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Exposure to electric field (EF): Its palliative effect on some
clinical symptoms in human patients

Shinji HARAKAWA"?, Fuyuki DOGE”’, Atsushi SAITO"
(=8 1 2001410 H 29H)

ABSTRACT

The palliative effect of electric field (EF) at 50-60 Hz, which are frequency bands
for commercial application was evaluated on 55 different clinical symptoms identi-
fied by users of Healthtron (Model HES-30, Hakuju Institute for Health Science
Co., Ltd., Tokyo, Japan), a putative therapeutic device. During a period of ap-
proximately two years, there were 1,203 Healthtron users, and the 505 who had
undergone exposure at least twice, and likewise accomplished the questionnaire,
constituted the randomly selected pool of patients in this study. The patients age
between 20 and 90 years old, with 85.3% comprising the>40 years age bracket, and
there were 208 males and 297 females. Symptoms that were identified by at least
10 patients included cold feeling in the extremities, fatigue, headache, hyperten-
sion, Insomnia, joint pain, low back pain, pain in the extremities, pruritus
cutaneous, sensation of numbness in the extremities, shoulder/neck pain, and
stiffness. The palliative effect of Healthtron therapy was evident with headache
without accompanying fever (91.7%), joint pain (66.7%), lower back pain (57.3%),
shoulder/neck pain and stiffness (56.0-57.8%), and in alleviating fatigue (55.0.%).
Overall, the palliative effect on pain-related symptoms affecting locomotorial or-
gans (head, joints, shoulder, neck, extremities and abdomen), non-ascribable to
trauma, was recorded in 175 (58.5 %) of 299 cases. No patients claimed palliative
effect of Healthtron immediately after a single exposure, suggesting that the alle-
viation of pain associated with specific symptoms necessitates long period of ther-
apy. Since there were differences in the frequency (2-several), and interval of
exposure among the patients, the potential correlation between the duration and
interval of exposure with palliation could not be evaluated. In future related
work, well-defined exposure conditions and other evaluation criteria, and sizable
number of subjects limited to a targeted set of symptoms should be instituted.

Key word:commercial power frequency:;extremely low frequency;electric field;pain.
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INTRODUCTION

Electric field (EF) exists whenever a positive
or negative electrical charge is present, and it
exerts force on other charges within the field.
Any electrical wire that is charged will produce
an associated EF even when there is no current
flowing. The strength of the EF is measured
in volts per meter (V/m). The higher the volt-
age, the stronger is the EF at a given distance
Magnetic field (MF), on the
other hand, arises from the motion of electri-

from the wire.

cal charges. The strength of the MF is meas-
ured in amperes per meter (A/m). Generally,
however in researches on electromagnetic field
(EMF), scientists specify a related quantity,
known as flux density (in micro tesla, ¢T), in-
stead. In contrast to EF, MF is only produced
once a device is switched on and current flows.
The higher the current, the greater 1is the
strength of the MF. Like EF, MF is strongest
close to its origin, and rapidly decreases at
greater distances from the source.

Extremely low frequency (ELF<300 Hz) elec-
trical stimulation has been used as a form of
electrical treatment to promote callus forma-
tion (Hashimoto, 1975), heal inflammation (Lee,
1993), and in the palliation of acute lower back
pain (Ghoname, 1999).
tion however has not been clarified, and its as-

The mechanism of ac-

sociation either with EF and/or MF is unclear.

In 1972, the Ministry of Health and Welfare,
Tokyo, Japan approved the manufacture of
Hakuju AC High Voltage Electric Field Health
Device (Trade name: Healthtron with Approval
number 14700BZZ00904),
utilizes ELF EF without generating MF, and

supposedly a physical therapeutic instrument

an apparatus that

in the alleviation of pain related to shoulder
stiffness, insomnia, chronic constipation, and
headache.
ings on the palliative effect of Healthtron

In this paper, we report the find-

pooled from inputs of patients by way of a

questionnaire.

MATERIALS AND METHODS

Electric potential apparatus and method of ex-
posure to EF

The electric field exposure apparatus,
Healthtron (Model HES 30, Hakuju Institute
for Health Science Co., Ltd. Tokyo, Japan) was
used. Healthtron comprises a step-up trans-
former (a device for controlling the voltage in
the circuit), a seat, and electrodes (Fig. 1). It
applies high voltage to one of two opposing
electrodes to make a constant potential differ-

ence and form an EF in the space between the

two electrodes.

pper electrode
Healthtron

Lower electrode
(black panel)

Figure 1. Electric field exposure system. Healthtron
comprises a booster, a seat, and electrodes.

The users were comfortably seated and al-
lowed to read a book or sleep during the dura-
tion of exposure. To prevent accidental electric
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shocks due to formation of electric currents,
the subjects were not allowed any form of bod-
ily contact with the floor, as well as with any-
one (operators and other persons exposed to
electricity) during treatment. The insulator-
covered electrodes were placed on the floor on
which the feet were allowed to rest, and on the
head of each patient. The initial power supply
of 30,000-volts (ELF of 50 or 60 Hz), was ap-
plied to the electrode placed on the foot, gener-
and head-

Exposure to electricity

ating an EF between the foot-
positioned electrodes.
lasted for 30 min per session, and the fre-
quency of exposure varied from once daily to

once per week.

Administration and processing of questionnaire

The efficacy of Healthtron was assessed
based on the results obtained from question-
1994 to

Toranomon Clinic

naires administered from August 1,
30, 1997, at the
Minato-ku, Tokyo, Japan, under the direct su-
pervision of Yuichi Ishikawa, MD. A total of
1,253 patients (489 males; 764 females) were ad-
ministered the instrument, of which 505 (208
males; 297 females ), visited the clinic and used

June

the Healthtron device and accomplished the in-
strument at least twice. Others may have used
the device more than twice. To reduce the ex-
tent of subjectivity of the entries in the ques-
tionnaire, the evaluation of the palliative effect
of Healthtron was limited to these 505 pa-
tients.

Every Healthtron user was attended to by a
physician, and interviewed on the palliative ef-
fect of the
The

chief/major

instrument during the previous
instrument included questions on
bodily

past medical history and treatment, frequency

visit.
complaints (=symptoms),
of utilization of Healthtron and impressions
after use, including its palliative effect, and the
user's personal possession of Healthtron. The

195

severity of symptoms at the first hospital visit
was rated 3, the after
Healthtron therapy was classified )
grades, namely: very good (5); good (4); un-

a and severity

into

changed (3); aggravated (2); highly aggravated
(1). Very good and good were classified as "pal-
liated", and the duration of palliation in days
irrespectively of the frequency/interval of ex-
posure, was likewise recorded.

RESULTS

The patients' ages ranged between 20 and 90
yvears old, with 85.3% comprising the>40 years
age bracket (Table 1). There were 208 (41%)
males and 297 (569%) females. Fifty-five different
symptoms were identified, and the proportion
of those patients that reported palliation per
symptom with Healthtron therapy are summa-
rized in Table 2. Symptoms that were identi-
fied by at least 10 patients included cold
feeling in the extremities, fatigue, headache,
hypertension, insomnia, joint pain, low back
pain, pain in the extremities, pruritus cutaneous,
in the
shoulder/neck pain, and stiffness. The pallia-

sensation of numbness extremities,
tive effect of Healthtron therapy was evident
with headache without accompanying fever,
organopathy such as subarachnoidal or cere-

bral hemorrhage, or inflammation (91.7%), joint

Table 1. Age range and sex distribution of
Healthtron users.
Age range Number Male : Female
of users
~20 2 2:0
21~30 38 15:23
31~40 34 10:24
41~50 81 29:52
51~60 147 59:88
61~70 143 69:74
71~80 50 20:30
81~90 10 4:6
Total 505 208 (41%) : 297 (59 %)
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Table 2. Palliation rate in b5 identified clinical symp-
toms in 505 patients.

Symptoms No. of patients | No. of patients with palliation (%)
abdominal fullness 1 0(0)
abdominal pain 2 1(50)
allergic constitution 7 3(42.9)
alopecia 3 3 (100)
arrhythmia 2 1(50)
back pain 5 3 (60)
blurred vision 5 2 (40)
chest pain 1 0(0)
cold feeling in the extremities 14 6(42.9)
constipation 5 3 (60)
cough 5 3(60)
deafness 2 1(50)
diarrhea 3 3 (100)
dizziness 5 3(60)
ear ringing 7 1(14.3)
enervation 4 3 (75)
exanthema 4 1(25)
eyestrain 5 1(20)
facial edema 1 1(100)
facial numbness 2 0(0)
facial paralysis 1 1(100)
facial stiffness 1 0(0)
fatigue 20 11 (55)
generalized muscle stiffness 1 0(0)
gingival pain 1 0(0)
glycosuria 7 4(57.1)
headach 12 11(91.7)
heavy feeling in the body 4 2(50)
heavy feeling in the head 1 0(0)
heavy feeling in the legs 1 1 (100)
heavy stomach feeling 1 0(0)
hypertension 10 4 (40)
insomnia 17 8 (47.1)
|jaundice 1 1(100)
ljoint pain 45 30 (66.7)
loss of appetite 1 0(0)
loss of grip 1 0(0)
lower back pain 89 51(57.3)
menstrual irregularity 1 0(0)
pain in the extremities 31 10 (32.3)
palpitation 1 1(100)
paralysis in the extremities 3 0(0)
plantar edema 4 2(50)
pollakiuria 1 1(100)
pruritus cutaneous 10 4 (40)
rigidity of the arms 1 1(100)
sensation of numbness in the extremities 29 11(38.0)
separation of the calx epidermis 1 1(100)
shoulder or neck pain 25 14 (56)
shoulder or neck stiffness 90 52(57.8)
sore throat 2 1(50)
stomachache 5 4(80)
swelling of joints 2 2 (100)
trembling of the extremities 1 1(100)
urinary incontinence 1 0(0)
total 505 268 (53.1)

pain (66.7%), low back pain (57.3%), shoulder/-
neck pain and stiffness (56.0-57.8%), and in alle-
viating fatigue (55.0.%). Interestingly, the

palliative effect on pain-related symptoms

affecting locomotorial organs (head, joints,
shoulder, neck, extremities and abdomen) was
recorded in 175 (58.5%) of 299 cases. These pain-
related symptoms were not ascribable to trau-
mas. Of the 10 patients with pruritus
cutaneous, while 4 claimed to have been palli-
ated, the clinical manifestations were aggra-
vated in one patient after the first therapy.

Figure 2 shows mean duration of palliation
per symptom irrespective of the frequency/in-
terval of Healthtron therapy in 505 patients.
Considering the small sample size in many of
the symptoms identified, an inherent limitation
in this study where the researchers were solely
dependent on data generated from the ques-
tionnaire, we believe that the persistence of the
palliative effect of therapy could be validly de-
scribed only in those symptoms that were iden-
tified by at least 10 patients showing>50%
palliation rate. Palliation of fatigue lasted for
about 50 days; joint, lower back, and shoul-
der/neck pain were alleviated for 100 days or
more; and headache and shoulder/neck stiff-
ness were palliated for a little less than 100
days. The longer mean duration of palliation
noted among many other symptoms could be a
reflection of the sample size rather than the
real effect of therapy.

DISCUSSION

In this study, the efficacy of Healthtron was
merely evaluated on users' subjective answers
to the questionnaire, and there were no objec-
tive evaluation criteria used. Palliation rate
of>50% for a particular symptom is suggestive
of the efficacy of Healthtron. Considering the
insignificant number of patients who identified
some specific symptoms relative to others, the
evaluation as well as comparison of the effect
of therapy on the 55 different symptoms is not
statistically tenable. Since there were differ-

ences in the frequency (2-several) and interval
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Figure 2. Mean duration of palliation of symptoms irrespective of the interval of treatment.

of exposure among the patients, the potential
correlation between the duration and interval
of exposure with palliation could not be evalu-
ated, as well.

effect of
Healthtron immediately after a single expo-

No patients claimed palliative
sure, suggesting that the alleviation of pain as-
sociated with specific symptoms necessitates
headache,
joint, lower back and shoulder/neck pain and
with
palliation lasting for approximately 150 days

long period of therapy. Fatigue,

stiffness registered>50% palliative rate,
or shorter. Present data on palliation of head-
ache and shoulder stiffness, as well as on con-
stipation (6/14=43%), and insomnia (8/17=47%)
collaborate earlier claims of the Healthtron
manufacturer at the time of the product's ap-
proval.

One of
pruritus cutaneous after initial exposure to
Healthtron.
whether this was effected by exposure to EF.

patient experienced exacerbation

It was unclear however, as to

It would be interesting to do a follow-up obser-
vation on this phenomenon. In another patient,
numbness in the extremities due to diabetic
blood circulation impairment was palliated by
EF exposure. Interestingly, in NOD mice, the
onset of diabetes is inhibited by EF, implying
the possibility that diabetes mellitus and its
palliated by EF exposure
(Sakamoto et al., 1995). This cannot be simi-
larly concluded in the present study, since the

symptoms were

patient manifested other symptoms, as well.

Despite certain limitations, results of the
present findings clearly point to Healthtron's
palliative effect principally on pains associated
with the head, neck, back, shoulder, joints and
extremities. Considering, however, that major-
ity of the patients in this study had received
institutions other than the
and that the

therapy varied among the patients, it is inter-

medications in

Toranomon Clinic, interval of

esting to find out as to how Healthtron ef-

fected palliation, and the role it plays in

_5_
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palliation. The limitations identified in the pro-
cedural design of the present study somehow
hindered drawing out of conclusions as to the
usefulness of Healthtron therapy on symptoms
under-represented in terms of sample size. To
help clarify the role of EF on the body, in fu-
ture related work, well-defined exposure condi-
tions and other evaluation criteria, and
sufficient number of subjects limited to a tar-
geted set of symptoms should be instituted.
Many facts about the influence of MF have
been reported to clarify the potential risk of
MF used in power plants and electrical prod-
ucts on the body. There are however fewer
studies on the effect of ELF EF, such as its in-
fluence on the intracellular calcium level of cul-
tured cells (MclLeod et al., 1987, Walleczek et
al., 1990; Liburdy et al., 1992, 2000; Cho et al.,
1994, 1999; Kim et al., 1998). ELF EF stimu-
lates the body through the perception of EF by
the body surface via hairs, and the formation
of induced current in the body (Liburdy et al.,
1992). Further studies however are needed to
elucidate the possible association of these two
mechanisms cited to the findings of the present
study, and their potential role in the palliation
of bodily symptoms post-exposure to an elec-

tric potential apparatus.
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2 &8 &2 K F&d (Miura and Sugawara 1996,
Miura et al. 1999, Yamamori and Quynh 2000),
FhEZ2 E o 2P IRb KTV & (Araki et
al. 2000, Yamamori and Quynh 2000) 3z »
S5NTWVWD,

WAMRE L TENS ‘Australian Standard White’
(ASW) &, /NEMmoEHEEENTETHD, 7
30— RAEGEIF2%REE SR, MR b

BN 2 1 OEFEPRHEE D S i LA O %21
T3 (Fo 1989, KEF « #R 1993), T DASW
WL g 2 5B 2R > D AHMEOBERS HATS
HED SN TV 5D, dbifE b RS THIYE L
F R ALFRPEI Y VIFWx-BlY v E A
RELTED, $<NIHDADEKRE S-S LTS
ncTws,

PDbol tmodbifla n¥0oEHIIEVT, 7
I = 2GRICED ZWx s vox s OB M E N E
YR OBE AT 52129 5 T & 3 A O BERGGEE
FEETHY, IAOWETIEHOWxS v /¥
BORMEIC X > TRHEN 8 4 1 7 O T L
DTG 1T & » THK SN, NEMFEo g, fi#
ProsEd 5N TWvwd (Zhao and Sharp 1998,
Miura et al. 1999, Yamamori and Quynh 2000),
KFETIR SHHEHOWx Y v 7 HowFhnri/R
KBTI 47EFTNTHEET LMD 8 7 A
7 % biE O FEINEAREERITTH 5T, LA,
T 3R » THEEE L, /Nt
B % O Wz FoR, BENEBLIOZNS
DIHBANERIZ 2 W T L 720

MEBLUHE
1. BEECREL
ARIEEE DM EHT 13 B = 557 Chinese Spring
(LIFCS) zdu@o@zsms L, Wxy v &
DHMIILDEZONDE 8547 (Table 1) 2H

Table 1. Eight types of the Wx-protein deficient lines based on
absence(-) of the Wx-A1, -B1, - D1 proteins

Type Wx protein

Al B1 D1
1 Wild type + + +
2 WxA - + +
3 wxB + — +
4 wxD + + -
5 wxAB - — +
6 wxAD — + —
7 wxBD + - -
8 wxABD - — -
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Wi, TNHWxS vy BRERFOEKTTEE
Miura and Sugawara (1996) # & *Miura et al.
(1999) KR Lo 320OWxy v/ ED VI
a1 2RELKS 747 (wxA, wxB, wxD) (&,
CSDTA, 4AGUR Z null L& LT O Wx-Alb,
Wx-Blb%+5> ‘BAH107S" ofiEg @ik s, 7D
gettifR % Wx-D1bZF>hEE O ‘Bai Huo T
TNTNEBRLILRKETH 5, wxALwxBIl312[H],
wxDIF 9 DR LEEHEIT-> T\, Eiftanr
Gk DA OB R BCSIZHE—S N TV 5,
Wiz " EH D 3 414 7 (wxAB, wxAD,
wxBD) ECS (KT7A) XCS (KT4A) DORHED
5 Wx-Alb, Wx-Blb%Efi>wxAB%, CS (KT4A)
XCS (BHTD) » 5 Wx-B1b, Wx-DI1b%H>wxB
D%, CS (KT7A) XCS (BHTD) » 5 Wx-Alb,
Wx-DI1b% s> wxADZ B RfETHK L, F1~
FOMHARAZMEL L 72, SWxEVW T NS Wx-Alb, Wx -
B1b, Wx-D1b® null % 37 # f= + % & > wxABD
(EFa324F) &, CS (KTTA) XCS (KT4A) O
TR O NI F T 5 Wa-Alb, Wx-Blb%
FioR A ®IkL, &5t hicCs (BHTD) %
RHEL, MOoNHEE ok L7, Th
ZND YA 7T 3 RMT S DlliRmS G E N,
al2damin a2l L7z,

2. AxEERER B & OB AR

INoDOMEZE, 1997, 1998% L U'19994E o 3 4
fl, WILBERNFEREE CUNRIL), dbiEsr
LRSS G - LU ER), Jbi
BV RN RS S (WLARIT - DU BID &
E L, EERRE L 2, AW o 8 HdfFiEIciy
ML, wmalasgee, SR/ NS < izt L 7.
MR LTI, vy st LRy oL
DR ERZERFINCETI L, $9149%6 D W T HRix
Y n100gDfET4A2 75~y ¥y —H/NHF 2 b I
THHEL ARSI, BRFORSNIY v T
12D W IRFEEFRL 2 HLD o T8I L 7es

3. 7TIm—z&E

AR ERFORZIT AN, £Na2500mlo s x5
Zikofc R — iz L, BEEAHLI VT v R
Wy Brvic, K —vax—BERiciE L, LES %

BT, X0l L TV 2K ELEOERKT
SR & L3200[mlE:, 4y T20 R O EEL 72, &
D2 3EEOR L, AHEPEZIDBREFERL 72,
30CITEEL A v F 2= —NTIIciig s
1k, TR LB A, T SBE T
I e = 2GEEB L O LEEORIER £ ©-20Com
HEICHTE Lc, 7 30— 2EG82DEEIE, Miura
et al. (1994) I\ Auto AnalyzerI (BRAN+
LUBBE#) #HWT, #EH100mgho7 Io—2
GREL TR, MEELTT I o—2585522.9
%ThHBASWERHWT, 3RETHIEL I,

4. W EARF:

Rapid Visco Analyzer (RVA:Newport Scientific
1) ZHOTHNE Lo Btatkls.0gioxt LK
26ml % A TIERL U 72 BRiEK 2 50°C T 1 [k -
72, bC/ NTHCETLRIEZDEZF 550
PRotco €DH%5°C/ TSI UB0CETTIIT 2
SRFFL 7o T ORSORGHED © — 7 i EhhEE,
IR & E— 7 1T L e DRl & DA T L —
75y v ELT2IETHEL oo MEHEITICIE T
N o ONEEE Wi,

5. mHEE

Infra Analyzer (BRAN+LUBBEfl) ZHW 7z
WAL D A OEAEEE L KD ZRIE
L. Tho Dl o/NERIKS14% TOEHE
SR L 7o, WIE IR 2 IAETITV, T iT I
TS OFETIT - oo REFOIERKE, BHFER
WALR THEFE S L cEHEERICODVTARED
KEBABTHFED 7 — 5 2V THT - 1o,

6. HaTAET

Wx & v BRIK s A4 7, Hildids X OHERD 3
D OFERIT & B 3 JCALIE BT 2 1T1E - oo B8
SEUCIE 5 A TN ORI O 8 E Wi, &
A 7B L OBER 0 2% 13 Duncan ® iR E <
fiEHT U 720

DEATTOFER» S, 54 7 XSO HIER A
HETH-1EEIT>\WT, Finlay and Wilkinson
(1963) O HFEEMVTH S 4 7 OREELIzHT
BIRMEE &1, T TRXENCEEEEE L TWx
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g vNyEERTNTHEET L9471 DfEEE D,

Y s 4 7ORBBEEZ LD 9B 9 DD
Z7ay b LT E—KERER N=a+bX) %
Koo [HURREDS 1 ORIk > TLWisidh
BWx & v EDRE S A4 7 OB TOEH) )
AR L ZEEETHD, 1 XDABRIT/NSVS A
ZEIARO 5 4 7 1 M L TEFD NS L, i
1 & REVS A FREBESINES SO E B L,

m R

1 KR

AR 2 S0 L 721997, 19983 £ OM19994FE 0 3 4FfH]
DIk, AER, B0 3 4 F &2 S IR &
B TH NP5 8 A MoK & FRKEE
Table 2178 L7, 19974E(F 3 Ml T2 TH 5

8 H AN SEAREME % 100mm [[[] 2 B &2 S D,
IR o 8 A i3 PSR 15° CLL N oK I
Wofofe®, 1ZEAEDRMDFEREFZHE Ui, 1998
IR TEAM O 8§ Arpf)ic PR L0l 2 B s
by, SoICPERO 8 HFaIC X 150mmitd ok
WA S, —HoRETHRAENR SN, fh
D 2 MU IE1FIE AN 4 O PR & KR OHER
R LTce 1999413 BNllT T A FAIcE R OET
150mmiBORERNRH - 7253, ZD#HI1340mmbll N
OREKE T 2 Ml & & & IEFEEE FE-> TV
too T OEDFRERIT 3 Hl & HPAE S IR L T
2~ 5 CRRES i LR mokixET, B
BHONEP-Tee TOXHITHAEEAEENML 72 9B
BIRZ R KAREHTH - 1,

Table 2. Mean temperature and precipitation from ripening time to harvesting time at three location in 1997-1999

Late July Early August Middle August August
Mean temp. Precipitation Mean temp. Precipitation Mean temp. Precipitation Mean temp. Precipitation
&O)) (mm) (@O)) (mm) (&O)) (mm) &O)) (mm)

1997 Obihiro 21.7 3.1 20.9 145.0 14.8 64.5 17.5 11.0
Kitami 23.0 22.0 19.5 106.0 13.7 34.0 17.4 20.0
Kamikawa 24.4 5.0 20.2 116.5 15.3 32.0 18.6 35.5

1998 Obihiro 19.0 58.0 17.9 5.0 18.5 81.0 19.9 153.0
Kitami 17.6 60.5 17.3 20.5 17.6 54.5 19.5 134.5
Kamikawa 20.1 62.5 19.5 27.0 19.1 25.0 20.5 92.5

1999 Obihiro 23.5 18.5 25.0 22.0 22.3 0.5 19.7 52.5
Kitami 22.1 86.5 25.4 16.0 22.5 5.0 18.8 16.0
Kamikawa 22.9 157.5 25.4 30.5 24.4 2.0 20.4 21.5

2. TIo—258

T 18— 2ERONSHSNT OFEE % Table 3105
Lo BB, 730288033 0%0EF 34
FrEablifihrcil, ZHoRKMANEFaLF¥E
o T 54 7oMoERIcEsnTLEY, o
FROMIENHETIE WD, TF a3 LFEKRVT

ST Lice 74 7RISR E $120.1%KEDH
BENS -, 74 FHOFEEEREOZ LD
MOTRKEL, TIo—23BOERRB Y 1 74,

SF D Wxs v HoFmICH il h 5 IPH
ThHbH I EMWREINI, Fig. 1ITRT LT, Wx-
Bly v/ EEWx-Dly v X0 BA HEITREL

Table 3. F values in the analysis of variance for amylose content, protein content and
starch-pasting viscosity in eight types of the Wx-protein deficient lines grown

under nine environments

Source of variation Amylose content’ Protein content Peak viscosity Breakdown
Genotype (G) 127.33%** 8.00%** 0.25 6.00%**
Environment (E) 5.19%** 95.00™** 30.53%** 11.99%**
Location (L) 0.08 113.85%** 3.19% 2.09
Year (Y) 12.78%** 182.31%** 102.31%** 38.27%**
Lxy 3.94** 33.31%%* 8.31%%* 2.60%*
GxE 1.36 1.38 3.46%%* 4.10%%*
GxL 2.28%% 3.14%%*
GxY 7.14%%* 9.56***
GxLXY 2.21** 1.86*

1)The waxy type (wxABD) was not included.
Significant levels " P<0.05, ** P<0.01, *** P<0.001
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7zwxBDD 7 I v — 2 & EA § B AE L T17.47
%BERBELS, DVWTWx-ALEWx-BLY v ¥2 8
bk HITREL 72wxABD19.34%, Wx-AlL Wx-
D14 v X0 &R L 12wxADD21.T4A% DIETH -
Too AT 2-4OHRI 4 TOMICIEEER
Hontshotc, BTOWxY v X0 BAEEHET 5
WDy 47107 Im— RE81323.92% & fth
DEIATIVERITEL, 5147 TOwxBDED
T 6 Bl EoERD - 1,
BENRAE LS RTA D L, MBIcHEZR
75 CAERINZ01%KEDHEAZN D b, Hilg < 4
OB S 1 %KETHETH > 72, ThITK
DAFEROZBNEBRBERN OB TRIROREL, B
HITI99THE & ftho 2 FE DIk > TV iz (Fig.2)s
74 7 XERIEOMABERIIAETR? - 1,
3. BAHESE

EF 3L FOwxABDM15.30% AR LD 1%
BEERIZLED» 120D, fthd 6 /kESY 4 7L
RN R EEENE P> 1o TOREREPS, Wxo
YNy BORRENEREATEGED 5 A THAR
W EREEIR A S NI - T,
ERESECRERICL2OEIP R EREL, 20T

Amylose content (%)

[} 50 100 150 200 250 300
Peak viscosity (RVU)

Wild type

Huls, HUS X RO TH - 720 1999FED )15
12.45% L FEIEKL, DWW CREDILRDIETH -
Too WHTHERTIX199T4E, His < 13 4L T W )
Ch -7 (Fig2)e 72, 7 3Io—2GE &M
AT HXEBRBICHEE IS, - 12,

4. W fere kG R

g4 TRICHEEZEMPRONT, Wx¥ v Y7 BER
RICEK BRI 5 4 7 XBIEOMAIEM %28 L TH
N, BREEICE01%KEOHEEN DD, FX
ORI S RKEL, DVWTHIIXFRTH D, Hl
B OZ R II NS Do Fo, 3 Ml & bR ED
B - 7 199THEDS 3 AER Tl BARWMETE - 7oo T
Wil Z/R L7 DA19985FTH - 7o (Fig.2)o 4147
X BRSO B R & O T0.1%7KkHE, Ml
HUs X IR DT I3 1 KETHETD - 7,
5. T L —2 ¥ v

IERE &by 4 T ERNRE L, Wy
YRIBOFMR TV -0 S VICEEAEEZ BT
RSN, 8 74 FHD iK% L 712 Fig. 104k
BT, RHEVEAMOI1278RVU EwxAD137.4
RVU, wxD®141.9RVU, wxAD®145.5 RVU,

0 2 4 6 8 10 12 14 16
Proteln content(96)

0 50 100 150 200
Breakdown (RVU)

Fig.1. Mean performance of amylose content, protein content and starch-pasting viscosity across nine environ-
ments in the seven types of the Wx-protein deficient lines and Chinese Spring (wild type). The values fol-
lowed by the same letter are not significantly different using Duncan's Multiple Range Test (P=0.05).
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Amylose content (%)
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IR, iR
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99 Kitami
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98 Kamikawa
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Breakdown (RVU)

Fig.2. Comparison of the nine environments for amylose content, protein content and starch pasting viscosity as
indicated by the average of the lines. The values followed by the same letter are not significantly different

using Duncan's Multiple Range Test (P=0.05).
1) The waxy type (WwxABD) was not included.

wxBD1504ARVUIC R EENIE P - 12, WITHKD
ESWEZ/RLEF 3 4F(13188.2RVU TwxBD,
wxABUA EHEEEMR SN, Wx-B1 ¥ v/¥7
BERRE LS4 T, Wy v B &, =&KX
Ky A4 7 EEVEERTHEE S S - 7o, BIERICS
0.1%KEOFEEN R NIz, BRE L TREK
R & ERE, ERICE DRNEBERTH - 1,
£, 74 T XBREOHAAEM20.1%/KETHE
THD, HlEEEROENTHS BG4S A 7
TR > TV,

TU—=7 5y v ORERTOERIE, 19990t
AR TR &l - T /o, 19990 LR
BHREDEI0L.0RVUTH » 720 IRVTIED > 7o D
F19974ED 3 H#idsk, 19994E D I, HIADNET, 19
98IFEIF & DHIR T b Ik b EVEE IR L 7,

6. ¥4 7 XEEEOH EAEH

Table 203 ENMRT Y 4 7 XEREICHREZED
& - 1ML IC > W T, Finlay and Wilkinson
DOFiEEAWTENETND 5 A 7 OB EE % %

Wrltz, Xl 3BBEOWxy v 7 EE2TH
DU 3 R OIME A, Y3 &y 1 7Dk
BREA & > TW 5,

7472~ T Ok E O BREEROLME % Fig.3
IKEF &b, EFaL¥ (¥4 78) 3Fig.bhlTR
LTh b, WIND YA 7 bikenkhiE ORISR 02
Big, —RIOVFER TR 2 2 &0 TE L, wxA
& wxDOEREEEb=1.03, 0.98&131F 1 TH -7
DITX L, wxB, wxAB, wxAD, wxBDT3b=0.85
~0.54 & [BPRREDV NS L 1> T, HiT, wxBD
DOEYFHREEIF 1 EHANEFEITNS T, 5473
DOWx-BIRKAHKEB LS4 7 5-TD  ERES
MO ML D/hs W b, FHELEEIC
SLT b ARRESVIREHE 2R L7,

—, Figdici3 124707 L —27 %59 vofk
RAEFEDThH b kE LRI, wxAEwxD
OYFFREZb=0.93, 0.92&L1F1F 1 TH > 7DITxt
L, wxB, wxAB, wxAD, wxBDI3b=0.81~0.53
EINE I ot FricwxABEwxBDIE 11T L T,
HEIEOERGRE TS - 7o T OFEL SBIEIC
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Peak Miscoslty of the wild type (RVU)

Fig.3. Regression of peak viscosity in the single and double Wx-protein deficient lines on the peak viscosity of the
wild type.
r’:Coefficient of determination
Significant levels *P<0.05, **P<0.01, ***P<0.001
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Fig.4. Regression of breakdown in the single and double Wx-protein deficient lines on the breakdown of the wild
type.
r?:Coefficient of determination
Significant levels *P<0.05, **P<0.01, ***P<0.001

st LEME LT, Wx-Al ¥ v ¥ BRIE<W 3T A FITEE VTN D - 12,
x-D1 % v BERE<Wx-B1 ¥ v/ BREE Y478 EFaALFOWMREEETL—-2 5
ot 7L—20 8w vOEIED - 1z ERED v v OBIERIGHEE Fig 5o R Ui, [BUFHREIL %
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Fig.b. Regression of peak viscosity and breakdown in the waxy type on those of the wild type.

r’: Coefficient of determination
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l& Wx-Bla> Wx-Dia> Wx-AlaDIHFC I E TD
WE & —# L7z (Miura et al. 1999, Yamamori
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NOREETIE, HRE3 ¥4 TDIEHTWx-B1¥
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KEOEKT7 I a—2Th -7 (Miura et al. 1994,
Miura and Sugawara 1996, Miura et al. 1999,
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<, WRABIOTEREAEFAMOMIC IR
W, FrhosA 7 XEBREOMWAMER S ah - 1o,
L7h-T, REBEETH SR, nulldisEzs
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Abstract

It has been demonstrated that the null alleles
at the three Wx loci of wheat confer a low
amylose content and a high pasting viscosity
of starch. The amylose content and pasting
properties, as well as crude protein content, are
important in producing marketable flour prod-
ucts. Variation for flour quality produced in
different locations and years has frequently
been noticed in domestic wheat. To verify the
effects of null alleles at the Wx loci, environ-
ments and their interaction on flour properties,
the eight possible types of recombinant lines
carrying different null alleles under the
'Chinese Spring' genetic background were ex-
amined in the three main production areas in
Hokkaido during 3 years. Amylose content was
less variable across the nine environments than
the other characters associated with flour qual-
ity. The combinations of the null alleles at the
Wx loci explained most of the variation and no
significant interaction with environment was
appeared. Crude protein content was flexible in
year to year and there were no effects of the
Wx loci. Peak viscosity and breakdown of
starch in the eight types were interacted by
environments, with a relatively high and con-
sistent viscosity in the double deficient lines
than the wild type and single deficient lines.
Especially the null allele at the Wx-BI locus in
the double deficient lines produced a lower
amylose content and a higher starch-pasting
viscosity across locations and years. The waxy
type was characterized by a higher content of
crude protein and higher breakdown than those
of the wild type.

Key words:Triticum aestivum L., WX protein,
amylose content, protein content,
starch-pasting property, genotype

Xenvironment interaction
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Selective grazing in leaf mixtures of four herbage

grasses by sheep

Akio HONGO
(5B 1 2001411 H 27H)

ABSTRACT

Grazing trials were carried out in Obihiro, Japan, in 1989 and 1990. Prehending
bites were measured in leaf mixtures of four herbage grasses using hand-
constructed swards, which were composed of 128 points of leaf units spaced 4 cm
apart. Four grasses of the following five species were mixed in each trial:
orchardgrass (Dactylis glomerata), timothy (Phleum pratense), meadow fescue
(Festuca elatior), tall fescue (Festuca arundinacea) and sweet vernalgrass
(Anthoxanthum odoratum,).

The number of prehending bites, mean distance of travel between bites, travel-
ing velocity between bites and total distance of travel for 1 min were 40-
44bites/min, 8.5-8.8cm, 5.9-8.8cm/s and 3.5-3.7m/min, respectively. DM weight per
bite did not differ among the four grass species. The actual area covered by one
prehending bite was calculated at 18-24cni. From the analysis of frequencies of
prehending bites in a pair of grass species, sheep clearly distinguished one species
from another and separately prehended each species in the combinations of
orchardgrass, meadow fescue and timothy,“sweet vernalgrass, With respect to
the transition of prehending bites among four grasses, prehension of selected spe-
cies were influenced by the species prehended at the previous bite.

Key words : Herbage grasses, Hand-constructed sward, Leaf mixture, Selective

grazing, Transition.
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INTRODUCTION

Pasture vegetation is composed of various
plant units. Grazing animals forage quite selec-
tively using their sense organs (ARNOLD,
1966), and definitely prefer certain herbage spe-
cies, stages of growth in a given species and
particular parts of individual plants (HAFEZ,

1969). Animals tend to choose plant parts which
can be eaten quickly (BLACK & KENNEY,
1984 : KENNEY et al., 1984 : O'REAGAIN, 1993).
Cattle preferentially select the glabrous plants
(KRUETER & TAINTON, 1988). Preference is
affected by sward condition such as canopy
height, plant density, and plant biomass
(HODGSON, 1982 : JONES et al., 1994), and by

Laboratory of Grassland Science, Department of Agro-environmental Science, Obihiro University of
Agriculture and Veterinary Medicine, Inada, Obihiro, Hokkaido, 080-8555 Japan.
This work was supported by a Grant-in-Aid from the Ministry of Education, Science And Culture of Japan

(No.01560281).



212 Akio HONGO

acceptability factors such as taste, odour and
feel (KENNEY & BLACK, 1984).

Preference for herbage plant species is usu-
ally expressed as a percentage of the intake of
feeds using a cafeteria fashion (BELL, 1959 :
HEADY & CHILD, 1994 : SALEM, et al., 1994).
It is suggested that preference might be better
defined in terms of time spent eating rather
than as amount eaten (KENNEY et al., 1984).
In order to clarify preference for plant species,
accurate measurement of the feed components
selected by the animal must be carried out at
the interface between the animal and the sward
(LACA, et al., 1992).

The present study is carried out to investi-
gate the selective biting of grass species in the
mixed sward and to observe the discriminative
ability of sheep to grass species. For this pur-
pose, new methods were developed to measure
selective biting (JONES et al., 1994). In this
equipment, the positions of grass species which
were pulled up could be stored in the com-
puter's memory, when animals prehend plant

parts at any point.

MATERIALS AND METHODS

The experiments were conducted from June
to July in 1989 and 1990. Three Suffolk
wethers aged 3-4 years with a mean live-weight
of 62 kg were used. Sheep were held in pens
and fed an adequate diet of fresh orchardgrass
harvested from the same field twice daily.
Fresh feed was placed in a container outside
the pen. Four days before the commencement
of each trial, sheep were trained to use the
hand-constructed sward, which was placed at
the same position as the feed container. Sheep
readily grazed the artificial swards after train-
ing. Three sheep in 1989 and two sheep in 1990
were used for each treatment. Two grazing tri-
als using one sheep were done on each day.

The sward board used was the same as the

previous report (HONGO, 1998). Four grasses
of the following five species were used for hand-
constructed sward : orchardgrass (OG ; Dactylis
glomerata), timothy (TI; Phleum pratense) and
meadow fescue (MF ; Festuca elatior) as a popu-
lar herbage plants, tall fescue (TF :; Festuca
arundinacea) as a stiff plant, and sweet
vernalgrass (SVG ; Anthoxanthum odoratum) as
an odoriferous plant. These grasses were sown
as a pure stand in rows 0.6 m apart in May
1988. The swards were fertilized and harvested
regularly. Before each trial, fresh grasses were
cut early in the morning. Vegetative tillers of
suitable size were sorted out. Two leaf blades
per vegetative tiller were left and all other
leaves were removed. Three tillers (6 leaves)
were attached to a stainless tube (8 mm diame-
ter and 40 mm length) with cotton adhesive
tape and then covered with vinyl tape which
included a slender wire. Plants were sprayed
with water and stored in a polyethylene bag.

When hand-constructed swards were con-
structed, terminal sections of leaves were
clipped to yield an uniform height of 15 cm
with scissors. Grazing trials were done using
the leaf mixture of OG/TI/MF/SVG in 1989
and OG/TI/MF/TF in 1990. In 1989, the fol-
lowing four zonal arrangements were used.
FEach species was arranged at random at 32
points (1 points for the species) in the first ex-
periment, at 16 points (2 adjacent points for
the species) in the second experiment, at 8
points (4 adjacent points) in the third experi-
ment, and at 4 points (8 adjacent points) in the
fourth experiment. In 1990, each species was
arranged randomly at 32 points. Sheep were
fasted for approximately 14 hours before a
grazing trial and were allowed to graze freely
for about two minutes, before the entire top
horizon of the sward was grazed.

Plants with stainless pipes were weighed
separately at 128 points before and after trials.
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Residual plant parts above an upper board
were cut and weighed after trials. From these
results, herbage intake was determined. Water
loss from plant surface by evapotranspiration
was measured for each plant parts, which were
kept near sward board during a grazing trial.
Herbage weight removed was corrected for
moisture loss. These plant materials were then
dried to obtain DM content. DM intake per
bite at each point was calculated by dividing
DM consumption by the total number of bites
at this point.

In the statistical
treated as blocks. Variables of prehending bites

analysis, animals were
were analyzed using an analysis of variance
(SNEDECOR & COCHRAN, 1980). Total num-
ber of prehending bites, which were obtained
from twelve trials in 1989, were classified into
two classes according to prehending or not in
a pair of grass species. The independence of
two species was tested by chi-squared method
in the 2 x 2 contingency table (SNEDECOR &

213

COCHRAN, 1980). The transition of prehending
bites for four grasses was tested by chi-
squared method using number of prehended
points at succeeding bites in comparison with
expected values (KASUYA & FUJITA, 1984).

RESULTS

The effect of bite number on bite size would
be expected to decrease with increasing num-
ber, because of reduced availability of grass
leaves. In the present study, results for 1 min
were used in the calculation. Four zonal
arrangements of four grass species did not affect
selective biting, so that these treatments were
included into replications.

1. Number of prehended points and DM intake

Sheep prehended 44-50% of examined 32
points per one grass species for 1 min in 1989
and 28-50% in 1990 (Table 1). In 1990, the num-
ber of prehended points of TF and MF were
significantly lower than those of OG and TI,
but not significant in 1989. Mean percentage of

Table 1 Number of examined and prehended points, available DM weights and grazed

DM weights per point for 1 mm

Experi-  Species Number of Number of Available Grazed
ment examined prehended DM weight DM weight
points points per point per point
for 1 min (g) (g/min)
Mixtures Orchardgrass 32 16 0.18 0.10
in 1989  Timothy 32 15 0.24 0.14
Meadow fescue 32 15 0.21 0.11
Sweet vernalgrass 32 14 0.24 0.15
D.F. 44 44 44
SED” 1.8 0.032 0.023
32
Mixtures Orchardgrass 32 16 0.24 0.14
in 1990 Timothy 32 14 0.21 0.12
Tall fescue 32 10 0.32 0.17
Meadow fescue 9 0.16 0.08
D.F. 12 12 12
SED 3.8 0.033 0.014

a) SEDs : the standard error of the mean difference.
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DM weights grazed for 1 min to available DM
weights at a point occupied 52-63% in 1989 and
53-58% in 1990.

2. Distance and speed of travel between bites

Fig. 1 shows a diagram tracing the center of
a prehending bite. The center was calculated
from an average of X and Y coordinates, when
more than two points were prehended at a
bite. From these coordinate results and the
time, mean distance of travel between bites,
traveling speed were calculated (Table 2).
Almost the same results were obtained from
the experiments in 1989 and 1990. Mean dis-
tance of travel between bites (8.5-8.8 ¢cm) shows
that sheep tend to skip adjacent points because

of a distance of 4 cm between points.

0 10 cm
| E—

oA A AOVVYYFVYVYODVOOADODOODO
OvoDOAxxviaoOaODpavoOaOo

A ODOOOOAOAAV VOO

A

Sheep

Fig. 1 Tracing of the center of a prehending bite,
calculated from an average of X and Y co-
ordinates. The first 30 prehending bites were
shown in the leaf mixture of four grasses in
1990. S shows a starting point and a solid
dot shows the center of a prehending bite.
O orchardgrass, [J;timothy, A ;tall fescue,
V ;meadow fescue.

Table 2 Number of prehending bites for 1 min, mean distance of travel between bites,
traveling velocity between bites and total distance of travel for 1 min.

Characters

1989 1990 D.F. SED?

Number of prehending bites for 1 min

Mean distance of travel between bites (cm)

Traveling velocity between bites(cm/s)

Total distance of travel for 1 min(m/min)

40 44 14 2.4
8.8 8.5 14 0.36
5.9 8.8 14 0.81
3.5 3.7 14 0.24

a) SEDs : the standard error of the mean difference.

3. Bite area and bite weight

DM weight per bite and intake rate were
significantly lower in meadow fescue than in
the other three grasses in 1990 (Table 3). These
were not significantly different in four grasses
in 1989. Numbers of prehended points per bite
were an apparent estimation for bite area. In
this hand-constructed swards, each point was
uniformly spaced 4 cm apart and occupied 14cf.
The actual area covered by one prehending bite
was calculated at 24cnf in 1989 and 18cnf in 1990.
Decreased bite area in 1989 resulted in reduc-
tion in DM weight per bite and DM intake

rate. Numbers of points simultaneously
prehended per bite were significantly correlated
with bite weights (Fig. 2).

4. Frequency of prehending bites

Percent frequencies of prehending bites in six
pairs of 4 grass species in 1989 are shown in
Fig. 3. In the combinations of OG/TI and
TI/MF, one species was independent to another
species. This result means that each grass was
grazed at random. Conversely, a high signifi-
cance was observed in the combinations of
OG/MF and TI/SVG wusing the chi-squared

analysis. In these combinations, the presence of
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one species influenced prehending bite of ano-
ther species because sheep clearly distinguished
another. Simultaneous

one species from

prehension of three species at a bite was also

observed in 4.3 % of total prehending bites in
1989. This analysis was not done in the result
of 1990, because of insufficient number of
prehending bites.

Table 3 Number of prehended points per bite, DM weights per bite and

DM intake rate for 1 min

Experi-  Species Number of DM weight DM intake
ment prehended per bite rate
points per (mg) (g/min)
bite
Mixtures Orchardgrass 0.45 39 1.5
in 1989  Timothy 0.43 51 2.0
Meadow fescue 0.44 44 1.7
Sweet vernalgrass 0.42 50 1.9
D.F. 33 33 33
SED” 0.028 4.0 0.16
Total 1.74=0.070 184+14.3 7.1%0.76
Mixtures Orchardgrass 0.39 51 2.2
in 1990 Timothy 0.39 39 1.7
Tall fescue 0.23 16 0.7
Meadow fescue 0.24 38 1.7
D.F. 9 9 9
SED 0.044 4.8 0.18
Total 1.25+0.044 144£11.7 6.24+0.43

a) SEDs : the standard error of the mean difference.

0.5
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2 '
& "
)
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2
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0 ] ] ] |
0 2 4

No of prehended points per bite

Fig. 2 Relationship between bite weight (Y) and
number of prehended points per bite (X) in
the mixtures of 4 grass leaves in 1989 (H)
and 1990 (@). Only one observation in each
number of prehended points per bite was
excluded in the calculation. A vertical line
attached to a symbol shows standard error.
Correlation equation was as follows:
Y=0.097+X+0.020, r=0.961 (p<0.01)

5. The transition of prehending bites

The transition of prehending bites among
four grasses is shown in Table 4. Observed fre-
quencies of transitions of OG-MF, TI-SVG,
MF-OG and SVG-TI were significantly lower
than expected values, and those of OG-SVG,
TI-OG, MF-TI and SVG-MF were significantly
higher than expected values. In these cases, se-
lective biting of some species was influenced by
another grass species prehended at the previous
bite. In other cases, sheep selected grass species
at random irrespective of grass species at the
previous bite.

DISCUSSION

Under field conditions, it is extremely diffi-
cult to isolate the independent effects of vari-

ous sward conditions on intake rate. By
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1.0G/TI x2=0.08n

Percent frequency

2. 0G/MF x 2=10.4**

3.0G/SVG x2=0.39

Fig. 3 Percent frequency of prehending bites for a pair of grass species. Total
484 bites of twelve trials were classified into two classes according to
prehending or not in each pair of four grasses. The independence of
two species was tested by chi-squared method. Zero and 1 mean no
prehending and prehending of more than 1 point at each bite, respec-

tively.

W ; OG (orchardgrass), I=; Tl (timothy), [#; MF (meadow fescue), ¥; SVG

(sweet vernalgrass), ns; not significant,

nificant at p<0.01.

*

; significant at p<0.05, **; sig-

Table 4 Transition of prehending bites of four herbage grasses in 1989

Prehended species

Prehended species at a succeeding bite

oG TI MF SVG Sum
Orchardgrass (0G) — 40 25* 52* 117
Timothy (TI) 63** - 417 17+* 121
Meadow fescue (MF) 18** H8** — 41 117
Sweet vernaigrass (SVQG) 38™ 17** 50** — 105
Sum 119 115 116 110 460

Figures show number of prehended points of four herbage grasses at a succeeding bites, when
prehended species were different from those at a previous bites. Data were obtained from measure-
ments for 1 min in twelve trials in 1989. Significant test was done using cell-by-cell test of chi-

square test.

ns ; not significant, *; significant at p=0.05, **; significant at p=0.01.

preparing artificial swards composed of various
kinds of plant materials, it was possible to
measure directly bite weight and bite area. The
new system under the control of a personal
computer was wuseful in observing biting
behaviour.

There were two types of experimental errors

in the overall observation (HONGO, 1998).
Information recorded as biting in the computer
without any DM intake occupied 4.7-6.1% of
the total of 128 points in 1989 and 1990.
Conversely, 10.0-13.7% were recorded as not
biting in spite of DM reduction. The former
type of error might be caused when plants,
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initially prehended, were pulled up but escaped
defoliation because leaves slipped from the
mouth (FLORES et al., 1993). The latter case
seems to be caused mostly by the flexible cha-
racteristics of grass leaves. When tensile force
by the animals 1s applied at a sharp angle,
grass leaves may easily bend and break at an
upper edge of the insertion hole, resulting in
insufficient vertical force to activate switching.
This experimental error was due to the struc-
tural defect of the sward board. Data of both
cases were not included in these results.

The biting areas of successive bites are said
to generally overlap when cattle graze across a
sward horizon (UNGAR et al., 1991). In this
study, biting overlap was defined as traveling
distance less than 4 cm. This means that suc-
ceeding bites remain within the zone of the
previous bite. Percentage of biting overlap ob-
served for 1 min was 10.8% of total bites in
1989 and 4.4 % in 1990. Mean distance of travel
between bites was 8.5-8.8 c¢cm. This suggests
that biting overlap rarely happens when sheep
graze grasses In mixed swards.

In grass/clover mixtures, there are many re-
ports that clover is usually preferred when
grazed at high stocking rates (CURLL &
WILKINS, 1980 : PENNING et al., 1991). In ano-
ther study (BOROM & ARNOLD, 1986), some
weedy species were avoided and grasses were
grazed selectively between weed stubbles. In
leaf/culm mixtures, sheep selected only grass
leaves with a small biting area (Hongo, 1998).

The extent of preference occurring among
grass species was variously reported (BAKER,
1975). In the present study, the presence of
some species influenced prehension of another
species iIn OG-MF and TI-SVG combinations.
Since grazing sheep were reported to prefer OG
than MF in the mixed swards (COWLISHAW
& ALDER, 1960), these results seem to show
the preference of one species to another in

these combinations.

With respect to the transition of prehending
bites among four grasses, the selected grass
species were influenced by the grass species
prehended at the previous bite. In another
study using the same hand-constructed swards,
however, sheep prehended grass leaves at ran-
dom according to total frequency of each treat-
ment (Hongo, 1998). From the result of this
study, sheep may discriminate between grass
species at the biting moment and tend to
prehend these leaves selectively in mixed
swards.

Selective biting closely relates with herbage
mass per area effectively covered by one bite
(FORBES, 1988: KENNEY & BLACK, 1984).
Since swards were made at low density of
grass leaves 1in this study, further studies
should be done in dense swards with different

herbage mass.
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Birds of Tokachi District, Hokkaido 11. Waterfowl of the lower
reaches of the Obihiro River, eastern Hokkaido

Junko UCHIDA' and Yuzo FUJIMAKI'

WIETHR LR (P8 T &~ANNNEFSD Ciia 4 a2, 20004 4 Hohfj~
9 H FRIICKBEHOMEEZITIS > 120 TNODOHIEMTHAY T, A4 ~NTFa v, <
HE, ANE, ERVHE, £FHTE, T Yo, Frvranda, hTT7AHDE
10 OKEHEMBIR S NI, IR, JIRWVITETDEp - 0 IFICERY O H % &
S s EREE, ¥ ERENSEAMPEAETEBDN TV ARETE WHAS R SN, [
Bk, 4AFEAEMcHE L OKERET ENEL, TOHILHELEANVHED 2 FEITH
AW AE L CEEET, TOMOKERE N T REELKCE L -1, AT BITED
NTVWAEITE Y EREHOMEENZ <, & IWBEMBIICEHT I BT bh v bt
TRAANTF 2 vBEhotcs —F4, 810 ADIA D BB LG T R EFED DI w

221

RPN AY

FsHA I 3L EREZ I RE TN B 0] 5 4]
15 E M ST oM th « FREeEE L &,
IFXFDIATOKEDD B, ThSDKED S
B, SEERB ORI O T ROK SO TR S
EEbZ VD, oK~ LT IRKE
HhEs<Th s (EEEs» 1978, % 1996, 20
0la, 2001b, B[l « &% 2001,

WIRINE, BEliRE LR & B R rh
e, wIETTAANINT AR L ki) g
mEbic A L, (LR &SRR W & 01 Eh
Micd 2K TH 5, WL O L« thifis i 2
EHENTOBD, iR H AL O Hif i 2
wh, JNIIEba vy s ) — s THEEINTOL SN
Hir oo SENTFHERD S D& 5 750G « Bt

I2hBKETRE, EDXSBKEHENIERT BhE
AT B e, TiRkEolifts SN E @
G oEEo L w5y E T, BENSDLD
DRIS LA A 4 ek, 20008 4 ~ 9 Hizk
BEHOERIRN AT L, 8561, ZofRE+
iAo & F S FoKiicB I 2thoFHEHE R E %2
WL, IR TR o /K BEHOFBIC S W TGS
L7

RAEMERERE
FEHNE, WL NRED 4 kT, LiR» ST
FICHTTROBY TH 5,
FHEM 1. $HIE LR, THT4&h 5 FRoMEEETo
1.5kmDO X TH %, JIIEIZH25mTH %,

VLB R A PE R PRV ERER OGRS T080-8555 AT RRHMATVY 2 -11
" Laboratory of Wildlife Ecology, Department of Agro-Environmental Science, Obihiro University of
Agriculture and Veterinary Medicine, Inada, Obihiro 080-8555, Japan



222 WA T « BRAE

FHEH 2 . BIAMRAEATT, S L D NRO0.4km oD
XETH 5, JIEIH2TmTH 2, BB, TITR
ZATA A NI F a IS I RITIEb TV 5,
LT 3 . RERIE i, RERED 5 2 O R OMEY
OIEE TOIkmOXHTH %, JIEIZHKDMTH %,
COFHEM O LG E, FEH 2 o N & 135915
kmih T3,
P 4. FHEH 3 OMHK OGO T, ALNITE
DEHHEF L FTOMDOXETH 5, JIIEIZHE
fHETIRHI26MTH 205, FRICEBITONTHRA
WA > T\ 5,
HEHONIN VORI >\WTIE, (1, Bl
HMO=Z2ICX L, ThEhoBBORE S 25T
Wy, zoE&GERKD 7 (Table Do JIFERAT
avy)—trEkiFavys ) -7 oy s CHERS
nNTHL, F{EML, 2 TRFBIEFEE, A3,
4 TRESCHEBEEIES >TWEY, 32 —1L
P LTV BES, ETiibnTcuwailsy, v
FEARKBEDEFTLTVEENDNHEDT, Thd
ODREsEZznEnSRTY, ToH&GERD
(Table Do 758, HMAMH2, 40—HcrllFzT
B ok HIcBERICE -TEY, BEOES
TRZIDNH R —DEJIFRICE > TWb, FEFIC
H X =FIHBE R\ - 72hs, FHEMI & 4TS
H%FLFICZ K 010 ADHAD DB - 1o,
FHEFE, 2000 4F 4 Hicirhfnc 2@, 5~9H
CEEHORIEEBEICTNEN 2 [E]DOTH W,
2 (Bl E A KB O MR E Uiz, FEER
i, EESRAECKRETTHEF O BE LW
Aidr & Lo,

PFEH L, 2 TRLERVPSKEHOFBEFET &

Table 1. Characteristics of study areas.
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Envireonments along the river (%)

Characteristics of bank (%)

Study Length Residential Concrete  Covered with Covered with
area (km) Wood Grassland area brock grasses bushes
No. 1 1.5 0 0 100 47 37 16

No. 2 0.4 50 0 50 56 8 36

No. 3 1.0 18 82 0 38 39 23

No. 4 0.3 o0 50 0 79 21 0
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Table 2. Mean numbers of waterfowl observed in study area 1.

Species April May June July August September
Tachybaptus ruficollis 0.5 0 0 0 0 0 0 0 0 0 0
Anas platyrhynchos 7.0 3.5 280 115 345 495 585 455  46.5  46.0 64.0
Anas poecilorhyncha 4.0 5.5 3.5 1.5 2.5 8.5 55 295 380 375 42.5
Anas crecca 0 0.5 0 0 0 0 0 0 0 0 0
Anas acuta 0 0 0 0 0 0 0 0 0 0 0.5
Mergus merganser 0 0 0 0 0 0 0 0 0 0 2.0

Table 3. Mean numbers of waterfowl observed in study area 2.

Species April May June July August September
Cygnus cygnus 38.0 0 0 0 0 0 0 0 0 0 0
Anas platyrhynchos 76.5 13.0 25.0 29.0 340 260 345 335 53.0 75.0 109.0
Anas poecilorhyncha 11.0 3.0 5.5 1.0 1.0 0 0 9.0 12.0 9.5 15.0
Anas penelope 16.0 0 0 0 0 0 0 0 0 0 0
Mergus merganser 0 1.0 2.0 0.5 0 0 0 0 0 0 3.5

Table 4. Mean numbers of waterfowl observed in study area 3.

Species April May June July August September
Tachybaptus ruficollis 0 0 0 0 0 0 0 0 0 0 0.5
Cygnus cygnus 55 0 0 0 0 0 0 0 0 0 0
Anas platyrhynchos 28.5 4.0 3.0 70 18.0 280 30.0 415 8.5 67.5 142.0
Anas poectlorhyncha 0 0 0.5 0 5.0 10.0 0.5 5.0 2.5 2.0 0
Anas crecca 08.0 4.5 0 0 0 0 0 0 0 0 28.5
Anas penelope 57.0  13.0 2.5 0 0 0 0 0 56.5
Anas acuta 0 0 0 0 0 0 0 0 0 0 3.5
Aythya ferina 1.0 0 0 0 0 0 0 0 0 0 0
Aythya fuligula 78.5  19.5 2.0 0 0 0 0 0 0 0 0
Mergus merganser 0.5 0 0 0 0 0 4.0 3.0 1.0 2.5 0
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Table 5. Mean numbers of waterfowl observed in study area 4.

Species April May June July August September
Anas platyrhynchos - 1.0 0.5 0.5 75 225 175 100 10.0 17.0 9.5
Anas poecilorhyncha - 0 0.5 0 0.5 0 4.5 8.5 1.0 1.5 0
Anas crecca - 2.0 0 0 0 0 0 0 0.5 0 3.0
Anas penelope — 5.0 1.0 0 0 0 0 0 0 0
Aythya fuligula - 8.5 0 0 0 0 0 0 0 0 0
Mergus merganser - 0 0 0 0 4.0 0 0 0 2.5 0
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Fig. 1. Seasonal changes in numbers of anatids in study areas. A, B,
C and D indicate study areas 1, 2, 3 and 3 respectively.
1=swans, 2=dabbling ducks, 3=diving ducks.
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Summary

Observations on waterfowl were carried out
in two urban and two suburban areas along
the lower reaches of the Obihiro River, eastern
Hokkaido, from mid-April to late September
2000. A total of 10 species of waterfowl were
recorded ; Tachybaptus ruficollis, Cygnus cygnus,
Anas platyrhynchos, Anas poecilorhyncha, Anas
crecca, Anas penelope, Anas acuta, Aythya ferina,
Aythya fuligula and Mergus merganser. Numbers
of species were larger in suburban areas than in
urban areas, and in areas with shelters along the
river than in areas without shelters. The number
of dabbling ducks were greater than those of div-
ing ducks in four study areas. The main species
of dabbling ducks were A. platyrhynchos and A.
poecilorhyncha during the study. Other species
increased In numbers in spring and/or autumn.
Artificial feeding contributed in increase of num-
ber of birds, but did not contribute in increase of
number of species.

Key words:Hokkaido, Obihiro River, waterfowl
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Isolation of polygalacturonase I from the culture of the

psychrophilic snow mold Sclerotinia borealis.
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k& L T108f51

R 7, BEETRRY 72 ) vT I R VERKIIICE - T, BH—

ThdbIEMRSNI, £z, SDSIHELENRY 727 )T 3 FrVESKENT & - TREE
FO/TEE1$39.810.37T1kDa(S.E.) & RiE S 57z,

F—7— K ! Sclerotinia borealis, M5B, 25 BEAZR B,

NBE S} e 5

w W

145 1 5 TS B A% % B Sclerotinia borealis(®, At
B R A TP & U 7o SIS N 3 H6 9 A R I i
HRIRET, A4 L FPasLF (Tomiyama 1955),
ZHTHDHRV 75 A (Groves and Bowerman
1955 ; Jamalainen 1949), 8L VP4 —F + — F 7
2% 54 7 5 A (Matsumoto and Sato 1983 ;
Noshiro 1980) HOWEEFLELET 5, AR IEK
RICBVWTIROC~5COREE FTHEF L, FEERIIC

KUYASvaFr—+, fll

35 CTHRbBRVKEZRT—F, 20CTIEHEkE%:
IRE S, B E (Psychrophiles) i/ fi&shn 3
(Inniss 1975),

R DRI I 1E, RO AT 7 v e —+
(PGase) WELBEDHLZ I EMRBEINTE L
(Roberts et al. 1988 ; Miyairi et al. 1985), PGase
3, fEPHlEEEth D~y F VB ESRT B0 T —
CO—FTHY, RIVA57vovigrFisiEs
LT, #57va vREREO a-1,4-856 2k
MRS B, TOREEIE, hFETICEE (Waksman

IRFB RN E IR

Department of Bioresource Science, Obihiro University of Agriculture and Veterinary Medicine

kg =R S DTS

'Agroscience Reseach Laboratory, Hokkai Sankyo Co.
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et al. 1991 Kester and Visser 1990 ; Schejter
and Marcus 1988), #llE (Roberts et al. 1988;
Nasuno and Starr 1966), #Ht (Gognies 2001 ;
Blanco et al. 1994), K UHE#) (Kapoor et al.
2000 ; Pathak et al. 2000; Bonghi et al. 1992;
DellaPenna et al. 1986) ZFd L WEHiPHIZ Z D540
BHILNTE I,

S. borealisl3FHE T, b bEKEERE TR
ke R 0T, ToiEECERCBERL TV
PGasel 3K EINE A2/ RT bDEEZ LN D, KA
DOLIFIOWIFITB T, S. borealish & O FLH
e OPGaself i 13S. borealis& [6) UHEZIRE T bH
ZIRES. sclerotiorum» 5D b D L LT, (&
T 3B B 40°CTEIE I 2 TR A L &
IEREILDOFEL ST Lz, T OHENPGase
DTHEGOWEICKRNT 200 E S A2l 50
T B7HIT, S borealish 5PGase’ & ¢ Hifjf L &
95 LikA T,

F o, FAFBICS. borealis (5°C, 64 AREE)
Ho1% (w/v) )7 F vigkEEEE LTHOVE
KEEEIE 1T & % PGaselfi PEIE 1T & - TPGase
% il (Takasawa et al. 1997) L7, 22T
(ZIEVEAE D E AN S < FHED & 2 bk S
R E RS (Ikuma et al. 2001) I & % PGasel
Mo'=y—iEE2 AL, 5C-24 HEEES. borealis
ORI 5> DPGase DFEHIZ R (7 o<+ 7
57 4 —) OFHMAETEEMICH - 1ciEREELOT
IhaeEd %,

EBRMHRUAE

Potato-Dextrose-Agar (LI N PDA)  (Difco
Laboratories) , /N&7 2~ (+F£E) , Hyflo
super-cel (Celite Co. /HFIEMEETZE) , D-5 7
v o YERIKFY) (Sigma), ®UH I 27 vo Vg
(Sigma, From orange), MEKKEEF bV o A
(FOEMSE T, fFlD, 7= v 7 kA ) oA
FIEMiBET2E, 5, ke (D) 7 vE=v A
127kF0%) (FDEAEEE T2, ®80, 9 ) Vil
MUY (LINSDS)  (RDbestigE T3, A bHD,
Bilg (FOEHiZET2E, Fesoir D, Bk~ U v
LIRFIW (MDEAEAETSE, R, OKBERR (Rt

BET-« Ak R - EE RK

T2, ¥4, Coomassie Brilliant Blue (LI
CBB) G-250 CEHAbZFHES,, Specially prepared
reagent, Lot No. M7R303D), Y vfig (FIEHESE
T2, H5l, 85% (w/w) ), * %7/ —v (Fthh
WTE B, 99.8% (w/w), FIMET7T VT3 v
(LIFBSA) (Sigma, crystallized and lyophilized,
ZEHR5Y 14.8% (w/v)), Bio-Gel P-6DG (Bio-Rad),
CM-Toyopearl 650M (HF##E), Sephacryl S-
200 (Pharmacia), Dialysis Membrane (Viskase
Sales Co. /FDEAISE T2E),

BEkOEE

S. borealisOE W% £ 9", FERPAKEH FT5C
THEE Lo, 3.9% (w/v) PDABK%121°C, 205
A= b7 L—7HEER vv+—L (—bT7 1L —
ZWEED 1220mL9 050 L, PDASEREHE L7,
PDARNAIEEML & 0 S, borealisDBEREMTE (4 —
oL —ZHE) AW TER T EPDAMEH
WKL, 5°CT 2 h AMEEEL .,

RIC_EROFEREEERY 2 /NE 7 A < R RE L 72,
His, /g7 2 <30g L K50mL & % F5 ISR L
TH00mL=fff7 5 2aicAnNTA -7 L — 7&K
L, NET7ZR=EHE L1, S borealis® PDA
Ve — LEEEMA/NE 7 2= FIT, 1/5¥+— L5
ML, Hbly v — LEBEYZ2HTE7 7231
BiiL T, 5°CT2hHREHEREL 2,

ASLIOTNTS5T 14—k

A A vaHah s s~ 757 0 —1F, CM-
Toyopearl 650M# 5 &% HWTITV, BEHICIIIE
{btF b LEETORT » 774 XEBLT Y =
TV v NEEHWE, FvAEN S Lo
N7"5 7 4 =&, Bio-Gel P-6 DG U'Sephacryl
S-2007 5 L ERWTIT - 720 HEERE(EIZ42THC
(7a=hF v v X=HN) Tir-> 7o

)77 VT FrVESDKE (PAGE) (#Phast
system (Pharmacia LKB) ZHWTIT- 7,

nondenaturing PAGEX O'SDS-PAGEZ, W4°
N8B ENV T 27 IVIVTINTFIVT Y M LE
MWT, pH8SITHB W TIT»7o ¥ v/ HE IR,
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0.1% (w/v) CBB R-250-30% (v/v) * % / — -
10% (v/v) EeBRE, &2 0IiIFREeH+ o b
(Pharmacia LKB) ZH W T4 m L 72,

DNTEEROREICIE, UTONTERE~Y—/71—%
YNIBEN WL, v FHAREY 5 —¥B (94
kDa), M7 v7 3 v (67kDa), YIEHT V7 3
v (43kDa), HRIMEkA —K =9 77 v 5 —+
(30kDa), KH. Y Fv v A vEebs— (2.1kDa),
BH a-57 v 773 v (14.4kDa),

BREEDAE

KYH52voF—+ (PGase) WhEtkiE, 1%
(w/v) RUHAZ 27 vo EOIMEEEF MY o A-
WA ErAne (pH4.5) 2FE E L THVRIE L 72,
BEHEEDOR Y H 5 7 v VIRIBEER, ST «
/= VIilEH: (Takeuchi et al. 2001) 1T & b 4 bk
BEELTUEL, FiomBEEEERE (kuma
et al. 2001) WX v ETHERELREL T, TN
DRERMNOE) H S 7y o VEOYEHESE (Degree
of polymerization) %Kz, RUAF 7 vo v
RO EAE1328.10.6 (S.E.) TH -7,

TSR SO 3 OB IATSE2. Im LR GRE A 2.0mL,
70.1mL) 2B W TA0°CTITV, BERIGE
G143, 6, 90 RICHERE L /& e R (sampling
volume 10uL) % S kil s (Tkuma et
al. 2001) ZHWVWTD-#5 2 v o vigaiEiEs LT
Em Ui, i, BEmmK (10pul) oErhEs%
T L, BRRRORIN L 2 EERRDOHHERT
FHIE L 7o fli%, RIS04Y Ik 0 aE s s L TH
W, BEICHIRHE T v 1 DA S S Lot
b o kSR E o E R 2 E R L, Bk
77 v EE LTV, SIBRICH 500
Wk AR O — IR IDR E AR O = > 5 ZEICHE O 5
B, RO BRI A RS fo, BESRIENE 4 1]
DR D & UFEERAE ROl &3k 2,

RGO 1UR, 1492472 0 1umol D Jrhl % i
BEd 2% E (lumol/min) & LTER L, F
7o, 75 v BRIGH RERERORD D 1210mM
Wl - bV v o -BEBRREErA W (pH4.5) (LIRS,
buffer) 0.1mL% W\ TRKD 7z,

TUNIEREDRE

g vy HiEEE, CBBEREERKEEZH VWY v
N EMEEREICKEDINE L, CBBthI RS
¥, 0.025% (w/v) CBB G-250-12.5% (v/v) *
g 7 —=n-10.83% (w/v) VU vIBAEH Lo, i
HHAR IS BSAZBEEYVE & LT, 0-9ugDHiPHTIERK
L7 tHEERhR D Z 978D BBSA 1ugdh iz @
TSGR (Ass) 1&, 0.0351£1.33%10°* (S.E.) TH -
1o

ERELUEBE

(==Y
27y 7. AHEROFR

S. borealisD/NZ 7 Z < k&5 7 5 2 3%, S.
buffer ¢l L7z, 7B, NEL7 2 <{EES
borealis 57 5 A 3% 7L v ¥ —ITHIATILDS. buffer
THPRE, 3MmIEFR L, 5 CTlRFfEE Lo, [alEk
DFEFRFEZ S SIlElfTV, RIS bR, 31
PR, 300EHE Lc, CORAGY%E 2 HucER
e —€E2AVE (F=—1v7ao—7HH) kKo
THML, AEST, HIT, AT AEFHBFHyflo
super-cel 30g% A TR Wy A8 CERM A
fNo. 5B, Advantec) L7, AITIKEERE %A
pHASICHHIE L7218, # v 75 v A (0.2um+t v
o—27+t75—b, Advantec) HE L7o TDA
e (850mL;assay volume 50uL ;total activity
7 965U) ZfHfHmE LT, 5 CTHRFELZ,
D 5 H800mL (7 496U) % I\ TPGase DI %
T- 7

X5 72. Bio-Gel P-6DG¥IVABHS LI O

IS T 4 —

A 1 A A v E 2 E < (1.22mmho ; £955
mM NaClZ &S, bufferfiy), 14 v o
YIS T 4 =T LANDREDNREEEL S
DTHNVAMN 5 LRIk 2EETT - 7o,

FLAH H % 400mL (total activity 3 748U) %,
& 5 C®S. buffer TFA{L L 72 Bio-Gel P-6DG
715 & (p4dem X 95em, #17 & AFEL 444mL)
WL, #9247 5 4kKE (3 400mL) @S. buffer
ZMAWTBOmL/hOHTIHEH LI, #5405
Dy v EOEEE =4 —13280nm T O WIEE
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(A DRIEIC & - TIT» 720 IS 1F20mL g
2% 7572 ¥avaLZ 4% — (Pharmacia-LKB)
ZHVTED, 85N &SI W TPGaselETE
(assay volume 50uL/tube) ZHIEL 7z, %7z,
BT LS DEDOETREEZE =Y -3 57cdIcE
SUrEE (CD-35M I, M & S Instruments Inc.)
ZHE L 7o

Bio-Gel P-6DGF VAN S L7 a= N7 57 4 —
AR ER 1 ITRd s ¥ v 37 BEid 4 E—2 125
BEL cias e, BRIEHEFEE -7 Th iRk
wlov—2o (Vi¥—7) ITHEAEL T, BEBXILEE
KRSty —2 (ViE—=7) oA
oYEE R, MR ICE £ 0 5 IEEE S 1 5EE
iz, 7a< s 757 4 —2KELTD
ApNHIF101.8%TH Y, YNV IBaR T TT 4 —
BEEMICITbh L s N5, LA LRSS

VNGBEDN 5 L5 DIEHIEKI260 T AR
(3 800mL) ZF THI%ZK (Ax<0.1) &h, v 7
HO—d 5 w7 E V= Y y 7 R EDIEHE
BWHEEALRS -tz bD EEbN b, OB
HIERE, Coza< b5 7 —hfflihigol
HAHKWELTHBY, Z0DICH 7 DTS
LTHWS. bufferd A 4 v ofifED @ (Andrews
1965) K D& -7ctedITE LD EEZ SN 5,
FIABA S LI O NI 5T 4 —KE L TOE
PEINER 1396.5% C BIF ISR T H - 7, PGaseldith
W5y GREREE530-56) 496mL (7EHEEIIN4E95.8
%) %7 =L, [EkEOHNEEIO00mLO 7 L5
B S5 5N iEEmES47T0mL GEVERINGRIT.1%)
EEbHHETI6mL (assay volume 50uL ; total
activity 7 197U ; 7EPEENINERI6.0%) @ Nt G vk
PG

10|IIII||||
i pool
—
8_
§ o
<4
2

40 80

120 160

......20

=
o
N

Activity(J/mL)(—e- )

—
(&)

Conductivity(mmho)(---&-)

0.5

Fraction No.

1. Bio-Gel P-6 DG #IV3@Hh5 L2707 T 5T 4 —AHHE.
HAALIRA00MLEAS AICHEL, S. bufferTidt L. No. 30-56(496mL)

D PGase i E MBS Z T — IV LT,

WS LY A X: ¢4.4X95cm,

1444mL ; iR1E : 78.0mL/h; 759 ¥ 3 Y4 X : 20mL/tube ; PGase

assay volume:50ulL/tube. ---

O, Agw; —@—, PGaseidM™

U/mL) ; A, EXIEEE (mmho).



I 1 S B RER B Sclerotinia borealis® £ ) #'5 7vy uF — ¥ 1 OHi 233

25w 73. CM-Toyopearl 660MA S Ly 02 b
57 4— (RF 9T 04 XFH)

ATy T 2CTIF I BUEIE 53 2> 5920mL (total
activity 6 854U) %2 &0, bS5 U®S. bufferT
SE#E L 72CM-Toyopearl 650M 41 5 & (¢ 2.6cm
X35cm, # 5 LAFEI86mL) (THEL 7z, Bl EFiE,
47 5 £ KR (TA0mL) @S. buffer TIEWE H5)
ZIRH L 72, 50mM (4.574 5 A {KFE: 840mL),
0.1M (34 5 &fKFE: 540mL), 0.5M (2.474 5 &4{K
& : 440mL), 1.0M (3.5%4 J &{kF& : 660mL) AL
F F )Y LEELS. buffer 2 fiWCTR T v 774
T & B IR 2 #S8.0mL/h TiT» 720 & v
JBDOEHIFADRITEIC L DR L, Awh 5
M ->T (0D »o&5Ic 1 75 L8 HO&~
Dbufferic X 27FEHZITV, S5y v 7 BINE

Hahisw EAMERL 72, IRt Hbuffer 2381 L
726 20mL I DDl ELED, 155N D A&
U'PGaselfitt: (assay volume 10-100xL/tube) %
HIE L 72

2Ty 774 XEHiEIc & 3 CM-Toyopearl 650
M#» S Lzv<b s 57 ¢ =2 K2R,
50mMIE LS b V) v &4-S. bufferT 4 D D55V ENE
v—7 (P2, P2, P3, XUP3) Mixihsh, %
D#%0AIMIE(LF b Y w7 A-S. bufferick->T1 2D
FiEEE—2 (PO MiEt Ui

lor/mx T 7 4 —lBYSsEKkELTD
Al I1393.0%TH Y, & v BoiEKRIZDE
o fc EHIMTEs B0, —77, EHEIEIE59.7%
(total activity 4 090U) EKWEICT/E D, O
RIEIC B W TEE BN R SN, RIS HHEHE

4 — ————m80 1
2233 4
S pool HHHH H i ]
3t 7 {60 |
| 2 7
6 31
2ot 140E lo 5=
<E‘2¢ 40£ {0.52
i | 1 =
SR
O pd
1} 120<
o -
. D ) U s 50 _
0 40 80 120 160 200 0
Fraction No.

2. CM-Toyopearl 650MBEA F XA S LZ AT IS5 T4 —(RTF v TIAXAH

)R R

25w T2MBio-Gel P-6 DG7 IV ABTHELNIZFHIEBRZHE20mLE N S LAICHEL,
S. buffer T&k®E#%, 50mM, 0.1M, 0.5M, 1.0Mi&{k+ b U I LESTS. bufferTia
L7z, PGase;&HESP2 : No. 87-92(121.2mL); P2 : No. 94-99(122.8mL); P3: No.
101-102(41.9mL) ; P3': No. 103-117(310.0mL) ; P4 : No. 130-135(124.0mL)%* Z " %
NT—I U7z, S5 LH A4 X: ¢2.6X34cm, 186mL ; iiE :38.0mL/h; 759 > 3

VYA X :20mL/tube ; PGase assay volume : 10-100uL/tube. -

O, Am; —@—,

PGasei&M (U/mL); -, |ILF b U D LAREM).
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OB T AEED 7 a5 T 4 —ITB
WT b CDRREEEDNE (59.1%) HHs N,
WEHEDIEEE, 7 a7 T 7 4 —ITB T D Akl
FhIEFITE WD, RYHF 57y aF—HEDCM-
ToyopearlZ o= + 75 7 4 — g~ D IER; T
HioksboTR R BEREHEOHEICI s bD &
FEZoNhb, Cozu< 574 — R (BT,
K2HM) 2pEETIOTIOR NS5 T 4 —
fErRIZ 3B 1) 5 CM-Toyopearl 650MIEfE & 54 L 72
CEILEDBRVATS IV voF—EDRIEELEZLS
NEH, TORT v S TOHEDREERIK XL
5 (P2 2405 P4: 1845 LTWwa T &, KU
[ A A B Z L L e 2 7 v 74TDCM-
Toyopearl 660M #5427 v< b7 57 +— (VY
=775 VI Y MEHIE) B0 TORIEINER)
95.5% L IEFITEmD > TcRFEN S, 7ax I T T 4 —
FTORIEDOAREME EWEEZEZ 5N D, T OkEH
BBt s T T A v 1 4 (P2, P2, P3, P3,
B O'P4) D3nEs iz T & o, IS L OBio
-Gel P-6 DG WA o< 757 4 = 5DR
HEHESIcB W CTRRY)AS 7 vaFr—ET A Y
FA LB E/ER (Bartling et al. 1995;
Bhat et al. 1994 ; Wood et al. 1986) MS{FAEL 72
FTeDITE OBELIEEZE LT Wk, G144 53
U= NI 57 4 —ITEBTAYHFA LOHHEE
OFER DM BSEMBEIE L, T ofEHRE L Cibik
WK L 7o al gt psmi RIS 5,
Bohkifte -2 A22zhThP2hr 5P4& LT
T= L1, BE =2 DT — VIEDIEIERIERIZE 4
P2 (11.6%, total activity 792U (assay volume
100#L), 121.2mL), P2 (6.03%, total activity
413U (assay volume 100uL), 122.8mL), P3
(1.85%, total activity 127U (assay volume 100
©l), 41.9mL), P3' (6.10%, total activity 418U
(assay volume 100xL), 310.0mL), P4 (33.1%,
total activity 2 270U (assay volume 10uxL),
124.0mL) ThH -1, 782 b 57 4 —KTH|
IV L 7o aiE (4 090U0) 1oxfd %47 — v ok
SHRIIXAP2 (194%), P2 (10.1%), P3 (3.1
%), P3 (10.2%), P4 (555%) TH-1co FE
s 7 —vTd 5P4 (2 270U, 124.0mL) &>
WTESIHEEAEIT- T2, 2T v 73TORRIEEN:

BET-« Ak R - EE RK

15312569 2 PADTRYERIER (333.1%6 T H - 72,

27w T4, CM-Toyopearl 650MA S LY O b
I574— (V=775 v MEAHE)

WZinwe (P4 © 5 H110mL (total activity
2 014U) =& b, 1.5LDS. buffericxf L T, #920
B O @ENT 2 2 [AlfE 0K L 7o, &k (110mL) ©
EURICDWTIE, AxT81.7%, CBBikick 5%
Vo BmT93.4%, MUORIE]T2.0%THD,
BRI & » THHEROIRADR S - fcb D &
b,

B U B RIS D 9 5100mL (total activity
1 6840) %, & 5h UHS. buffer ¢ A L L 72CM-
Toyopearl 650M (¢ 1.0cm X 17cm, # 5 &{KF£13.5
mL) ICftL 7z, H 5 4 1332.8mL/h O iE TAH
SN, 2mLId>OWEBED S, S. buffer
GR2.14 5 £ 4KTE @ 28mL) B O*50mMEGE b+ b U
v LA GLS. buffer (92.174 5 44K : 28mL) T
T LR L, RS WS & A R, 50mM
(100mL) B X 0.IM (100mL) ¥fbF ~ U v L%
GUS. bufferick-TV =775 vz v hiahHE
HfTote TD%, 0.56M (F92.174 5 &K% : 28mL),
LOM (%92.0% 5 &K% © 26mL) = &S, buffer
TORHEICE >TH I 60 5HE N5 PGased’
FAELBOWI 2R L, BoNk&msico0
T, Aw®B L OBEHRIEN: (assay volume 5-100uL/
tube) % HIE L 72,

V=775 YT EHEIT X 5 CM-Toyopearl
650M# 5 &7 v k75 7 4 —iEHER A K3 IOR
T & VN BEHTOmMIE LS Y v ABEETH
AHTHLOTARLRI>OE -2 ELTHEEL, 2o
AwE—271325DEEE -2 (P4-1KUP4-2) %
STV,

lor/mx T 74 —lBIsEKkELTD
AR I393.8% T, & v X2 HOBE DI, -
feEplrs NG, 7o, EHNEREeKRE LTS
% (total activity 1 608U) TEWIERMES 1,
PGase®7 o=t 7 57 4 —ZERMICITODNI &
FAiA oMb,

Bontkiftte — 7 2#P4- 18 X UP4-2E LT —
WLtz &7 — VOIEPEDIERIGE 2 P4-1 (14.1% :
total activity 237U (assay volume 100xL), 18
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mL), P4-2 (69.5% : total activity 1 170U (assay
volume 10uL), 36mL) T®H - 72 P4-15% U'P4-2
Dy w7 T 7 —EEEE (1 608U) Xt
T HEMEERIZLZ14. TR TT2.8% TH - 12,

FEILIEM: 7 —vTdh 5P4-2 (1 170U, 36mL) %
S SRRt L, 2T v T4 TOPUTKET
BPA-2DFEEEINR (overall) 1363.9%TdH - 72,

25w 7. Sephacryl S-2007° )V A@BAS LY O
ST 4 —

ATy TATR SN EiEVE# 5 PA-20 BIF15 7
WABMA S Ly v T 5T 4 —%(T9 edITilkl
%#CM-Toyopearl 3 =74 5 o T L1z, BB, E#
#ZRk (P4-2) @5 535.0mL (total activity 1 138
U) %, CM-Toyopearl~DP4-20DW 5w tEd %7
?HIT500mLAS. bufferiz Xt LT, 24Kk D&y

% 2 [EfE 0 Utz BT L 72ail 2 B8 4 % 1o,
5 LS. buffer ©F-1{k L 7 CM-Toyopearl
650M ¥ =# F & (¢1.0cm X 10cm, # 5 LARE8mL)
kL, S. bufferTyeiFik, 0.2MGELFT ~ Y 9 4
ZEOS. buffer C—EMEFEI L, S iciE
PR S EE - TW iz koo, w0 EE (15 000rpm,
1547, 5C) W&k - Tl ZRrWicE7y— v Lk
(total activity 922U (assay volume 5ul), &HT
BRI = 5 L REEE T OIEHERINFES1.0%,
5.4mL) .

Ehnl Rl . omL (total activity 768U) %,
& 5» LDH0mMEEILF b U v 42 5LS. buffer
T L L 72 (Andrews 1965) Sephacryl S-200
(¢ 1.6X66cm, 77 LEEL33mML) kL7, &
HUESE LI L 72Ny 7 7 — &6 U b @ 190mL
(147 7 &K TIT- 720 ##i323.6mL/h T,

0.5 - - - - - - —80 1
4-1 4-2
pool — — i 1
0.4} .
-60T
”5 0.3} 1 =1 |
- {40 Jo52
8 21772
< 0.2} 2{ O
1 = Y
g_ prd
0.1} 120% |
i ",';" 40
40 80 120 60
Fraction No.

X 3. CM-Toyopearl 650MEA # V3ZAS LIAT TS T4—(VZT7 55DV b

B iR) B AR

Z 5w T3MDCM-Toyopearl 650M(RF v 77 4 X) TEbNIZEHESDS bEFEMS
5y (P4) &15BH714, TOEERFAFNOOMLE DS LICHEL, S. buffer RUB0mMIEILF b
U LEESTS. buffer THEHE%E, 50mM100mL)-0.1M(100mL)1E{LF FU D L% S
TS. bufferc@U =753 TV FETAH LTIz, PGase;ZEE5YP4-1: No. 67-
76(18mL) ; P4-2: No. 80-98(36mL) &= ZNZENT—I L1z. hSLHA X : ¢1.0X
17cm, 13.5bmL; & :32.8mL/h; 759 ¥ 3 vH 4 X : 2mL/tube ; PGase assay

volume : 5-100uL/tube. --

‘O, Am; —@—, PGaseid™(U/mL) ; -, &1L+ b U
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2mLESy g DI, BONABEBITDONT,
Ao B X O ERIEM (assay volume 10-100 #L
/tube) ZHIE L 7o

Sephacryl S-2005VAEA T L0~ b5 7 4 —
IR A AR, ¥ v X7 EIZART 3 DD
E— it S N, RS 2 FHO LA, E—
JIHFIEL T e, PGased v/ 7 EHIZ I T TOIR
HIZEE R T 13 Sephacryl S-2007v= k1) » 27 2 &
OIEFRIHEEHZ Lish-ocbo b,

D7 a< IS5 7 4 —ICBT D5 AINEIZ69.8
%ERWETHY, FIVAEI BT TS5 T 4=
koTHr v NI EDEEN S o fcbDEBbN S,
LD LS, IEHEINERIZ 7 e b7 57 0 —2fK
ELTIBEIFFICEL, R HF7vaF—F
Frov A s W TERMICHINE N,

Bontiftt e — o 2P4-2-2 GEHEEINERT2.0% -
total activity 553U (assay volume 10uxL),

BT« AR - HE B
9.3mL) &LT7—vl, SAKREEUERE L7, K
BIRIEOFE RN 5, S borealish 5 DPGasell (37D
LSO T A v A ADFEET 5 T LI
SMITH 512 DT, T T THOSNIPGaseif T
3 b ORFENE R P4-2-2%PGase I & Lo AT v
7’5 TDOP4-21T%4 9 5 P4-2-2D FEPEEIR (overall)
1358.3% TH - 12,

S. borealis¥ =M th it th D PGasedif 14 3 1 4y
(PGase 1) 122\ CTEAGBUHRIEDFEM 2 R 1ITR T,

CM-Toyopearlf 4 # »3 s o< 757 4 —
(AT v 79 A XEHTE) T8 520G HINE#1359.7
% &K T TOHEIF, COREIBRIIBVLT
5007 A V¥4 4 (P2, P2, P3, P3, XUP4)
PHHASRES N2, TA A AR
HAEA (Bartling et al. 1995; Bhat et al. 1994;
Wood et al. 1986) »HAELT7 o~ 757 4 —
ERE L TOIEHIEME N L EEA NS, &

01 T T T T T T T T
4-2-2
d? i

008_ H _100?
7 | |
2006 E
3 2
N >
< =
>
0.04 2
<

0.02

Fraction No.

4.

Sephacryl S-2005°)V3BHS5 L2077 57T « —AHERR.

27w TADCM-Toyopearl 650M(U =775 o b) THLONICEEEES (P4-2)

EBTOL,

I ZASALEKICE > TEHELCBREAAIMLEZ A S AICEL, 50mM

Bk F P U D LEESTS. bufferTAH LT-. PGasei&HE4rP4-2-2 : No. 43-47 (9.3
mL)&E7—Ib LTz hS L84 X ¢1.6X66cm, 130mL; FiE: 23.6mL/h; 759 3
VYA X :2mL/tube ; PGase assay volume : 10-100uL/tube. -=-O--:, A280; —@—,

PGasei& f#(U/mL).
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7o, TORT v 7 TEPGaselllEbT A Y A LH
HFELIICE Db o EEEmS (P4, 7GR
IN#33.1%, TEHEEHE#55.5%) OAEZEDIID
12, LB T A Y A L3RI DIT,
C ORBIEBEIC B 1 2 M 5 O P 4 751 R]IY
# (overall) 1331.8% (R7 v 774 XFHE7 o
N7 T 7 0 —AIEHIDERE.T%) L8 o it
CM-Toyopearlps 4 # »2Har o< 757 4 —
(=775 vzy MR KBFb70< b7
77 4« — Ak L L COEMHINERI395.5% T INER
BEOLNID, TORTF v T TETA Y HA LD
Hoyitsn, FiEMEES (P4-2, FEPERNGRE9.5%,
TEVEEERT2.8%) OAEEDIzDIT, T Ol
BRI B 3 AT S OTEERINE (ovarall)
1320.3% & 78 - 1o

S. borealis 5C=2/ AEE#57 5 2 2> S Ml
% 13850mLE S N7z s, PGase I OFEELEAEE 132 D
S H800mMLEWTIT» 7, T, 5°Ce24 AR:
#5772 an»o oMb o PGase &G 13
7T 965U TH » 1z, 21T IFIMHKS00mL % {#H L
THEAT v 7ILOVTORREE EDHTH S, 800
mLO MR S, 0.454mg D PGase T i #&H;
AR AR & 75 5 o, IREBEES, (P4-2-2)
DOATEMIF889U & 5 b, FflH# (800mL) »>511.9
W DIETEEERTH - oo FEEUL S O FiEE 31 960

U/mg<T, Mg 51085 il iz,

S. borealis®b°C+6741 A& 6 DPGased H
ift (Takasawa et al. 1997) IZBWVTiE, 5C-24H
BEY» 518V TH S N /cCM-Toyopearl [5 A
AR o< NI 57 4 — (RT v 774 XEH
7)) TOP2B XL UPS, BIUCM-Toyopearl 650M
GAx v firo<v 7574 — (V=775 Vx
v MAEHE) TOPAIERSAEL -1, Thid,
BB OEVITE > TT A V¥ A4 2O MBEAL
LicichEZEZ oMb, £z, 5°C-64 HEEY»
S — I IEEEN A 5 o) ITid & 5 1ICMono S
FPLC (Pharmacia) 1T & 258 EE2 LT E L
Epn, EEHMOEVICE - THEY vy H
KOVWTHEWVEHEEDEZZ LN S,

5°C-6741 AW © ODPGaseD B (Takasawa
et al. 1997) 128\ TIIPGaselFitk 2 K5 LI E 21
LODREL fcfeoic, SRlOEITTHEOERIC L 54
R E5C64 HiE#ED & DPGaseDiEMEE & % H 15
kit d 2 T & BRI 5 12, 7 V¥ R,
A # g i B VT 3454.2meg (64 H B 5,
900mL) % L440mg (24 AB:#, 850mL) TK
XWEFI I o 1, —HREEEESICB VTR
1.4mg (6747 H¥E#E, 14.6mL) <xf L0.454mg (27
HE:EE, 14.9mL) <, 64 HESEO S HsiEVERICE
(27.6%) DB -tk dIH 3 EZ < NS h TV

£ 1. 8. borealis (2 hAEE) HKPGase I DFFRIER.

Total Total Total Recovered Specific Purification
Ste Volume activity protein A activity activity fold
P (mL) 48 (mg) yield (U/mg)
(%)
Crude extract 800 7 496 414 12 940 100 18.1 1
Bio-Gel P-6DG 966 7197 312 2 990 96.0 23.1 1.28
CM-Toyopearl
650M(stepwise) 130 2 383 5.58 29.6 31.8 427 23.6
P4
CM-Toyopearl
650M(gradient) 46.9 1 524 1.40 5.82 20.3 1 090 60.2
P4-2
Sephacryl
S-200 14.9 889 0.454 0.820 11.9 1 960 108
P4-2-2
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foo E 72, PGase I S AFEUSE MmO D S D FEE S & OOy FEEZESIKE & W T,

FEalfsR 1, 64 A8 #C89.6f5, 24 AREET108 8-25% X )T/ VNTIRTIVT YR
=&, 24 HEBEDO G B20%EmM» -1 THHD (pH8.8) 2B %, S. borealist KPGaseihi: 3+
FEE A O, MK T O PGase &5 R GRS N % H] 5y h & D PGase T #5385, (P4-2-2) D non-
27 H (4.05mg) 2564 H (5.0Tmg) ICEET 2 denaturing PAGE K& 'SDS-PAGE @ #t H A X512

T ET & - THHMERINRZERE T 5 L#920% 5 < 72 R 2 OBSKEEICE WT, CBBR L
BLEAOND, - THEMERG2N AREEICIE BLUOREOETNZTNICE VW TH—O /N Y PR
NT6H AEEOT A% IEF LTV B D &%y Hah, HBEERP4-2-23E— o s N,

P DB B, SDS-PAGEIZBWVWT, HTEE~—H—% v/¥
7B OB IS 584 O TERO RO
PGase | (P4-2-2) DMESLIUSFEE 7 vy b oEEARE— KR (X6) 5 5 PGase
HoLruw T 5T o RS (P4-2-2) O I (P4-2-2) 4 FE&E1339.810.371kDa (S.E.)
(a) 1 2 (b) 1 2

()1 234 d1 234

— 14.4kDa
= 20.1kDa
4+ 30kDa
4— 43kDa
+ 67kDa
«— 94kDa

14.4kDa
20.1kDa
30kDa
43kDa
67kDa
94kDa

ke |
1234 1234

5. PGasel HFHEMPL-2-2)DARY 7o YIT I REIVERIKE.

nondenaturing PAGE(a, b) (38-26% 'S P T v I &R TpHS.8TITLY, #Ib
[ZCBB R-250%E (a) R UMREE (D) TERE L. L—1, 2:P4-2-2, 0.31ug. SDS-
PAGE(c, d)IE, =H#&#25%w/v)SDS, 1% w/v) >FF XL A b= (DTT), &
U1mM EDTAEHIC100°C T2 /A v+ 2 X— b L7z, 0.5656% (w/v)SDSDETE
TF8-BK% TSIy b INERWTKENZETTo 2. 77IVIZCBB R-250%F (¢) R TR
Smd)TEBELE. L—r2, 3:P4-2-2, 0.20ug; L—V1, 4: HFEEY—H—%
YN E ;) ERKENAR.
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1.0

log(M.W. x 107
o o o
> o ®

o
N

0 0.2

06 08 1.0

Relative Mobility

6. SDS-PAGEIZ& %PGaseI (P4-2-2) D93FEERTE.
BFEET—H—F NI EOBRHEICH L TERLOAFEEDERANREEZ T O v
b Ufc. BEEpRIE— ORI, y=-1.63x+1.37(CBBEE) R Uy=-1.68x+1.42 GREE)
THhotfz. —xOFRDOHEEEREIEE 2 R=0.9989% UR=0.9982TH > 1=. FLXDEK
KENZ &K > TRDDNT-PGase | FEIER (P4-2-20) DHFEHEIFZNZN, 40.3kDa
ELU40.1kDaTH > 7c. —O—, CBBEE ; —A—, REE ; @, A:CBBEE(®)
B L URLEE (A) B2 DESIKENTDPGasefEBHZER (P4-2-2) DIEXIEEIED T O v .

RS 5N,

5C+64 HE:#EPGase I (P4-2-2-2) (Takasawa
et al. 1997) DIG&ITIE, SDS-PAGED 5 R b
5N T E = I1340kDaT5C 24 HE5# PGase 1
(P4-2-2) (39.8kDa) &iF&EAEFEOMEL, Tk
P4-2-2-2D Sephacryl S-2007 )V A# A 5 47 o<
NS T 4 = O ERES S intacty T OB R
41kDaTd - 72D T, 5C64 ALi#PGase I (P4-
2-2-2) BHEMAMRTDH > 72, 5C-2Hh AREE
PGase I (P4-2-2) dlAtRICHEARMRTH L EHE
ALt b,

EE XM
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Summary

Polygalacturonase I has been isolated from
the culture of the psychrophilic snow mold
Sclerotinia  borealis by cation-exchange
chromatography on a column of CM-Toyopearl

followed by gel filtration on a column of

Sephacryl S-200. Purified enzyme (P4-2-2),
polygalacturonase I had a specific activity of
1 960 units per mg of protein, that is, 108-fold
purification over the crude extract of the
wheat bran culture of the psychrophilic fungus
Sclerotinia borealis. The purified enzyme was
homogeneous, as judged by nondenaturing
polyacrylamide gel electrophoresis. The molecular
mass of the enzyme was estimated to be 39.8
+ (.371kDa by the polyacrylamide gel electrophoresis
in the presence of sodium dodecyl sulfate.
Key words : Sclerotinia borealis, psychrophile,
snow mold, polygalacturonase, cell
wall degrading enzyme.
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S EIEBEZRE Sclerotinia borealis DpEHT 5
RYU A Z 7Y naF—BiEEO KRG
TTNZETE « HRERGE « QIR T « R « BRI

Cold adaptation of polygalacturonase activity from the culture of
the psychrophilic snow mold Sclerotinia borealis

Kouji TAKEUCHI, Takeshi IKUMA, Keiko SAGISAKA,
Izumi SAITO', and Toshihide TAKASAWA
(ZH 1 200111 H30H)

= =]

IFA TSI RIRE Sclerotinia borealis & iR MEERINRIRE Sclerotinia sclerotiorum
Eh oot o XY 5 7 o — B KRGS 21T - 720 40°C T DREHEIIG
D EEpHIES. borealis& S. sclerotiorumiTH W TH#EWIZ K pHASTH » 72, X, Wi
iz, pH4.0LL N KO pHS.0LL Fic B W TR 3 2K T L, pH6.0% & 7.5:2 13 7E
FEEAEHESNL D > foo pHADITE I 2 BRSSO FGEIREEL JITHE < b HIRRE I
BOTHEVRELLCTH 7o LA LEMBESCITBT 2iGHIC> VT, 40CIEH
B iKIEE IS0 9 B DS, HEEES. sclerotiorum DA 3FI18% T dH - 1o hs, If
S, borealisDi £ 1393D%IC & 720, HiREH KDL& & i L TRI26% & W (K
BIEHEE LT, TOLIBIFAROEY #1527 v o+ — LRI EERRHNE
W TRAET 2 BIEKIRES. borealisOFIFEICESBEG L TVWEdDEEZ LN S,
TREZEEVEIT D W T IRIFSES. borealistH K OWELIGVE (Z HILES. sclerotiorum kI
BANT20~30COFMBICHE VW THTARLETD - 7223, 50~60°C DEfiisic W\ T idi
BIIEEEOPIECB0CTIRERE L, ZMRERIIIFECTHS I LEREL TV S,
PHZEMIZ D W CRIFICB VL CAE EDIPHT.OLLETHEHALETH - 7,
F—9U—F:RUVASI7veF—F, KEHIEK HHE, Selerotinia borealis,

Sclerotinia sclerotiorum

= @ BB BB IS LE BB L TR D, R
ar B LTV AIREESEOE M & > CHEYIE SR -
ik E oI, %< OMAEY (microbe) iR - EIRPERAEIC AR S TV B, RS

LN VNG e i/ < y/UE e E

Department of Bioresource Science, Obihiro University of Agriculture and Veterinary Medicine
B[R S e R A

'Agroscience Research Laboratory, Hokkai Sankyo Co. Ltd.
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TEEEA320~50°C D FEIPHIC & 2 WA 13 TP B X 3w
B EPRIEN, 55°CLILETHEE T 2 MED I
(thermophile) (Freeze and Brock 1970 ; Brock
and Freeze 1969) EMEEN, AFIREIC L O hZE
& 2R (moderate thermophile) (Kademi et
al. 2000 : Alvarez-Macarie et al. 1999) « S5
1  (extreme thermophile) (Oshima et al.
1976) « BIFEE (hyperthermophile) (Blochl et
al. 1997 ; Bohlool and Brock 1974 ; Mosser et al.
1974) &2V GEHE3TC) THHEFTELNT
IV K 0 EHENE (facultative thermophile)
(Tsuchiya et al. 1997) - fR¥E4F20E (obligate
thermophile) (Allgood and Perry 1986 ; Singh
and Sinha 1982) ICH T SN 5, KR THRE
TX AWMV AT LIRIEE & REATEEICEK -
T, {K#E (psychrotroph) GEMAKIEE) (Lawson
etal. 1994;Ray et al. 1994) & #F 5 &
(psychrophile)  (fi % X i & ) (Adler and
Knowles 1995 ; Ferroni and Kaminski 1980 ;
Morita and Burton 1970; Eddy 1960) (52
maEn, EERFRE0CLL T ThafitE BT
LI o &0 R FmE, AFRAEE20°CLL Lo & o
FRERR EFFIEN TV 5, R O SilBREE~ O
BB IS W TR C OGN E N, ¥ o]
L LT D ERE (TTorikoshi and Grant 1998 ;
Watanabe et al. 1991) DfERIMNHEA TV 523,
(IR E Y O R BRI ISR I > W T O F
HEDELBIL, ¥ v L~ T OB
O fFIH B 9 5 & (Hoyoux et al. 2001;
Wintrode et al. 2000 ; Kim et al. 1999 ; Feller et
al. 1997 ; Davail et al. 1994) (FFFic/ D0,

S. sclerotiorum M 'S, borealis(Zfaf 11 & KEYIHH
JHETdh %, S. sclerotiorum T %20 CHi#% T2
MARDBFEW I ZBOEGEICHE LT L, 2T,
F 28 (F R, b=bh, KUY A EE) 2IED
)R (Fao ) RUOAXRF 5, =28 (KE
WNGER), 775 (F Ny RO 5 x5,
FI2R (LI 2RV E<T7 V), Uk (L) —
) 1 EZ L OIEYNCERGH 25| ke & 9 H iR
IR Td 5,

S. borealisid TR o £ kg E S I
L, BOREICELN TV E0~5COREE N T

FHE, W, ROZHEBEICERL, X 10K
DR EIED, HRTERICIN S DY DEPE
FICERRERIE T 2B HSREEZHRE TH 5,
% &, BEAOES L OEKRS 15 E ORI A
HEOBLRETH 5,

KYVAF S yaF—¥id, WEYMIEEREL S O
—DTH BRI F VENET ETFF—EO—FE
T, KA vevBEFELHEELEL, TnlU
WKeERTF VIR, NI F v, RUORTF= VB E
Da-1, 4757 Vv = VAEEZIK T 5 R
ThOILS fEBRH SN TWwWS (Nagal et al
2000 ; Pathak et al. 2000 ; Martel et al. 1998;
Takasawa et al. 1997;Di Pietro and Roncero
1996 ; Iguchi et al. 1996 ; Tobias et al. 1993;
Polizeli et al. 1991 ; Kester and Visser 1990 ;
Shastri et al. 1988 ; Tucker et al. 1981 ; Cervone
et al. 1977, T OfEFRE wv v — X RIEFRED
FRIBRYIE & MlaEE I /ER L, REZiic G2
i, EPXEBRSELEEZONE, E-T, &
VA7 vyaFr—+xiE, S sclerotiorum M TS,
borealisDTEENDIFIEEICELEG LTS b D
bbb,

A IBEMHBMRIRIREENED X 5 ITHIE L T2
DipZS T DHAMA RS VX7 HL N5
77a—F9 5 BN TIHEHRIRES. borealis&
IR RIRES. sclerotiorum & DSFEA S 2 F U &
7 7 v\ — s KRBT 3 5 88 2 KK
W WVIREECTH R B oIc, AR EFEREE DS
Ofifithi o R #7157 v e F—2iGtolEE
HelctRET L 72

AERUERAE

HE

Potato dextrose agar (LI TFPDA) (Difco
Laboratories), /N#E 7 2~ (+WKE), Fefk
(MDA TSE, #rl), BEER b U o & (RDL#AE
T2, ¥#%), Hyflo super-cel (Celite Co./Fl5
METE), ®UH52vo v (LIFPGA)
(Sigma, From orange), 7 = v (BI%{L2E,
¥:#%), 3-[N-morpholinolpropane sulfonic acid
(LLFMOPS) (Sigma), KER{LF ) w4 (Fk
MR T2E, 45D, MUKREES b ) o A (RDEHEE
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T, B, 720 v7 b h ) v s (FeHisE
T2, B, gtk (D) 7 v €= 212K
(FEAiE T3, 580, F7 Y VmigEsr by v 4
MDA T2, A oD, Wilg (Rl T3,

&), Coomassie brilliant blue (VI'FCBB)
G-250 CEHAb2E3E N, Specially prepared), U v
W (FIOEAE T2, 48, 85% (w/w)), x4/ —
v (RIERIEE T2E, R, 99.8% (w/w)), @ vl
HET V7 3 v (LUFBSA) (Sigma, crystallized
and lyophilized, £#%514.8% (w/w)), 7 b+
U YA (RDEREETZE, LR,

BARDEE

PDARGHI T DR PDA 39g (& —=t/x5 v
Z{HH) Z#UK80mL (100mL* — b L2 5 2) I
A, InEJERR L TRAeIERSE, ThEA 4 v
ZHZREK (LITHEK) T100mLIc * 27 » 7 L,
3.9% (w/v) PDAARAZHFBIL 72, T DPDAAIR
=75 Z2ahT, 121°C « 20004 — b7 L —
7R U fco BEPDAGK % 20mL 9 D < b Y
Mic/HydE L CERE chus LBk g7 (70 —v
NYFEH), 25 v MEMICRES N IELR R
BEMAWTEEMCYIDIEL, ~< b)) IMOPDARS
M EICFERE L 7o A MESRIRES. borealisDIGE 1,
5C (M vF a~x—=%) TH6» HEFHEREL, &
RHRIREES. sclerotiorum D& 1213, 20°C (A
vFaxN—) TR2HEFEFFHEREL

INE 7 2 < BT R - —IhNET
<30g% AN, #i/KS0mLZMA CTRCEML (=
NF a2 S, 500mL=ff7 5 X athTiife% L
TL2IC - 20l A — v 2 L= WE LTz, TD7
2 < A RR £ TEDITHUSHR, b ) MTREE
LcHARZPDARMIE & bicmAz (G=f 7523
R/~ ) EEERIND, S, borealisldbCTHI6 » H
[, S. sclerotioruml320°C THRIZEMFHE LS L 72,

ik lanbAOEEED
INFZ 7 2 < BEML B CREFE L /oS, borealis)k U'S.
sclerotiorum’» & ORI O FHEL IR E =B 7 5
Z 3 il 7o D I0mMEERE - b ) o & — BERRER AT /A
# (pH4.5) (LAF/Ny 77 —=A) 200mLTIT - 720
9, 7RACEEINERE 7 2 <23

IFF I L, =7 5 R ANBEICE LAH
HEN Y Ty —ARMATHIDEL (F52F v 7
B2 2 SR, I+ -z, T of
e 30K L, =Mf7 5 2 3 ONEYZE TN
CIFY -t L, SHO=M7 52 ak#EE
FH—ICAN, KRICEGF NNy 77 —AZIFH—
WA 7oo 3 F 4 — ONEYELERE (55) &,
5 CTIRFMIENE Lco T OEMEAE 2 0K L 7o,

RICEE IR R, CORGYE 2EON—EE
M, F (55v 7 270—-7%EM) TE->TAHHE
L, D A#ca.950mL%E A — rv7 5 2 (1L) 1T
Ht, F—EAELIAEDI S EITANEEYE %
< 7oz, AEMBIAIHyflo super-cel 30g% il
AT MEREE, WEl A8 (7 FXv Ty 78R
i A#EtNo. 5B) Lo, AOpHZRERE%NA T4.5
WHEE L7, ComiEe—mEE (5°C) %, AU
PRI A R K 72 DR S| AE Lt

&EICA Y TS5 v AE (045umEo—2 7+
F=hE, TRANYF ) BEEToN, TOA
w2t % (ca.850~880mL) & LT, RJEYV
WL CmBRF L, (A9 2Bk 5 CT
PRAF L 726

2% (w/v) PGAREREAKRDAR

PGA 20g (4 — b5 v 2fEH) A2E7KkHI800mL
AL Ee—h—) gL oA, 6 R
PRROS L, B|HEICR Lo, RIS 5 MUKEg(LF + ) v
LR (19.5mL) ZMApHT.0ICHE L/, Ch
—BphnEdEE (ko b L — b2 =5 ()
L, PGAZFINITIRAS Bz, TORKEZERIC
RLTHOMKTIL (XRY)YF =) ITAZXT v
7L, =05 EE (15 000 rpm, 1547, 20°C) 14,
o RBkERL A CGEREM A#No. 5B, 7 F
NyF ) LTHBEEICRE, KRl v TS
AW (045 umEo —RA T T — bE, 7 RN
vFw ) WE LK, AiliERY E VIO (ea.
250mL) U CHsRFEL, [MERABECHMBELT1%
(w/v) PGAREFEOFHEICH W,

2% (w/v) PGAIRHEDIEHETS B (Z50R5A A,
VR A S 7 - ) — VEREEEE (Takeuchi et
al. 2001) THIE L foo F 7oim oo 4 o BT ik
Ak (Tkuma et al. 2001) THEL, Th 5D
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FERD O EAEEZRD 12, TS IRIFIRIK DN
HEGR1329.611.9 (S.E) TH-7,

1% (w/v) PGARZARKRDTASE

/K100 mL (E=#—) 12 2% (w/v) PGAE
#250mL (B00mL * 2 v ) v =) Z#EHRLEHs
SMA, HICOAMEERE + ~ U v A -FERRE ik
(pH4.5) 125mLAHNA, WefgcpH4.5ICHEER, Hl
JKT500 mLiT A A7 v 7 L7,

RUAS I YyoOF+r—EFEDRE

o &Y #5 7ya+— i, BEK
JEFAARE2.1mL (1% (w/v) PGA-0.IMREEEE - b
)y /AR ENR (pHA5) FEE AR 2.0mL,
it E Ny 7 —AE 2 HDET0.ImL) B
TREEZALIC B T 2 B0 % o 8 Bk Al R ik
(Ikuma et al. 2001) ITX D HEL, < DbEkER
E» Sk,

BB 1% (w/v) PGABH2.020mL (7 4 v E Xy
M) A2 ERE (18x100mm) 1ZHLY, 40°C « 1043
T vFax—1 Ui, TORICHENGEIER
L LcHEBRE (13x100mm) 6 AT #tik490 4 L
(7 4 vERY M) RUERESERENIE
(0.53% (w/v) HE/KREEF b Y 2 £-0.066% (w/v)
7 LA ) Y L) 500 u LAY RS LT,
1 ROFERE 1T IMEERE F b ) ¥ & -FERRFE TR
(pH4.5) 10uL (= v v Fv7) ZinA#kREEE
75 vk Ll 2ARDMBEICET LA vFaN—
N LRREEERIO n LS > A2 INA BRRIG 0 4y (B
BT 5 vr) B REEROETHEZRD 5 1
DITH Lo HEBRK2.0 mLIT/Ny 7 7 —A 50
Nid10uL (7 4 v E~<y b)) ROHH®K0 (F
90 u LEMABERDUGZA L Tce BHIATR—E R
# 3, 6, U9y IKRILRE» 510l (v
RYRLVTEXy b)) BERRIIERY FTT ML
12 RiT, #F2 (0.05% (w/v) 7 =0 v 7 vibh
) o APEIR) 500 wLAENA, 100°C (F v BS54
NZ) TISHRINE LB (LR IR L 2 fTh e, %
D%-20°CITHN TR L EiRE TR L%, #{#3
(0.015% (w/v) WilE#k (D) 7 v €= A127KF
¥1-0.14% (v/v) BEREE-0.2% (w/v) §F YUk
F MUY AEK) 2.5mL (7 0 vEXRY b)) ZINA,

30C (7Y KSA/82) « 16594 v+ 2=}
LR v EREREEZIT > /e T DIEHD A
(7590 724R<A470%L) HOD-HF27 Y
O VR EEYIE & U oI D W TR
GRG0 e Lo BHIc B 3Rk (ne) %
Kdtc, X, 0B 2> VT, HHm
HIE I AR 3 5 kil 38 ik b5 1 o 2 ou '8 % D-
GAfB ug (K75 7)) TYORBELD, *
nERERR o R GEFE 75 v 7)) Icini
T5IELICKOFIEL, BHIL, ThoEoliss
D-#'5 7 v o vERIE pmollc %, NIBEH2.1
mLIZE T 22 eihEREEE (ymol/min) %K%
oo WEEEEE O FEIME 3 3~45E O FERE O HExER
(R (CVE) 12 & » TH~NT,

TEPED1U IR hE OB HEE ] 1« mol/min & TEF
L7zo F2biftd (umol/min) /mg Tl 72,

WBWBREE 75 v 7B IZ 1% (w/v) PGA-0.1
MEE#E - b U v & /BERRIEM (pH4.5) REAEK
2mLic/Ny 7 > —A 0.1mLZMNA, BERETHENE
W & [ RR ISR TUHE OREIFAA(L 2B L, & Ol
M SiEtE 75 v o 2R T,

BREHEDpHIKFM

pH 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, B ‘7.5
ORERBEKICB VTR Y H T2 Yo+ —EiGHil
TE T HE R 50 X 1390 e L o 7 1 & JAIE L
1o HHFEEICOWTIE, pH3.5255.5F TI30.1
MEFEEE - bV o & -BEEREMATR 2 A L, pH6.0/%
U6.5130.1M 7 = v R-NaOH#EM#%, pHT7.0M 7.5
130.1M MOPS-NaOH#Z Mg & H W\ 7o i 1340
CTRDI,

BRiEOREKRESE

BRSO DR B %5, 10, 20, 30, 40, 50, 60,
KvesC<T, 1% (w/v) PGA-O.IMREFfE- + ) &
& /WElRE M (pHA.5) FE R Z W TS
#2503 1390 u LOWESRIGHE A RIE L 72,

BREMOpHEE M

& 10mL%Z 2 M NaOH% H W CpHb.5, 6.0,
6.5, 7.0, KUTHIHEL TH CTHRERE %50
pLIZ D W TIERTEENE R I » TREH IS X 21
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HOLEE R 3 M,

Y UNIERERTE

Mt D 7 v 7 G IR 1E CBBG R 361
L OBSAZEHEYIH & L CTHVE L 72,

B FAHIZICBB (2hmg: 1 7 o KFE) %4 %
7 —ov (12.5mL) iThiA, FI2BERfEkAm s ¢,
WITEE) ik (85% (w/w)) (50mL: 84.22g) %
A K2R L, #fiZkTx 27 » 7 (100mL)
Lico TD®WyIA8 (E&EHAHNo. 5B, 7 F
NyFw) L, bCTRIELI, BFEAIEOKIR
[£120.025% (w/v) CBB-12.5% (v/v) * % / —Ju-
70.83% (w/v) U VIETH 5,

BSA (0.lmg/mL) HE#EEH130.04% (w/v) 7
HEF M) O LEEGLODE AR T T 2T ITHELL
7o BSAKEEEIRIED & v 2% 7 BB 1F Aud “™7=6.60
(Kirschenbaum 1970) % HWCTHE L 72,

1.5 - .

BERRUER

B E M D pHIKEM:

TSRS 1k o B SR DORTR I pH A X 97 2 AR (4 2 3
NG DI HBE AR O pHAZAL & & THEH Al E
Ltzo £D71ITpH3.5, 4.0, 4.5, 5.0, 5.5 (LI E
Welg o~V v A-BEREER), 6.0, 65 (LIEs T
v g -NaOHFE ), 7.0% U175 (LL_LEMOPS-
NaOH#Efrife) B R H W, 50 p L&
90 L LIT> W T40°C T~ 12,

LWCRT L D1T, BRGNS, borealisi U'S.
sclerotiorum® £ B 5125 W T & pHA5 THRIEVE
»5.Z, TOBMERINTB Y b HtpHI34.5TH -
720 X, WigttIcpH3.5~4.5T RiG A AR A
L, pH4.5~6.0TIFABICHD L, HalipHigAIE
AT 5 foo FEIT, pHE.0~T.5 TG IFERH»
Wi U, pHT.0M O'7.5TIdpHA.5TO IR NIEED

-_—
T

&M (umolD—GA/min) 1
o
o

0

2

1. BEREMOpHIKEME.

BHERIGE, pHE3L~75ICHAE L1 % (w/v)PGAEER®K 2 mL,
BRSO u LE (30 uL, RISHERE2.1mLR, BE4ACTIT- .
A, S borealis(50uL) ;2 , S. borealis(90 uL).

O, 8. sclerotiorum(50 L) ;& , S. sclerotiorum(90 uL).
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FI10%DIETE L /RS 1850 - T2

VI EDFER® S, R)H 52 yoFr—EiEko
PHIRFHEIC D W T RIFHBE D 5D & D b HIRE
S0 6D b BIXERES MR 2R L, W OTEHEIAL
BRELBEODASLEVWEDEERTE %,

BREIMOBEREHE

W SOBEN b BERIEESEE I > TED XS
ZALT 50 %, FICEREE BV CHIERES
sclerotiorum EHFAEES. borealisE DI TED & 5
W 202 O BT, HICRERE S
g 2 e DITER AT > oo K21TRT LT,
WA BRI 45 1 2 i B 13 R S I I $40°C
Th 1o X, 40°CLL LS TlEmE oIk
SHEVREEINT, BESE LI N TE
R REL Kb TOE, HHES. borealis®
B CTRAICHEESHEL, —HEIRES
sclerotiorum Tl365°C TR 1T IEENEAFE L 72,
NS ORE, FEE,rSOR) NS 7 v oS —
BIEVEITSE D S D & DI T EWE S S
BTEERLTOG, L LEDS, IFHEMSOD
ORI L TR L ETH B L IEEA WD -
72o —/730°CLLT DR < 3R & I iE ik
FME & b BFERINICHED Licn, HiRETEE
OHENREL, HHETREEINESL, /E-T
5CIBT 2GR, HWHEHES. sclerotiorumic >
WTI340°CIT BT B iRTETEIT U T OEAEE 1
#189% 72 > DIz LT, HFABES. borealisic >
W36 A7 L, Wi & Hik L€ 5 Coihk:
PR b E <, KIRMHPER SIS IEEE LT,
VLoiER» S, FsEoR Y A5 var—+¥
TEVEIR R O & DI TRHCBURNZSE TR 78 -
tes, Loy LRI T I ERED 5 O OITiR~TE
IREINHEDSIER ICE - o LRI TE B, X, Thb
OFIFIIAAES. borealisHhVFIRES. sclerotiorum
IR T X D KEEISEO SR Y H S 7 v e f—
ETA VA L TFEEELTVENXIE, oK
VA5 7y a T — 2O S W RIS A ) A
S vat—ERTHEOWEITIKS bDTIREL,
BB HIRES. sclerotiorum bIFIHES. borealis b
[F UIRREIN O R H S 7 vaF—ET 4 FA
Ly TARFERL TV DM, IS, borealisT I3

1.2
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2. BREMHOBEKREFNRE.

BHERICIE, BELH~66C, 1%w/v)PGA—0.1M
EFER S b U D L —BFER/N v 7 7 (pH4.5) 2 mL, #A#H
HR0 u LE/F0ul, RICHERE2.IMLRTIT-
f=. & S. borealis(50 uL) ;

A, S. borealis(90 uL).

O; S. sclerotiorum (50 ulL) ;

5 8. sclerotiorum(90 uL).

RUHSI7YaF—ETAYFA L0 EHAEIERH
LCHY #5783 — Lo BB % 8
Bl & i 0 HFAIFIRFICBELE S T\ B AT AR
BLTL 5,

B RIEMHEDERMER UL FIMHE

BTG O E R A2 RS 5 /01T S, borealis
M OS. sclerotiorum ¥R i 10~90 £ LI D W T
FpH4.51C B W TIRREEEZ 5 A 540CTEMEE
FNto, H3allRmdT L O ITMNogs s sV ER
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(S, borealis— X a7 = 1 y=0.0128x+0.0218
(r=0.9995); S. sclerotiorum—XIalaE= : y=0.0130x
+0.066 (r=0.9991)) #1536 nfch, —kEPFRIC
By UIREIS 75 v 7 iGHAEAE U 7o 7o o i il
st a2 LS E I BITTE O I I3 S s -
12o fE-> TIEHWME DM AL 2T IedIcid 7 5 v
77w A BT, 7T v oA LRk
MEZ2RD ZHMENH 5 T EBbD - T, IBBIARE
21mMLRTD T 5 v Ty A AT 1FER, 75
v 7 G MEAE130.0164 £ mol/min £9.89x107° (SE)
Thotoe 75 v 7 IEMEERE L TR RIS
T oG A F LD FERE X 3 bloRd, bk
(SHEHEEL10~90 Lo T3 —EfE (CViEca.2
%) L0, HMHERICKELEP >/, TS
DFER D Snet XUTE DTG HEE I E LB EAE L,
A ca 1.2 pmol/mini€ld 7' 5 ~ 7 i Al 2 i
T2 ETEEENEONE T Db - 1,

WIBES. sclerotiorum EFSHES. borealisD AR U
HSovor—EEHaEE

HIRE I NE 7 2 < BHIT20°C « 2 BREREEL, 4
BEIINE 7 2 < ET5C . 6 » IR L
Bk THEOEHSEMIE U Th 2 SRSy GRE
RISy, EHOHS IFEIRES. sclerotiorumb
W<, MBS borealislIBE V3% 2 OHE 12 {a] 1L
&2 K U6 » A TERIRIBICEL T\, BT
HZM: & R Uil AR © 1313H U7 o TER
REEC BT 2O X ) #57 v o) —EiGHEE
OAHE I 21T - 1o

RYA S50 veF—CIREEICES T 28 L0
LB THLEMLOEHODERICRKECEELHZ
bEFEZoNDLM, EFIREBIGEL TV HEEET
9 2 BRI S OIFHSE T 6 » HRICIFE ETRFEE O
TEPE (4OCTEHE) MFEEL, HERE SIS E ORI
EWEEh otz (M3a),
HHEOEMLRY A7 yoF—EEHEELTO
BWODOTRY)I TS voF—ERTOKIIH VTR
ShTEOV, I THEShmED S O
HiEOR) 757 vor—EiEEaERSE&A O
DRI DRSO 2 1 5 OFEBIT BBk T 5
ElEbNDE, RYVF 7 voFr—EEHELS NS
DEEZBERTZESITBVTE, WEOLTTOE

1.5 T T T T T
O a:ggg
g ]
E
< 1t -
Q
[m)
©
=
1 - -
205
O
O
O 1 1 1 1 1
0 40 80 120
gooooCf(uL) O
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O
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3. B ROEER U EES.
BERRSHARTE2. 1MLRICH VT, fEmE&10~90
uLZERpH45 - 40°CICB T, EHEERIE LT,
A, S. borealis ;
O; 8. sclerotiorum.

PR & 22Dt WS, SIS, borealis K T
ABLTED, TLTHCTOENEIZI0COHIE%
(K2b) Kbl TcwrzoTRRICBY 2HEET
DEFICRFMEEST 2HEZE L RTINS
o

VIEDE» 5 S, sclerotiorum & S. borealis & ®
REHEOMS I RERAERRVWEDOEEZEZONS
H, S, borealisD 45 (I I 1 D FE B 1< HERE % 22
TH5bDEEbND,
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BREHEOEEREME

WIS, sclerotiorum & OGS, borealish»
SORYH S 7ot —EiEROEEICHT 5LE
MeA T B 72T, &4 DS O IK % 20~60
C (fHilKIED ) EDMREET305H A » + 2 < —
M, IS0 p LE W CIEHEEREL, 5°C
PRATHL I i T 9 2 BRI % R o 7o S 2 X 4
IC/RT o 20CTIREIES. sclerotiorum® £ Y #
57 v aF —BiEWIRRIE L h - 7208, SRS
borealisD X)) #'5 7vuoF—¥iEtEEbI LTI
bBHBEFL, BEICH L TARLETH -7 30TC
T, MNOEMLSOR) A5 7y ot —EiEHd
FI10% 975 L 72 - b B Tl 4 2 B3R Rk =
KinSH 510 E L TRIEICRDMEDH %, 40~50
CTIHTNOED S DA SIEHEARE KT L,

PINZE TG « HAERGE « BT « AROR « B R

M ICEAE 1SR W IS S s - 7o,

VI bEofimrs, HFSES. borealish 5D # ) 7
S vaF—¥HERES. sclerotiorumb 5 D R
VA S yeF—¥E KT 5 E20~30CoE R
KBOWTARLETH D ENFEHMEELOND,

RUHASTYoF—EFEDOpHEE M

Mg » o £y #3527y o+F—EEHEET 21
DO E L CoHEE A it opHT o %
TEMEEF~ o, HIhHE A 2 M NaOH%Z W TpH
5.5, 6.0, 6.5, 7.0, KOT.5IT5%E% 5 CITRIEL,
T DR HZA LA F3ERRERR L 7o % IcNaOH
AMNA 2RI X BB OAERKIZ IS > 7o,

FERAEX 5 ITRT, &% DED & ORI O £
VA5 yad — IR IEEIC L > TR LU

80

120 T T T T T T T
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O

00 20 40 60
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4. BEREME.

iK% b ~60°CIC303 MR E L7k, BRRICHER2.ImLRIC
BT, pHAL - 0°CTHRIBEICHRER L oKL u LOEMZ RIE

L.

A, S. borealis©., S. sclerotiorum.
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5.

Z2DHMEZRZ L CTRELBBICLZFHORILEZANT .. BRRIFE, 1%
(w/V)PGA—0.1MEEEEF b U ™ L —BFEE/N» 7 7 (pH4A.5) 2 mL, fAHMHEEOuL, K
ISEMATE2. 1mLR, BE40°CTITo1-. & , S. borealis O, S. sclerotiorum.
a:pH4.5, b:pHb5.5, ¢c:pH6.0, d:pHB6.5, e:pH7.0, f:pH7.5.
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pH4.5, 5.5 U6.0TIRELZDENPLDOKRY H 57
Vo —EiEE5°C e SEMRER LA Z L
1h 5 12 pHB.STIIIFIBEES. borealis®DiEVE 1356
EZALLh -t (4% D) 28, HWIEES.
sclerotiorum DG TE R EEN 1T (F10%) KR L 72,
pH7.0lcBL T}, [MNOELSORY HS57 Vo
F— €GN (S borealis, #J10% U 5 S.
sclerotiorum, FJ16% ) L7, pH7.5TIdiHiE D
TEMESKEIETL, 5°C -« 3BERMITHRS0%KE L
726

P Lot REREoS A THUITRHEOEAETH R
VA5 sy —EiEHIEpH6.0i2 IZIETFITLET
b5, pHE.b~T.0TEHATALEIICE Y, pHT.S
TRIEFICALEICE Y, pHT.0LL EDpHEM
FVHZ 7Y vt —€0HREREEEREICITEE TR
BWEZEZ O 5,
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Summary

We compared the properties of polygalacturonase
activity from the culture of the psychrophilic
snow mold Sclerotinia borealis with those from
the culture of the mesophilic white mold
Sclerotinia sclerotiorum. Optimum pH for both
the enzyme reactions was 4.5 at 40°C. In both
cases, the activities were decreased abruptly
below pH4.0 and above pH5.0, and very low
activities were observed at pHs 6.0 to 7.5.
Optimum temperature was 40°C irrespective of
psychrophile or mesophile. However, thirty five
per cent of the muximum activity at 40°C was
obtained at 5°C in the case of the psychrophile
S. borealis though about eighteen per cent of
the maximum activity was observed in the case
of the mesophile S. sclerotiorum, indicating
that the polygalacturonase activity of the
psychrophile S. borealis has two-fold higher
cold adaptability than that of the mesophile S.
sclerotiorum. Thus, it is suggested that the low
temperature tolerant phenomenon of the
polygalacturonase activity of  such a
psychrophile 1s profoundly related to the
pathogenicity of the snow mold disease caused
by S. borealis under the snow in winter in the
cold region. On the temperature stability of
the enzymes, the enzyme of the psychrophile S.
borealis was slightly unstable at 20-30°C com-
pared with the one of the mesophile S.
sclerotiorum, though both the enzymes were
almostly inactivated at 50°C, indicating that
the denaturation temperatures of the two
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enzymes are similar to each other. For the pH above 7.0.

stability of the enzymes, the profiles of the Key words : polygalacturonase ; cold adaptation ;
activity-day curves obtained for the two fungi psychrophile ; Sclerotinia borealis ;
at different pHs were similar to each other, Sclerotinia sclerotiorum

and the two enzymes were unstable at pHs
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