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Culture Conditions for the Production of Yeast Lytic Enzymes from

Oerskovia sp. CK and Some Properties of the Crude Enzymes*

Takaji Obata, Koichi Yamashita, and Yataro Nunokawa

The National Research Institute of Brewing, Takinogawa, Kita-ku, Tokyo.

The culture filtrate of the CK strain, belonging to the genus Oerskovia, exhibited
high lytic activity toward logarithmic or stationary phase cells of many species of yeast,
when the yeast cells were used as substrate. Culturing conditions of the CK strain
giving the optimum production of the cell wall lytic enzyme were investigated.
found that glucan, the main component of yeast cell wall, and laminarin whose structure
is similar to glucan, were effective induces of enzyme production. Addition of NaNOs,
KNOg3, or (NH4)2HPO4 to the medium promoted the enzyme production, owing to
maintenance of the broth pH around neutrality. The enzyme production was also
enhanced when the medium was sterilized at pH 11.0 and readjusted to pH 7.0. This
enzyme preparation showed f-1,3-glucanase, f—1,6-glucanase, mannanase, protease,
and amylase activities. Optimum pH and optimum temperature of the lytic activity
were 6.0-9.0 and 30°-40°C. This lytic activity was stable at pH 6.0-10.0, but was
completely lost on treatment at 50°C for 15 min. The activity was also severely inhibited
by 104 M HgCl,.
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Fig. 1. Relation between the enzyme concentration Dry cell (g/1)

and the lytic activity.
Lytic activity was expressed by T.R.R. (Tur-
bidity Reduction Rate). Refer to the text.
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Fig. 2. Effect of yeast concentration on production
of the lytic enzyme.
Various amounts of yeast cells were added to
the medium containing 0.1% KH3POy4, 0.05%
MgS04:7H20, and 0.01% CaCly-2H30O. Cul-
tivation was carried out at 30°C with shaking for
24 hrs or 48 hrs, 24 hrs (@), 48 hrs (O).
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Table 1. Effect of nitrogen sources on the enzyme production.

No addition

CaCOg3 addition

Nitrogen sources

Final pH ol FimalpH R0
(NH):SOs 5.0 gl 5.3 4 7.5 78
NaNOg 6.3 7.7 80 7.8 76
KNOs 7.5 7.6 78 7.8 80
NH4Cl 4.0 5.4 4 7.3 78
(NH4):HPO4 5.0 6.6 84 6.8 84
CH3COONH, 5.7 5.9 8 6.9 78
None 6.2 65 6.8 64

The CK strain was aerobically cultured for 24 hr at 30°C in the basal medium
containing 4%, dry yeast, 0.1% KH3POy4, 0.05% MgSO47H-0, and 0.01%, CaCl; at pH

7. T.R.R.is the lytic activity (see the text).
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%D pH 3 Fig. 3 ©H v a RITR Lz Hiicz 1t
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Table 2. Effect of various carbon sources on the
enzyme production.

Substrate culiure Hlirate
Starch 0
Dextran 0
Dextrin 0
Cellulose 10
Glucosamine 17
Yeast glucan 75
Yeast mannan 30
Laminarin 40
Glucose 20
Mannose 10
Mannitol 15
Galactose 0
Arabinose 0
Raffinose 0
Lactose 0
Maltose 0
Sorbose 0
Saccharose 0
CMC 0
Chitin 0

The medium containing 29, yeast extracts,
0.75% KNOsg, 0.1% KHyPO4, 0.05% MgSO,-
7TH20, 0.01%, CaCly-2H20, and 2%, CaCOjs was
supplemented with 0.59, of various carbon so-
urces. T.R.R. is the lytic activity (see the text).

ERR2fIcER U 722 TIRERLU TN AL
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Yig. 3. Lffect of initial pH on the enzyme produc- PH
tion. Fig. 4. Effect of sterilization pH of the medium on

The initial pH of the medium containing 4%,
dry yeast, 0.759, KNOs, 0.19%, KH3POy, 0.059%,
MgSO4-7TH20, and 0.01% CaClp-2H30 was ad-
justed variously. Cultivation was continued for
24 hr at 30°C with shaking. Inoculum for 50 ml
medium was 0.5 ml of preincubation medium.
The figures in parentheses indicate the pH of the
medium after sterilization at each pH.
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B DY B RINHER T 5 LR S hre.

2) WHRREERLSY 78 MR 3R & U CHB AR 08 2L,
LZ DRERFBEINIMEHOLIE DT, B
EMO LRZ /10 ULERE LTEZ S NS D,
SHICMFENLELETZ. 1%k Tanaka 59 i3 -1,3-
glucan % 35k 4¥ & Uiz 37D polysaccharide % #H
& UC, Bacillus circulans WL 12 #3384 2 & 4-1,3-
glucanase FDARILIZ BB IC K > TRIEZZ LW
HLTN3.

EEAIERRA O TOERBTREIN/LEH
iC Oerskovia sp. CK iR RBIER L, BRAEROE
DOEE, pH, FRERSORRHZELIC2W0T Fig. 5

the enzyme production.

The cultural conditions were the same as
shown in Fig. 3, except that the medium was
readjusted to pH 7.0, after the medium was
sterilized at the pH indicated in the figure.

ICRERER L. BHOABRBEICID e L. ¥
R TREERRSHMRINEBENRBLT 2 —F, &
EEREOSHEHE U CIEINY 2 EORDRE I 5 D THY
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b UBNTERKRE S 2 DU%HR LY. RS
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Fig. 5. Time course of the lytic enzyme production
by the CK strain.

The cultural conditions were the same-as
shown in the Fig. 3. except that the medium
was readjusted to pH 7, after the medium was
sterilized at pH 11. Lytic activity (), Growth
(@), PH (A).
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Table 3. Lytic spectra of the crude lytic enzyme preparation.

Saké yeast

Strain

Saké yeast

Beer yeast

Beer yeast

Wine yeast

Baker’s yeast
Saccharomyces cerevisiae
S. cerevisiae

S. cerevisiae

S. cerevisiae

S. cerevisiae

S. lactis

S. rouxii

S. rouxii

S. pastori

S. roset

S. fermentati

S. fragilis

S. italicus

S§. carlsbergensis

§. chevalieri
Schizosaccharomyces pombe
Debaryomyces hansenii
D. subglobsus
Schwanniomyces acidentalis
Hansenula anomala

H. capsulata

Pichia kudriavzevii

P. polymorpha
Saccharomycodes ludwigii
Cryptococcus albidus
Torulopsis candida

T. famata

T. colliculosa

Candida pelliculosa

C. pseudotropicalis

C. pulcherrima

C. robusta

C. tropicalis

C. utilis

C. gulliermondii
Rhodotorula glutinus
R. rubra

Brettanomyces bruxellensis
Kloeckera apiculata
Trigonopsis variabilis

Susceptibility (T.R.R.)

8hr cultured cells 30hr cultured cells

Kyokai 7
Awanashi 7
RIB 6518
RIB 6520
RIB 6604
RIB 6706
1AM 4009
IAM 4017
L 8256

L 17807
1450-3B
AJ 4069
A]J 5289
AJ 14004
IFO 1013
1AM 4416
IAM 4394
NCYC 175
IFO 0725
AJ 5993
IAM 4616
IAM 4879
TAM 4356
A]J 5462
AJ 4288
IAM 4213
A]J 5622
AJ 4146
AJ 5535
AJ 5323
AJ 5222
IFO 0380
AJ 4342
TAM 4426
IFO 0963
TAM 4829
IFO 0561
IFO 0279
AJ 4468
AJ 5734
AJ 4498
AJ 5215
AJ 5318
A]J 5022
AJ 4798
A]J 4876

82.
91.
72.
68.
84.
85.
68.
76.
86.
84.
91.
78.
80.
68.
25.
61.
85.

7.
92.
78.
84.
61.
61.
20.
33.
92.
22.
78.
26.
69.

0

66.
11.
10.
75.
91.
68.
86.
77.
78.

7.

0
0

7.
85.
52.

0

N O NU WO OO UWODOOUOOWWUIoOO U UkenNnooo

= O OO U oo WK

6
6
0

62.0
62.0
15.0
40.0
10. 4
71.

9.

4.
25.
71.
70.
72.
46.
77.

7.
16.
13.

6.
61.
59.

6.

6.
60.
64.
23.
53.
25.
23.

0
33.

0
82.
1

OO WO NNUMOOOUUTOU AEHJgQOWUIOON

©

W oW

®
N oA
COoO o OO UOo WO

oy
N
(921

15.8

The reaction mixture containing 2ml of the enzyme and 2ml of yeast cell suspension
The susceptibility was expressed

(OD=2.0 at 660 nm) was incubated at 30°C for 2 hr.
by T.R.R.

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

B 5% 5 H]

Oerskovia sp. DHEET A BERIINIRRESE 261

canase {E# & HI8 U TRIEMNICGBIF L7 & 2 A, AR
EEEILICEINLUTEBAREL 2 ETREUMERTH -
T MENDBER LIS - T, COMBOBERDOER
YR IC glucanase PIAOBERDEE LTV 5729,
F 7213 Doi 57 BS;R~NT 3 X DI glucanase FD
HOSEBEOEBELIENT 2HEFELELIONSZH
SBBELUTHL I Lt pPH RFIRO 7155
BHEP—RET U2, LWV T VG YV HEANEE
1t Ltz

BEARYT FS L Ex ORERHCKS 2 IRREERD
el %2~ Table 3 /rRLfc. 0.1M Y v ERFEE WK
(pPH 7) iT 660 nm OWREET2.0&785% &5 EBR%E
MEL, €0 2ml cE#FH® 2ml 2z, 30°C, 2
RIS X TZD T.RR. 2 f - 7c. ZEEERET 8
AR Ul b O ¥, 30RsRIIREBRERE L7
bOEEEMOBARE Lic. T.RR. »60p, LORER
JEEAEEBL T, ABRRSEEOBRICE
FRIEHAZ R L, NEHOBKIZ S & XD EEHORK
KL THLRDOFE®EF LT ThETHRSE
ENTWZE BEFRICxd 2 B & BERO M BICE
B3 H S8 - fo. Rhodotorula glutinis, Rhodotorula
rubra, 35 KU Cryptococcus albidus \Cid age i b 5
TEBEPERERI -7z, LB OmERENS
Hic X B & Rhodotorula & Cryptococcus &2 Fhbs
o BERIBF &L SR 72 - /o group ZFERR LT 5B L
Tk, ABERORSY &MENIE L ICLEESR
LB T & ITBKEE. Pichia polymorpha DEH B
RICOFEMARI D - 1S, NEHOBIAZ AR L
T3 L Lo SRR ERMBESIC >N THREEIC
BABHED, BEEREZIEHI L -12DTHSS.

F I B OEK D BEFHOER L D BRI
3 EEHUNE ORI TH 505 Table3 RS
N3 X 5 ic Debaryomyces subglobsus., Torulopsis candida,
Candida gulliermondii 35 X UF Brettanomyces bruxellensis %
REFEHOBEKDOHBRERIEG» - 1. BET TH
EINTVIBERCTERHOERO 2R BHT S
E S DT, [MiE S @ Micropolyspora sp. DHEEET
BZEELIEON TV, ABEOMOBERITS
TEHRERNSAT, Thd 4ED strain PSEERERIT D
ZDES RSB NI D EBb S, Saccha-
romyces fragilis |3 snail enzyme i OIFIREEEFITKT L
TREHOBEBOHEKEE LTHON TN B
510 1z k. 2 & Micromonospora chalcea $> 54571 p-1,3-
glucanase % {Ef X4 % & protoplast {FARK L7225,
MBI BE UETFHRMSECTHREL/IC LS, BEN
IERAZT TV AT ¥Rt LDHESH 5.
KEBTOD S. gragilis 37130 OBHHERL TS
D, Monreal & 35F V2 strain ([T HEOHEEZFE- 12
strain TH Y AMROKHMICLZ bOTRIEVLE
bt s.

HBROEYR AEOLETIABREBKOEAD
HEICHT B/, BEEORE pH, pH &E:, A%
E, SBOEESICHOVWTHRE L., BRICIEER
FHAEBERT Uc b0, FoiiLEir (0. 48870 &&ir
LicbDERWE.

1. BROEE BEREARORRIEROEBERNE
5L, ZOHEERICLDEDP»ICETT S EOHE
1) RHZDT, CCTABRICETNTNIER
ORFEA R~ EECEE U TEBCEELTNS
EEZOhZREERV, BEF UIckkR% Table 4

Monreal

Table 4. Hydrolysis of various substrates by the lytic enzyme.

Substrate Hydrolysis Estimation
Yeast glucan + Fehling solution
Yeast mannan + Fehling solution
Laminarin + Fehling solution
Pustulan + Fehling solution
Colloidal chitin + Fehling solution
Soluble starch + Fehling solution
Na-CMC — Fehling solution
Milk casein + Phenol reagent

The reaction mixture containing 2 ml of 0.2%, substrate in 0.1 M pho-
sphate buffer at pH 7 and 0.5 ml of the dialyzed lytic enzyme were incub-

ated for 1 hr at 30°C.
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R U7, AEEFEiCZ B-1,3-glucanase, §-1,6-glucanase,
protease, mannanase, amylase JEM: A3 S,

Chitinase {E#13 55 24 ] O G TRAD SN 5 E
Th-te. RIEMIZ0.2HOREEET 2ml OFEEI
(0.1M Y vEekEMTHE, PH 7) ICBERIK 0.5ml Zinz
30°C, 1HMIRSIE74%, SRERIIARK LIGETTS
% Fehling }5# T, % 7 protease {E{%{3 phenol iRIE
WCEDHE LIz, MEZTTHMONTV 2 RWEHERED S
b, protease JEMIEMIER O FE B HRENZR/ILT

100 1

50+ °

T.RR
\\

O T Ll T : ? .]
20 30 40 50 60

Temprature (°C)
Fig. 6. Effect of temperature on the lytic activity.
Reaction mixtures containing 2 ml of the
enzyme and 2 ml of yeast cell suspension (OD=
2.0 at 660 nm) were incubated at various tem-
peratures for 1 hr at pH 7.

1004

& 50

pH

Fig. 7. Effect of pH on the lytic activity.

The reaction mixtures consisted of 2 ml of
enzyme solution and 2 ml of cell suspension in
buffers of various pH. Buffers used were 0.1 M
tartrate (pH 3.0), 0.1 M acetate (pH 4.0-5.0),
0.1 M phosphate (pH 6.0-7.0), 0.1 M tris-HCl
(pH9.0), and 0.1 M Na-carbonate (pH 10.0-11.0).

A EZ - E FE— - AR

(BT 3R53% 19754

WN5BEN D FEIILIBID 3l B3, KBERICE
UC, protease JEMEDFHNT E2EZ B EIEEIERD
F4kIT protease TIZHINEELNB.

2. R#@imEds LU pH : pH7 TGRSR KICE
TS DEBRIEE Kk Fig. 6 ik L. 30~
40°C BB TH - 7. KT 30°C, 1 O RISICE
v B3k 4 O pH TORERER 2k Fig. 7 1R L.
BE T tartrate, acetate, phosphate, tris-HCI, Na-
carbonate O£ 0.1 M IFHE AV, B pHIZ6~

100 4

o....—-o——-O/.

50

AN——

é a4 5 6 7 8 9 10 i
pH
Fig. 8. The pH stability of the lytic enzyme.
Mixtures containing 1 ml of buffer solution

of various pH and 1 ml of enzyme were allowed
to stand for 72 hrs at 5°C, and the residual ac-
tivity was assayed. Buffers used were the same
as described in Fig. 6, except that buffers were
diluted to 0.01 M.

1007 "‘"\.__———.\
-
2
=
5 501
O
2
k=
[
a
0 T Y . —_ S
0 10 20 30 40 50
Temprature (°C)

Fig. 9. The thermal stability of the lytic enzyme.
After standing the enzyme solution in 0.1 M
phosphate buffer at pH 7.0 for 15 minutes at va-
rious temperatures, the residual activity was
assayed.
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Table 5. Effect of various metal salts on the 4, AHBFIZEHOBRAEREEKICERL, I
activity of the lytic enzyme. Wik Loesifiomfog s sticE@ Lz, Lal

Metal salt TRR. Relative WET U7 o dT, Rhodo.torula glutinis, Rhodotolura
activity rubra, 35 LU Cryptococcus albidus \CI\IVER LIS h - 72,

FeSO4-7H,0O 40 125 ¥ 7z Pichia polymorpha D5 HHIBEAIC SFER Lidh -

MnSQO4-4H,O 26 81 7z.

ZnS04-7TH,0 32 100 5. AMEBEZEORRBICEITA2EEPHIZ6~9ICE

CaClz-2H20 40 125 D5, pHO6~10 TERETH » . T 7 40°C, 154>

CuSO45Hz0 34 106 DRI THERDETFHE >0, 50°C, 155D TE

Pb(NOs)2 26 81 & L7 10-¢M o HgCl THERIRZAICHEEZY

leSO4'H20 34 104 f‘

(NH4)§MO7024-4H;0 26 81 -

HgCl, 0 0 X K

SnClg-2H20 30 93

53, 24 .
Concentration of each metal ion in the reaction ’ 9 Q975)

mixture was 10-4 M. 2) Mann, J. W., Heintz, C. E., Macmillan, J. D.:
J. Bacteriol., 111, 821 (1972).
9 ORJICERD STz, 3) Okazaki, H.: J. Ferment. Technol., 50, 405
3. PHBIUREBLRE  pH ZEH 3 BREE (1972).
PH B L 5°C, T2KfEikEBR-OBEEHR% pH 4) Edwards, T. E.: Method in Carbohydrate Che-
7, 30°C CTHIE LR % Fig. 8 it;rL7. pH 6~10 mistry (Whistler, R. L.) Vol. 5, 178, Academic
TRETH -7 BLEH2 pH7 CREFEICISHE Press, New York and London (1965).
BR-1-BREBEEAHIE L. 0oERE%L Fig. 9 K 5) Tanaka, H., Kobayashi, Y., Ogasawara, N.:
AU 40°C 15 MomBTEEORI VR O N, Agr. Biol. Chem., 38, 967 (1974).
50°C, 154 oM cEM IR EbL . 6) Kitamura, K., Kaneko, T., Yamamoto, Y.: J.
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