium (E)

25,757 va v gzondhe bR DO THEK
WamR LT 5.

Table 1 itk LIz kD1, BEAMAICOTIOR
WTh, BRNEERBASED SN Bl
(A) TIRAWEER T L TBIAEABROEAB B,
B (B) 35 X U (C) T, SWBEOEI&BED
cEd@mbdohtc. bbb, VIO THAE
FIREEIN D, HEHICAWMEINE0EPICEBDH
BENSCETHD. T OBEKREAREE L SWEED

Culture

1
Centrifuged at 7,000 x g for 20 min

!
Sup (Fraction I) Ppt

Washed twice with water

Centrifuged at 12,000 x g for 20 min
- l

-

Sup P1|3t
Suspended in 2% NaCl and
incubated at 40°C for 1 hr

I
Centrifuged at 12,000 x g for I20 min
i

|
Sup (Fraction II) P1|>t
Disrupted with Vibrogen Cell Mill

Centrifuged at 12,000 X g for 20 min

| \
Sup (Fraction III) Ppt

Fig. 2. Fractionation procedure of B-N-acetyl-
glucosaminidase from the culture of L-13
strain.
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Table 1. B-N-Acetylglucosaminidase in three sol
fractions obtained from L-13 strain grown
on various media.
6of o

Enzyme activity
(units/ml x 10-3)

Fractionation —
(A) ®) (%)

Fraction I

(extracellular) 1.2 23.0 19.2

Fraction 11

(cell-bound) 15.7 4.0 6.2

Fraction III

(intracellular) 0.3 0.4 0.4

L-13 strain was cultivated in the medium (A),
(B) or (C) for 2 days, and each fraction obtained
by the treatment shown in Fig. 1 was subjected
to enzyme assay.

U bDOTHIL, BRI OERFICE-T,
BRSSO L 0l LT i it S h e
BOTRIBONEEZEZOND. £ T, SWEEEEHE
FREOHEOUHEOREREZF~S C LicLk.

FBBREBFESEEORR DWEFRLE LT
(355D (B) THIE UCBEBFR A, Bk oS
E LTI (A) TRELULEEKDP OBEICK > TH
I BRELARV.. ERITEE L, FhEhol
REHBE T v = Ak BN 0. 88F0) 2170,
Kicst UTENT Lo Bk ang L.

THLEER B LU BARSS#ER 7 L-13 Bk ICHEREA
TEMNE DI DEFEN . BELBIC X - THEE SR
F#%E E DR L-13 Bifkx 100°C ¢ 5 R L,
XoIT 7 —uo— b+t LTOINERTI G- 1.
TNEKEL TREIERE B & B L.
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Fig. 3. Reabsorption of two formes of the en-
zyme onto cells of 1.-13 strain.

The L-13 strain cells from which cell-
bound enzyme was removed by NaCl solu-
tion were suspended in extracellular or cell-
bound enzyme solution and the suspension
was incubated at 30°C. with shaking. At
appropriate intervals, aliquots of the suspen-
sion were withdrawn and filtered with Toyo
Roshi No 5 C and the filtrate was submitted
to enzyme assay. Enzyme absorbed by the
cells was expressed as the per cent decrease
in the enzyme activity of the suspension dur-
ing the incubation.

QO: cell-bound enzyme
@: cxtracellular enzyme

GAEHR LT DR B JU B A RER 20
mg % 0.056M Y v EEEE W (pH 7.0) 20ml L,
Z O EEFIIC 200mg D FfERR U7 L-13 Bik4 B
BL, 30°C TWABEL. BE EHREBKEE
DML, EREBRONIC EEOREESEA T L. £
LT, BYIOBEERL O LEhOBEEROES
BRICHRS LB E LT cE L (Fig. 3).
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Fig. 4. Pattern of gel filtration of two formes of the enzyme with Biogel P-60.
Each lyophilized preparation of extracellular and cell-bound enzyme was dis-
solved in 0.05 M phosphate buffer, pH 7.0 and applied to a Biogel P-60 column (3 x
45cm). Chromatography was carried out with the same buffer collecting 5ml in

each tube.

(b) extracellular enzyme
~————— 0D at 280 nm

(a): cell-bound enzyme,
—(O— enzyme activity,
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Fig. 5. DEAE-cellulose column chromatography of two forms of the enzyme.
Each crude enzyme preparation dissolved in 0.01 M phosphate buffer (pH 7.0)
was loaded on a DEAE-cellulose column (1.5x45cm) equilibrated with the same

buffer.

of 5ml were collected.
(a): cell-bound enzyme,
—()— enzyme activity,

Figure 3 (TR L7t & H I, BERREABRDOALEST,
HWEEELEKICEAT 52 LD LN

IRic Biogel P-60 iT X 5 4 ViF@% 1T U MEER DT
BINDAE 4 B U, BEEeES 10mg %
0.05M Y v EEE# (pH 7.0) 20ml iciEh L, EU
EER T VIFBEIT- 1o &0 5h, DEEHREL IUE
FHEORERE & b S AHICHRE-D ©— 7 D 61
fo (Fig. 4).

X5, DEAE-v g —2AAF L0257 4
—dRA7. 0.01M Y v EEE K (pH 7.0) THEE/L
L7z DEAE-&) o — 2 (1.5x45cm) {T, FEERIC
Ve UlcBERI (10mg OEEHBREREZET) b
7, FEE R 0.1 M ZEIR CIAH % 3 - 7o (Fig.
5).

SR B LU RAREAREL S, 0.01M TRE
HEhT0IMBEETISEEDY 57 v ViKERY
— 72T t. O, 0.2M BETEHLTHNT
nbEREED O .

P LOBERAOBERES XU FL 707 VT 7
4 —DHERD D, SWEEREEEARRBABEORE)IIRF
UThY, MEREIARFALLOEEZLNBD, D
FOFETIIEITE RO ERESE I RICBIRT S
BRiCH 3 A OB PR £ V¥ O—THROES
DR > T 5.

EARSEEORRAT AICOERTRIAE
MBI X - Ttk & Dt S e BELEBEABR
LIEATEX . AEDACCDHREE S ORFEE-
THlc. ABEEFES LTS L-13EEK, 7775bbig

The column was eluted by stepwise elution with 0.01 M and 0.1 M phosphate
buffer and finally with 0.1 M phosphate buffer containing 0.2 M NaCl.

Fractions

(b): extracellular enzyme

OD at 280nm

H(A) T2 HREEEE UCER, KELLERICHLT,
SOBENE L F UNE% Table 2 1R Lic LAY
ARNTH-7. ¥72, COBKICEBOREZELIER
XHTZOEMSE BE L7 (Table 2).

ZDFEE, AEOMIC0.2M ) VEEEEKRICERVIE
BELSED O, FTRERTE/IY VF - LKL
OHBEBFTD LN —F, HOBRELED 5 VIIRE

Table 2. Some agents releasing f-N-acetylglu-
cosaminidase from cell of L-13 strain.

M O Drmmesciiy
Tween 80 1.0 0
SDS 1.0 0
Glucose 1.0 0
Maltose 10 0
Sucrose 1.0 0
Lysozyme 0.02 11.6
Pronase 0.02 1.7
Trypsin 0.02 1.1
NaCl 2.0 28.0
Urea 0.3M 0
Phosphate buffer

(pH 7.0) 0.2M 31.5

The L-13 strain cells cultivated in the medium (A)
for 2 days were washed with water and suspended

in each reagent solution or enzyme solution.

Af-

ter incubation of the suspension at 40°C for 1hr,
the supernatant obtained by centrifugation was
subjected to enzyme assay.
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- Table 3. Production of f-N-acetylglucosamini-
£ dase by various actinomycetes.

@ 150 II/O
] o ..
£ Strain Enzyme activity
£ o (units/ml x 10~3)
s 100 o/ —
| / Streptomyces albus 17.1
o o Streptomyces albidus 29.5
Z sof / Streptomyces albidoflavus 19.0
& ° Streptomyces carifornicus 4.7
. il Streptomyces griseoflavus 4.5
0 2 4 6 8 to 20 Streptomyces griseus 1.1
Cell concentration ( mg /2ml ) Streptomyces rimosus 1.2
Fig. 6. Enzymic action of L-13 strain cells bind- Micromonospora fuscus 1.0
ing f- N-acetylglucosaminidase. Micropolyspora brevicatena 1.2
Various amounts of lyophilized cells , .
were suspended in 2.0ml of 2mM p-nitro- Nocardia wml'lma 2.9
phenyl - N-acetylglucosaminide solution dis- Streptosporandium roseum 3.0
solved in 0.01 M phosphate buffer (pH 6.5) Streptomyces 1.-13 27.4

and the suspension was incubated at 40°C.
After the incubation for 10min, p-nitro-
phenol liberated in the suspension was de-
termined as usual.

EHHTRERIILLEL, FuFT-EiIDLED
Sitc. ) VEERE A RO TR OBIKD O OIAHE
OEBMEMHEBRE Uic. TR, L-13 Eik%s 0.2M
BE, pH6.5~7.0 OEEKICHEE L, 40°C T 2 KR
WL AT 2 LEAEABRORENER LIS 1
DT, IhzPREREABROERLDOBEOE
Bt & Ui,

BAHABROBRER HARABESEKIC

{2 DWIRETHRIEAETZ 20 B 02 RE L.

AERERHEE LTS L-13 BERZHEELEEL, 20
HkE 2mg 5 20mg FCABEL, fhEh%
2.0ml OEHEVEEK (0.01M O ) v EHEEHICIAR) 1©
ML, 40°C Tl04RHMHE Lic. CoMEBHKERE
4k No. 5C ¢tiFE L, ZOF#®% 1.0ml % 9.0ml ©
Na:COs JFIKICNZ, 430nm OWRSLE A B4 %8 D
p-nitrophenol B4k /- (Fig. 6).

FHERLD, CORMTRAMEDOE KL D
HEZED TN DT, Fig 6 O#EL SERE AR
FBERICHEA Lk TRRERZT S C &L8T&
5EVZB. 8B, BRICGHEAINIRETOREER
M3 OBER TR D60~T0B T dH - 7-.

ZOHOBMEBICKIFBEOEE L-13 o
B- N-acetylglucosaminidase 283 hic B LT 5D
W, BEEHRINUICERLEZNE TS Y flic L
B THRBELIEATH-7.. £2T, BUXS 1M

Each strain was grown on a medium composed
of 1.0% meat extract, 1.0% peptone, 1.0% NaCl
and 0.2% yeast extract, pH 7.0, for 2-5 days, and
enzyme activity of the culture filtrate was deter-
mined.

% b - L HBEPEET 50 TRIEOLEEZ, ¥
OB IC DWW T C OB DA EDH A H~ 7.
L-13 DA OB, 4% CTHA LIt 3 hokE
KENWTHEBBEEICEP-12OT, 0.2%ERT
FREGLT v 7 Av v (REREEL 0%) 26
AL, 37°C T2H®S 5 HIER LU CABTNHERLE
ol ERE VORBEFREY LD, TOEBEFBRTO
B TE % B L7z (Table 3).

RER L2 d D Streptomyces O Btk & EBERIEMEIC
BWBPRHLIINE S, ABMEEEET L EBEDL
Ntz #gic, Streptomyces albidus 13T DEAEF T3 L-
BEXD B MEERL.

% 2®

B-N-acetylglucosaminidase {3 2 /%7 H B0 35
TeE s & OEABEH OB OBERNO—FERELT
FEASHFEZIH, " —HHRINL TS 6005 5.
O Ff, AEEFIIMEHEAREREOMEDO L
LT, WiREERTF F7 Y H DT ) h sz
5 BEFE DS,
muramidase TH L%, AREELZHFOTHRITSC
EMTEDLERE INTVB. 0D TR x i3 B, subtilis
TEIREESRAEEERE & U THBE L 7o Streptomyces D—EHRY
DS, BIRICRS LI ABRE > TVB T EERIL

N-acetylglucosaminidase 7» N-acetyl-
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2. —F, Streptomyces BICDONTH B EFFF —ER
ORFTDO—EE LT, * b ET—HH p-N-acetylglu-
cosaminidase JEME A fEH S > T B ED 5 $4e12,19)
PIACARERERET A EVIBERBLALRAED
.

X 5z, Ortizd &I3AMELEET S B. subtilis %
Bor, ABEREPCREEOEETHEEL, &
BEOAKICE > TR T2 EHEL, E5IC
AR C ORIEE O RATRBERR R T O DR EE 3 7C
LTNBDTIRENME HEELTHS. &1 HisE
B LTI, Streptomyces LHHEE TR LTS D
E£ L DARE b L-13EICE » T, Mg autolysin
O X515 ETRE 3 B0 £ 137 LTV ADTRIEW
PEEL, TOWHEHOMICT ST LERLT

BB & B ABROEES, EHORGEEAE
b ThER L. HEhhicSBOARRLEERT S
DI, B pH A7 vA YK LIBErH DN,
0.5~1.0%DREE TN BETHD, 52D
OREEHT TR, ABERBEKICESLTHEELT
Wie. chboEMthicnTnd, ABROEHL
B56DIRATNTNRNODT, TOBRIIHEREREIC
BRIICARENS bDEELONS. BKICHEA L
TVBMEER, 14 VREOBVERH DL, VT
— AAPER SR EICE > TEBICHK KD HEES
BB ENTED. 20T, HRESHEACKEL
#- B-N-acetylglucosaminidase & BiENEIC X - T
X BAGAREOREREE LS, LIBK
hADEREABHE VML, HF LIS TT 4T
LRI EASHEUEBEHERLE. L DR &
ABEGEREETH SO EVIMREEHFEERLD
L, BREOAREOEBIIEEBEKICESGIN
FoREETII T 3N, 50D OREEM T THERMIC
Heg i S A BRI, COREKICEaIOTY
FEERD, EOHCHMED BV IEBORMEIIC K

o7, BRI BB L TEbOTHA D LR L.

L-13 BICER B3 Streplomyces DYTE DB b HLBHI
BNEHAEET S B-N-acetylglucosaminidase %A g
FEHT LA KL, TOERRI, L-13 A8
KICHEZ S LTV 5 &5 B&H4TRBOBIRED
HEBRIEEICED - 20T, L-13 B T b i Bk
TR UM, bbb RIEE IR THEE
EfFoTND. FNPI ABROEEDED Y (B
Streptomyces DEIEDS, LISEERU XD & X
KICEEA LT B0 E D 3ME L7l s, ARER

TR SD Streptomyces DEHEIC & - T 5D L@
L7 EFRR I RE 4137 LTV B AR I+ E X 5
n3. zL7T, comfirEihd, $REFELEELS
D Streptomyces [T ABERZHFET S bOBRHINS
borEbhE. BE, hbOEERNIREORY
OFERMD E LT, ROFEEE SO EDBED LN
S. albidus @ B- N-acetylglucosaminidase & L-13 DA
FEE L A RE LR SHEIC OV TREEZ AT 5.

E #

1. Streptomyces L-13 gD P-N-acetylglucosaminidase
BHEBRIICEES D, 500 OEERATIRIZ OKE
SRERICESLTEELTNS. £LT, L-BH
R BEERM U DS 203 pH 2B Lok
THEETZE, AERIE#PICOWEINS.

2. BHRICHAL TV IBRODWMSNIERLN S
Lyu= ST 4 - BIUBERNOERAICHEUE
BERL, ChOMmBZERELLOTIREOD LIHER
INs.

3. BRICEALTOABERYVF-LIKE-T,
HHVREHEEORERED VL) Y EEEKTL
HTA5LICE->T, AL OABICERSELTLE
BTx D Fh, TOWHUBERIIECEEICHE
A9 5.

4. BRICREALTCOIBRBBAINIEET, #
MBER LR L&D ICHRIERAET S CEBTE 5.

5. L-13 B4 O BB E i & B ABER DA MR
B E, NTND Streptomyces DB b IEHICIRFFIIH
BONhE bABKREAET S EBBD LN

X K
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