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Table 1. Chemical composition of whole crop rice silages

_____________ Experiment 1

Item

Experiment 2 -------------------—

Milk ripe Dough Yellow Hamasari Kusahonami Hoshiaoba Kusayutaka Long Short
stage ripe stage ripe stage

DM, % 26.0 23.6 29.1 27.5 39.4 35.5 40.4 323 31.4
OM, %DM 83.2 83.1 83.9 81.4 85.4 84.1 82.3 86.8 85.9
Cp 8.8 8.8 8.3 5.6 4.8 59 5.0 8.0 8.2
NFC 15.8 18.4 28.6 22.5 25.2 29.9 29.0 259 25.2
Starch 7.2 11.1 17.1 13.2 16.0 18.4 17.6 16.3 15.9
EE 33 33 3.0 2.6 2.5 2.7 2.3 3.0 3.0
NDF 553 52.6 44.0 50.7 529 45.5 46.1 49.9 49.6
ADF 36.4 34.4 29.5 33.1 324 29.9 29.0 32.6 31.3
CA 16.9 17.0 16.1 18.6 14.6 15.9 17.7 132 14.1
Gross energy, Mcal/kgDM 4.05 4.05 4.01 3.82 3.93 3.90 3.75 4.15 4.10

In the experiment 1, rice plant "Hamasari" was harvested and ensiled at each stages. In the experiment 2, rice plant "Hamasari", "Kusahonami", "Hoshiaoba"

and "Kusayutaka" were harvested at yellow ripeness and ensiled. In the experiment 3, rice plant "Momiroman" was harvested by combined type harvester
(Long) or round baler for chopped material (Short) and ensiled. DM, dry matter. OM, organic matter. CP, crude protein. NFC, nonfibrous carbohydrates. EE,

ether extracts. NDF, neutral detergent fiber. ADF, acid detergent fiber. CA, crude ash.

Table 2. Fermentation characteristics of whole crop rice silages

Organic acid composition, %Fresh matter

PH Lactic acid Acetic acid Propionic acid Butyric acid VBN/IN. % V-SCORE

Experiment 1 (comparison of ripeness stages)

Milk ripeness 4.0 1.3 0.5 0.0 0.1 8.2 83

Dough ripeness 39 1.1 0.5 0.0 0.0 6.5 91

Yellow ripeness 4.1 1.0 0.5 0.0 0.0 6.2 95
Experiment 2 (comparison of varieties)

Hamasari 4.3 0.2 0.7 0.1 0.3 9.5 61

Kusahonami 4.2 0.5 0.6 0.0 0.0 54 94

Hoshiaoba 43 0.5 0.6 0.0 0.1 5.6 90

Kusayutaka 4.2 0.7 0.5 0.0 0.0 4.0 95
Experiment 3 (comparison of cutting length)

Long 4.8 0.3 0.7 0.1 0.2 2.5 78

Short 4.5 0.6 0.6 0.1 0.4 2.6 61

In the experiment 1, rice plant"Hamasari" was harvested and ensiled at each stages. In the experiment 2, rice plant "Hamasari", "Kusahonami", "Hoshiaoba"

and "Kusayutaka" were harvested at yellow ripeness and ensiled. In the experiment 3, rice plant "Momiroman" was harvested by combined type harvester

(Long) or round baler for chopped material (Short) and ensiled. VBN/TN, volatile basic nitrogen/total nitrogen.
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Table 3. Ingredients and chemical composition of the diets

............... Experiment 1

Experiment 2 -------------mememememee oo Experiment 3 -----

ftem MILK DOUGH YELLOW HAMASARI KUSAHONAMI HOSHIAOBA KUSAYUTAKA LONG SHORT
Ingredient composition, %DM
Whole crop rice silage 93.5 922 91.0 97.5 975 915 97.5 96.9 97.0
Soybean meal 6.6 7.9 9.1
Urea 1.8 1.8 1.8 1.8 1.2 1.0
Mineral mix 0.8 0.8 0.8 0.8 2.0 2.0
Chemical composition, %DM
OM 83.8 83.9 84.8 81.2 85.0 83.7 82.0 85.2 84.4
CP 11.6 12.2 12.3 10.4 9.7 10.8 9.8 11.1 10.9
NFC 16.1 18.6 27.9 22.0 24.6 29.2 28.3 25.1 24.4
Starch 6.8 10.3 15.6 12.8 15.6 17.9 17.2 15.7 15.4
EE 33 33 3.0 2.6 2.4 2.6 2.2 2.9 2.9
NDF 52.8 49.8 41.6 49.5 51.6 444 44.9 48.3 48.1
ADF 34.7 32.5 27.7 32.3 31.6 29.2 28.3 31.5 30.3
CA 16.2 16.1 15.2 18.8 15.0 16.3 18.0 14.8 15.6
Gross energy, Mcal/kgDM 4.1 4.1 4.1 3.8 39 3.8 3.7 4.0 4.0

In the experiment 1 , MILK, DOUGH and YELLOW represent the experimental diets composed by whole crop rice silages harvested at milk ripeness,
dough ripeness and yellow ripeness, respectively. In the experiment 2, HAMASARI, KUSAHONAMI, HOSHIAOBA and KUSAYUTAKA represent the
experimental diets composed by the varieties of whole crop rice silages harvested at yellow ripeness. In the experiment 3, LONG and SHORT represent the
experimental diets composed by the whole crop rice silages ensiled by combined type harvester and round baler for chopped material, respectively, DM, dry
matter. OM, organic matter. CP, crude protein. NFC, nonfibrous carbohydrates. EE, ether extracts. NDF, neutral detergent fiber. ADF, acid detergent fiber.

CA, crude ash.
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Table 4. Dry matter intake(DMI), digestibilities and energy
metabolism in cows fed whole crop rice silage
diets in experiment 1

Item MILK D];EtGSH VELLOW SEM  Significance
Body weight, kg  637a 623b 613c 1 0.01
DML, kg/day 9.25a  833b  8.23b 0.06 0.05
Digestibility, %
DM 48.6 50.6 53.1 1.2 NS
oM 56.1 58.2 59.5 0.9 NS
CP 67.2 67.1 65.8 0.6 NS
NFC 78.4b  84.0a  86.5a 0.6 0.05
Starch 90.5 89.6 89.0 2.9 NS
EE 63.4 63.9 66.0 0.9 NS
NDF 46.2 45.3 38.8 1.3 0.10
ADF 48.7 47.0 432 0.9 0.10
GE, Mcal/day 379a  342b  33.5b 0.3 0.05
FE, %GE 45.1 43.1 41.5 0.9 NS
UE, %GE 4.4 4.0 3.8 0.1 NS
Methane, %GE 6.7 7.0 7.5 0.2 NS
HP, %GE 43.7 72.9 425 1.0 NS
RE, Mcal/day 0.0 3.1 4.8 0.4 NS
DE/GE 0.55 0.57 0.59 0.01 NS
ME/GE 0.44 0.46 0.47 0.01 NS
km 0.610 0.703  0.725  0.021 NS
kH;i%If;fg/day 53.1a  40.0ab  38.0b 1.9 0.05
MEm, kcal/
KeBM°7/day 132.1 114.2 110.7 44 NS

MILK, DOUGH and YELLOW represent the experimental diets
composed by whole crop rice silages harvested at milk ripeness,
dough ripeness and yellow ripeness, respectively. DM, dry
matter. OM, organic matter. CP, crude protein. NFC, nonfibrous
carbohydrates. EE, ether extracts. NDF, neutral detergent fiber.
ADF, acid detergent fiber. GE, gross energy. FE, fecal energy.
UE, urinary energy. HP, heat production. RE, retained energy.
DE, digestible energy. ME, metabolisable energy. km, ME
availability for maintenance energy. HI, heat increment (HI=HP-
77.7kcal/kg metaboric body weight/day), MEm, metabolisable
energy requirement for maintenance. SEM, strandard error of
means.NS, not significant. Means within rows with diifferent
letters are significantly different.
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Table 5. Ruminal liquor pH, volatile fatty acid (VFA)
composition and chewing activities in cows fed
whole crop rice silage diets in experiment 1

Item Diets SEM  Significance
MILK DOUGH YELLOW
pH 6.7 6.8 6.7 0.1 NS
Ammonia-N, mg/100ml 11.8 129 9.6 0.9 NS
Total VFA, mmol/L 853 840 842 43 NS
Acetate, mol/100mol 64.1b 669a 67.1a 04 0.05
Propionate, mol/100mol 20.7a 199a 17.1b 04 0.01
Butyrate, mol/100mol 12.1a 10.2b 13.1a 04 0.01
Acetate:propionate 3.1b 34b 39a 0.1 0.01
Eating time, min/kgDMI 31 13 10 3 0.10
Rumination time, min/kgDMI 58 56 46 2 0.10
Total chewing time, min/kgDMI  90a  69ab  56b 3 0.05
Eating time, min/kgNDFI 60 26 24 6 0.10
Rumination time, min/kgNDFI 111 114 113 4 NS
Total chewing time, min/kgNDFI 171 140 137 8 NS

MILK, DOUGH and YELLOW represent the experimental
diets composed by whole crop rice silages harvested at milk
ripeness, dough ripeness and yellow ripeness, respectively.
DMI, dry matter intake. NDFI, neutral detergent fiber intake.
SEM, standard error of means. NS, not significant. Means
within rows with different letters are significantly different.

Table 6. Diegestible nutrient contents and nutritive values
of 3 different stage of whole crop rice silage in
experiment 1

Milk ripe  Dough  Yellow

Item . .
stage  ripe stage ripe stage

SEM  Significance

Digestible nutrient contents, %

DOM 47.1 48.7 50.7 0.9 NS
DCP 7.7 8.3 8.1 0.3 NS
DNFC 12.8b  15.5ab  25.1a 1.2 0.05
DNDF 24.4a 22.4a 16.0b 0.5 0.05
TDN 46.8 47.9 50.0 1.2 NS

DE, Mcal/kgDM 2.13 2.20 2.25 0.05 NS
ME, Mcal’kgDM  1.68 1.75 1.80 0.06 NS

Rice plant "Hamasari" was harvested and ensiled at milk, dough and
yellow ripe stage. DOM, digestible organic matter. DCP, digestible
crude protein. DNFC, digestible neutral detergent fiber. TDN, total
digestible nutrients. DE, digestible energy. ME, metabolisable
energy. SEM, standard error of means. NS, not significant. Means
within rows with different letters are significantly different.
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DOENLPoTze V— X LFEEIRIZOWTIE, RUKO
FERENVHEDPHEE ISP o222 KR E wind
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fBO S - A, ks KCORORBE DA A k- 0y THA V=V EGE LT Y ORERONMYE, F—HNTER S X OB 7

Table 7. Dry matter intake (DMI), digestibilities and energy metabolism in cows fed diets composed by the varieties of whole crop rice

silages in experiment 2

Diets
ftem HAMASARI KUSAHONAMI  HOSHIAOBA  KUSAYUTAKA SEM Significance

Body weight, kg 616 612 611 615 2 NS
DMLI, kg/day 7.55 7.75 7.75 7.74 0.09 NS
Digestibility, %

DM 48.0b 54.2a 55.7a 53.0a 1.0 0.01

oM 54.8b 59.6a 61.6a 61.2a 0.9 0.01

CP 67.9 68.6 70.0 69.7 0.6 NS

NFC 86.4c 89.7b 93.2a 93.5a 0.4 0.01

Starch 93.4b 95.2a 96.2a 96.8a 0.4 0.01

EE 59.2b 61.0b 65.6a 57.1b 0.9 0.01

NDF 423 475 429 43.6 1.4 NS

ADF 45.6 48.9 46.9 42.5 34 NS
GE, Mcal/day 28.5b 30.1a 29.8ab 28.6ab 0.3 0.05
FE, %GE 46.8a 42.7ab 40.2b 40.7b 0.9 0.10
UE, %GE 33 32 33 32 0.1 NS
Methane, %GE 7.8 8.5 8.8 8.9 0.2 0.10
HP, %GE 52.5 48.3 50.8 50.9 1.0 NS
RE, Mcal/day -2.9b -0.8a -0.9a -1.1ab 0.4 0.05
DE/GE 0.53b 0.57ab 0.60a 0.59ab 0.01 0.01
ME/GE 0.42b 0.46ab 0.48a 0.47ab 0.01 0.01
km 0.584 0.660 0.628 0.653 0.021 NS
HI, Kcal/kgBW"7/day 42.9 40.4 45.5 40.6 1.9 NS
MEm, kcal/kgBW®7/day 138.8 122.2 127.9 123.1 44 NS

HAMASARI, KUSAHONAMI, HOSHIAOBA and KUSAYUTAKA represent the experimental diets composed by the varieties of whole crop rice silages
harvested at yellow ripeness. DM, dry matter. OM, organic matter. CP, crude protein. NFC, nonfibrous carbohydrates. EE, ether extracts. NDF, neutral
detergent fiber. ADF, acid detergent fiber. GE, gross energy. FE, fecal energy. UE, urinary energy. HP, heat production. RE, retained energy. DE, digestible
energy. ME, metabolisable energy. km, ME availability for maintenance energy. HI, heat increment (HI=HP-77.7 kcal/kg metaboric body weight/day),
MEm, metabolisable energy requirement for maintenance. SEM, standard error of means. NS, not significant. Means within rows with different letters are

significantly different.

Table 8. Ruminal liquor pH, volatile fatty acid (VFA) composition and chewing activities of cows fed diets composed by the varieties of

whole crop rice silage in experiment 2

Diets
ftem HAMASARI  KUSAHONAMI  HOSHIAOBA  KUSAYUTAKA SEM Significance
pH 6.9 6.9 6.9 6.9 0.1 NS
Ammonia-N, mg/100ml 11.9 12.5 11.0 11.5 1.0 NS
Total VFA, mmol/L 78.0 80.5 79.1 78.9 3.9 NS
Acetate, mol/100mol 72.0 71.6 71.8 70.6 0.4 NS
Propionate, mol/100mol 15.1b 15.4ab 15.0b 16.4a 0.2 0.05
Butyrate, mol/100mol 9.4 9.1 9.0 9.5 0.3 NS
Acetate : propionate 4.9a 4.7ab 4.8a 4.3b 0.1 0.05
Eating time, min/kgDMI 25a 17b 16b 18b 1 0.01
Rumination time, min/kgDMI 70a 62b 63b 62b 1 0.01
Total chewing time, min/kgDMI 95a 79b 79b 80b 1 0.01
Eating time, min/kgNDFI 52a 33b 35b 40ab 3 0.05
Rumination time, min/kgNDFI 142a 121b 142a 138a 2 0.01
Total chewing time, min/kgNDFI 194a 153b 177a 179a 4 0.01

HAMASARI, KUSAHONAMI, HOSHIAOBA and KUSAYUTAKA represent the experimental diets composed by the varieties of whole crop rice silages
harvested at yellow ripeness. DMI, dry matter intake. NDFI, neutral detergent fiber intake. SEM, standard error of means. NS, not significant. Means within

rows with different letters are significantly different.
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Table 9. Digestible nutrient contents and nutritive values of 4 varieties of whole crop rice silage in experiment 2

Item Hamasari Kusahonami Hoshiaoba Kusayutaka SEM Significance

Digestible nutrient contents, %

DOM 45.3b 51.4a 52.3a 50.9a 0.8 0.01
DCP 7.1b 6.7c 7.6a 6.9bc 0.1 0.01
DNFC 15.8¢c 18.7b 23.9a 23.1a 0.6 0.01
DNDF 20.8b 24.5a 19.1b 19.6b 0.7 0.01
TDN 47.2b 53.3a 54.4a 52.5a 0.8 0.01
DE, Mcal/kgDM 2.01b 2.24a 2.31a 2.21ab 0.04 0.01
ME, Mcal/kgDM 1.58b 1.77a 1.84a 1.74ab 0.03 0.01

Rice plant "Hamasari", "Kusahonami", "Hoshiaoba", and "Kusayutaka" were harvested and ensiled at yellow ripe stage. DOM, digestible organic matter.
DCEP, digestible crude protein. DNFC, digestible neutral detergent fiber. TDN, total digestible nutrients. DE, digestible energy. ME, metabolisable energy.
SEM, standard error of means. NS, not significant. Means within rows with different letters are significantly different.

Table 10. Dry matter intake (DMI), digestibilities and energy Table 11. Ruminal liquor pH, volatile fatty acid (VFA)
metabolism in cows fed 2 different cutting length composition and chewing activities in cows
of whole crop rice fed 2 different cutting length of whole crop rice

silage diets in experiment 3
Diets o
Item —LONG SHORT SEM  Significance e $ SEM o

Body weight, kg 600 602 1 NS LONG SHORT

DML, kg/day 867 901 025 NS pH 6970 01 NS

Digestibility, % Ammonia-N, mg/100ml 12.4 13.3 1.1 NS

DM sa7 53 11 NS Total VFA, mmol/L 798 799 32 NS
oM 60.3 58.7 1.0 NS Acetate, mol/100mol 72.4 70.7 1.1 0.05
CP 67.1 63.3 0.9 0.10 Propionate, mol/100mol 15.8 16.6 1.1 NS
NFC 90.6 89.4 0.4 NS Butyrate, mol/100mol 94 10.1 0.3 NS
Starch 97.0 96.4 0.4 NS Acetate : propionate 4.7 44 0.4 NS
EE 66.1 63.2 0.2 0.01 Eating time, min/kgDMI 18 12 3 NS
NDFE 44.0 43.6 1.9 NS Rumination time, min/kgDMI 54 55 4 NS
ADF 45.1 43.1 24 NS Total chewing time, min/kgDMI 72 67 7 NS

GE, Mcal/day 35.0 35.8 0.9 NS Eating time, min/kgNDFI 38 24 7 NS

FE, %GE 41.9 435 0.9 NS Rumination time, min/kgNDFI 114 115 10 NS

UE, %GE 3.9 3.7 0.1 NS Total chewing time, min/kgNDFI 151 139 17 NS

Methane, %GE 6.7 70 0.3 NS LONG and SHORT represent the experimental diets composed by

the whole crop rice silages ensiled by combined type harvester and

HP, %GE 418 428 04 NS round baler for chopped material, respectively. DMI, dry matter

RE, Mcal/day 59 3.1 1.2 NS intake. NDFI, neutral detergent fiber intake. SEM, standard error of

DE/GE 0.58 057 0.01 NS means. NS, not significant. Means within rows with different letters
are significantly different.

ME/GE 0.48 0.46 0.01 NS

km 0.707 0.658 0.013 NS

HI, Kcal/kgBW7/day 43.8 48.5 22 NS

MEm, keal/kgBW5/day 1152 123.0 24 NS MOEZ LD o7 EYIX D DNFC 23FEIZE 2o

LONG and SHORT represent the experimental diets composed by 7Pl AR E, M LESSEB L UREOT AL F—

the whole crop rice silages ensiled by combined type harvester and B

round baler for chopped material, respectively. OM, organic matter. il AL X ] D LFRD b N o7 (R12),

CP, crude protein. NFC, nonfibrous carbohydrates. EE, ether extracts.
NDF, neutral detergent fiber. ADF, acid detergent fiber. GE, gross

energy. FE, fecal energy. UE, urinary energy. HP, heat production. zE
RE, retained energy. DE, digestible energy. ME, metabolisable — I AR = ay T AL —IL, EDPHFZED
energy. km, ME availability for maintenance energy. HI, heat e e o P .

> = R =) = - 4 N
increment (HI=HP-77.7 kcal/kg metaboric body weight/day), MEm, 7230 ZER D IRAF A I SRAERAE R PRI L 2
metabolisable energy requirement for maintenance. SEM, standard R rH L E? 3), &AWL & O FLER S B

error of means. NS, not significant. Means within rows with different st L b S 2 S - : . =
- e BHCThUEEEEN LI L™ S5 0ksaR
letters are significantly different.
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Table 12. Digestible nutrient contents and nutritive values of
2 different cutting length of whole crop rice silage
in experiment 3

Item Long Short SEM Significance

Digestible nutrient contents, %

DOM 51.4 49.6 0.8 NS

DCP 74 6.9 0.1 0.10

DNFC 22.7 21.8 0.1 0.05

DNDF 213 21.0 0.9 NS

TDN 53.8 51.9 0.9 NS
DE, Mcal/gDM 243 2.32 0.03 NS
ME, Mcal/kgDM 1.99 1.88 0.03 NS

Long and Short represent the whole crop rice silages ensiled by
combined type harvester and round baler for chopped material,
respectively. DOM, digestible organic matter. DCP, digestible
crude protein. DNFC, digestible neutral detergent fiber. TDN, total
digestible nutrients. DE, digestible energy. ME, metabolisable
energy. SEM, standard error of means. NS, not significant. Means
within rows with different letters are significantly different.
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Effects of grain filling, variety and cutting length of whole crop rice silage

on nutrient utilization, ruminal fermentation and chewing time in dry cows

Kouji HIGUCHI?, Naozumi TAKUSARI?, Itoko NONAKA®, Kiyoshi TAJIMA®Y,
Yuusuke YABUMOTO?®, Tomohisa TOMARU®, Fumihiro OHTANIY, Yousuke KOBAYASHIY,
Tetsuya ISHIKAWA®, Mitsunori KURIHARA?, and Osamu ENISHI®

DEndocrinology and Metabolism Research Team
?Research Team for Dairy Production Using Regional Feed Resources,
National Agricultural Research Center for Hokkaido Region
¥Livestock Research Team on Global Warming
“Functional Feed Research Team
9Gunma Prefectural Livestock Experiment Station
9Forage Rice Research Team (Kanto Region), National Agricultural Research Center

"National Institute of Agrobiological Sciences

Summary

Three experiments were conducted using non-pregnant dry cows to evaluate feed characteristics of whole crop rice
silages (WCRS) by making digestible and metabolism trials, examining ruminal liquor characteristics, and monitoring
chewing behavior. We examined grain filling (milk ripe stage, dough ripe stage, and yellow ripe stage) of WCRS in the
first experiment, varieties (Hamasari, Kusahonami, Hoshiaoba, and Kusayutaka) using WCRS harvested at the yellow ripe
stage in the second experiment, and cutting lengths (LONG and SHORT) using WCRS harvested at the yellow ripe stage
in the third experiment. With grain filling, WCRS lose digestible neutral detergent fiber (NDF) content and chewing time
per kg of dry matter (DM) intake, whereas the digestible nonfibrous carbohydrates (NFC) content of WCRS increased.
There was a tendency for total digestible nutrients (TDN) content to increase with grain filling. Kusahonami, Hoshiaoba,
and Kusayutaka have higher TDN contents and shorter chewing time than those of Hamasari. Hoshiaoba and Kusayutaka
also have higher digestible NFC content, whereas Kusahonami has higher digestible NDF content and shorter chewing
time per kg NDF intake, indicating a higher amount of available fiber. WCRS with a long cutting length has higher
digestible NFC content, but there was no difference in TDN content between long and short cutting lengths. There was
no remarkable difference in ruminal liquor characteristics of the cows fed WCRS, but the ruminal fermentation typically
represented forage-type fermentation. These results indicate that WCRS had almost the same nutritive values in terms of

varieties and cutting length at the yellow ripe stage in this study.

Key words : whole crop rice silage, cow, nutritive value, ruminal fermentation, chewing time

Present address: ? 1 Hitsujigaoka, Toyohira, Sapporo, Hokkaido, 062-8555 Japan.

‘rf) 2425 Kogure, Fuzimimura, Seta, Gunma, 371-0103 Japan.
% 3-1-1 Kannondai, Tsukuba, Ibaraki, 305-8666 Japan.
7 2-1-2 Kannondai, Tsukuba, Ibaraki, 305-8602 Japan.
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BEBAL V)T VT4 75 ADEZHRNT, HEAZ
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WCHIBRIC B L, 2o As 1 LISEE Lo AS
bEERWELTED, T2 L IZEDORE VIR
BETOMERRBTLEEZ LN, &+ —F ¥ — K7
J Z12B W TIE, Nasinee, I ¥ 28 EHAHIHA TR W
B2 O RMAE 205, Ltk 4 148 F ToRIKTIE
EHHOM EIZIFE AL o2 EMEL TV S, FA
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KREVEEFHPEG L TWE I EPHERENL, LB,
F—F v — K72 EATHETERSED A X R
R LAV ERMEENTWE Y 2, 54752
B EATIHIZOWTIE, Mo A AFHEY A~ ONFIE IS
A5 20270 o TV 72y,

[ER3]) ZIBEEEIS B L OF 9 AET, ) LA ZHRIK
Utk % 82 ® I L 722%, TER2] B XU [ER3] ~o
BT, BRI O 5 DL E Ok T RERATED &
N drotzlz, BB X HREEIT-72e 2DL I
BHH L7 [ER3]) O# s dMaERfETchs [=4
5] R [ddbBid] L kL CRRBEOKETSH -
2o LAL, WEMRMEZCNS DL DS - 720 MiTE
RUEGEBE DA Z )T 2475 20K BEL B
HIED 1o Th Y, REABRMSEOFESLITICB VT
K97 BT B & SRAL L 72 AT E R S T & 72,
[ER3] @9 & A ZHIBIEFBEEEI BN 2D,
it B A - e & DS & Z DR S DFIRIC K
D, TEMREEICEN D YA SRRSO Y T U T
A7 7 AREIRRIZERLINDL EEZEZObNL, Tz,
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HATELRAEMENT0% %2 H5DTBY, BHEIZBITS
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hBIX] EFAUFEAET, ZoRMDL DL O
HCTHHI LD, SHROBEIHMAT 570 0EER N
ThrbrEZLNL,

ZNEBAEFIRADERDA 5 )T 54 7T AIBWT
1%, RERBEILOMEITIC L o> TRESEDOR A RE X
Nb, I EATHIIOVTYH, HEVIH, W HiFHE R
SACTHEMOEEAEL 2 2 WMDY, IO
1biZ TER3]) 2" FIHCT& 2 L WifF s 2,
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Breeding of 'ER3', a Powdery Mildew Resistant Line in Italian Ryegrass,

and its Characteristics.

Akira ARAKAWA, Hisashi YAHAGI?, Shin-ichi SUGITA?, Takako KIYOSHI® ,
Toshinori KOMATSU?, Kazuhiro UCHIYAMA®, Kazuhiko MIZUNO?

Forage Crop Breeding Research Team
Y Ibaraki Prefectural Livestock Research Center
? Grassland Research Support Center
¥ Forage Crop Biotechnology Research Team
¥ National Agricultural Research Center for Hokkaido Region

% Livestock Research Team on Global Warming

Summary

'ER3', an Italian ryegrass line resistant to powdery mildew was developed from 8 diploid, very early and early

maturing cutivars after 3 generations of recurrent phenotypic selection for powdery mildew resistance. Superior

genotypes, expressing powdery mildew resistance, were selected after natural infection in the field and greenhouse,

where plants were easily infected with powdery mildew.

Heading date of 'ER3' is as early as that of 'Nioudachi'. 'ER3' clearly has higher resistance to powdery mildew

than the existing early maturing cultivars, though the material cultivars from which 'ER3' is derived are susceptible.

Therefore, these very early or early maturing cultivars might have resistance gene (s). Resistant plants were frequently

obtaind from progenies of paircrosses between genotypes of 'ER3' and susceptible cultivars, so 'ER3' is considered to

be effective for the use in breeding powdery mildew resistant cultivars. Dry mater productivity of 'ER3' placed between

those of 'Hata-aoba' and superior to that of 'Nioudachi'. But because lodging resistance of 'ER3' was inferior to that of

'Nioudachi' and 'Hata-aoba', the trait will need to be incorporated from other lines when 'ER3' is used for breeding.

Keywords: early maturing, intermediate parent line, Italian ryegrass, powdery mildew, disease resistance

Present address : ¥ 1234 Nagoya, Ishioka, Ibaraki, 315-0132 Japan.
1 Hitsujigaoka, Toyohira, Sapporo, Hokkaido, 062-8555 Japan.



FLEMPALBBE Lactococcus lactis DT A3 FREM B EORHTE &
LB R M2 R ORIICEE 9 2 WF5%

FLE M BLE ICYLH E LTV B Lactococeus lactis OB THEK L, 2 Mb BEO/NIOGLKERT &, EROT I
A3 FBETEMBRICEEST S 2 LN TH 5, Lolactis D75 A3 FiE, TL—8ofs 2Bk - g
MTIAINTHY, AFRBILHARERZ I — N3 25604, 77 =A%k, Jorq1r—¥El, 7>
FRHGAR, 7 7 — Vi, N7 7042 VR, WHEMEARE R EOREICES T 5, L lactis DNIET T AI RO
FEHCHMATIIHR T LR A ), WRERN 2RI 2 Y583 5o L lactis O BEEIIFLE G, E7L, &Y, 4R
RELIEICDI), TTAI FHEREZEZ AL EFTREICHEHE L TV EEZ 55, FIITMAZNIC 10 fEERE
FEDTFAI REHEATAMDID Y, BEIHESNATVUARVTIZAI FLELEENTWE, 7T A3 FOEEM
g, B FET 7T A FEREREEL L, ZRKBROFHIVY L BHROFRIILE % B L TR0 L T %, fito
T, BETETIAIFRREZIIT PO— VT2 ENTENR, 79 A3 FLEOBETHECHBT 2 KHPY
R CHEET DI ENTED, T/, WERNRETIAIFE2ELDLTIL, 1HEEOTIAI FEBRETLS
B, REEECFHATRELZERARKOURICOFHATE %, 18 TIE, MEDNAIKLT ¥ & AT 228K
M7 &2 fThT, BBONETIAI RO L 1HEOT I A I FEEIRICkRE L, Bk 5SRO E 7 258
WA RS2 071, HIL, REO 0 75 A3 FOBEREA % in vitro THEEK L, AMEHETIAIN GETI
AIPR) LB 0-7TAI FERMEEELZRE L2, AEE, 1) HREMOFBRICILEL THWSZ DT
X575 A3 N2 % — (pDBl) OIERK, 2) 15D L lactis § 75 A 3 FOARFIEHEES] % #EIEL 5 5 PCR 75
A4 ~<—"_7 (VF3-VF4) D&t 3) invitro TOAFIEHET T A I FOFMER L, L lactis wild type 77 A 3 FORk
FBE, O % b,

COFETHER LARERIE, MRBNIISEERZR T 2REET, FAEMIIAMELEEERDEZ > Tniw
EEZONDLD, EMINTHORY —% —|ZHHTE %, 2 CHE2ETIIRET AL lactis 75 A3 FER
FROFHS 2 FIICOWTEER L7zs 1BIH & LTid, AT L lactis DRC1 \ZNE L, fid 0 W45l 3 % $i§ 2 7
FAIFDOERL, ZOMIIIOWTHEN, HWTTIAI FOBIRWKRZTEEZH W, B 7523 FERETS
CETHML VBEEEOR N TS A I FERKEEH L2 8% B2 $7226IH & LTIE, L L lactis bioval.
diacetylactis N7 706 7 TV TR#E@EET 7 A I FEBERWICHREL, 72 MORBENTH LY 7 T VoL EEE
Kbz T V= N—ZREBFEEORAAIOWTERAL, FHL2TTAI FERKOAEIEASY — 5 — L LTORES
IZDOWTEZE L7,

B3I, TTAI FOBRWBRECRHSNZH LTI A3 FIERTOMIE [EEEEToRE @<
TIAIFRDORER] IZoWTF LD,

L. lactis subsp. cremoris NIAI712 1%, FLEMA Y —% —FMEOTO M 4 7L LT, WRPTEIWERICHNOR
Tw5 L lactis NCDO712 DA TH %o L. lactis NIAI7T12 1%, 5HEO TS AIFKZ2HEL, Z0H)BH9kb D7
FAINDPAGE XTI E—HHEL L, FFIILETH S, TNDIHERD T T A I FEFEETIEIREEINT, FOHhE
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RSN T ahrol, T THELZT T A I FOBRWEZRHEERAIZE ZSH, 353 L < pAG6 BRItk (712
ApAG6E) MBS N7z, 712 ApAG6 DILIERERE R N2 & 25, L ToOMAES X I A RREl B R I D D L
CHo Tz, T12ApAGE EFHA S 7/ AR FRIL L, ZORIRGFE Y — 2B L7 25, pAGE DFk
FEo T, FHIM O ) BICEETHABZICEZERPERI L LWL nE R otz SHIZIDT / AERIC
£oT, YA VR ORY AR { —HEOBIET-HE opp-pepO 75, FIHMR LHIRLTWB I L a2 & kD, 5
FERIEDO FERKTH 5 & L 7o

PAG6 121%, TEE DNA O XA FMLEF 2 RETLHHTHT— FEN TV, EET7HE— % —iifED DNA O X
FVALIREEDS, BE T OEEEEISHET L L IIAMOEETH b, FICBETOEBEMATE T VAR Y
DEBEFEET tnp OEGHRFEIL L L HMOEN T D, TN 2 pAGe DREFER, T74bE, pAGE LA T T
A3 FAE—HIE R HFET 2 IREET tp DIREIEER LA T LOTIEI W FHE LA, 22T, pAG6 & AT
TAI RDPLAFT 2ERREME L, tnp BMBIEEE RN L 720 ZOMRE, $EG 7T A I FOIFIZL o T pAGE D
BEDPALEN L o T B iTIIIE, DD tnp OFEBLEPRREWIC LA T D2 L2 LML, L lactis DT
FAIRY, EETLMOTIAI R UEY - AR EEEDT /) AEEOTEILME  BIRIE, RUIZETHS
WCENZHH AR TH S, EEIGHILNTpAGE x ZEICRET L2 LT, 7/ A#HETDO AT VEIREZ IEFIZ
WE, 7 LN T 2 AR Y EWEIVEEERFOBBIEEL /NS KL, 7/ AEERHRERWN 7T A I Vg
MRS B D0 Lz, L lactis 125V T, DNA A FVALIC X AEEHIEOMIEE I A%, AP TIEH
U7 B RRkDS, AT ML E BRI 2 B2 TR L OBE 2 BT 2 ETVRKRICZ 20 TE WA LHIFEL Ty

%o

F—TJ—NF:IME, SI7AIFN, £FHEE AR

o

ABEOWMRI, BMEAEGMOEESHTVwI -0y
NTUE o7 Lo CTHETIEL L 0I5
ENLABMEBHOFIIH > T, F— A8 E IR
Lactococcus lactis (L. lactis) OBFEERIIHELZIOTW
%o L. lactis \%, 1873 4F1Z Lister (2 & - TRl L 72 5L
5 Bacterium lactis & L THIO CTHBES L7z, 1919 4F
1213 OrlaJensen I2 & D 4F#R 7 ) — AR E KT 2
W & L C Streptococcus |& \Z i BT S Ty TR
T4 =V FOIMFEENTETIEI V=T NIZTEHE N
%, Bergey's Manual of Systematic Bacteriology %5 9 hit
TIE 7V — 7 N OFLERERE 1 Streptococcus J& 7> & Jl ST
L. #7212 Lactococcus J{\ BT &z, 7 4
DNA @ G+C &3 38-40mol % T, & GC &= DM
B S NG. TREBNIZIES 7 MR T, Zdd
HWIZEES IR L, ZVa— 25 L FLEEE AR
T 5, BRI TH ¥ T — e hESd, EEEroR
S\,

L. lactis \3, #fx LB ORI G- 2 iy &
LCOBESNT0a7DY, FIZF— ABEIZ BT —
FIR R B - AR DA BRI L 72 b &2 E D) 3
[BEAY =5 — | OEZETH S, FLRTDEALEE,

B
T

mE

FLRRHME T L — N — s O A iRE, FEEEERE P T
JHEEZ: LA Y — ¥ —OREIL, BEOMEIZE
bo £ ZTINTTIZILREBEOS 2 JEMN T 5
TabbIAMONHEZER, Ly vy HO5FEE
T L= NN— RIS HE L & O, Ns T )
77— T ORRGEER & PR 2 S LT O
BEPREINTBY, F2IN50REOLREE T
BESNTWS ™,

PAETIE, FLEEREEMII T 2 HEE ORI LR
L, ERLSOMEICIZ, BHERCRERIGIER %
CEFRRREORLE HIg L 2B AR OREITONT
Vg PN B AR E o T B Rk — 2L b
T EOWMREE B RN TIE, TORBEIIREBHEA Y — 5 —
(Lactobacillus casei > 1 % ¥k ; X 7 )V &, Lactobacillus
gasseri LG21 ¥k ; BIGFL3E, %) OWMREERME, v74b
TR L AR 20 TR 043 R0 AR FE D O TR AR SR A KA
LTw2 ™%, 2oz by, BEAY -5 - DKL
EAEMI I MICERT 5 L)Xk o722 8T, —ikiH
BEICODILCRBRSINDIIE ol F72, SEHTEY
Hilk ST eh o 7208, A5k 7% LB OFFii L ¥ T
HHWENE, FRL S, BELENER &b FITRREER
B TH o720 JEBHICIE SFEEEALE M OFEHAE 2,
[ERR L S OFFlifE%E] b ZMLL C& 7T, ko

Pom o 9

’
’



bR - FLEEFLER TS Lactococeus lactis O 75 2 3 ¥ B BEOBHYE & FLRBEERF A RO MBI IZBE§ 5 iT5e 25

WAL o 7o LRI 2 FRICAH LTIl o) -2 g »
LT IE Y, AEMOEEBEERENL—FERETR
Bo DL BEROHFT, WERKEREDSF LA
VT ORI IEA Y725 T Do BIRRFFRMEDORIHZ 2
HEIE D FLERH O AT % F24315 2 Wi 22 B2 7 — ¥
O Thb, WREFREE, REAMIEDLLELRTO
HEZTTREZDITTIIE Y, $%bL, BbbER
TREDFEBIRE R, FEBRIZEN TN D 5 27 B
TRIE % EDHEIHE T b

L. lactis D BIZFHERA, 2 Mb 2 E /NI D G tb
&, WEEROGEOAEIEIET (77 A3IF) ZMilan
WIRET A LR ET A LG, FHIL LRI
[ W L. lactis subsp. lactis 3 & U subsp. cremoris O 7
TAIREMERNRELTEL® P, LrDT TR
I FIFEEMBOMIEE FF LT, &5 \WidHERERIZ—
FEOIV—HKrHOEEL, @ IEMEICKI oMz
it s (Fig Do

L lactis D75 AIFDIHI L, m@lZra—=r7r7
S, EREFIPSERESNZOF, U= I —2
(RC) BICTHET /B DT A3 FpWVO1 & pSH71
ThbH 29, ZNSDT T A3 i Escherichia coli (E.
coli), Bacillus subtilis (B. subtilis) # 5 E£ ¢ L CTdHH
BMCXDILEERTIAINT, HEAHLTWA L

chromosome

@ ~100 kb

¢-plasmid

(O

RC-plasmid
2 kb

Fig. 1. Theta- replicating (6 -) and rolling circle replicating
(RC-) plasmids in Lactococcus lactis.

lactis N7 % —DIREL o TV B, L LEFOHRDOH
e n, L lactis \(ZIR 3T B EAEDTTAIF
X, pWVO02 B X U pCI305 I2XE SN 5 0 - AT 5
AIRTHALIEDNMShE o722, BIEETIZL.
lactis CRC R 75 A 3 Fa 2 ML LA T 5 Witk
MEINTBHT, L lactis ICNET A RCE TS A 3
FiZ4C pWVOIltype 7 7 3 V) — 28T 5 2 L HTURIE &
NTWB Y, pWV02 77 3 —IZET 56 - 75 A3
M3 A <, &2 T, 80-100 kb FEED KT D 7
TAIFLHEEIN TS, L lactisD - 75 A3 K
O L LT, ABBILERAT R LR a—F
THIEBETOND, BIEEIZ, 57 =A%, 7
074 =X, 7T UERIGAAR, 77— Vit N
TV A, KW EE R EORBICEE T S
75 A RPBHERENTWD ™, L lactis DNIET 5
A FOMBESCHAEIZEKR T L ICRL D), FRRERY
HRERBM 2 PE L T\Wb, L lactis D53 EEFRITFLEL N,
FL, B, AR EZIChY, T A P E
BREDVOEFRBEICEEL TV EEZOND, HIC
TP 10 R E D 75 A I FERET AL S
<, RAEReDZER - MBI S Tw 5,

TIAIFHZETIA TS A X FiEkkE FEkOE
BIRI L 2 AT DA & § 5 2 L % <, HENRE
T, BEOHETRERETLIEDPELNTIAIND
TENTILEN TV D, HERT T A I FEREFHROIERIZIL,
T2 Y oA FEOERKNININE T OMAETE, Bk
B 70 7TIAMER, BLOENSOMHEREN
WS N TG 2308 - 5 ETld,
WIREER T T A3 FOEICHEELTLE D 20, B
IZHBEDRWT 7 A3 FlgEM iz, REIEE T2 2L
WCELholce FTREIERA X H12, FLERREMEAN
DTIAI FORBECHATE*EZ LI LT, Fkeid
THHEOE) WHREHLMERT 52 TE S, L7
MHoTTIAI NERRERHEAY -5 —L LT
&, REELG O BROUGES IR TE D, L LIE
RFETIE, WERBEEICUHARRKBOT I A I Mok
ENDH T s, FEEEECHBTRER EARKROLE
FHEE LCOBMIZEL o720 512, BRANIHO
BIETIZT Y AT 2720, BOEFR, SRk
REICRIG-3 2 oA 7 BIn T I OZ RS [ IR
B30, AERBARERDHIEW I EA SN REME
HETERV, Z0720, 7IAI FHEFICHA ST
WD HERIEE, AMOBECHET 2720 OREOW R
121, BEMOETLRMETH 72,

/
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H—OMEMEAN, TEo 2BELLEoT7I A
WEEBIHGFETE VIR, [79 23 FOARMEN]
ELTHSN, BLFEEERTWS Y22 L lactis D
0-B77 23 FOBGE, 79X FOBIEZHIE LT
WARBEESE DS B, FIAI NS a ¥ —$n L
% PO T B —H ORI FEY] (RHIEEIERS]) 28
—HTDHE, FNOLOTTAI FIIRMEMN,ERD, [
—HIRAPIC R E L TR LT A 2 L idTE WY,
FITEIBETETI A FMENTOBELLE BIEL,
L. lactis BNICEEREBENEL TS50 - 77 AIF
D) LEEO VT, ANEEZ AR L CEIRMICER
FTHHEERE L2 ZOHEORKOFEIZ, BH
ETBTTAIFROBREIELT, WIET RO 7T A
I FEBRICEE L2V ETHY, EEAGHOBEEIZH
WHAY =5 —AMROEMEL L L TOISHPTEETH
bo ZTITHE2ETIIRER VA Y — & — BRI
DEBOEFFUN DOV TELR L7z, FiWTH 3 ETIE,
L. lactis \ZNAET 5 87kb D7 T A3 N, BRI
295 & TEMEEICHBLIT 2 SRR L2 Sk & BRI
B, BELZTI A3 FOWRERIT 21T > 7248 RI12D
WCRRIR T %0 155 N7 RBHRIEA BT, LRI
BT HEOBGEESZE L KT L TCwe, ABHEICE
VB RIARRERIEICIE, A BT ORER, BHIO/NY
I—2a MR T, RAREFORBIRE D KE CE
BILLEEZLN TS, KR THREL/Z87Tk ©
79 A3 FIZiE, f5F DNA O A F WALEHI 2 kET 5
HFHT— FEN Tz, DNA D X FIVILIREEDS, iz
M ICHET A EREANOFEETHL Y, Fhw
ZARIFGE TR L 728 508, DNA A F VAL & RRGE
ML O E TS 5 ET VR 5D TIZ v e
EIIfEL T D, KETIE, 79 A3 FREERTRESN
HEZF TV LEETHEYHOPICT L L 010, K
BIEDFEFIZOWTEEL 7,

w13 AN R ¥ — % — (Lactococcus lactis
subsp.) IZNFET S 75 A I FORIRM
SR ERL b

&

il

FLEHFLER® Lactococcus lactis (L. lactis) 1%, FHFEA
HEEEO 7T AI FERAELTBY, Stz
Bl TWABREFHZI— FLTW LAY\ (Fig.
1), #mTlk~7z@Y, L lactis \ZJRL AT 5124 A
EDT T AIFIE, pWVO2type @ 6 - tHEHAI T T Z 3

#95 (2009)

FTHB Y, F7-Seegers HlE, 77 A I FEHELHEE D
DNA fL% % 85k 35 70 — 7% FvCH W U i 2 17
W, 1) L lactis 2555 8EE N5 79 X3 FOKRLHUL,
pWVO2type D 75 AI R 77 3I)—THb T &, 2)
% { @ L. lactis BHRSHIIEPNIC, HEO pWVO2-type 7
FAIFEBET AL ERLTWE Y, pWVO2type
T AR, HEICELTY AICE < DNA RS,
FThbbEMEE (o) &, NT U RIZWE, ori B
RIS E LT I A I FOBEBBLGIZE BEE
B4 T (RepB) ZLEE 42 %, % ori © 3 12
B L C RepB #InF (repB) A2 — F S Tw b,
pWVO2-type @ ori DREFEIZ DV TIE, Kiewiet 5255 L
CHFgEL ™, MDA, TF=rBLUTF I VR
312 E T ATrich box, Hiv> T 22-bp DOECHIAT 3.5 [al#: 1)
BEND 2bprepeat ({702 ), BLU2+y b
A YN—=7v FY)E— MY (IR1, IR2) % ori |ZHF#L
B7 DNARCH & L CHE L Twb, A 70 %2 T —F
T4 75 A3 FEEESOFM R EE L HE A7 =X 4
&, KIG® ® F E+% P1, Pseudomonas Hi ¥ @ pPS10
HLEDTTAI RTHEIEATL, FHIEEEZIET 5
ori ® DNAFLH % (X U oo, HEBAMGIZLZ 2 HHE G
WFD 2 2bR, ori L OFEEICHEE- 327 3/ BRECYI
LEF— TR EPHEEN TN 2O,
pWVO2type 7 7 3 V) —IZJ&T 5 77 A I FOBHGH
Wix, HWICEWHRMEE RT 0, L lactis O
iz, MEC77 30 —12®L, MEkoSHEEE
Va—VaEULEBOTIAI PG RET
BEREIHFT 200 L) B ERHT 572012,
pWVO2-type 77 A I OB OREEHFE L < W%t
ENTED B0 Geegers 53 & U Gravesen S 13,
L lactis 0 - 77 AIFBLY, PLT7IAIFNREA
THYH A= FTHHMAMDOTIAI FDori % HLEKL,
pWVO2type 77 A X FTIX, ori N® 22bp repeat &,
22-bp repeat |ZFE 7 5 IR1 DEHIASAFIETEIZE S L T
W EER L2 Y, £/ RepB ICDWTh, BRAIKH
KT L OISR EF — TS, ori & OFF R
BERARMAEMICEES T 27 IV BESZHEELTW5D

26, 34)
o

L. lactis \%, K4 #ER2> 55N, BREHEIG L
727 T A PR E RO, L7275 > TZOMREDFE S
NTVWRWTIAIFRELEEINTNLE, TTAIF
DOFEREMITIC BT, @HET 77 A3 FlrEhEkE
WL, BRFtkoRIULE & PMkoRIULE % i L Chf
FEOWFEE T Bo Mo T, WRETHTTAI Fae#ER
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BRI e TcE L, 79 A3 FLOBEETH
HERe, BRI A2 RITE LR RECHETH I EMNTE
bo FFHMOME (BHAS -5 —) L LTANKE
TIAI FORERBEEZY, NELTIAIFE
FIRPICBEET LI ENTENL, A —F —DUEIC
LM TH L, LA L THRRIHED, JLHEIN T
57 AI FBERETIE, BETHTIAI FEEXRLR
Vo

W75 23 ROBAIZL T, WELTWSIERED
TIAI FPAMEME 2 ) BIRWICBEESINLHR
E, BLHISRTW S ™% 4 L lactis \2)E { 534
3% pWVO2-type 77 A I FOBEBIEOMEEIZDOWT
ZL OMANEHREINTBY, ori BL U repB BLFI D H
L, FHIEER I - K% PE$ 2 RS & RepB ##
EOHEFF LB R AR 2 HEETE 5, £2T, &1
=T, B L lactis 75 A 3 Ffge s, REEX
y—)—OYREETHWE L, AEUEFIHLZT I A
I FBRFEERE L7
INFTAHEULHEETIAI N X 2T ) V72
HWTWwa 3L H 5D, BETT7AI FOERIC
&, BZIAI FOL 7Y aryBHwsRTwE,
DOREYRTNL, FEHIE, pWV02type 77 A3 N
BSEIROT AR AR L CHWIEL ) 2 774~ =T
REET A L LB, AR G NS ¥ — 52K L
720 T2FZNSZHCTHEET T A I N% in vitro T&
L, L lactis 6 — 75 A3 F&aBEIRWICHEEST 5L
TS L72. KB, AT I A I FOERICEL T,
Hi 7T A3 FoM<, ¥ —27 T A2 A 5805
DFFNT % VB &3, PCR CHEEMEE O LAY % 1
METX UL, L lactis THEWEELBE 7T A I FafE
BMTEBHPEETHVFHTH D, S HITREITER
HEL AW WI L2 6, BEIIAIRE 2 BRARR,
AR TFTAI FOFENRIDIZ WEEZLND
7o, SR AT EHRKOWURICHFIHAT
&5,

Lactococcus lactis subsp. lactis biovar diacetylactis DRC1
X, SHEDOTFIAI FERAL, L lactis ® 77 X 3
FHBICHA S NE~y 7 4 5 OFETHHMER b—
FNTTAIRDPELNTz F LI, BRERERY O
M5, L lactis DRCLOE 7T A I F&EREL, 77
A3 F71) —#k L. lactis DRC1021 ZHHE L T\ 5 7,
ZFIT, (MHEHEEZFHLETIAI FOgE] VA
TADBEIIAVL 0 -TIAI FOM/ESH & LT,
L. lactis DRC1 %=, #¥d 572000 EFE L LT L. lactis

DRC1021 W5 Z & & L7,

FT1E L. lactis 0 -HRMEITSXI NOERHE
{iL (ori-repB) DER

1. MRBEVFE
BB LIVOTIXIFR

KOS L7-mEM B L7773 Fid Table 112
¥ & W72, Lactococcus lactis subsp. lactis biovar diacetylactis
DRC1 iZ, National Institute for Research in Dairying (3
1£ Agricultural and Food Research Council (AFRC) of
the Institute of Food Research, Shinfield, UK) 2> & 20
ELLERNC RS 7z L lactis DRC1021 1%, L. lactis
DRC1DET I AI FERELALTIAI N7 ) —#
T, BEHSMER L7, Escherichia coli XL1-Blue 12,
TIAIRRI Y —BLIUHBEZ TIAI FomEEL
LCTHwWwe 79 A3 FZ ¥ — pBluescript I 1%, &
Zfru—=r 7 BXOVE. coli-L. lactis > v s VX2
5 — OVERIZ v 72, XL1-Blue & pBluescript IT KS+ i3,
Stratagene Cloning Systems (La Jolla, CA, USA) 7 5
WEA L 720

S & IEEEG

L. lactis DRFRIITTYG E# (1% M) 7 b, 0.5%
R F A, 05% LT YT A, 1% VT —R, 1%
aNIERF )4 pH6.8), TYLH:H (1% hU 7+
v, 0.5% BT ¥ 2, 0.5% 3 LT M) v A, 1% T 7 b—
A, 1% aNr®F b)) s pH6.8) T 72id 10% A
L3V & F, 30C CHHERE L7z, E. coli i,
LB 55#h % FVC 37C TR #E L, WkEH0EL
THMERE RS 281 20E, B8 % 0.1% M L7z, £
CPRER R, HK A ORFHIZ 1.5% T A — 2L 7z
i % v 720 TYG i, TYLR;#iB X O°LB K5 it
121C T 15 470, 10% A ¥ 2 3V 7 B #i% 110C T 10 4
B, #h2nt— 27 L—7THEL, BRIV,

TI7AINOREABMEMEMA T T X I FOMFR

E. coli XL1-Blue 7’7 A 3 K DNA ®#fiftiix, Molecu-
lar Cloning: a laboratory manual second edition @ FC ik
V2t > THF» 72 ™, L. lactis 75 A 3 F DNA O i}
IZ, Anderson and McKay (1983) @ J5i:TiT- 72 ¥,
L. lactis 7> 5 77 A I FDNA Z fili i 4 5 B2, 10
mM DL- A LA = ¥ 2@ L 72 TYG 54 (TYG ) & A
FoHh) T—WpERER, ERMoOMEE LR LA,
WH L7 DNA W20, REEED 1 mg/ml il 5 &
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#95 (2009)

Table 1. L. lactis Strains and Plasmids

Strains and Plasmids Properties

References or sources

Strains

Lactococcus lactis ssp. lactis

DRCl1 Wild type
NIAI N7 Wild type
527 Wild type

Lactococcus lactis ssp. cremoris

Swartling (1951);
Colling and Harrey (1962)
Lab. collection

Lab. collection

NIAI712 Wild type Lab. collection
1L1403 Plasmid-free derivative of IL594 Chopin et al., (1984)
DRC1021 Plasmid-free derivative of DRC1 Fujita et al., (1999)
DRC1121 DRC1021 harboring pGKV21 and pDR1-1 This study
DRC1521 DRC1021 harboring pGKV21 and pDR1-1B This study
Escherichia coli
XL1-Blue
Plasmids
pGKV21 E. coli, B. subtilis, L. lactis shuttle

vector, Em®, CmR van der Vossen et al., (1985)
pDR1-1 7.4 kb @ -plasmid from L. lactis DRC1 This study
pDR1-1B 7.3 kb 6 -plasmid from L. lactis DRC1 This study
pDBI Receptor vector, a partial replicon of

pDR1-1B with an Em® gene cloned into

pBluescriptll, Ap®, Em® This study
pCV(x) Part of optional @ -replicon including

incompatibility determinant cloned

into pDB1, Em® This study
pBLsl1 pDR1-1 cloned into the Sall site of

pBluescriptll, Ap? This study
pBLbl pDRI1-1B cloned into the HinclII site of

pBluescriptll, Ap®? This study
pBluescriptIl E. coli cloning vector, Ap?
p8Eml pUC118 containing pAM [ 1 EmR gene Ito et al., (1992)

Em?, resistance to erythromycin; ApR, resistance to ampicillin

Lab. collection, National Institute of Livestock and Grassland Science collection

9 |2 RibonucleaseA (RNase A) % &AL, 37C T 304
Ml > %2~ »L, RNA %%f# L 72, RNase A JL#
%, 7x/—N:Zrzuukia (1:1) 2%2MRT
WELL, =%/ —VLRETT 7 A3 FDNA ZRR L
72 77 A X F DNA OHlIRG, KinFEfbos (7
SUFUT), FA = a YRUBICIE, S R
(Toyobo, Osaka, Japan), DNA Blunting Kit (Takara,
Otsu, Japan), Ligation Kit ver. II (Takara) % 7RO ffi
HFE > THW,

TZ7AINBEUDNAT ST AL NOT7HA—-RF IV
BXKE

L. lactis 223 L7z =5 V75 A3 FB L OHIR
BMETUML/ZDNAZ I 7 X2 Mg, 0.8% F 7213 1%
LO3- 7 #1 — A (Takara) THl# L 72 52 mm (W) x
60 mm (L) 7V, 5\ 107 mm (W) X 60 mm (L)
7V % Fl v, Mupid-2 (Advance, Tokyo, Japan) % fii
M LCkEI L, W L7z, BERIKE)I Ny 7 7 — 1213,
1 X TBE/Nv 77— (89mM bVJ A —K7E, 2.5mM
EDTA, pH 8.3) # Hiv», 100 VC 304~ 1 ¢ ikEh L 72
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KB THROT Ha =275 )ViE, TFIVvAa70vAF
THfE, BIRT  TRETCBE L, T —2A
FVERKETHE LTI AI RBLUDNATY T
A ¥ b ol & FEEI2IE, QIAquick Gel Extraction Kit
(Qiagen, Chatsworth, CA, USA) % i\ 7z,

AL
1) KIEEOR Bk

E. coli XL1-Blue ® 2 & #51%, Molecular Cloning: a
laboratory manual second edition ® &t i (2 5E - THT -
72, WEERKIE 50 mg/ml DT YT Y yF )y
& (Ap) WML LBERT L — FCTEIRL 72
Mz 77 23 FMRAE I, Ap 2z <, IPTG (0.5
mM) & X-Gal (100 mg/ml) Z#nL7: LB#EXL — b
THEER L 726

2) BRV—H—%2FIT3T5AINNY Z4—% 7134
WMATT7ZXIRNICKS L. lactis DR B

E. coli - L. lactis ¥ % F VX2 % — pGKV2l (.1 A
Ox A2 Vit EmS, 70947 x=3— )Viidth:
Cm") BXUOEM 757 A2 b2ETLHMR T A
I FIZ& B L lactis O E#z1L, Bio-Rad gene pulser
(Bio-Rad Laboratories, Richmond, CA, USA) % ff H
L, Holo and Nes Ok IfE>C, =L 7 KL —
VargE T, bt o LokiE L
2mmgap DLL 7 PR —TarFaxy MI, 7
FZXAIFDNA (10ng) £40ml DI E¥F ¥ L%
AL TAN, 25 mF, 200 Q and 25kV D > 7 )L/
VWAL RBELT 7 AI FEHEALL 7OV AREERZ
I21ml ®» SGM17 ¥ #y (GM17 (Difco, Detroit, USA)
containing 1% glucose, 20% sucrose) % ¥ =X NI
L, 30C C15MEREEE L2, &%, 100 ml
HHVIF1I0ml OFEEHEE L) 2Auv A Y (Em)
(5mg/ml) WISRT #— 7L — 1 (1% tryptone, 0.5%
yeast extract, 1% glucose, 20% sucrose, 2.5% gelatin, 2.5
mM MgCl12, 2.5 mM CaCl2 and 1.5% agar, ;pH 6.8) |2¥&
ML, 30CT 1MW~ 3 HHM#ER®EL, Em Mz 5T

B ERA T S HEL 720

3) BAERSSXIRNICLB L. lactis DB

75 A FWIZ, Em* % E0@IR~ — 7 — @z T
OB % & F R IEMIEZ L lactis 79 A 3 F (wild
type plasmid) % F\ 72 B HRIEAOIAEI21E, pGKV21
(Em) 24> Y7 —=8—7F23I F&LTHWE®Y,

OB X Fig. 212k L720 $7%4bb, BioRad M
OV vaRL—3arxaxy M2, L lactis 75
Z 3 FH4; (100 ng), pGKV21l (10 ng) 3 X U 40 ml
DAYEFTybEVERAELTAR, 2) LEEFEOY
YINIVAIZRBEL, FIAINEREALL, BEE
Bk, FTEmRMSRER 7L — FTHEL, Em®
Ju =% HEEL 72 RICHEEL 724 4 O Em® Wtk
57 AI FEMBLTC7 0 —2AEKKE TSI A3
F7O07 4 —alig L, pGKV21 Oz, [FEIFZEA
L7z L. lactis 79 A I FERATHEEHRA L7z, 778
L7-WHk % TYG B HICHETR L, 39T TaEfit L CkAE:
#95HZ LT, WIET % pGKV21 &R L7z,

DNA ECHIfEHhr

B3 L7z L lactis 75 A 3 N % @4 2 HlEEE SR CU)
Wr L, pBluescript IO~V F 27 a—=> 744 M2
O — =27 L7 &I Deletion Kit for Kilo Sequencing
(Takara) & W C7Y —varzu—r&ERL,
V=T ADT 7L — e LTHW, Tag dye-
primer cycle sequencing kit & M13 universal dye primer
(Perkin Elmer) #H\WwC¥—27 v AL, Applied
Biosystems 373A automated DNA sequencer (Applied

L. lactis DRC1

e
plasmid extraction
7 2\ indicator plasmid

Total plasmid pGKV21

co-transformation

plasmid free strain DRC1021

==

e
©0O

screenin, g of EmR le’ldﬂlb

@Q@
C

wild type plasmid
pGKV21

<«

agarose gel electrophoresis to find variants
containing pGKV21 and wild type plasmids

Fig. 2. Isolation of variants containing an indicator pGKV21
and wild type plasmids.
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Biosystems, Foster City, CA, USA) % i\ THIY 7 —
5 &7z, BT — % 1% Genetyx-Mac ver.9.0.1 % H \»
THEMNT L 720 ORF f#AT B X OAHFE AEMEAT 12 1%, BLAST
% 7213 FASTA f#fit & Fiv 72 5 %

2. #R
6 —87Z X3 N pDR1-1 KU pDR1-1B D Ei

L. lactisDRC1 75 b =% V75 A3 FEHH L, 0.8%
THO—=ATVELKKETTIAI RN TOT 4 =)V EH
~7- (Fig. 3)o L. lactis DRC1 ® 75 A 3 Fi&, LLEi#E
Ho2WIgEL, 7= vEg&E% 77 A 3 F (pDRCit: 8.3
kb), SMEB LS Y EETT A I F (pDRLac:
50kb), N7 T F T I AEETTAIF (K 60 kb; A
W THW A BRRBI O LM TIXREBI S N o 72,)
ZREELTWVWED, ROGTFRERO/NEVSEIE—-TF

A 3 N pDRI-1 OFEFEIFHRE ST w7, FUE%L
1k AL F BE O 8 (% T lacG (phospho-b-galactosidase
gene), citP (citrate permease gene) % #0395 70—
7 % F T VAT 2 AT HERR L 72T, #9 50 kb O 7
FAI RN KW lacG-7a—7T, #)8kb DX K
W citP- 70— 7 Cilk s 7z (Fig. 3)s

L lactisDRCIO M=% VT FAINE, L I7—
5 —75 23 F (pGKV21) % 10: 1 DHETRAL,
75 A3 R 7Y —#L lactis DRC1021 123 A L, L.
lactis DRC1 3o wild type 75 A 3 F% 1 HLU A
T A EERHK 9 bk (DRC1121 ~ DRC1921) #1572,
Z® 9 H DRC1121 & DRC1521 (21, 312 pDR1-1 (241
N LT ITAIRPEASINTWz, L LFIRERLR
oS, DRC1121 (21% Sacl THIBr &1 445 7.5 kb &
79 A3 FOEKX, DRC1521 |21% Bam HI THIHr S 1
LR T5kb DT T AI NOBADHER SN, 02
i, 7THO—= AT IVEKIKEIT, pDRI-1 & EhTw
2T TAIRNYRIE, A eb 2BEOTIAIFN
BEATVWIZZ ERRIELTWS, 22T, Sacl TYJ
WrEi s 7o A3 F% pDRI-1, BamHI Tz 7
5 A 3 F#% pDRI-1B & &ffi) 72,

BEECT| T

L. lactis DRC1 @ wild type plasmid pDR1-1 8 X O
pDR1-1B (& Hincll T 1 &Il & L 7zo £ Z T pBlue-
script Il @ Sall 4 MICH 7T AI N2 7 u—=>27
L. pBLsl & & UFpBLb1 % fE i L 720 pBLsl 35 & O°
pBLb1®OF ) =Y aryru—r% =7 AL, [
7T AI FOERYEZJE L (Fig. 4. ORI,

#95 (2009)

pDR-Lac (50 kb)

Chromosomal band

pDR-Cit (8.3 kb)
pDR1-1 (7kb: O. C.)
pDR1-1 (C.C.)

Fig. 3. Plasmid profile of L. lactis DRC1.
Southern hybridization showed that pDR-Lac contained /ac
genes, pDR-Cit contained citP gene.
C. C. indicates closed circular plasmid.
0. C. indicates open circular plasmid.

pDRI-1 & pDRI-IB DK & X3 Z N £ 7412 bp B &
7344 bp T, FOGCERIZEL LD 33.7% 725 72,
F - FORREZEMNIL, —HBOFE L RT3 L
Twico A—=72) =747 7L—2x (ORF) fi#Hr
OFER, W7 T A I FEIZ 61O ORF 32200 72,
pDR1-1 3 X U' pDR1-1B ® ORF &k & X & [a] 14 f# 4T
DHER % Table 2 |27 L7z, pDR1-1, pDRI1-1B ifi 7°F A
I FIZBWT, E1FEHDORF L, L. lactis 125k < 47
LTS G- TF A3 FORRMBRKFEE
T (repB) EEHFEMD D o 720 repB DFIAET F
?10-15 bp EHElZiZ) Ry — A 8EEEHM (RBS), 77 ~
104 bp EiCiZ 70 € — % —E% (-10,-35) 2SFAEL
113—188pr:(;|L i, 2bp 7T AL MO 35 [Elrf%:

3B LEESI (22-bp repeat), & 52 EiICRAEED S
AT & A72EES) (ATrich Box) 2 &% 0 - 77 A

I NS (or) PHETELIz. WF L lactis D0 -
7T AI NTUE, repBEHIERZIC, TuE— % —EF)
D12\ 200 ORF 2B L, repB & 3|25
SEIREFHE LTV ™Y,

pDR1-1 B X O'pDRI-IB I2B W T, repBE FIZ L.
lactis 777 A X F pCIS3 THRMICHE SN orfX, 5
IS type THIER - 138> A7 2 OB 72 = b
WG (hsdS) & ARFAVEDE > ORF 25HHE L Tz ™
W, F 7 orfX B & W hsdS FICIE 70 E— & —FAIA
HBIELBWT L5, repBorfX-hsdS 134+~ v % TR,
L, repB Lo 70 E—4F -1l Lo TEEINL L
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. Belll EcoRV
Haell Pl Sacl EcoRl  EcoRI EcoRI

Belll Fspl EcoRI Kpnl Sphl Xbal Hinell Haell

pDRI-1 [ &

| B 7T T )
repB orfX hsdS orf591 orf828  orf567

Haell Xbal ~ HindIIl EcoRIBngcoRI ECDRVEcoRI
Belll Fspl EcoRI' BamHI Sphl  Xbal HinclIl Haell

pDRI-1B - 3

Paabp | I
repB orfX hsdS orf591 orf828  orf567

Fig. 4. Physical and genetic map of plasmid pDR1-1 and

pDR1-1B in L. lactis DRC1.
Same patterns indicate the same DNA sequences.

R E N7z (Fig. 4) pDR1-1 O repB, orfX, hsdS (%
TNENA23 T I BRIRIE, 214 7 3 ERBRIE, 414 T
I WA g — FLCWwW/e 72 pDRI-1B @ repB,
orfX, hsdS X7 ZIL386 T X/ ERIRIE, 211 7 3 VIR
WAk, 414 7 I VBRFRFEZ 32— FLCw/, pDRIL B
X U pDRI-1B @ repB-orfX-hsdS #E35 (& 4 %) 3.4kb, 3.3
kb) DELHNZ 77.4% —3K L 7zo —F repB-orfX-hsdS LA}
DOEHNE, 95% DL L—F L7z, —BEEBICEENS 3D
» ORF @ 9 B, ORF519 & ORF567 (&, flioFLEEH T
s &N T B integrase / recombinase (int / rec) &
ECHEMED D 5 72 1 1T % —J7 ORF828 OHfE I3t
HINTWi,

pDR1-1 B X U pDRI-1B O HAL (orirepB) O it
{Z+FHLH %, DDB] 7 — % /N> 7 OBEAIELY) & Hog i
WrL72& 25, pDRI-1 OBREALIIHHTH > 7227,
pDR1-1B @ # 4 B {7 13 Lactococcus lactis subsp. lactis
UC317 @ pCI305, B &L OF L. lactis subsp. lactis DPC721
@ pAH33, & 52 L. lactis subsp. cremoris UC509.9 O
pCIS3 TREICHE S NLCw b lLsl & —3 L 7> (Fig. 5)

2376079 = ey pDRIAIB OB BEM A 2 — F¥
LEAET 5 A 3 KPS, Lactococcus J&FLFETH 2 )5 £ 57
FLTCWE I ErREYT 5, ARIFFECHAT L 72 pDRI-1
$ & U pDRI-1B @ £ Fit 51 1%, DDBJ 125§k L 720 7
v a v v N—13 AB079381 (pDRI1-1) 3 L O
AB079380 (pDR1-1B) T& %,

3. EE

AWFFETIE, L lactis (2L T2 0 -7 F A
I FEBIRWICBHRET L7201, -7 A3 FOER
HAL % in vitro THHEE L, AMEMET I X I F2IEK
THILERME L7 EEDL lactis § - 75 A3 FIC
T LEAMEM.T T A I FOMERICE LTI, 1) HE
A OFBEICIEL THVLZELEDTELTFAIFN
N7y —OEEk, 2) HEDL lactis § - 75 A3 FD
AR 2 HEIEL 9 %5 PCR T 74 ¥ — X7 DkE
WETH %o

0 -HEH 772 FoMGHE L LCid, sk
T #& Lactococcus lactis subsp. lactis biovar diacetylactis
DRC1 #2725 L. lactis DRC1 ® 3D T 7 AI N
DORERIFEEICHE SN TV S Y, RAFFEO/HS W
%3¢ —"75 A3 FpDRI-1 DEFEIZHS 2 hTw
e FY AT X o T, pDRI-1 X, L. lactis
DRC1 D7 T Y REWEIET T A I FO repB & HFED
HHLINEEL T EATRENT VDS (KFEEK), £2 T,
pDRI1 AL a ¥ —THEL 5 % 0 - BIOBERFEI (ori
+repB) HELETFHL, HHNET AR ¥ —fED7-
DOFEME L7z,

L. lactis DRC1 &7 J A I F& 7 HH— A7 VBRI
BCoHBEEL, FvA i - KL 72 pDRI-1 O 7T A
SRNYRIE, 22008 %575 A3 FpDRI-1 B LU
pDR1-1B % & A T\ 7z, pDR1-1 & pDRI-1B O [fj 7" 7

Table 2. ORF encoded by pDR1-1 and pDR1-1B

pDR1-1
name repB orfX hsdS orf591 orf828 orf567
gene repB orfX hsdS int / rec unknoun int / rec
size (bp) 1,302 699 1,314 591 828 567
pDR1-1B
name repB orfX hsdS orf591 orf578 orf567
gene repB orfX hsd int / rec unknoun int / rec
size (bp) 1,224 633 1,314 591 828 567
similarity to
pDR1-1 (%) 68.8% 67.3% 71.5% 100% 100% 100%
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pDRI-IB ! [SSISKENEH- NELSKRKVVEHNSLITSIAKMOKTPLEMFELAVSCI! 4
pCI305 1 HELSKRKVVEHNSLITS LAKMOKTELEMFELAVSCI! 54
pAH33 1 HELSKRK\WWEHNS! TARMDETELKMFE! RAVSLTI) 54
pCIS3 1 HELSKRKVVEHNSLT TS T AKMDKTFLKMFELAVSCT) 54
pDRI-1 1 e nrfol s Tsfroosiv Lo e Lav s 6c
pDR1-1B %% FEEFFKDHTVYLSKEELFAFFKVSCHOKHSHFKQAVERMOEQAFFIK KF 112
pCI305 5% FEEFPELHTVYLSKEELFAFFKVSUNUKHSHEKGAVENMUKQAFFGIK KG-FEF 112
pAH33 55 FEEFPFELHIVYLSKEELFAFFEVSDH DHH*RFKL.&”EH%HME&:H EF 112
pCIS3 5% FEFFPKDHTVYLSKEELFAFFKVSDNDKHSRFEQAVENMOKQAFFQ KF 112
pDR1-1 &1 HusprdundkisrErears ofifussknsne : KHE ¥ 12¢
pDR1-1B 113 BIVPIF¥VEWTDYHDOVK IEFHRE IMFPYLINLKGNF T HALSDIAELNSKYSIILYRWLY 172
pCI305 113 BIVPIPYVEWIDYHDUVKIEFHRE IMPYLINLKGNFTUHALSDIAELNSKYSI ILYSWL 172
pAH33 113 BINPIPYVEWIDYHDDVEIEFHRE IMpYLINLKONFTOHALSDIAELNSKY ST ILYHEL! 172
pCIS3 113 [BIVPIEYVEWTDVHDLVKTEFHRE TMPVLINLKGNFTQHALSOTARLNSKYSTTLYRRLSE 172
pDRI-1 121 Ertjdu vz rsmrrkshine v feh def oy sgvobnskys oo 18¢
pDRI-1B 173 Euvu,}u HYSYKGGHREEVEAYRNFT I SHRELREMTOTVDE YPRFURLEHRVLKEFIE 21z
pCI305 173 MNYHQYEHYSYKGGRREEUVEAYRNFT ISMHELHEMTUTVDEY PRFDRLEHHVLKEPIE 23z
pAH33 173 HRYHROYEHYSYKGGRREEGVEAYRHFIISHRELREMILIVOEYRPRFLRLEHRVIKERIE 23z
pCIS3 173 MHYNGYERYSYKGGRREE(VEAYRNETTSMRELRENTLTVDEYPRFLRLEHRVI KED T 23z
pDRI-1 181 MNYHQYEHY JMKGGHRAEQVEAY RNHS : zdc
pDRI-1B 233 FHENTSFHVIYDKIKKGHSIOS IVFHITEXRRADGHS YKLECKDYQSOREEKSHNEADLY 292
pCI305 233 EHEWTSFHVIYDKIKKGRSIDSIVFHITKXRHADDNSYKLEDKDYSOREEKSHNEADLL 292
pAH33 233 [EHENTSFNVIYDKIKKGRSIDSIVFHITEXRRADDNSYKLEDKDYGSDMEEKSRNEADLY — 292
pCIS3 233 [RENTSFHVTYDKIKKGRSTDSTVFHI TEXRRADDNSYKLEDKDY(SOKEFKSRNEADLY 292
pDRI-1 zdl Eﬁbbtm TYUKIKKGHSIDSIVFHJERKHMROLNS mM@Wj 293
pDRI-1B 291 E- AMESKEYTHLLIENFLLSPLEMTDTALMAGLOKNVY PLY UELKELRGLNGVRDHL qvj 351
pCI305 293 M-LAMESKYTHLLIENFLLSPLEMT DTALMAGLOKNVYPLYDELKELRGLNGVKDELSYY 331
PAH33 293 W-LAMESKYTRLLIENFLLSFLENIDTALMAGLORNVYPLYDELKELRGLNGVEDHLSYD 351
pCIS3 293 K-QAMESKYTRLLIFNFLLSPLFMTDTALMAGLOKNVYPLY DL KELRGLNGVKDHLSY 351
pDRI-1 300 2% v I L sy oo fThAG Ly KNV Y P LY DEL UL RGLNGVEDHLS 353
pDRI-1B 157 [BEEKEAYSKRNVAKYLEEATEQYLFTVKR DI Haff=cmmmmaaaaax 1BE
pCI305 332 BEKKEAYSKRNVAKYLEEAIEQYLPFIVEKRQDLNH-Hcmmmnnaaaae IBE
pAH33 332 BSEKEAYSKRNVAKYLEKAIEQYLPTVKRQDLNH-B---mm-emeae— IBE
pCIS3 157 BSEKEAYSKERNVAKYIKEATEQYLFTVKRQDINHaffescasacaca=a 18E
pDRI-1 380 ABKKEAYSKRNVAKYLEKATEQVLPTVMILOIEQPHRAKVRGKGASHE 407
Fig. 5. Alignment of the RepB of pDR1-1B, pDR1-1 and three lactococcal plasmids.

Amino acid sequences identical to RepB of pDR1-1B are boxed.

The complete plasmid sequences of pDR1-1, pDR1-1B, pCI305 (Hayes et al. 1991), pAH33 (O’sullivan et al. 2000), and pCIS3 (Seegers et al.
2000) have been assigned to DDBJ with accession numbers AB079381, AB079380, AF179848, AF207855, and AF153414, respectively.
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DOWBETHELZLDTHA ), FASTA 707 T AT L
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lactis 3 X O° L. lactis subsp. cremoris O 75 A I FTHE
(2 100% — B L 72 BLF 2ty ST 7ze T ORERI,
pDRI-1B &[] UL 2 AT 2 HHEM T F A I N5,
Lactococcus JEFLEE R I AT 5 2 & ZRIET 5,
b L9 % & pDRI-1B O repB BLH O )5 A5 R AL 12
<, pDRI-1 i pDRI-1B 2 HiRAE L 720 O 2 Hii
W,

RIFFECREI L7727 T A3 FR7 ¥ — DL, T
BO L. lactis § - 77 A FOAFIEEALY] % BEIE T &
% PCR 7' 7 4 ¥ — 7 O#&FHI L Lactococcus J&FLFRH
WK A s % 0 - BIEREMVOFEILE LvweEZ
720 2T, pDRI-IB OBEBEA OEY| 2 FH 2 2
L7,

B2 THEMFEET X I NOER

1. RBLCFE
BB LV TIZIN

AW TR L7-mAwB L0757 A 3 Fid Table 1
ICF &7z, pAMbl HED ) 20~ { ¥ Vit
¥ (Em®) &~V Fru—=> 744 %%t pSEml
13, HIRILEDE A REL S 555 L THW .

B SRR

L. lactis ® 5481213 TYG 55 # F 72 13 TYL 55 4 % 1
v, 30T TEFEREEE L 720 E. coli 13, LBEHE T
STCTIRE IR Lo T/PHOERICIE, K4 O
12 15% EREZRML B2 w7z, ¥#ig 121C <
BAEA— 27 L—7 L CTHRE L, BEIHAV,

TSAINDRAMEBB|A T T X I FOER

E coli 75 23 FDNA B LWL lactis 75 A I F
DNA Ol & 48, £ 51275 A2 3 F DNA OIS
&, 7oy Fv7, IA47=arfnik, £1%8, &
1R L 72 3T - 720

TI7ZAIRBLUYDNATZ I X2 bOTHO—-RF I
BRKE

TIAIRBILIUODNAZ7 7 A MiE, 1% LO3-7
A — A7 52mm (W) x 60 mm (L) & %1% 107
mm (W) x 60 mm (L) %M\, 513, % 18R
L7 HiETITo7z0 THU—AF VESIKETHHE L

77T AIRBLUDNA TS 7 A bt & EHIC
1%, QIAquick Gel Extraction Kit % 27z,

A= I
1) RKGEOREEHR

TIAIFRYZ—OE B L UHIRICIE, mEe
L TE. coli XL1-Blue % fil\27z. R HEIRIE, %1%,
B1ENCRB L HE T o720 XV —2 AT LI
BnfffRiz Ap (50 mg/ml) & Em (500 mg/ml) % 7N
L7z LB 77— 85 TEIR L, fRAETEB L ORFEICIE
Ap I LB B & v 720

2) L. lactis D GxiE

L. lactis O HsndfiL, 1%, F 1R LA
BCiro7ze Em Bz FEAETAMEZ 7T A3 FIZ
&% L. lactis O E#EHTIE, 10 ng Oz 75 R 3
FDNA ZiWTH 1E, B 1EICEE LaHETT-
7oo AHEWFHET T AI FOEAILE, BRLETT
A X FDNA % 10ng » %\ 13 100 ng JHW 72,

Polymerase chain reaction (PCR)

PCR 21, Perkin-Elmer 1 (Wellsley, MA, USA) #
@ GeneAmp PCR System 2400 &, KOD-plus DNA poly-
merase (Toyobo) %M\ T, 20 ml & %\ 2% 50 ml &&
DRI TPCR S 541> 720 7~ 7L — MIZIZ DNA
% 1ng/ml B ICAMR L, 2ml 72, pDRI-1B O
Y] Lo, PCR 7 74~ — OFE#BIBA L L IR 7
T 7 A ML E Fig. 6 IZKR L7z,

pDRI-1B O ori FE¥ D Lt a7 772 2 M &
(FUb1), B X U"pDRI-1B @ repB O F it b= &0 7
77 4 » k% (FDbl) &4fHF, FUbL & FDbl % B
T&5PCR7IA~—%ikit Lo TOMIESEMZL,
t—bta vy aCT2h0MRE fvTl) £,
UT<T158, 2) 7=—1) 7 53CT30H, 3) ME
68C CT45%, 1) ~3) OIS % 401 7 ViTw, Ik
%12 68C T 7o MARFEL 720 THETICHE ST
% L. lactis 0 - 75 A 3 FOEHGES & o DNA SO
Higr s, FUbLIL 6 - BIHEEA O 5 fIAZERS], §
% B AT-rich Box & & & & 9 1I23%FH L 72 %72 FDbl
X, repB 0 3 B &L X O Ik E L 2 (Fig. 6),
pDRI1-1B @ ori BL % @ 22-bp repeat, IR1, B & U repB
O Loy % & e 22 Mg (variable fragment) 724>
% [pDRI-1B A& PP ERLY ] % VF & 419 72,
VF % 3#iE L, FUbl & FDbl IZ#5& T % PCR 77



34 Y AR R ok ey
Xbal
FUb1 (455 bp) FDb1 (466 bp)
by B2 ns D
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pDRI1-1B
7344 bp I I |

repB  orfX  hsdS

Fig. 6. Genetic organization of the replication module pDR1-

1B and positions of PCR primers to amplify Fub1i,
FDb1, and VF(X).
Relevant features of the plasmids and noticeable restriction
sites are indicated. Thin arrows indicate ORFs. The rightward-
and leftward-pointing thick arrows indicate the relative
positions of PCR primers Pc1, Pc2, Pv3, Pv4, Pc5, and Pc6.
The Fub1, FDb1, and VF(X) correspond to the PCR fragments
resulting from the amplification of Pc1-Pc2, Pc5-Pc6, and
Pv3-Pv4 primer sets, respectively. The A-T, 22-repeat, IR1
and IR2 correspond to the A-T rich box, 22 bp direct repeats,
and two inverted repeats in replication origin, respectively.

A ~v—%nikit L7z (Fig. 6)o VF OEIEEME, e— T
a v 7 94T T2 MR E vl ﬁlﬁ 9T T
158, 2) 7=—=9 27 45CT30H, 3) ME68CT2
4, 1) ~3) ORIE%E 40 1 7 VATV, %12 68T T
73 RIPRFE L 720 PCR BUG T2 D BMEFEY 135 ~< T PCR
purification Kit (Takara) THHLL 72,

2. R
pDR1-1B DEMBM ZBHER T2 -DDAX—LES
14 v —DERET

pDR1-1B O HLEAIIZ, ori FEHI B L 1U°386 7 3 / ik
Btk a— 325 repBh 5 7% %, pDRI-1B O HAL
% in vitro TEHER T A 7200 A F — 20k, HHEAO
OB ZBEL S 5794 v —DOfE%, Fig. 612
RL720 L. lactis 6 - 75 A I NOEREAIZBIT S,
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%Eziii_,ﬁt‘mt%éuéﬁm“é TAT—=FT74<—Pcl,
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#95 (2009)
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Pv4, %kt L7z (Fig. 6). it L7277 4 ~— 0%l
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WRERY EREETH 72012, P2 BEFIAIC Nrul 34 b
%{E- 72, Fig. 81212, pDRI1-1B ® repB L HEET I/
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&, E. coli, B. subtilis, THEEN7/0 -MT7I5AIF
OFEHRRT LB SN, 79 A3 FOBERBIBICE 2
wAl, I, ori FEEE ) DNA & &6 112 B 5
T57 3 BEAPEESNLTVWS 2%, Fig. 8§Tid
TNENEER, ZHE, KRTRLA, MRS T
IR L72ERE, FRICIRAEEOEWEYITH B 2 &2 b,
Oy EBHRTLIN—ATIAY—Pvd &7+ 77—
K7J 4~ — Pchb % MDOBRIZELE L7z Pcb - Pc6 TH
i§ & 1% FDbl % pBluescript I (2 A £ 72812, Pcb
BEHIANC Pstl A b & 1Eo 720 F 72 Pv3 — Pvd OISR
Fré e 572912, Pvd B X U Pcb BLHIA 2 Xhol
1+ %1E->7- (Fig. 8),

NYJ 2 —DIBE

pBlbl %7 > 7L — b & LT PCR G %47\, 455 bp
@ FUbL &, 466 bp ® FDbl % 1%7-. FUbl % Banlll
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Table 3. Oligonucleotide primers and probes used in this study

Primer  Gene target Fragment size (bp)  Sequence
445 bp
Pcl upstream sequence AACGCTCTAAAAATCGATTTAAGCGA
of ori * containing a substitution (boldface) generating

a BanllII site
Pc2 AT-rich box in ori AAAGAATTCGCGATAAATATATATATAGGC
* containing six substitutions (boldface) generating

a Nrul and an EcoRI site

1,100 bp
Pv3 AT-rich box in ori ATATTATGCATATATATTTTAATCTTTTGTTCTTTTG
* containing four substitutions (boldface) generating
an EcoT22I site
Pv4 consensus sequence TTTATCCTCGAGCTTGTAGCTGTTATCATCTGC
in repB * containing three substitutions (boldface) generating
an Xhol site
466 bp
Pc5 consensus sequence CAGCTGCAGGCTCGAGGATAAAGATTATCAATCCGA
in repB * containing five substitutions (boldface) generating
a Pstl site and an Xhol site
peg  dounstream CTGGAGAGTATCATCTGCTTCATCAATA
sequence
of repB

\

I GAARARAAATARAMAATAGGOGA ?'.f\.-'li'l:1'.|' ATATATATATTTATCTTATATATTTTAATCTTTITA| €2

Frearg 11 AT-rich bax
Pe lL h PeEd: JF<=COCATATATATATAAATAGCOCTTANGARA-S"
M Nruwl  Feo RIS
* FPvir %3° -II-J'LTATA'T TTTAATCTTTTATTCTTT '['_'f_l- e

61 | TTCTTTGCGTCARARRARAATCAATATTT TCAAGGC TTTATAGAATTATATACCANCAAAR L4

LE5 AR T TOTATATACCAAC A AAARAC TG T GCATACACCARCARAARACTGTOGCATATACCARD -1
-

21-bp repeats = e
L87 TTCTTITGTETGITICG ']'_-E-ET_?I.E.N_TJ'LETE-ATL'II.ITHhil..lﬁfi"l"_ﬁi.ﬁ_ﬁﬂ']'{ TC 'I.'EI’E'LIEE-A.?L 248
45 1Kl - 14 IR2
249 AAGTOUTTITCTTCATGCTTATCTAAACTCACTCACARARGRAGCAGTTTTICTATGTCTAGTATA JIW
- _l.HT:_ - BES RI_.'.IH—-' H 5 L I

Fig. 7. Replication origin of pDR1-1B.
The -35 and -10 boxes of repB promoter and RBSs are indicated in boldface. AT-rich boxes among the g-replicons
are boxed. The solid arrows indicate 22-bp direct repeats. The dashed arrows indicate two inverted repeats, IR1 and
IR2. The PCR primers Pc1 (5’-AACGCTCTAAAAATCGATTTAAGCGA-3’), Pc2, and Pv3 are illustrated at their positions,
and nucleotide substitutions are indicated in boldface. The red arrow indicates a substitution of one nucleotide in the
AT-rich box when synthetic replicons were constructed.

PP ERLH & R L C Wb 720, L lactis TIIHEETE 720 VF5 % Xhol T #ll FR 73 % L 7z 2, pDB1 @ Nrul -

irolzs Xhol 1 Miz#EA L, pDRI-AB IZxd 2 RAIAMEFHE

77 X3 FYER L pCV5 & &ff1F 72, pCV5 i, Nrul

177 X3 K pDR1-1B DESE T OFER 4 bOBASER L, AT-Y) v F Ry 7 AN 13ERE
pBlbl %5 > 7L — b & LT PCR KIS % 47\, fesi/z (Fig. 7)o F72Xhol ¥ A b AR L,

11kb DR 7S 7 A~ N &HIEL, VF5 L&) repB PN 3 IEFE B SN/ (Fig. 8). 7272L repBAD
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AGCCAATCCAAACSC ARCT M R AR GATTATTGAT T GRAR AL TTICTCTTATCCCOTCTTGAR
h M E 8 K ¥ T R LL L T E W F L L 8 F L E
ATCACCGACAC GOCACT T AT CACCT T TRCARAAGRACCTCTATCOGTTETATGACGASTT
M T 0 T A L M A £ L @ K H VWV ¥ P L ¥ DL E L
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E E L R ¢ L W 2 Vv K D H L 8 ¥ I E E K E E
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ACGATTARAAS G ACCAC TT ARAC CATGACTGAGAAC TTAALARC QAT TARAGAC TTGGCTG

T VvV E B Qg b L H H E
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Fig. 8. RepB of pDR1-1B.
The one-letter code is used for deduced amino acid sequences. The thin line indicates the conserved domain
of RepB for protein dimerization. The double line indicates the conserved domain for copy number control. The
thick line indicates the conserved domain for governing ori-specific interactions. The dashed line indicates
conserved amino acid sequences, which were located from 249 to 272, among lactococcal 6 -replicons.
The PCR primers Pv4, Pc5 and Pc6 (5-CTGGAGAGTATCATCTGCTTCATCAATA-3’) are illustrated at their
positions, and nucleotide substitutions are indicated in boldface.
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Fig. 9. Schematic illustration of the strategy for the
construction of pCV(X).
The antibiotic markers for ampicillin and erythromycin are
indicated as Am® and EmF® respectively. Relevant PCR primer
sets Pc1-Pc2, Pv3-Pv4, and Pc5-Pc6, with restriction sites
useful for ligation, are indicated. The vector pDB1 contained
a sequence of an upstream part (FUb1) and a downstream
part (FDb1) of pDR1-1B with an erythromycin resistance
gene. The Nrul and Xhol sites of pDB1 indicate VF(X)
insertion sites.
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Fig. 10. Strategy for plasmid elimination with pCV(X).
Resident plasmids in L. lactis are indicated by single circles.
Synthetic replicon pCV(X) is indicated by the double circle.
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pDB1 |ZHIAA CTHREZE L /- &R EALIE, L. lactis T
B % ME L 72 TEH L2/ 2 75 A 3 F pCVh
&, 79 A3 K71 —#DRC1021 B X OF, e tz4E
FEIEE L CIKTL2b Do, bk L. lactis DRC1 THi%S
T5ZEPMHRESINT, DRIOMIZETHIEMI LTS
5, L. lactis DRC1 12 BT A L EEHBSHE DK TIX, N
T HEHAERM S S 23 FpDRI-B & pCV5 & OARHIA
WAEKTH S EHfEESNS Y PCRAY ) —= v 7
DGR, TYGE B Hh <ol 2 o B Bz fk1L, Em®
EE=®HL %253, pDRIFIBZ#fRELCw5, 20
Z k&, L. lactis DRC1 Mg C, pDRI-1B & pCV5 %%
HHET L2 ERRBET S, LA L TYGE 8 TR
[ZHEFE L, pCVS IRAME%E #EIRT 5 Z & T, pDRI-1B &
FIRPNHEA 2 5 b7z,
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KWfgeTEZ L7 L lactis § - 75 A 3 FOERIE
VAT AL, UTOENH M %>, 1) pDRI-IB
EORMEMEET ST A3 K pCV5 % in vitro THE
HTEDLZ L, 2) pCVS ZHWT, L. lactis DRC1 Ottt
OWIET T A I FOREIREX % 2312, pDRI-IB %
EIRYICBRETE B 2 &, 3) BIUED NI A pCVS
TR AAZLE T, Em BRI & 5 L THR 2
WRET B L, T TKREITIE, KVATLADPEED
L lactis 0 - 77 A3 FOBRFEIZHHNWE I ENTES
RSB LT,

E3H EEDL. lactis 6 - 75X I NORERIRK
BEADGH

1. MRERE
EMBLTTIXIN
BRI L 2 MAEM B X N7 9 A3 Fid Table 112 F
L7z, L lactis 132 TWISEERAHEET HV 72,

HEehh EEEE M
E. coli BX L. lactis D¥E381%, 13, 5282
ALk L 72 TIT o 72

TI7AINDHAREBBRZ T Z X I FOIERK

E coli 77 AI FDNAB XL lactis 75 A I F
DNA ot & g8 X 51277 A X N DNA OHlER 4
g, 7o >F07, A= a UG, E1E, B
1ENIFER L2 F T o 72

L. lactis b—#IW TS5 X3 FOT7HO— XETXED

L. lactis D75 A3 FH 7 i, #10° o L. lac-
tis L2 5 FAH L T 20ml © TE (10 mM Tris-HCI, 1
mM EDTA ; pH 8.0) IZ#L, €O&E% 17 o)L T
EKEIL72e h—=F V7T A3 FOkEIZI, 0.8% LO3-
THE— A7)V 109 mm (W) x 100 mm (L) % Fv,
100 V "C 90 4 M@ L 720 BAIKEI T #EL 727 T A
I NNV R, FYvATOYA Fogefm Ll kL
72

PCRF> 7L — FDEH

THO— ABLIKBTHHEL72 T T AI RNV B,
RREOENMGEBETCTHI VI ZHNTY YL,
QIAquick Gel Extraction Kit (Qiagen) % Fi\>THHLL,
50 ml DA ZHEKIIEE L7ze 7 vh 5 20 kb Phlo
TIAI FERMMT 256120, FIVIERRE Exy

#95 (2009)

FA UL, REOTTSAI FEYHIZEE L Th s
WP 72, BB 7279 A I FIAT 2ml % PCRO T
7L— ML 72,

/

e
1) KEEEOK; Hixik

AMEWFET 7 A3 FpCV X) 12X % E. coli
XL1-Blue DT E kit 5 & T EEsiRfk o EHRiE, 551
B, 1R L2 T o 72

2) L. lactis D, Gzl

AHEHFEL TS A3 FpCV X) @ L. lactis ~D
AL, HB1E E2H TRk L 72 pCV5 @ L. lactis
DRC1 ~D#E A & 6] U4 TIT - 72,

PCR

EZ=D L. lactis § - 75 A I FORFE MR ERT
&, VFoxsak@msecaftiyz,. (VF X)) %4
72912, H1E, % 2H Titad L 72 pDR1-1B OAF]
EPERERY] (VF5) OHglE & [7 U4 T PCR 17 -
720 PCR BUGEDY >~ 7IViL, 1% LO3- 7 H— A7)V
TERIAKEIL, WIE7 I 742 b PESNAHEICIE
QIAquick Gel Extraction Kit (Qiagen) % Fi\»CTH5HL L
720

77X FREMDRE

IYAOYA Y VT I AI Ve a5 uk%,
TYGE 574 12 Rl a5 2 L oL & L7z (T=0)o
FkE 32 L 728538 10 ml % 10 ml o TYG 52358 L,
ERHMETERLL (T=1). Dk EFIREE ohE
L 725t B % TYG 554012 0.1% B/ L, 30C CaEwll
THEREET DL 100K L7z, T=0B L5
EH (T=5 & 10[EH (T=10) OREHIHT L7k
W10 ml 2 EEAEK 1 ml THRL, TYG T H—7
L— MZER L7z 30C T24 Bif¥ER L, Bl Lo
U=—%7 ¥ AIZ100EE L, TYGE 77 —71L —
MZL 75 L7z 30C T 24 BRfIRE2EL, WhgL 72
VARRA VUit u -2z, TIAI FRAR
DEIEEFI L7,

2. R

FEBEDO -TF7XIFORFEMBET T X I FOER
TIAI FEBEHRA L, HERMIEHT TR

HWVT\w5b L lactis DRC1, 527, NIAI712, N7 %, #Ex
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WikE Lizo &4 OBELOHI LA =5 VT T A3
F%&7 70— ABXIKETHHEEL, DNAZ LY T AT
O A NPTl L7z ZVv oL 79 A
I RNV FEPCROT ¥ 7L — MV, RHIEMHTRE
FLH VE (X) & BIE L 720 15517248 L1kb O A 4 —
I % Xhol THIBRSf# L 721%, pDB1 @ Nrul - Xhol ¥ A
MG L, TERLAHEMNFET I A F% E. coli
YEFE L CHIRS 7, KRBTl 8 EEHO A A
WFET S A I FPESNZ, K4DA 3 — K (VF
X)) o¥EICHVW7T A3 FNY Fid Fig. 111K
R L720 AMGUEFHE T A I FOLFRE, pCV % 3t
W7, fERLZ-pCV X) &, 7 7L — MW
BT T AIF, BIUHEKSIE Table 4 12F & 72,
Table 4 D75 A3 F&51%, Fig. 11 D75 A3 KN
FOFF &~ SE, 7T AI FOT A0 —AERiK
BCiE, MUEEO 7T A3 FThH-THHBM, R
B, EMEITERBEESELRY), P VT TAIFOD
BRIKEGIIEMEIC 2 S, Fig. 11O 7T AI FHFEFE
FHNE, 77 L—bMIHAWETIAI RN FDH
5, HBIRTIAI FEIREL TV,

pCV (X) DHEBLE R DECFME

pBluescript Il » T3 710 & — % — 5 % 83 % T3
79 4~—:5 -AATTAACCCTCACTAAAGGG-3 % Hi
WT, 82MDpCV (X) DA »H— +d DNAFEG % > —
7 T ATHERE L7 (Fig. 12). FASTA 7’027 J A2 &
B M FE AT OF5 R, pCV (X) oA »H— MI&TL.

3—>

1 and 2—>

Fig. 11. Agarose gel electrophoresis for isolation of L. lactis

plasmids to make competitors ( pCV(X) )to wild type
plasmids in parent strains.

Total plasmids from L. lactis subsp. lactis DRC1 (lane 1), L.
lactis subsp. lactis 527 (lane 2), L. lactis subsp. cremoris
NIAI712 (lane 3), and L. lactis subsp. lactis N7 (lane 4).

lactis 6 - 77 A I F OBEFIH & & AR & - 72,
O Z L%, pDRI-B OAHIE Mg LA % VIR 5
TIAX—P3BLOIPUAD, FEEDI-TIFAIFD
BRI D RH#T AL AR L T2, HPFOREET
AL, 94~ — P2 OBEANICHRT S 11
HEREFTTH 5o

L. lactis \IZ&1T5 pCV (X) OEREDHER LTEE
BN DR

T A3 N7 —#k L. lactis 1L1403 1%, L. lactis DE
Btk LCRCHAFRTHOONRTED, B LWHIE -

Table 4. Origin of pCV (X)

Stain and Plasmid Plziszr:id Properties pCV(X)  No.in Fig. 10
L. lactis DRC1
pDRI1-1 7.4kb unknown pCV1 1
pDRI1-1B 7.3kb unknown pCV5 2
pLac-DRC1 50kb Lac*, prt* pCV28 3
L. lactis 527
pLac-527 50kb Lac*, Prt* pCVL3 4
L. lactis NIAI712
pAG6 8.7kb unknown pCVm6 5
pAG3 50kb unknown pCVL1 6
pLac-Prt 55kb Lac*, Prt* pCVL10 7
L. lactis N7
pCit-712 8.3kb Cit* pCVc8 8

Lac*, lactose utilization activity; Prt* proteinase activity; Cit* citrate utilization activity
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host
strain plasmid \1'

pDR1-1B ATAAAAAATAGGCGAAGCCTATATATATATTTATCTTATATATTTTAATCTTTTATTCTTTT
DRC1 pCV5 ATAAAAAATAGGCGAAGCCTATATATATATTTATCGTATATATTTTAATCTTTTATTCTTTT

pCV28 ATAAAAAATAGGCGAAGCCTATATATATATTTATCGTATATATTTTAATCTTTTATTCTTTT
pCV1 ATAAAAAATAGGCGAAGCCTATATATATATTTATCGTATATATTTTAATCTTTTATTCTTTT
527 | pPCVL3 ATAAAAAATAGGCGAAGCCTATATATATATTTATCGTATATATTTTAATCTTTTATTCTTTT
pCVm6 ATAAAAAATAGGCGAAGCCTATATATATATTTATCGTATATATTTTAATCTTTTATTCTTTT
712 pCVL1 ATAAAAAATAGGCGAAGCCTATATATATATTTATCGTATATATTTTAATCTTTTATTCTTTT
pCVL10 ATAAAAAATAGGCGAAGCCTATATATATATTTATCGTATATATTTTAATCTTTTATTCTTTT
N7 | pCvcs8 ATAAAAAATAGGCGAAGCCTATATATATATTTATCGTATATATTTTAATCTTTTATTCTTTT

Kk hkhkhhkhhkhhrkhhhkhhkhhkhhkhrhhhkhhhdhhd Ahkhrkhhhkdhkdhkhhrkh Ak hhkHdhkx kK

pDR1-1BGCGTCAAAAAAAAATCAATATTTTCAAGGCTTT ATAGAATTATATACCAACAAAAAACTGTG
DRC1 pCV5 GCGTCAAAAAAAAATCAATATTTTCAAGGCTTTATAGAATTATATACCAACAAAAAACTGTG
pCV28 GCGTCAAAAAAAAATCAATATTTTCAAGGCTTTATAGAATTATATACCAACAAAAAACTGTG
pCV1 GCGTGAAAAAAAAGTCAGTATTTATAGGCTTATACAAATTTTTATAGCAAGAAAAAACTATG
527 | pCVL3 GCGTGAAAAAAAAGTCAGTGTTTTCAAGGGTGTACAGATTTTAATACCTAGAAAAAACAATG
pCVm6 GCGTGGGGAAAAAGTCAGTGTTTTCAATGTAATTCGAGTTTATAGGTGTAGAAAAAACTGTG
712 pCVL1 GCGTGCTAAAAAAATCAGTGTTTATAGGGTTTCACAGAATTATATACCAACAAAAAACTGTG
pCVL10 GCGTGAAAAAAAAGGCAGTGTTTTCGCTAGTTATAGAAATTAAACAGTCACARAAATCGATG
N7 | pCVc8 GCGTGAAAAAAAAGGCAGTGTTTTCGCTAGTTATAGAAATTAAACAGTCACAAAAATCGATG

* Kk Kk Kk * Kk Kk k k * Kk ok ok kk * * * * kkkkk Kk * *

pDR1-1BTATATACCAACAAAAAACTGTGCATACACCAACAAAAAACTGTGCATATACCAA-CTTCTTT
DRC1 pCV5 TATATACCAACAAAAAACTGTGCATACACCAACAAAAAACTGTGCATATACCAA-CTTCTTT
pCV28 TATATACCAACAAAAAACTGTGCATACACCAACAAAAAACTGTGCATATACCAA-CTTCTTT
pCV1 TATATAGCAAGAAAAAACTATGTATATAGCAAGAAAAAACTATGTATATAGCAAGAAA-AAA
527 | pCVL3 CTTATACCTAGAAAAAACAATGCTTATACCTAGAAAAAACAATGCTTATACCTAGAAAGGTA
pCVm6 TATAGGTGTAGAAAAAACTGTGTATAGGTGTAGAAAAAACTGTGTATAGGTGTA-GAAAATA

712 pCVL1 CATATACCAACAAAAAACTGTGCATATACCAACAAAAAACTGTGCATATACCAA-CTTCTTT

pCVL10 TATAGAGTCACAAAAATCGATGTATACAGTCACAAAAATCGATG--TA--CACAGTACGACT

N7 | pCVc8 TATAGAGTCACAAAAATCGATGTATACAGTCACAAAAATCGATG--TA--CACAGTACGACT
* % * kkkkk Kk Kk kK * kkkkk Kk Kk kK *

pDR1-1BGTTTGTTTCGTTGGTATATAATGATATAATAAAAGCATGAAG-AA TCTCTCTACGAARAGTG
DRC1 pCV5 GTTTGTTTCGTTGGTATATAATGATATAATAAAAGCATGAAG-AATCTCTCTACGAAAAGTG
pCv28 GTTTGTTTCGGTGGTATATAATGATATAATAAAAGCGTGAAG-AATCTCTCTACGAAAAGTG
527 | pCV1 CTATAAAAACTTGCTGTATTATGATATAATAAAAGCATAGAGAAAATTC-ACGACGAAATGA
pCVL3 ATTGTGTTACTAGGCATATAATGATATAATAAAAGCATAGAGAAAA-TC-TCGCTAAAGTTT
712 pCVm6 TTCGGAATACTATACTTGTTTTGATATAATAAAAGCATGAAGAAAAAACCTTTTGCAGAGCA
pCVL1 GTTTGTTTCGTTGGTATATAATGATATAATAAAAGCATGAAG-AATCTCTCTACGAAAAGTG
pCVL10 TTTGTATTTGTGTACTGTATATAGTATAATAAAAGCATAGAGAAAACTCACTATGAAATGAC

N7 pCVc8 TTTGTATTTGTGTACTGTATATAGTATAATAAAAGCATAGAGAAAACTCACTATGAAATGAC
* * kkkkkkkkkkkKk K Kk Kkk * *
PpDR1-1BTTTCTTCATGCTTATCTAAACTCACTCACAAAGGAGCAGTTTTCTATGTC-~~
DRC1 pCV5 TTTCTTCATGCTTATCTAAACTCACTCACAAAGGAGCAGTTTTCTATGTC---

pCVv28 TTTCTTCGTGCTTATCTAAACTCACTCACAAAGGAGCAGTTTTCTATGTC---
pCV1 CTTCTCTATGCTTAGCCAAAATTACTCA-TAAGGAGCAACTTCTCATGGA-——
527 | pCVL3 CTTCTCTATGCTAGACCAAAATTACTCA-TAAGGAGCAACTTCTCATGGA-——
pCVm6 TTTCTTCATGCTTAACCAAAATTACTCACAAAGGAGCA-ATTACTATGTC---
712 pCVL1 TTTCTTCATGCTTATCTAAACTCACTCACAAAGGAGCAGTTTTCTATGTC---
pCVL10 TTTCTCTATGCT--ACTACTAAAACACGCAAAGGAGCGTATTTATACTATGAT
N7 | pCVc38 TTTCTCTATGCT--ACTACTAAAACACGCAAAGGAGCGTATTTATACTATGAT

* ok kK * Kk * *  * * Kk K * ok ok Kk k kK * * *

Fig. 12. Alignment of the Replication Origins of pDR1-1B and Synthetic Hybrid Replicons.
Sequences identical in all plasmids are indicated by asterisks. AT-rich boxes are boxed. An
arrow indicated a substitution of one nucleotide in the AT-rich box when synthetic replicons are
constructed.
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By 2T L ZFEI BV EPBME SN TWE Y, 22
T, e L7z pCV (X) % L. lactis L1403 |2 A L, #
BREATERE L 72 WHERDEB LT T I AI FOR
EMEIE Table 512 F £ © 72, 1.2 X 10° ~ 9.8 X 10° D%}
KTETHpCV X) 1% L. lactis IL1403 1238 A &,
TYLE ¥ # COMMAIERETIZ, MEICREICHRFES N
720 THU— ABRIKEOMEE, ETOREREWEAT
6.1kb 79 A3 FpCV (X) O#EANRER S N7 (Fig.
13)e TNOLORRIL, EEDOL lactis § -7TFAIF
OBEREACHRET S A o — % pDBLICHALZ &
T, 77 AI FOBEEEFEE L 722 L 2RET 5,

pCV (X) DBAILLBZFHEHEDFEETFIAIFND
EIRAERE

KADpCV X) %, A v H—+rOHBMIILETS
AI & GHMKIEAL (Table 4, Fig. 11), WIE
TO2RMEMET I AI FOBREERAT, 10ngdH 5
W (X 100 ng @ pCV1, pCV5, pCV28 % L. lactis DRC1
12, pCVL3 % Lactococcus lactis subsp. lactis 527 |2,
pCVm6, pCVL1, pCVL10 % Lactococcus lactis subsp.
cremoris 712 |2, pCVc8 % Lactococcus lactis subsp. lactis
biovar diacetylactis N7 {C= L 27 haRL — 3 v T
AL, ) 20x4 ¥ Vit EiERIc# L2825,
pCV1, pCV5, pCVm6 B & U8 pCVe8 O 3 A #k DRC1
(including pCV1) ™ DRC1 (including pCV5) ™%, 712 (in-
cluding pCVm6) ™ N7 (including pCVc8) ™ 73155 h
720 BA L pCV (X) % :ERT 572012, TYLE K
T 5 MIfkAEE#E L C TYLE SERFEHICRM L, an=—
IR S &7z, pCV1, pCV5 377 A I N pDR1-1,
pDRI-1B JERA W O 81, WAET % & hsdS BLH DA
% PCR CTHERE L 720 pCVm6 B £ ' pCVe8 DH 7 5

pCV5 pCV1 pCV28 pCVL3 pCVm6 pCVLI pCVLI0 pCVe8

L.
o.C.
6.1kb (C.C.)

Fig. 13. Agarose gel electrophoresis of synthetic hybrid rep-
licons (pCV(X)).
Plasmid free strain L. /actis L1403 was used as a host.
C. C. indicates closed circular plasmid.
0. C. indicates open circular plasmid.
L. indicates linear plasmid.

A3 FIEREREOHEILX, BRIKETTIAI 8y —
YERBEREE L2, BRBRICHEL 72 pCV (X)) EAKRE
TTA VY= FDOFHRE o728 75 A3 FOBREMDS
B 5 N7z pCVL 12 & % pDRI1-1 D2, pCVe8 12 & 5
7 T UBEEALM TS A 3 F pN7-Cit O EIE, KEEICEE
L7z 72 pCVm6 12 & 2 BEFERA 75 A 3 N pAG6
DFrFIE 3 TIZFER L 72

L. lactis IL1403 & f8 AW 72854,
VEINE ML CIE, pCV (X)) OZ&E MK > 72 (Table
5 2T, B5N7275 A3 FE%E TYL TS5
MAEEEL, pCV X) OBz E Az, MR #EE
TYLEREMIZCER L Can-—%2FERsE, L 7Y
AT Auv A Y VR R, FEE LT
Ty Au<A T USRS, pCV X) 2&F w2

Ty AawAY

Table 5. Transformation Efficiency and Stability of pCV(X) in IL1403

. . . EmR colony EmR colony EmR colony
Tested plasmid Transformation efficiency * At T 0%+ At To5 % at T = 10 %+
pCV1 8.1x 10° 100 5 0
pCV5 9.8x 10° 100 13 2
pCV28 7.8x 10° 100 0 0
pCVc8 1.2x10° 100 0 0
pCVL3 50x10° 100 6 2
pCVLI 32x10° 100 5 0
pCVLI10 6.2x 10° 100 12 0
pCVm6 8.3x 10° 100 24 0

EmR, resistance to erythromycin
T indicates transfer times in TYG

* number of transformants per microgram of pCV(X) DNA

#* percentage of Em® colonies in the population
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LR THU = AT VESIKEIB L UV PCR THERE L 726
NS DRI pDBIB L UPCRT I 4 v =7
Pv3-Pv4 Z FIH L 7=AFIEMFHE T T A 3 F pCV (X)
OREEL, pCV (X) #H w7275 A3 FOEIRKRE
B, FEEDOL lactis 6 - 79 A3 RICHESEHTEETH 5
CEERELTWS, /2, REMNIZESNZT T A3
Nl MRz BT 2E5E3, ARMTICHED
TMRETH D EEZ BT,

3. EE

Lactococcus lactis subsp. lactis 527 , Lactococcus lactis
subsp. lactis biovar diacetylactis DRC1, N7, & X O
Lactococcus lactis subsp. cremoris NIAI712 D75 X 3 F
M6, L. lactis L1403 THELT 2 8FEHDO G L 7)) 2
¥ (pCV (X)) 2R/ $2bb, 7I74 < -+t b
Pv3-Pv4 I2 &> C, ED L lactis § - 75 A3 FOR
&R ERY) % PCR THIETE, pDBl1IZ7 10— =
VI3 52T, L lactis TOBEFEENET L L ®
MRBL720 SIS invitro TE LA T I AI FE
M\, L. lactis DRC1, N7, BXUNIAI7T12 D 7T A
I P EIRWICERET B ENTE, BRLIFED,
lactis 3 & O cremoris DM CHATRTH L Z & &
MR L 720

L. lactis DRC1O 7 J A 3 FHbiE, 3HEEOHS T
7 A3 F (pCV1, pCV5 B & ' pCV28) % %72 Z D
9 5 pCV28 IZHLIAA 72 VF28 1L, BEHODST 7 F— A
BT I AI FEFELZTIAI NE OV EALT T
AV FNTHDs L. lactis DRC1 D pCV5 D A2 L -
T, pDRI-IB iEBr#E & 724%, R4 DRC1 A pDR1-1B
FEAFAINI TEETE, BRKHTS 50kb D7 7
b= 2B T T A I PR S L7z, Fig. 12 TR L
7230, pCV5 @ ori &, pCV28 @ ori FLH DEZ, 3
WHTHo7e L2 oTC, pCVs L, 3HEEDENE
XA L, pDRI-1IBREEMICAHERZFE TExH2
AN (B

pCVe8 IZHHIAA 7 VEe8 1E, 7 = VEREALIET T A 3
FERIESNTVDH83kb DT I AI NLNRAT T
7 A r b THD T, pCVe8 d ori FitFl1%, pCVLIO & —
% L 720 pCVL10 i%, L. lactis subsp. cremoris NIAI712
DT T AI FIZHR L 720 BUEZIZ, cremoris HiFED 5
CitP 77 A I FAVrBE S N7z 137 <, EBS L. lactis
NIAI7T12 (37 =Y BRZEAL L eholze 2O LT,
cremoris BAE (213 CitP En T IIAFTE L e\, HEH
PATHIE 212 & o TN, CitP &3 okReE 2 —

#95 (2009)

F42, ol kB >40kb) 75 A3 FOHEPH
e LTHHAIN TS Z L2 RBT 5,

AT, BEEREERPSBRETEZT I A Fidwnd
nb10kb LFOLIE—-TFAIFT, 77 b—A%K
bR 707 4 F—BiEHEICES 3 % 20kb DL EDOKEID
TIAI FOBEIIIEII L o7z 727 b= A&k
TIAIFHEOKRMOTI A3 FiE, ML TaE—H
Lhn®, BERLEVATLATIE, BETHTITAI
F23%a¥—, MEPMIZpCY X) EHTI A3 RS
EGETDIRENLELOD2 L Lk, F2KEIOT S
AR NI, W@ESTFNICERESEE Y 2 7D a—FL
T2 8 ZOE, invitro CHESEL728BETI A3
FC, RHEMEICE DT T AI FREEZFETE RNV
REMEDRH D, LLAWPS, KETa¥—-—Kolbirnr
T AR FIE, BRAFLHCDLERETEHRL (BRET
EB720% % KSR ATV D, —7 0 - B
T, 10kb LTDZ ¥ — 75 2 3 FIIHEEILET,
PERINT X B BREBAEICIRITL, HREOHEEDEE L 2o
720 AMFETEZRLI2HEL, ERETIEELVWT T
IFEFRICRETELZENS, TI9A3 FOHE
BEDOFEADIEETE 2,

ERLIZVAT AT, 7I9A3 FBREICHV L HE
TIAI NOBEBEDPALETH B 720, W HR S
N577 A3 FEEHE, MENIC/SREET S T4
Vo BEREROMIIS, M2 MEMOMRAz T SN
TWBEFE, F2EHEBS T, KRPERICE ST
B O EREEET % A3 2 AR o BB
AHER SN TS P, L lactis I2BWTh, PuEmE
DREFI L o T, BARMVER O MBBIATE {2 5 HiG S
NTW 20T A EWEW O ST O K
A ESNE s, MM, mEREEHw
BRETE RV, fEo TR, AmMIIZHVS L
lactis D75 A I FEREICHE L2/ TH 5L, 2E|C
ARG A 227U A LR O B % 5Ll L7z,

1

B2i TIAI FOBRIRMERLEEZAM L
HHBEA Y — & —DOFHHE

e

il

Lactococcus lactis 7%, W OEE LA R TIAI R
DAL, FREEDIFE SN TRV, HDWIEHA S 2024
BIALELRT T AI FSEEHRA L T»5H 2 LIdHEnER
L7z 7T AI FEBAET DA BIEmIBNT, 7
FAI FORE L, MIBHEEHEEDOBRIZOVTE D
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WD &N THBY, 7RI FOEHMPL, a—-FLT
W 5 SBART Y O SEIAYE T AMNE o WG K & I 5 5
BIDSHRE SN TWD 2% UL L. lactis B HERRIC
WAET 5 wild type 75 A 3 R &, TEIMEHEHEE L DB
RS Y (A QR AN

RE, H1ETIEE S, L lactis DRCLICHNTEL, 15
FOWIEFE XIS LTI AI FOFER L, ZOfMT
WZOWTIHRR7z, RIZHE L HEICRABR L, TTAIFO
BIRNEZE T WA 8 — 5 —OF/BII DOV TIRR
72o AL — 5 — OWIEHEOUFIL, FEEORBEIICHE
K4 B, T, Bk L. lactis DRC1 7% & HGH % 4]
W4 579 A3 Fe@BIRWICKHREL, MEEEOR W
T A3 FERFEHROMEH %R EEL 72,

W\ T 55 2 81 T X, Lactococcus lactis subsp. lactis
biovar diacetylactis N7 7° 5 7 = v ER &% (CitP) %
I—F$2%83kb 77 A I FOERWERFDOHAIZD
W kX 72, Lactococcus DH %, V7 vFIT T4 A
ELTRIE N WEE, FRFI201~02% & EN5
JILUBEREL, FEWG S TETFNVEEET D, ¥
TEFIVIERY Ta— v EOFREGE LTI ER,
WINEN/z) 89570, EWILOEFY L LTHFINE
W LA L, 4 Lactococcus JE LR, FHI2Y T
FI7 774 AOWREMEAE B SN, EEeka— 27V M
BEOSLTHREND L) Ih>TETHEN Y, 2
TUBEBNET T AI FeRETENE, VTR FT2
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RIFZECHEM L2 B L 075 A 3 Fid Table 6
I2F & 72, DRC1121, B & U° DRC1521 OFEH FIEIZ
518, % 1HIICR L 7zs DRCI21 1E, DRC1021 (2
pGKV21 # =L 27 +taRL— a3 CTEALTERL
725 DRC11 1%, DRC1121 % TYG %53 T il 4t (39C)
Db LKL CHET DI L TpGKV2 Bk L TR
&7, pDRI-1DF 1) —3 3 > 75 A 3 FpBEl 3,

pDR1-1 @ EcoRI - Bglll 7 5 7 4 > b (3kb) &, Em®
TIT A MaeAEALTIER L, DRC1021 2f5F & L
T L7- (Fig. 14).
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Fig. 14. Construction of recombinant plasmid pBE1.
Thin arrows indicate ORFs. The 22 bp repeats refer to the
putative replication origin (ori) preceding the replication
genes (rep). Open boxes indicate the rep-hsdS operon-
like structure (replication module). The rightward- and the
leftward-pointing thick arrows indicate the relative positions
of the PCR primers SES1 and SC15c, respectively.
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Table 6. L. lactis Strains and Plasmids

Strains and Plasmids Properties References or sources
Strains
Lactococcus lactis ssp. lactis
DRCI Wild type Swartling (1951);
Colling and Harrey (1962)

NIAI N7 Wild type Lab. collection
13675 Wild type Lab. collection
DRC1021 Plasmid-free derivative of DRC1 Fujita et al., (1999)
DRCI121 DRC1021 harboring pGKV21 This study
DRCI1121 DRC1021 harboring pGKV21 and pDR1-1 This study
DRCI1821 DRC1021 harboring pGKV21 and pDR1-1 This study
DRC1921 DRC1021 harboring pGKV21 and pDR1-1 This study
DRC1321 DRC1021 harboring pGKV21 and pDR1-1B  This study
DRC1521 DRC1021 harboring pGKV21 and pDR1-1B  This study
DRC1621 DRC1021 harboring pGKV21 and pDR1-1B  This study
DRCI11 DRC1021 harboring pDR1-1 This study
DRC1?pDR1-1 DRCI1 eliminating pDR1-1 This study
N7°CitP N7 eliminating pN7-Cit This study
Plasmids
pGKV21 E. coli, B. subtilis, L. lactis shuttle

vector, EmR, CmR van der Vossen et al., (1985)
p8Em1 pUC118 containing pAM f3 1 Em® gene Ito et al., (1992)
pDR1-1 7.4 kb 6 -plasmid from L. lactis DRCI1 This study (chapter 1)
pDR1-1B 7.3 kb 6 -plasmid from L. lactis DRCI This study (chapter 1)
pN7-Cit 7.8 kb 6 -plasmid from L. lactis N7, Cit* This study (chapter 1)
pBE1 EmR gene from p8Em1 fused to

3.0 kb BglII — EcoRI fragment of pDR1-1 This study
pCV1 competitor to pDR1-1 This study (chapter 1)
pCVc8 competitor to pN7-Cit This study (chapter 1)

EmR, resistance to erythromycin; Cit* citrate utilization activity.

Lab. collection, National Institute of Livestock and Grassland Science collection

720 #EEMLFRIL, Student's ttest & I\, #EHFHAE
03, falfER 5% KHEER THE L7,

OdOZ—PCRICKBZRVU—Z=2T

pDRI-1 7% 2 — F L T \» % hsdS i#& fz 1 (hsdS/
pDR1-1) fEMD A2 ) —= v 7iFaa=—PCRT
To7ze HEWIITYGER 7L — PCTHELCa
Z— %K EE, 100 ml OEEZEZKIC 1HOT0 =~
%S LR L 720 hsdS/pDRI1-1 O WHEECH % 32k 5
%754 ~—+7 SES1-SC15¢c (SESL: 5 -GGTGGAA-
CACCAAGTACATCGAACTCTG-3', SC15c: 5 -CTA-
CACTGCCTTTAGAGATATTCAGTTG-3 ) &, 7~ 7
L—bhELCan=—8&EE2ml v, BUSTEE 20
ml T PCR Rt %17 72, HIESMIE, e—bav s

94C T 2 7 HIMRFE, T 1) £ 4T TI58, 2)
7 == 7 53CT308,3) MfiE68CT14,1) ~3)
DFJE% 30 %A 7 VATV, HiRIZ 68C T 7 4 HIfREF L
oo 774 NOWIEIE, 1% 7 A0 — A EAKET
FEFEL 720 T-HEME L7275 7 2~ h @ DNA BHI %

X7z,

2. R
FEKETIZXI N7 Y —EROHEIERE O L&

L. lactis DRC1 1%, FUMEB LA XA V&AL T T X
IF BOkb), NZFUFTUEERTIAIEN (B
60kb) ZHE KBTI AI FEELLRLEL5H
HOTIAIFEAHLTwD (BB1E F1EHSHE,
Fig. 3)o L. lactis DRC1 BLXUZD 7T A I F71) —fk
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DRC1021 O ¥EJE % [L#g U 72, TYG B5 b CHe 28 L 2358
DRC1021 (& L. lactis DRC1 & 0 & B & 7> (Z 4Tl AR 2> o
7z (Fig. 15). FLERIRA ORI SN B GMI17 Kt
(1% 7 )V 3 — A M17, Difco) & 725 TH [A
CAERTH o720

L. lactis DRC1 DIEEREZMHT 577X I FORRE
L. lactis DRC1 O¥Fl BT 2 NTE T T A
FOEMmEEZFRS 72012, L. lactis DRC1 D ks — ¥ )L
TIAIRNEA IV —4—7F A3 FpGKV21 & [d]
12 DRC1021 1238 A L, L. lactis DRC1 HI3k D 7 5 A
I M ML ERE T B IREK Z 9 (DRC1121 ~
DRC1921) 157z, 1% 5 N7z k4 % o # 5l % DRC1021
L Lk 2 A, HGE O W3k DRC112Y,
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Fig. 15. Growth of DRC1 wild-type and a plasmid-free
derivative.
Cultures were incubated at 30 C.

IO D B R WIRAEKRD 9 5 #EA%, pDRI-1 & [H
CREZDTIAIFEMRAT LI EPRENT, £
T, Wi JEv DRC1121, DRC1821, DRC1921 &, 4
D F» DRC1321, DRC1521, DRC1621 2°5 b — % )L
TIAI REHE L, GIREEOUIM/ XY — &L
2o ZFORER, EHL5D 7 )V—TD 75 A3 Fb Hincl
THIM SN DD, WIHOBEVT V—TFTDT 523 Fid
Sacl, Kpnl TYIWFr &, HIEOR VIV —T DT T A
3 FiZ BamHI TYIWF & hize 2T, 18 EDHEGHEIC
HEL, Sacl CYUMIsN D75 A3 F% pDRI-1, f5E
OGBS, BamHI TYI SN2 7523 K%
pDR1-1B & L 7z, pDRI-1 3 X UF pDRI-1B O 1345 1
= 1o (Fig. 4) 12, 2@ DNABHI2 S TS
% 620 ORF O 1% % Table 2 (278 L 72. pDRI1-1
B L U pDRI-1B O HGEEIE, 7T A I FOERIZKE
LTy A ori FRFIDO TS repB, fv»CT 70 E—
5 —WH 2 b 7% orfX & hsdS H3¥EHE L, L. lactis \2)5
AT B O -HEM TS A3 FOMBEZHEZ R L
720 hsdS Fift ® ORF591, ORF578, ORF567 @ 7 3 /
FEECHIE, 100% —3K L72c ©ZC, pDRI-1 Of/MEH
HA7 & Em® Z#4 L CER L2/ 2 75 2 2 F pBEL
% DRC1021 I2E A L, ## % ~72, pBEl f& 7 #k
(DRC117) Ou45li % 1& DRC1021 & A 3 72 213 5 -
720 Table 7 \ZAWFE TIEH L 72 L. lactis DRC1 JRA=#%
DOIEHEME* ¥ L 072, L. lactis DRC1 B L OHMAENIC
pDR1-1 D AR T 5 JkRHERE DRC11 @ p i3 HNICHEE
W37 <, pDRI-IFERAMREL D b EEI/N I W LEAIR
ENTze TNEOMERED S, L lactis DRC1 0 a5k
X, £F35 7723 FOBERIC X 2R 2 EH T
X7 <, FEEWIZ1FEEO 7 A X F pDR1-1 O #if]i2
Lo THREEINDL Z EATREB I,

Table 7. Specific growth rate (u) of DRC1 and variants

Strains Presence of pDR1-1 % p (v Generation (7, min)
L. lactis DRC1 (Wild type) + 0.853 (+0.044) 49
DRCl11 + 0.833 (£ 0.071) 50
DRC1021 - 1.14 (£ 0.032) © 36
DRCI117 - 1.12 (£ 0.077) © 37
DRCI*pDR1-1 - 1.12 (£ 0.013) © 37

a), pDR1-1 was detected by PCR. +, PCR products were obtained with pDR1-1 specific primers; -, no PCR products were obtained.

b), Values are means of 3 trials (= S. D.)

¢), Significantly different from the value of the DRC1 wild type strain (P < 0.05)
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pDR1-1 Rl 75 XX KD L. lactis (BT 390

92 THRAAE L T\ % L. lactis 24 ¥%% 210 = — PCR
THREL7-& 22, L lactis DRC1 B X U Lactococcus
lactis subsp. lactis biovar diacetylactis 13675 (233 %
W7 7 7 A2 bR NI, B5NT T T AL b
T3ty 972 bp T, DNAEEAIE 100% —3 L7-. F
77 T 7 A Y P OWEEHIAN S 7T A < — & Gk
L, 794 ~— walking T hsdS O &HFH| % g L7z &
Z A, L. lactis 13675 1 hsdS/pDR1-1 & —3¢ % @ {5+
AHETAHIENHLNE ol TV R ORE,
hsdS/pDR1-1 1%, L. lactis 13675 12 B \» T % pDR1-1 &
FIFFELREEDTIAI Flza— FEnrTw (Fig.
16).

pDR1-1-like plasmid pDRI1-1 (7.4 kb)

Fig. 16. Plasmid profile of L. lactis DRC1 and L. lactis 13675.
1, L. lactis 13675 wild type strain
2, L. lactis DRC1 wild type strain

#95 (2009)

pDR1-1 ZRE§ 2 IBMEK ERE L LV ILBREKRDE
JE LB

pDRI-1 % R H 5 % AL B W # (L. lactis DRC1 & L.
lactis 13675) & &4 L 7 W FLER W bk L. lactis N7 & L.
lactis DRC1021) O¥4%f % i L7z 1R T & oot
fEx 27571270y b L7222 A, pDRI-1 #WHEL T
W5 L. lactis DRC1 & L. lactis 13675 OG5l 51 — 7 13—
Z L, pDRI1-1 #FE L T2\ L. lactis N7 D58 71 —
713 DRC1021 & —3 L7z (Fig. 17). F 753 B s
Dudb, pDRI-LIRAKRE IFRAEMRTIIAEIIR 2> T
17z (Table 8)5
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Fig. 17. Comparison of growth of L. lactis strains with or
without pDR1-1.
Cultures were incubated at 30 “C.

Table 8. Specific growth rate (u) of Lactococcus lactis strains

Strains Presence of pDR1-1 ¥ p(hh)® Generation (T, min)
L. lactis DRC1 + 0.853 (+ 0.044) 49
DRC1021 1.14 (£ 0.032)° 36
L. lactis 13675 + 0.933 (£ 0.054) 44
L. lactis N7 1.22 (£ 0.029) © 34

a), pDR1-1 like plasmid was detected by PCR. +, PCR products were obtained with pDR1-1 specific primers; -, no PCR products were obtained.

b), values are means of 3 trials (+ S. D.)

¢), significantly different from the value of the DRC1 wild type strain (P < 0.05)
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L.

o.C.
7.4kb pDR1-1 (C. C.)

8.3 kb pDR-Cit
7.3 kb pDR1-1B

Fig. 18. Plasmid profile of L. lactis DRC1 and variants.
1, DRC11 (L. lactis DRC1021 containing pDR1-1)
2, L. lactis DRC1 wild type
3, DRC1ApDR1-1 (DRC1 eliminating pDR1-1)
pDR-Cit indicates CitP-plasmid.
C. C. indicates closed circular plasmid.
0. C. indicates open circular plasmid.
L. indicates linear plasmid.

25% LA L5725 72 (Table 7). & 5 (2 pDR1-1 D B 512
72 pCVL IZ Em SR INES # TR 3 5 L g £ 5 H
BllbrEasns (B1#E, E3H). L72h > TDRCL
ApDRI-1 &, WHRNIC/SRBIATFA2E TS, FLEMA
==L LTHWAZENTE S,

3. EE

BIBRET 2 RAT D4 AW T, 7I9AIFD
PA R 2 5 BRI O T A ST b,
TIAI FOHEERL, - FLTWELHERTFEYWDE
i, RN, EEORBCMIS 0L AR OB
D, BHEE O T RBE O E b7 3 L
ENTVD %O L lactis \F, MIENIZE DT T A
INERATARENZEETHL >N, chFT
L. lactis THWONLREWNL TIAI X ¥ —LiE
THEEZ IOV TOHREIHL 00" NET S
wild type- 75 A I N &5 ERFEAERE O BFRITFNS
Twiro7z, LLETEEH 5 &, L. lactis DRC1 O 75 A
3 N7 —#k L. lactis DRC 1021 % H#f L 72 DRC 1021

Bk L. lactis DRC1 DHEFHMEEE 2 L L 72 & 2 5,
DRC 1021 D543, R F 5 i o> B 5t o B2 7054 25% H-\»
CEtERM LA, #2CL lactis DRClL®D 75 A X K
% L. lactis DRC1021 125 > ¥ A2 AL, BEGHOE N
T A NERME 8L 720 8 L 72 Wbk By H
(&, L. lactis DRC1 & HEAENHE L, & TOEEKI 74
kb @77 A X FpDRI-1 %A L T\ /2, 5 1 & Ttk
L7280, L. lactis DRC1 X, pDR1-1 D112, 60 kb,
50 kb, 8.3 kb, 7.3 kb »4 7 < & b 5D wild type-
TIAIFRERAEL TS, Z1w 2z, L. lactis DRC1
OFFHAEIE L, AT H 7T A3 FOBEEIZ X B MY
ZIHITIE R, EEWIZ1HEEHO 7T A 3 FpDRI-1
OIHFNZ & > THEENT WD L L 72e TR
e LTk, U —3 3> 7F A3 K pBEL (213 il
JEHIHIRN RA 22 &, pDRIA L IZHBEY 2 — LD
Wik O AH 7 5 pDRI-AB I IZFIHIEY R AR VW 2 &
5, pDRI-1 OBHLE D 2 — )LD hsdS O AL T-FEW D3,
TEEORFEIAM S 0 DOREE 52 5D TIE WL T
L T2, HsdS IR MEHi S AT £ D% 72 = b
Tdh Y, DNA A F VLRSI % ko § BB % 350 %,
DNA @ X FWALIL, B4 RERFOREBICES TS5 2
EDHEINTVD I Lhs, FEFIEL lactis DRCL &
DRC1 A pDR1-1 @ * F VALIREE O Ll AT <, AR
BIEFOREBULBIZER 2 Ffo T b LA L2 OfMT
FGBROBETH %,

pDR1-1 32 — N4 % hsdS (hsdS/pDR1-1) o W] 25 4
BEBHT LT IA V=T EHCT, WSRO
Hi & hsdS/pDRI-1 # R BT ARk E A7) —= 0 7
U720 ZDiEH, L. lactis subsp. lactis biovar diacetylac-
tis 13675 %%, @< HULRHNOERE 2 -V E2EDL T
S A3 FIRA LTWize L. lactis13675 O HEFHEE 1,
L. lactis DRC1 & A #2754 {, ¥ /- hsdS/pDR1-1 %
{4 L7\~ L. lactis subsp. lactis biovar diacetylactis N7
D¥EFHAEFE L DRC 1021 & HEED L d o7z €0 T
pDRI-1 L 75 A 3 Nidfhod L. lactis \2d 554 L, L.
lactis DRC1 & [FlKE 7 BEAE C 18 L0458 2 081§ 5 & 72
L7

% 13 TR L 72 5T L. lactis DRC1 % 5 IR 1Y
IZpDRI-1 ZBRETHIENTE . fERLAZT I A3
FBrZE#k L. lactis DRC1 A pDRI-1 (3B ARk & b 4 25%
BT EEASH A o 720 HEEEIIBNWT, A¥ =5~
A=Wy 0 BEGE H FE VT AR BE RN ER IS EAE T S T ORERIT,
wild type- 77 A X FOEIRWBRIH & 2 FREREE OF)
FALDO W HEME R IRIET 2 6
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1. MBRBLOHE
BEMBLVTIXIF

Lactococcus lactis subsp. lactis biovar diacetylactis N7
1, MIRERE/RTH S,

pCVe8 DAFRLEES L O 1355 1 5, % 3 HilCRLd
L7z

HEGBREPTEM TSI X I FORBRE

ILZ baRL—3 a2k % pCVe8 @ L. lactis N7
NOERE, NIET T A I FOBIRBEEEREL £1
B, 55 3R L7,

FLERE R BEDIRTE

BEAE R IE, BIH 25 —BE TYG THiE L 272, 500
ul DR & 16,000 g, 10 45505 Bl L C 1 % [l
L, JERZER KT 2 [IgkE L T m N2 % K I FHg
WL, &EZ50ml OAF LIV I EEHICHTE L7z, 4l
W% 0, 6, 12, 24 R0 pH % #ll5E L 720

707 1 F—EEEORE

IV TRE LARE O a7 0 7 — BiE
1X,0- 7% VY7 VTt K (o-phthaldialdehyde) 7 (OPA
#) THE L7z, RERICH V72 OPABEW (50 mM 7 =
YHE=F MY 7L, 1%SDS, 6 mM OPA, 02% B - A
WHT MLy =) 1, HHERNCTEL 72, SRR
13 10% A F 2 3 )V 7 B 1% A L, 30T T 24 B
FA2 U720 50 ul o I v 7538 % 1 ml @ OPA IS
A TREL, BlWT20MA Y Fax—FL22R
BECKMAN DU 640 Spectrophotometer (BECKMAN,
CA, USA) % FIv>T 340 nm OWIEME % HIE L 72,

JLTPFoFAB

AF LIV M TRERLZABHO Y 72T VAR
BElX, 7L 7 F T A NTHERR L7, HE % 10% A
FAINY 5ml T—MEER, 1mlD05% 27 LT
&, RERERICHE L 72 1ml © 25 M KER{LF U
L, 5% a-F 7 F=VEHRMLTEEAL, ZEiRTI1K
BICE L, ARefbofEEx Bigt L7z,

2. fER
77 XX FBEKRORE
pCVe8 @ A » 4 — M, L. I lactis biovar diacetylactis

#95 (2009)

N7IZHAET B 75 A 3 PO AL 2§82 iE L
720 pCVe8 ™1 »#— b ® DNAFHIIE, BEo 7 = >
FREALIE 7 7 2 X F OBEBEEAL ORI & A YA
7™, L. lactis N7 |2 pCVe8 %A L THTET 547
MEWTIAI FEREL, 77 A3 FEREEKL lactis
N7 ApCit # B L7z (Fig. 19)o

75 X 3 NBREMDOIKEERE DRFR

L. lactis N7 & 75 A3 NEZe#k L. lactis N7 A pCit %
BH L AFAINIEMO pHZELE, AFAIVY
O e R % i U 720 L. lactis N7 A pCit $FE X D A
FAINZOpHETIX, L lactis NTHHX L D H
<, TV TAFX A I VT 2 §EE S 72 (Table 9),
ZORRIE, TIAI FBREEROILEREIZ pCVc8
I2EBHTTAI FBRFBECTIRTREY, L LAHEKRE
D bIFEEEE T F CORMAEM S N2 L A2RBL T
Wb, $7/20PAETNZ N7ApCit BL U705 1 F—
EIEEOWNT T A I F 7)) RO 7T a7 1 +— LG
2 L720 AOD340 nm DMIEMIZZ 4 0.084, 0.091,
0.002 TH Y, 7JAI FERFHIIEHEKREAED T
074 F—EEEsH 72,

8.3 kb pN7-Cit (0.C.)
pN7-Cit (C.C.)
6.1kb pCVc8

Fig. 19. Plasmid profile of L. lactis N7 and variants.
1, L. lactis N7 wild type strain
2, L. lactis N7 containing pCVc8 and eliminating pN7-Cit
3, N7ApCit variant (L. lactis N7 eliminating pN7-Cit and
pCVc8)
C.C. indicates closed circular plasmid
0.C. indicates open circular plasmid
pCVc8 indicates competitor to pN7-Cit



bR - FLEEFLER TS Lactococeus lactis O 75 2 3 ¥ B BEOBHYE & FLRBEERF A RO MBI IZBE§ 5 iT5e

Table 9. Comparison of milk fermentation ability of L. lactis N7 with N7°pCit

Strain Lactose Proteinase Diacetyl 6h-pH ¥ 12h-pH Coagulation
utilization activity production time ©
L. lactis N7 + + + 5.8 4.7 12
N7ACitP + + - 5.4 4.5 10

a), culture pH of L. lactis N7 and N7°pCit -N7 in sterile 10% (w/v) reconstituted skim milk from a 1% inoculum after 6 h of growth at
30°C (initial pH of 10% reconstituted skim milk was 6.6).

b), culture pH of L. lactis N7 and N7?pCit -N7 after 12 h of growth at 30°C

¢), coagulation time (hour) of skim milk from a 1% inoculum

49

a), b), and c), values are means of 3 trials.

T ZAIREEKD Y 7 FIVERKBEDERT

JVTF YT AMDEER TITAIFEREKRNTA
pCitld, 7 T VBRBIZ Lo THELLZY TEF VDA
JBBE % Jeo T 7z (Table 9)o L727%5> T S N7zfy
kb D 7F A3 N, 7T VEEMMETIAIFTH
BT ENMEENT, L lactis N7 ApCit b4 25, 51
HilZRCa8 L7z DRC1 A pDR1-1 & FIARIC, BAAPIIZAEsk
BMIETF2ETT, WAy —y—E LTHWAZ LSS
T& 5,

3. EE

Lactococcus lactis subsp. lactis DW21%, F3 o s
YERERBL, YT TFMRT 2 M L REET D HEHK
238 V), Lactococcus lactis subsp. lactis biovar diacetylactis
LTI ENTWS Y, diacetylactis (X, pH5.0 - 6.0
WCE@EpH 2 b2 70 b Ik ROy T VRS-
7 — ¥ (citrate permiase: CitP) Off) & T, o~
I UBRA WAMBAICTOAAR, 7R 7—Eilko
TAF I ONER EWERRICAHS 50 A T OBERIT A
FHUBBTAINEF LT —LIZL o TEVE VEEIC
RN, WOPOHMHBEERTHERDTTHL Y
T FNERERT B L lactis ® 7 T2 EBRABHRED
5, CitP X, #H 77 AI FIZa— FENTWw375,
ZOMOBET R/ 0TS — 2 XWTH LY, $1-
JIVERY T X3 L UERFEMETH LI LD,
CitP- 79 A3 Fa R/ VEKETIX, 7208 77—
VIEEDS R VIR B ko L2 o, L lactis DT T
L FOVERGRRE, FEE CtP- 7T A I FOWTEIZ L 5T
RESIND,

L. 1. lactis biovar diacetylactis N7 1%, FLE 72 5 558
ENTMARRAKRT, SHEEOTIAIFERALT
Who Y VBHTOERNS, TDHH 83k DT T
A FHCtP- 77 A X FLifEE sz (RER) .

L. lactis N7 1%, JEIFERIFME, pH mHSLIZE <, <
ADRBCIIEEZFTTHICEET L2 L DMHREINT
BY, FantFra4 7 AL LTCOMEPBEIRTY
B (KJC B HFRF © HFFT4E 3777296 75) o - O B
Kig, EHhoaL 2AFa— Vv ERET RN EW
PRI DS W e &, AR ARRET R RE 2 A0 L 7o 5 A
i, BIZASHEEEE S — 7V P oM & L CoRHD
PREENTWE Y,

T F VIR ITRAEWE T AILEMTH Y,
e T b R EMOBFERME IR E 2 EE 52 5,
FREICHIR DAL, 200 ug/ml TA —AMRT T A
i @, 300 ug/ml T2 5 A REVER OB % k5
%o FLERWN H 413 350 1 g/ml T S e vy, FER%
ABETIE, VTEFVEEGEEBETLL00S
Vo FRIZH v TV F = AR ) = L F— X E DI
BT — R, BEENS —, FT—7 ) —nRhETRIFER
AZEVTHY, FOEBIIRERHE LT TEFIVAE
BCEED W L. L lactis biovar diacetylactis %> Leuconostoc
cremoris 72 ENHVENL, LA LIOYTEFIVE
X, TEFTVTE FORSLH»LEHFD 254 F b 5REFL
RIABHYHEITIE, L LAKLONZWHEIEF L,
FRICERDSE OGS, BORIZHS, 72 F VI T 55
RARDOREHPIERHESNTH VD Y,

L. lactis N7 @ 83kb 75 A 3 FIZxts 2 AHIENES S
A3 FpCVe8 #HESE L, L. lactis N7 \ZEA$T5HZ LI
LoT, ATFAI FEERIICKREL, L lactis N7 A
CitP 2B L72e 2L T7F > F A POKH, L. lactis N7
ACHPIZY 7T F NV EER L 2\ EPHEIrO SN,
BB DI L. lactis NTACHP # 25 — & —IZHWT
6 K5I B & U° 12 BRI 561 & & 72 S8 REFL R O FLIME I 51
FREATEL, LR CTOMBKOBEIHREIIZED S kb o
72 (F%E). LA L L. lactis N7 A CitP # 723412
X, BHRL D L ERALO pHIK T 2R <, FLEEEFER A
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HEICHEML, FEEILORE pH Ko7z, 72 L.
lactis N7 A CitP % 7= 568701, BIbkE MR & L7z
DEN B A= FPEL, BRERDSEEZEL, I —7 )V PRYS
WKL 6Nz, 7 Ty RiE@ENE T 7 A I FBRERIL,
AT 01-02% B ENL 7 e RE# LA
W, D72 L. lactis N7 A CitP % W 72 58BEFL T ldigk
RTL=N—|EVWHRE SN0 Ltk v,

L. lactis ® CitP- 75 A 3 Fid, ZEHF| % &CTHREL
TOBEGIIRBEHEHFON W EFMOENT VWD, K
e CELLZ 7T A3 FOBIRMWEREEIL, CitP- 75
A I FOBREEFEHIC Lz REICL ) AR EL
I Z SR ORBES ALETE, B0 ARG R
IC¥ED D,

W3®W T AI FOBIRNBRETRIBE N
LW 75 A 3 FYERN T O ffbr
-WHEBLETOREICHL TIAI FORR -

*

il

HHET X BREND R WFLH T, Lactococeus lactis 705
AET H7201203, MEER G 70T 1 5 —E (PrtP
BLUPrtM) LEOHPDORTFF—EDMWHNT, HE¥
A 2% L lactis BILEEL T 27 I )BT FEO/NE
BRTFPIETHHET S LIIHMOCTEETH L, &
SICHIBEIEICAE L, XA YT T FORGAARIZ
B<FH ) IRTF KNS AR=%— (Opp) 7%, fast
coagulation-phenotype (48 5[ 127l % St [E 3 2 RIE
B) ICRLERTRTHD I EARENT VL DY,
Opp ¥ A 7 4 & # ®, Lactococcus lactis subsp. lactis
SSLI35 D7 & — LZHKT 5489kb 7 7 7 X
vhElLTru—Z v TSN, INVIEEMIZBITS L
lactis DERL D G EBICLELRBRTHRE LTRES I
72 FRZOBROBETHIIZL T, 89kb 757
A Y M, oppA, B,C,D,F BLURTF 5=+ (pepO)
FEOGBIET 7 I AT —%a—FLTWAIZ DS
W&o 22 ™o S prt < opp, S S I FUHES R <
lac 73 3\ CEE 2 JLE X, insertion sequence (IS)
BB L, BRCIZBEA NS VARV VR L, FLERE
DY) ANEERT LI EDNMOTWE ™,

Lactococcus lactis subsp. cremoris NCDO712 & Z DiRA:
Wi, L lactiso7va by 47 LT, HFRHR TR
RENTEZWHKTH 2 ® %, L lactis NCDOT12 13,
pLP712, pSH74, pSH73, pSH72, £ & U pSH71 @ 5 f&
FOTIAI FENELTWAE Y, 209 £ pSHTL &

#95 (2009)

PLP7TI2 IO W TIEFE LA I N T b, $2b b
pSH71 i3 a0 — V) > 74— 7 V#7523 N, L
lactis, E. coli, 3 X 0¥ Bacillus subtilis THEHL4 2 2 &
5, OB HEIE O DNARYIAS, L. lactis THHT 5
IU—Z Y TNy S —OEEICHH SR TWE 2%, —
73 L. lactis NCDO712 |\ZNTET S fix b 45T DK &\ 55
kb > 75 A3 KplLP712 13, 6 —#H#A 75 23 FT
HY, lac- BT 27 T AY —, priPB X O priM, &5
\Z opp-pepO EIET 7 A —%aA—NLTWwAH Y, Le
Bourgeois 5 1%, L. lactis NCDO712 & Z D&MD 7
€YV — A% Notl, Apal, 3 & " Smal THILL, 7SV
AT A =) RESIKE) % V> CHIIREER 57 2 1 % 5
TWV2h, ZORER opppepO 7 5 A Y —DBIETHEL,
TEFRORER TL —3E T, opppepO 7 T A Y —
VBT HIST LAY PERITHAR N T VAR Y
AL, WOMIRICEE LMD R L Tnd 2 L& RIE
L 7%, L. lactis NCDO712 |25\ Tld, opppepO 7 5
2% —I3HiE D Y pLP712 123 — R ENTW72As,
OEY— A28 ISS1 & 1S982 123k F 1 a ¥ —fETE L
72 BT B IS & 4RI opp-pepO D5 ) AN K TR
FTHRMIARIIL BN TR 00, HEREHFRT
DIFRMRGES R, MILORBIZFFE SN Ty,
Fa OWFEE T LA L T\ 5 L. lactis subsp.
cremoris NIAI712 3 L. lactis NCDO712 @ g 4 ¥k T &
%50 L22L55kb 75 A3 K (L. lactis NCDO712 Tl
pLP712) OISR 3/ N5 — 05, BHRO pLP712 &
WEERR DR E, B COMMRIB R, BIZ7T A
I NOMAMZ AR 5722 LRI ENTW S (Fig.
20)o L. lactis NIAI712 \%, BT % L. lactis NCDO712
EEERIC, SHEEHOTIAIFEALTYS (Fig. 20).
FOABLIHIKb DTTAI FpAGeIZa ¥ —$b %<,
IFHILETH Do L. lactis NCDOT12 12 BT H[E Lo
FEDOT T AI FpSH731E, RN ZBEERIESNT
BOT, TOBREALNATVRWY,, RETIE, #
1EIZER L2 FExE W, pAG6 Z BRI L,
Z ORRBEIRIT 2 AT 5 770 in vitro TIER L7854 79
I FIZX > T pAG6 % EIRWICRE 35 &, EHETR
BORIERRASHEL L 720 C OfEH1E, pAG6 IRERRTIE,
FHEMRELIEZ D L) AEETFERSEHETREI 5T
WHZEERRIEL TS, RETIL pAGE O EIRWIEE
UG L LTREENZTIAI FOFH LWIERELE 20
FEMTE I OV CERR L7,
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55 kb pLP712

chromosome
pSH74

55 kb plasmid

pSH73

3.8 kb pSH72——
2.1 kb pSH71

Fig. 20. Plasmid profile of L. lactis NIAI712 and parent strain
L. lactis NCDO712.
1, Total plasmid of L. lactis subsp. cremoris NCDO712
2, Total plasmid of L. lactis subsp. cremoris NIAI712
The accurate sizes and properties of pSH73 and pSH74
have not been studied.

FT1EH TI7XAIFNOBRHBREICELE I EEBRR
DR EfEBH

1. MEBKVFEE
BB LVTIRIFN

AWFZETHEH L 72w B L V77 X 3 Fid Table 10
2 F & ® 720 Lactococcus lactis subsp. cremoris NIAI712
i, EMIMICEIRR AL, 20 SR DL RARAE L T 2 24T
JEEDOWIIEERAARTH 575, WA DOHFIE Lactococcus
lactis subsp. cremoris NCDO712 DJRHEMTH 5

1 &R

E coli 3 X L. lactis O¥Z31E, 12, 428
Rk L72HET T 572 Em* 2 a—FLZTIA3IF
RAET S L. lactis 1%, TYGIZ2 ug/mlOTY) A<
A2 Y ZRML72 TYGE THEE L 720

TI7ZXINORES, #BATIXINOERELUOTE
i

E coli 75 A3 FDNA B X UL lactis 75 A 3 F
DNA O #8, X 51275 2 3 F DNA Ofil|BR 5

W, TIrFrT, A= a rynB L O ER
Blx, #1858 1ENCEE L2 FECIT - 72, pAG6
2R BAFA L 75 A2 3 F pCVm6 O,
B, BXUDPCVmM6 27275 2 3 FokEEITIFE 1
B3 HICER L7,

7 A0~ 24 VEBSKE
TIAIRBLUODNAZ7 I AY  NOTHa—R7
VKN, 8 1B EE L TR 7

DNA ECHIfEHhr

M L7277 2 3 FpAG6 %, L. lactis NIAI7T12 b —
VT TAIROT AU — AEIKE T IV SER L
FEERME L 720 T T A I FOREHNEEHT 572012,
#19-kb @ pAG6 % Hind Il T4kb & 5kb D7 T 7 X >~
MIZEIWF L, pBluescriptIIic7 a—=> 7 L7z, 1EH
L7272 A X FpBAG61, pBAG62 226, TV — 3
su—rEERL, Y27 IT AT TL—hELT
H v 7z, BigDye Kilo Terminator v3.1 cycle sequencing
kit (Applied Biosystems, Foster City, CA, USA) % i\
Ty —27 T At L, Applied Biosystems 3730 auto-
mated DNA sequencer (Applied Biosystems) % i\ T
BLF| 7 — % % #5472 HH T — ¥ i3 GenetixMac ver. 11
(Genetyx, Tokyo, Japan) % J\>CH#EMT L 72. ORF fEMT
B X OAHE M f#HT 1213, DNA Data Bank of Japan (DDBJ)
database ® BLAST ¥ 7: 13 FASTA 47 % M\ 72, &t
5% DDB] 7 — & NY 7|28 L (T vy vary
F > /3= AB198096)

H5ERE
2w, E1IEHONEIHE > TT- 72

FLERE R BEDIRTE
H2m, E2HDONEIH S TT - 72

FLRBIREDIRTE

FLEEEREE, Bl L B OIS L B — F
TR A BIEICEHE L 720 3 b5 TYG THiS 2 L 72 fit
RE 5 ul% 10% A ¥ 2 307 5ml (11 mm REFE) (12
L, 30C C 12 WM B ER 2 L 7o, R GRHABRE %
B L, SSMILOBEIREZ 720 BEEILO 7 — FA
BN T AURERRE & HIE L 7ne 7o aBREE R O SIS
1R E iR L, SR A S B T o
[ A 52 L C AL MR & L 7z,
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Table 10. Lactococcus lactis strains and plasmids

Strain or Plasmid Properties Reference or source
Lactococcus lactis
NIAI712 Wild type Lab. Collection
MG1363 Plasmid-free derivative of NCDO712 Gasson et al., (1983)
ApAG6 variant
712d35 PAG6-cured derivative of NIAI712 This study
712d51 PAG6-cured derivative of NIAI712 This study
712d61 pAG6-cured derivative of NIAI712 This study
712dR variant
712dR1 derivative of NIAI712 harboring pAG6dR This study
712dR2 derivative of NIAI712 harboring pAG6dR This study
712dR3 derivative of NIAI712 harboring pAG6dR This study
Plasmids
pAG6 8.7-kb O -plasmid from L. lactis NIAI712 This study
pAG3 50-kb 6 -plasmid from L. lactis NIAI712 This study
pLac-Prt 55-kb 6 -plasmid from L. lactis NIAI712
carrying Lac-operon and PrtP/M This study
pDR1-1B 7.3-kb 6 -plasmid from L. lactis DRC1 Kobayashi et al. (2007)
pDB1 shuttle vector for E. coli and L. lactis.
Partial replicon of pDR1-1B with an EmR gene
cloned into pBluescriptll, ApR, EmR Kobayashi et al. (2007)
pCVm6 Competitor to pAG6. An incompatibility
determinant of pAG6 cloned into pDB1, EmR
(strongly incompatible with pAG6 and unstable) Kobayashi et al. (2007)
PAG6dR A competitor to pAG6. A truncated-rep and ori of pAG6 This study
with an EmR gene cloned into pBluescriptll, ApR, EmR
(weakly incompatible with pAG6)
p8Eml pUC118 containing pAM (31 EmR gene Ito and Sasaki (1994)

EmR, resistance to erythromycin; ApR, resistance to ampicillin

RNA DOFRS!

B IE, BTH 25 —MTYG TH2E L Hva 72, 40
ul OFEREWE % 40 ml TYG V) ¥ ARHIZERE LT, 30T
TOD=025~03FCHERNZEL, W% 1,800¢ T 10
GRS LB L TR L7z TR 285K C 2 |k
L,100 ul1») V' F—24 (3mg/ml) RITE Ny 7 7 —
(pH8.0) IZHEH L C37CTI54M A v Fa—1FL
720 AMRBLEE % 1L L 727%, RNeasy Mini Kit (Qiagen)
rH, HEOMEHFHEFIC L7245 TP —% )L RNA
ZREH L 720 RNA DR & K3 12, DU 640 spectro-
photometer (BECKMAN) % fi\» T 260 nm & 280 nm
DWRIGEE %2 fl5E L CTHERR L 72,

S RA=VAES 2
AT VATV D Y — 2Ty TO%E N
A7) ¥4 ¥—3 a3, RAM (Robust Multi-chip Analy-

sis) TNTY) AL E BT —FHIIE, f#NT, B X O
WY — > 7ar T 4 THIKIE L 72 (GeneFrontier
Corporation, Tokyo, Japan). L. lactis strain (3875, %)
2Mb D27 OEYV =LA EBBDTFTAI NEAT Ho &
AR EE R BETE, TIAI NI - FERT
W5, #Z7T GenBank (DDBJ]) Z&&HFINTWE, 7
T A K7 —#kL. lactis L1403 O 45T F5 B &
L. lactis HFED 75 2 3 FEH (J05748, AF247159,
X99798, AF409136, AF242367, AF036485, AF243383,
AF207855, J04962, AE005176) % & &2 7 L A % i%F
L72e Y4787 VADANRY 7L Table 1112F &
2o T L AIZIZ 2533 MIZ TR FEWL 724°, THIET
LA REHIHWZ L. lactis IL1403 B L T I A3 Fo
DNA e3> 5HE5E S 1% ORF O &R DT, #HigDlH
CEIETFE2EET2HE6bH 5, ~1 707 L1 OFEM
72 A~ 7%, NCBI Gene Expression Omnibus (GEO)
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Table 11. Microarray specification

Strain Lactococcus lactis

DDBJ accession No (J05748, AF247159,
X99798, AF409136, AF242367, AF036485,
AF243383, AF207855, J04962, and AE005176)

Number of genes 2,533
44 perfect much probes x 2,533 (111,452)

Data source

Number of probes

Probe size 24 mer

B8 L7e 727y g+ rN—1%, GPL6536 T
Hbo A7 a7 L AHFRIIE L < GEO I25#L
720 L. lactis NIAIT12 OFRIET 72y 2 a v F 23—
GSM269644, 712d35 D#ER 1L GSM269645 TH 5

OO0=— PCR ICL 2 RBEGTFDHESS

BT OMEERIZH 72 PCR 75 A ~ — & Table 12 (2
F Lo/, BIEITE 2E, FE1EHICRE L HETIT-
770

INIVR T 4 —JV FEXXE) (PFGE ; Pulsed-Field Gel
Electrophoresis)

ISIVAT A =)V R VERIKE) % 7 Qe R B AR
B, Kojic 5D FiEx 21247072, KL OD = 0.6
FCTTYGY Y A TR L, &L HETER L 72,
EET /¥ v 7 7 — (100 mM EDTA, 10 mM EGTA, 10
mM Tris-HCI, pH 8.0) T2 m i L, 10° cell/ml 12 7%
% X912, TEE \CFEE L7z BF L 72 2% Certified™
Low Melt Agarose (Bio-Rad Laboratories) & & L 7=
WEx 1:LICRAL, 100 uloF v A7 4 ¥ 7E— )
FIZAN, 4T, 105 HEE L CRES 72, MR % 5%
3572012, 41D 7 F 7% N-lauroyl sarcosine (0.05%
w/v) & lysozyme (1 mg/ml) % & A7ZTEE /Ny 7 7 —
1ml IZAMN, 37TCTARER A v F 2=} L7z, KIZ
THR—=ATI 72T ur4F—EKNy 77 —I12#
L, 55CCT—Mf > Fa~x—FL7 Y071+ —FK
WL, 75 271320ml O TE /Ny 7 7 — (10 mM Tris-
HCl 1mM EDTA pH 8.0) T 2 i3> 2 [k L 72,

Table 12. Oligonucleotide primers and probes used in this study

Primer Gene target Fragment size (bp) Sequence
CdAF cadA TTGCCAGGAGTTACGAGTGCAACAGT
CdAR cadA 1200 TGGTTGCAATGAAATCCGTTACGACA
HsF1 hsdS in pAG6 GGGGTTATTATCTAATTATAGACC
HsR1 hsdS in pAG6 690 TCGGTTCATTCTTTAAACAGCTGG
HsF2 hsdS-homolog AAAATGTTCCCTAAAAATGGT
HsR2 hsdS-homolog 552 AAACATCTTTTGTAAAAAGCC
LGF1 lacG GAATGCCACAAGCGTCATGTTGAACC
LGR1 lacG 1000 TGACCATGAGAAAACGTCCATAAGTG
763prF prtP ACATGTCCTTAGGATCTGATTCAG
763prR prtP 950 TTGATTGGCTGGGCAGTATTCATC
OpAF oppA ACTCCTAAGTGCTTGTGGTTCTAA
OpAR oppA 1700 TCAAGCGTCATTCCAACTACACG
OpDF oppD CACTCACTGCGCTTAATCCATTGATG
OpFR oppF 790 TCTGTCACTCGATTAAAGAAACCA
OpCF oppC TCTAGTTGCTGTCTTTCTAATCGT
OpCR oppC 770 GCCACTCGTCTTAGTGCATTTCCG
S1F tnpS1 GCGCCCTCTATTGGTTCTGCATTTAG
S1IR tnpS1 162 GGTTGAGGCAGTTCGTAGACTTCGAT
981F tnp981 TAACCGAGGAATCTATGGTGCTCCTA
981R tnp981 157 GTGATCACTTAGTGAGTATCCAGGCT
982F tnp982 CCTCTTACCGAGTATCCAAGTCATTC
982R tnp982 154 GCCAACATTTGCATAATCTCCAAGAC
1077F tnpl077 TAAATTGCACAGACGCTTCAGAACTT
1077R tnp1077 156 GAGATATGATAACTAATCACCTCGCT
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WIZ1ml D Apal /8y 7 7 —IZREL, 4CT304HA
V¥ axX— b L7z, RICApal20 2= v k& 200 ul
D Apal Ny 77 =27 T 7% AT OAN, 3TCTA
vEFaN—ML, 2EMK EHICApal20 =y b %
AT 2EEMBUL S 720 KIST T 7 RGNy 77—
(40% ¥ = —~ 1 —A, 10 mM EDTA, 0.01% BPB) 2%
L CHIRREEE UG & Ik 72, GRS RH%D T F 7%+ 4
TTL/ 2128, 1% 7 a—Z27 VD32 7L well
255, 0.5 X TBE (45 mM Tris, 45mM &7, 1mM
EDTA, pH 8.0) T #k ® L 7z, PFGE %, CEFF DRI
(Bio-Rad) % W CLL N OFETIT-> 72, TEH 6 V/em,
ATA T TEAL50-90F, 7TV 120°, 22
M, 4C, =7 /Ny77—12i1205 x TBE21%
A, P4 A==, LT 7= 1arh7~v—
VY,

Southern &4

Southern b 7 > A 7 7 —I|Z1d Hybond -N *x > 7 L
> (Buckinghamshire, UK) % fi\>, VacuGene XL (GE
Healthcare, Tokyo, Japan) T, /& o fff H & B9 & (12
o TITo 720 N TVFAE=2aryTu—T1,
lacG, B X UV1SS1, 15982, 1S1077 O ¥z % [ 3% tnpSI,
mp982, tnp1077 © N & KL %) % DIG-High Prime DNA
Labeling and Detection Starter Kit II (Roche Dignostics,
Mannheim, Germany) #% Fi\»T DIG- &% L CH# L
726 NA TN FAEX =2 a VEESB L OBIEEE,
KitthEo 1 ¥ a3 o HFHE I > TIT o 720 N A
TNITAE=2arBLUAYTL U BREOFEIEZRD
WY THD, Thabb, NATVFAE-Ta i,
FNFUAT7—=RArT L e DIGE#T0— 7% 42T
=i Y FaN= N LTTo 720 A YT L Y OB,
2 x SSC, 0.1% SDS, = i 54 [ 2 H, 0.5 X SSC,
0.1% SDS, 68T, 154r#2M, wihd 7Fa 4o
HB-1000 Hybridizer THR& 9 L 22353 L 72,

2. #BR
77 X3 FOBRRMBREICEDEEKROMEL

L. lactis NIAI712 %, #) 9kb OFERERH % 77 A 3
FpAG6 # S L 5D T I AI FERAL T,
PAG6 DRFER T D 72012, in vitro TIER L 723 & 7
A3 FpCVm6 % L. lactis NIAI712\2 =L 7 FOa R L —
varTEAL, f%ba0=—HRO pAGE Bk (A
pAG6) Z=1EH L7z (Fig. 21)s ¥ b5, pCVm6 & A
Bk NIAI712 (including pCVm6) ™ % TYLE 7 % — 7

#95 (2009)

1 2 3
- - I.
8.7 kb pAG6——uin
6.1 kb pCVm6—7~
competitor to pAG6
- . -

— —

Fig. 21. Plasmid profile of L. lactis NIAI712 and variants.
1, L. lactis NIAI712 containing a competitor pCVm6
2, L. lactis NIAI712 containing pCVm6 and eliminating
pAG6
3, ApAG6 variant (L. /actis NIAI712 eliminating pAG6 and
pCVm6)

L— hCEELCHEL-au=—%4E L (Fig. 21,
lane 1), 10 ml ® TYL-E 551 C 5 [MIEr 8% 4 ) 3B L 7214,

HOTYLE 7 —7L—hCTaouo=— %2R S ¥,

T —FHHLCTYG) Y ARMTHEELTT
A F&EH L, pAG6 Rk % #ik L7z (Fig. 21,
lane 2) o HMZIZT T A I FEEEICHWZHE T T A 3
F pCVm6 % 39 5 72012 TYL B4 C 5 AR % 4 )
BL7tR TYLT A—7L—bhCau=—%2El sS4,

TYLE 77 —7L—HMIL 7V ALTIZ) A< A
SRR % B L 7o, B L 7-HE (A pAG6 #R) 133
T pCVmb ERERH T, b—F V7T A3 FOBKIK
BR1L, Fig. 21, lane 3R L7z DER L2572, #
7+ % NIAI712 (including pCVm6) ™ a0 = — kD HE
RO, 9kk% BR1E L7z, Table 10 12, REOWFIEIZH
WRHERE T AI FE T Lo, TR L7-ApAG6 B
D9 B 3Kk L. lactis 712d35, 712d51, 712d61 % FEHER
BRIZH 720 ApAG6 #k & BI#E L. lactis NIAI712 % A %
L IVTICHERE L, FLEEIERE R L 720 THEEAE 12 B
B OFEEAOGEEREL R/ L 25, ApAGE B
X OAF LI N7IEH— FERRET, ALFREEREN
PAERICIERTE L L H > Tz (Fig. 22), L. lactis
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Fig. 22. Skim milk after 12 h fermentation using L lactis
NIAI712 or ApAG6 variants.
Five pl of TYG-culture solutions were inoculated into 5 ml
of skim milk and fermentation were performed at 30 °C.
1 and 2, Fast coagulation phenotype (L /actis NIAI712 wild
type strain).
3 and 4, Slow coagulation phenotype (ApAG6 variant
712d35 and 712d51).

NIAI712 i, M4HfEFFCF—AAF —F —L LTHWT
By, LoRBERIIPE V. L LSRR O H#
M5, HAERM TS A 3 N pAG6 #rET 5 L ILEELE
EDHEZ 5720 2D D BEEIL pAGE HFLIEEEICE
B RMOWEEEICREIS 35 &£ 2, pAG6 DOIEEEMAT %
'ﬁ‘/) 720

REAREROHAE

ApAG6 RO R T HBARDOFHKN L2012, 7L
WEEALEE & 1 ¥ A Y BALBE% L. lactis NIAI7T12 & M L
720 F9ApAG6 RO FNEEALRE R KBRS 5729012, L
lactis 712d35 @ TYL £5 #1231 2 80l % ¥ R vk & L
L 720 L. lactis 712d35 (& TYL 55 C R  #E$ % & 3%
2, 77 b—X%fEEE LAY ERL, 5o pH

L, T S €72, ApAGE RO — 7B L O
pH 7 — 713 L. lactisNIAIT1I2D b DL —3 L, T2 F—
ARHBEIBERREED S VI EATRBENIZ, K
I2, ApAG6¥RD 71 ¥ A v BALRET % BT 5 72912,
L. lactis 712d35 D A ¥ A I V754, BLO1% b)) 7
N RINA S & 3OV 7 Bi M B0 B HEGE & B A AR &
L72o L. lactis NIAI7T12 % ZA % A I )V 7 (ML, 58E
Ao pHAKTF 2 RES 2 & & b ICFLERE R 2 3~ 720
ZORER, SEEERMG O T R, pH4.8 THSREFLIL SR
L7z T5RE 8D pHIZ 46 12T L, # ¥
1 0% EH (pH4.6) 1Z#E L7z LA L 712d35 % %
FE L 7-3BRIX T, 5538 24 BRI R IC BV T L FEALO
pHZ51THY, h—FEIEHE LA/ —HAF
AINZIZIY TP ERRIMLIEBTEET 5L,
L. lactis 712d35 % #5748 L 72 3B IX © & pH I3 2012
R L, K532 7%, pH4.6 TH— FAEK SNz,
L. lactis 712d51 3B & 0 712d61 O & FRER O 45 F 13 L.
lactis 712435 DAEFR L —H L72e ITNHLORKERNS, A
PAG6 Bk D SSBEARBIE R IE, ¥ 1 RERED KGIC X
HZENHLNE ST,

PAG6 DIEEBECHI AT

PAG6 DFEREZ B 72012, 75 A3 FDO4 DNA
FeHl % Jesg L7zo 72 pAG6 DEFHB L THEES S
F—7Fv) =517 7L—24 (ORF) D% DDBJ
B L (771 y ¥ avF vN—; AB198096)
pAG6 £ELHIH D G+C &t ld 33.7% T, 8,662 bp 7* 5 7
D, 6187 ORF 2 F7E L 720 pAG6 Ol REEF X B £
"ORF Ok & s k[al& % Fig. 2312, FASTA 7u 7”5
LI X B FE RN D45 R % Table 137/R L7z, 1%
H® ORF 1%, repB & &\ AHFEEAS S V), repB 1 ik 12
&, 22bp 7T 7 A ¥ b 3.5 IR LB % &t ori 23
FAELTzo T 72 repBHE T2 01588, orfX, & 512 type
LHIBR B> A7 A ORHY 72 = v b #E{ET hsdS
DERE L, MMy L lactis § - BB S5 A3 RO
BEBLEIR ORE DR S T\ 7z 0rf588, orfX B &
K hsdS © 5 AN IE 70 E— ¥ —BHI L, orf588,

Table 13. ORF encoded by pAG6
Gene name repB orf588 orfX hsdS cadC cadA
lasmid lasmid type I-R/M t iptional
properties P e%sml. unknoun P a.sml. ype . ranseriptiona cadmium resistance
replication replication subunit regulatory repressor

size (bp) 1,221 588

651 1,236 369 2,130
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Sphl
Belll P Pvull

Sacl
EcoRI
HindIII

EcoRI

pAGH ) Hpal
NEG6a2 |::|,|

Bglll HindIII

Fig. 23. Physical and genetic map of plasmid pAG6 in
L. lactis NIAI712.

oriX B X N hsdS DEEE X, EiD repB 70 € — ¥ —
WCHIB S T2 2 EAURIE S N7z, hsdS THid 5%
H & 6% H®ORF %, B4 o Cd*-specific P-type ef-
flux ATPase (CadA; % F3I 7 AMMERT) LB L 7
L v — (CadC) DEETEHIE—F L7z %%,

L. lactis D71 FIT AMRMETZ A3 i, 1994 412 Lui
SIZ& o TRAMICHEG SN, AEShizs Py
LM PET 9 A X K pND302 1X 8.8kb &t s LT3
A, ZORIREREMM, &AMERIAL (ori and repB)

B & U cadA-cadC FIFOMHNE, pAG6 &5Eail—3 L
720 L. lactis NIAI7T12 D% F 3 7 AfitE & B L 72 & &
%, BPHERRIE 300 4 M CACL imIIEE M THEE L7275, A
PAG6 FRIZ 20 u M iRINEEH CTHBF CTE L H - 72 (data
not shown)o, =D & H 5 pAG6 b pND302 & [FIEEIZ,

TEEDH K I 7 AL RET 5 Z EAVRE SN,

L. lactis NIAI712 & £ U L. lactis 712d35 D FH BB I
F DBV

X F B GE I o0 L. lactis NIAI712 & % @ A pAG6 ¥k L.
lactis 712d35 O {n 158 %, ¥4 707 LA % AVT
SCBSRMT L7z ABRBRCHEH L/~ A 27871113, 1
BETHZY, 40— T 7 b~y FTu—-T%H
WT\Wh,

2% IVHETRIUCEEE (B3R 5% LLT) 2552
5N 276 BIETH, 15U EEHEORL 2 # %
FlEB3Hotze ZDH L, WAKRE LT, L lacts
712d35 T 75% VLM I BB AT LT 5 #5113 43
T, 125% L TFIZIET LT3 0033 #inTdH -7z,
BEETIE, 1) 77 F— A& (Lac) IZB5§ 5 10

#95 (2009)

EET, i) 7oy F—Eilk Prt) 12595 10
BaT, iii) AV ITRTF T ZAR-%— (Opp)
595 4 BIZTFO, iv) BrESNZpAGEIZT— F
ENTWEIBERERTD, 4207 V—TIZHEINT,
Fh—71) BLUiH) KHEHSNIZBETORIAZED
KT, 1/10 ~ 1/20 TH L 0IZxt LT, 7V — 7 iii)
B0 WKHEINLZBETTIE /B0 LTI
BEPETLTHBY, Opp ¥ AT LD EETTH S
0ppF 1341 1/200 12T LT\ 72 F 72 L. lactis 712d35
T, #BETEBOEREE &5 ISS1, 18982, 181077 @
RS (FF v ARE— 2 Top) OFRBED, ¥4
RO 75% ~ 25% IZAK T L CT\va7z,

BIEF O

T L AR OFER, L. lactis 712d35 T, ¥A#E L.
lactis NIAI712 & g U CHBEE L& T8 (ac),
W7 a7 1 F—YRIET (prtP, prtM), B L O F
) IRTF N TVAR=Y — BT (opp) OFEH
DHELIBTLTWDZEDNHS L o7z ZERHA
RTAMNTFIAMNEBIFEICLD T VT AL TIAIFD
FRFRIECIE, FIFEIC 2B Lo 79 2 I FvEDb
NDBEP LT LIS 5, F72, L. lactis NIAI7T12 O
ITiERR L. lactis NCDO712 Tlx, lac, prt, opp #=inT-H#F
&, AL55kb D75 A3 FplP712I22— FERTWw
%%, 22T, L. lactis 712d35 T 1/8 LUF 1256 E D%
T L7 lac, prt, opp = THEOFMELY, 210=—PCR
THEFE L 720 BT 5 7 X > b DA M3 Table 14 12 F
kB 7z, L. lactis NIAI7T12 O 3 E&IX T, cadA, hasS,
lacG, priP, oppA, 3 & U oppD |2k T B MR 7 7 7
AV ML N, EOKRE SIZBRAERY O FE & —F
L7- (Table 14), —75 L. lactis 712d35 D RER X T,
lacG, priP \ZHR T 2IEIET 5 7 2 v PO ARES NI,
L. lactis 712d51 B & O 712d61 ORERIX OFEF 1L 712d35
CRIL7Z o720 2D E1E, Opp EIETFHEDA pAG6 B
D) ADLEELTWA I EZRELTWAS,

FUIRTFRNINT D AR—=F—FN0O DOHER

Fig. 24 121, DAAi#Rkd & 7z Lo lactis NCDO712 O
pLP712 |22 — K &N T 5 lac, opp EIzTHDO I <1
UHEER IR L7z L. lactis NCDO712 Tlix, #9kb12hH
725 0pp 7 9 A% —i%, PrtiEfnT#E (priP & priM)
BLUWLlac 7 7 A% — &I 55Kb @ pLP712 12 —
FEN, 6127 8EY— AL UEEDOELRFRED
I-FENTWEZEDNHRSNTWE Y, au=—
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Table 14. PCR analysis to confirm the residence of the lac-cluster, prtP/M, and opp-pepO in Lactococcus lactis NIAI712 and variants.

Strain cadA hsdS(pAG6)
L. lactis ssp. cremoris
NIAI712 + +

MG1363 (plasmid-free) - _

712d35 (ApAG6)

hsdS

ND

lacG prtP oppA oppD

+ a specific amplicon could be obtained by PCR
— no product could be amplified
ND, not done

PP A g ipuy

———

=
[ "

el e Ol Ol Pk Pyl
) ARl Pl o Lo ]

Fig. 24. Construction of Lac-operon and Opp-PepO-
operon.
A: This figure (Lac-operon) was copied from ZLESE O Ft
FEHM (FSHRE2—) p190
B: This figure (Opp-PepO-operon) was copied from J.
Bacteriology (1993) 175 (23) 7523 - 7532

PCR D#ER, ApAG6 R TD Opp 7 T A § — D&
R &N 7275 (Table 14), AREFZE D BE Ak L. lactis
NIAI712 (2B WTCIE, Opp 7 T AL =, LDT T A3
FICHFEELTWADD, SHIC7HES—AIIHFIEL
TWVLDOPIEIAHTH 5720 £ T, L. lactis NIAI712
EAPAGE DT I AI FTu 74— )&, 70E)—
LT ORIBRG LT & P72, & HITH VT T
Opp 7 7 A% —DFTER X7z,

1) L. lactis NIAI712 £A pAGE DT T X 3 K DB
L. lactis NIAI712 & A pAG6 ¥k L. lactis 712d35,
71251 DO F—F VT T AI FOBERKE /N5 — %1
Lz Zh, ApAGEKRTIX, &7 FAIFDI B2
FHIZKREWHS50kb D75 A 3 FpAG3 AL L Tw
7= (Fig. 25)c B ¥ VM OKEF, L. lactis NIAI7T12 T
X, lacE B XU prtPo7u—71%, b KX\ 55kb
D7 F A3 K placPrt % i27# L (data not shown), oppC
70— 713 pAG3 # ik L7z (Fig. 26), T 5 DR

1 2 3 4

55-kb pLac-Prt
50-kb pAG3

8.7-kb pAG6

Fig. 25. Plasmid profiles of L. lactis NIAI712 strain and

variants.

Total plasmids from NIAI712 (lane 1), MG1363 plasmid-
free variant (lane 2), 712d35 (lane 3) and 712d51 (lane 4).
pLac-Prt contained /ac and prt genes and pAG3 contained
opp-pepO genes.

1, L. lactis NIAI7T12 DRAFEHIZT T A I FEB LT
FTAIN-ZUEY— LM THIEZ AL, B L lactis
NCDO712 L 38 %275 A3 Pl > TWwbH Ik
RET Do

2) L. lactis NIAI712 £A pAG6 #D 7 OF Y — LOFEN
Apal TYIWF L7275 7 A > F® PFGE /8% — v % it
L7 (Fig. 26)0 ZEALDOYWT I 7 A ME—
BL729%, FERD230kb D757 A Y M AERKT
oz, TOYMEIIL suEY— A#ETIZ
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B

oppC tnpS1 mp982  tnpl077
Standard ¥ g
marker

i,
el | 2y T
230kb -
F

2425

194 A |

1455

120 kb f
— 3 LY TRl 51

50 kb | | T pLac-Prt
PAG3 z - = _-—<—
= ‘ . - - .-
¥ 1
-

97|

123 123123 123

123

Fig. 26. PFGE analysis, and Southern hybridization using
oppC probe, tnpS1 probe, tnp982 probe, and
tnp 1077 probe.

PFGE (A) and Southern hybridization (B) were performed on
Apal digests of total DNA isolated from NIAI712 (lane 1) and
DpAG6 variants 712d35 (lane 2) and 712d51 (lane 3).

M ZDE L2 E 2 RIE L T\ 5, opp-pepO 12K T
LY UM OEE, R TF 4 77 F ik, L lactis
NIAI712 D 50 kb 7 5 7" & ¥ » 721383k L 720 oppC &
VFATUTFVORE &L, pAG3 E—FK L7,

3) L. lactis NIAI712 3 K U'A pAG6E # D insertion se-

quence (IS) I L X b DfE

Bk L. lactis NCDO712 &\ D0 D ULAFRE DR ZE 5
5, OppZ TAY —IZISTL A b EIZHEHAR S
VAR UEREE LTS AWEEEICER L, BRI
REL, ZL DIREMEETDHERE > TVREZ LD
WG & IR ST P, L LEREH
519 5 BRI 7 X o T IS 22 % o T v, A
HTITo7~ 42707 LABITOMKR,S, BARKE
ApPAG6 R TIX 3HFHD b T ¥ AREY — A= T tnpS1,
tnpl077, tnp982 DEBR DV H IR 5 2 LS
ko, FHIE, ApAG6RTH L7z 0pp 7 T A Y —
DED, bF v AREY— A TnpS1, Tnpl077, Tnp982
Iy bo—n35, 3FEHEOISTL A b (ISS1,
IS1077, 1S982) DEks b MiEhd 5 & FH L, L. lactis
NIAI712  ApAG6 ¥R D IS = L % » s DL iE % T~
AT T 7: (Fig. 26). YW VT 70— 713,
tnpS1, tnp1077, tnp982 OEH| %57 > 7L — b L THEK
L720 ZORER mp982 70— T DINA TYINY —
A5 L. lactis NIAI712 & ApAG6 Bk CTHE 7% 5 Z L B & 2

#95 (2009)

& 7% o725 L. lactis NIAI7T12 TiE, 50 kb & 120 kb & 7
G A NH mp982 71— 7 TR S NS, A pAG6
BRCTIE120kb D7 5 7 X2 ¥ b DOARREF S N7z, 50 kb
DpIS2RI T4 7T I 7 A ML, TOKEEM
5 pAGS LHEE SN T ORERIZ, pAG3 A%, Opp 7
FAY— & mp982 % A — FLTWH I L ZREL T
%o L. lactis NIAI712 & A pAG6 ¥R DTl /7 IZFFFES 5 120
kb O mp982 Ry 74 7757 X ME, 7OEY— A
HsREHEEEND, — S tnpS1 & tnp1077 710 — 713,
pLacPrt % 8k L 720 tnpSI1 &, tnpl077 710 — 712 &
B RN TIE, L. lactis NIAI7T12 & A pAG6 ¥k D
RIER L TH o7,

3. EER

WF7e = RAFRE Lactococcus lactis subsp. cremoris NIAIT12 |,

b &b & L lactis NCDO712 70 5 iR L 72 %, L. lactis
NIAI7T12 D75 A3 F 707 4 — Vi, BHO L. lactis
NCDO712 & XIS Do 07 2o 72 LA L, 729V A
7 4 =) RELIKE) E 72 B 2 7 & (0 B A
TEZY, FMEKRILIIHREL T2 55kb D7 7
b — 2L T T A I FORIBRGRE NS — B —F L %
2o 72o L. lactis NIAI712 TiX, lac- +~_u v &, prtP
/ priM (5713 55kb O 75 A 3 K plac-Prt |23 —
FEnTwiz, L2LAYIRTF T VAR—%—
BEIET 27 9 A% — (opppepO) &, 50kb DT 5 A I K
PAG3 12— F&h, Z7HEV—AICEHFEELTYR
Vo INHDORERDD, Fr OWFFRETOMM L RAED
Mz, opp-pepO DHEREHHEZ U, L. lactis NIAI7T12 HYiR
R L7zt # 2 5N %, L. lactis NIAI712 (3 3L 56 FERE A B
NTWb, L7 LApAG6 #1Z, FEELEIEDRIA %R
o BPAMR & ApAGE ¥R D 7/ L & (5T % Apal T4t
L, BT 720 Mz EKT 5 &, FEKIIH S
20kb D27 UES—LHRDT T T AL NE, TTA
I FHFEDS50kb 75 7 Ak HYA pAGE #RIZIF D -
2o TOZ EIE, pAG6 BEEMKTIE, 7/ A@EIETIZT
VALY MR MABZ BRI L I L R RBL T
%, PFGE &~ A4 707 L A% 5, ApAG6 koIl
ZEWERIEIE, pAG3 12T — FE N T\ 5 opp-pepO DK
RICEBLDTHB EHFw LT,
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E2Ei TIAIFBRECHEIITICARE-Z
DB ER

1. MEBLOHE
BMBLUTIXIN

ARWFZE T L72AdEw B L 077 A 3 Fid Table 10
ZF o7,

i & EEE N

E coli BX L. lactis D¥:381%, 13, $H1HIC
FRik L72HETIT o 720

L. lactis NIAI7T12 135 F 3 7 A HARUE CH 5. &
FIvabzyzaa~sA o o zRECEL 7 gy~ —
H—r LTV AEEI2IE, 20nM Cd, 0.5 xg/ml Em
WML 72 TYGEC 55thdy 5 W IZ AF 4 I V7 -ECHE
Hix 72,

AT 7 X3 K pAG6dR DERK

E coli 75 A3 FDNAB XL lactis 75 A3 F
DNA O & 458, X 5275 2 3 F DNA O#IR5>
i T FrT, T4 a Y RKIEB L O EER
X, 1, B LENCRR LT T o 72 RHIZET
1, pAG6 DEEHEENS hsdS DY — I 7 — 7 —FTD
BB &Y % PCR THIEL, Em* 75 7 2~ b &
& 412 pBluescript 1 1227 @ —=> % L, pAG6RS %1k
L7z (Fig. 27)0 O TIAIFET T L — b
L LT, PCR T orf588, orfX, hsdS %\ ~72%) 7 kb % b4
& L CBRIRIE L, pAG6dR % 1R L 7= (Fig. 27)

PAGGRS

pBluescript II

replication module of pAG6

ori repB orf588  orfX hsdi EmR

Primer-Rv Primer-Fw

< >

Inverse PCR

Circularize

Fig. 27. Physical and genetic map of replication module of
pAG6 and schematic representation of pAG6dR.

METI7AINICELIHEGBERNETFZXI NOKRE
BR{E

L. lactis NIAI712 ~® pAG6dR D& R & WET S
2 X K pAG6 DBFEHE4E 18, 4 3HilCFiB L2k
TiT- 72

W E5E PCR (C& % cDNA D&

k=% )V RNA OF I, 535, %2 HIZRA L7z
FHiETIT o720 HEE RIS, HEEA»SHIL L7
500ng D h—F IV RNAZT 7 L—brELTHV,
cDNA @ & i X, QuantiTect Reverse Transcription Kit
(Qiagen) &M\, WAOMHFIEFIHE > TITo 720

¥FET7IE1LPCR

FgE ) TV ¥ A4 4 PCRIE, QuantiTect SYBR green
(Qiagen) % >, AT OMHTHEFICHE > TITo 720
T 7L —MZIE1 ul® cDNA %\, 20 41 PCR
IV AF =" BICHE L7ze U TV S A4 A PCRIZ
1%, Light Cycler (Roche Diagnostics, Sant Cugat del
Valles, Spain) # i\ 72 4 7 V85 XA —% — i,
95C TI0 MM L 7% AMH5TCTTIY, WE
60C T 60 #5% 50 [l Ik L 720 BRI 338 TIT - 726
Thbht, b= VRNAESHFAEL, K1) T
5 cDNA Z & LT 7V % 4 5 PCRIZHEL 726
7 J A4 <% —~_7 I, GTPasestranslation elongation fac-
tors (tuf) B L, tnpS1, tmp982, tnpl077, tnp981 %
T I E e TIA Y — OB LR T T 7
AV FDOKE SIETable 1312 F &7z, TR R OEAE
1, tuf OFEBT— 5 % NERERE L L CHWIIE L7z 7,

T LR
FEEHLER L, Student's ttest & VY, FREHFEAE EE
i, fERREE 5% ARG CHIE L 72,

2. R
PAGE LHBT 7 XINOEAEECEEKROEL
KifFgecRIE N7z, pAGE DIEFEIZHED Opp- 7 5
A5 —DHKR, 70TV - ANBETOER (5
WIZEERS) 1E, MIFENIC pAGE L EEA T T A 3 NAELAE
L, pAG6 DAL EII R HIRP TR 5 L FHL
oo £2C, F—HMIKAHMIZ pAGE LBiA T T AI KD
W GUERKROEREZEIE L7z LALELIEHT
PAG6 @ B EHEAE I v 72 pCVm6 % L. lactis NIAI712
WAL, kAR (pCVm6', pAGE) %7 FI v Ak
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TV AURA LY ERFMLIZY TV 7 2 a
TYGEC TH;#ET 5 L, ZOHIHEEIZHE L KT L
720 T 2URAEME (pCVmM6', pAG6') % TYG-E IZRH§
%L, 1ok 8T pAGE b, HIET 5
R R o720 T OFEEIE, pCVmb O AHI A
FEREOBESPFKNTH L EFHLI, 22T, EE
DOWGEF HET T2 pAGE & HETELIHTVEAE T T A
I FOER AT, TbbE T A /N—APCRT
PAG6RS ODR%75 X 3 F&IERL L (Fig. 27), L. lactis
NIAI712 |23 A L 720 RICHBE L 72 IRAE Rk % TYGE 35
HCHEAE R L 722, TYG-EC SR #12 10° M
AL, B LZzao=— (Em® Cd® oz~
M LC pAG6 RAREDEI G A HI L7z ABR L 72 IR
D)L, L. lactis NIAI712 12 pAG6dR Z 3 A L7 3 D i,
TYG-E ¥4 C 2 mKs#1%, 80% UL I pAG6 % A L Tw»
726 Z 2T, pAG6dR % H\ T pAG6 & pAG6dR D AT
§ % BRI L. lactis 712dR1, 712dR2, 712dR3 % 1
L7z (Table 10),

weak competitor pAG6dR DECFEERT

EHI L 72 pAG6AR D A > — L DELH % > — 7 T~
ATHERL72E 2 A, pAG6dR DEHFEF # L L Tw
% repB 3 3 HIRAIRI L, WEHIZ 1 IREERD D - 72
(Fig. 27)

JP7IWEAALALPCRZRAVEMNS > ARE—XBIBETF
(tnp) DFIBEMEIT

<A 7a7 LA OFEENS, L lactis 712d35 T,
npSI1, tmpl077, tnp982 O & A% 1 56 B 75 1.5 ~ 4 fH &
T LT 72285, thnp981 R tnp905 D F B A &3 %
Molze FZTEER)TNVY AL LPCREHVT, b
T UARY - ZADFEHBOELE WP DIZe b—F )L
RNA OFRSLZES LT, L. lactis NIAI712 3 L UNApAG6
(712d35, 712d51, 712d61) %, TYG T—Mu&: 3 L C
WAL L, 0.1% ORFFE % Frie e TYG \ZHM L 720 £
5[ %, OD =0.25 £ THi# L 7-#lifd % 414 L C RNA
R L 720 —H 7T12dR1E, A F A IV Y -ECEH#T
MACH: 2 L, pAG6 & & 77 A 3 FpAG6dR B & O
opp-pepO coding 7*F A I FpAG3 ##Fr L 720 b—%
)V RNA O F# 2B L CiE, 712dR (712dR1, 712dR2,
712dR3) %, TYGEC CT—MsisE L Ttk L, 0.1% @
B A & Wi 7 TYGE \ZHefd L7z, 9 5 e, OD =
0.25 £ THiE L 7illfig © %% L CRNA 2l L 720 )
TV A 5 PCRIZIE, 500 ng O b — % )L RNA 7% & Fi#

#95 (2009)

L72cDNA % 1 ul 7z, BFAERR & RAERRDEIE T3
Bl 2 AL 5 72012, tuf OB O W % 72
To7z0 tf DMETEEALL T —F ZITIZ, &K tnp O
YR Z Ak RER T L 72 (Fig. 28). T4 b
5, ¥PAMR L lactis NIAI7T12 O %M E% 1 & LT, JRE
WD 255 tnp DFEBEOMMELZFE N L TY I 7R L
720 L. lactis NIAI712 & A pAG6 DL TlE, tnpS1 B &
D mp982 D) 7 vy 4 5 PCROEFRIE, 7 L A fHHT
DOFEFRE—F L7 T§7bbH, ApAG6 D tnpS1 B L
tnp982 FHIEIIBEMR L ) DA EIESA 5720 LAL,

712dR 12 BT B mpS1 B X U tnp982 FE Bl = (3 B A=k
B okEhor, 2DOZ LI, pAG6 DRFEEFE (F
7Y TatRA) BT, tmpS1 B L mp982 »
FEHPSEZY, Top iR EE 52 L 2RIEL TV b,

*F A2, L. lactis NIAI712 & A pAG6 B £ U 712dR @

A 25 *
tnpS1
— 712 712dR 712ApAG6
D) 25
5 ° tnp981
2 2 p
=
o 15
. p—
5]
w2
) 1
S
% 0.5
D]
(D] 0
_2 25 712 712dR 712ApAG6
= .
< C *
> tnp982
& 2
1.5
1
0.5
.
0
712 712dR T12ApAG6
25
D
) tnpl077
1.5
1
0.5
0
712 712dR T12ApAG6

Fig. 28. Semiquantitative-realtime-PCR.
Asterisks indicate significant difference from the wild type
with P < 0.05.
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WBeCix, mpl077 0) 7V 5 4 5 PCROFERICHE
FIhholz. E6IZ, w477 LA CEESED
o7z tnp981 DB E D) TV A L PCR THELL
720 tp981 ODFEHEIL, VT IVF A L PCRIZBWTDH
BEEDP LV EDHEPO LN, ZOfRIE, 181077
B LUIS981 1%, pAG6 DFERIBEFEITER T 5 —HED
Bl BB L W ERRIBL TV 5,

3. EER

L lactis 79 A3 FIZLL{DISTL AV & &HA,
TFSAIFNH, RErz0EY - ANOBETFERIC
i) %, H#ALIZHG L Twa ™™, L lactis NIAI7T12 7%
BETLHTIAIFNEDISTL XY 2@ ESD
7, opp-pepO % 2 — K9 5 pAG3 ICIZIS982 & T 1
TWwize —Flac-Fxa v & prtP/prtM % 2 — K4 5%
pLacPrt 1213 ISS1 & IS1077 3¢ £ LT\ 720 it L.
lactis NIAI712 125545 7% 79 A 2 F 7 1) —#k MG1363 @
&) AR ENTA, T L B & 1S982 & 1SSI
X, &7 LARICKEL22a— LAk, 9aF¥—3%
5181077 D+ 5 Y ARY = ABIETOETHY 22— F
V=P, KR TY, 18982 & 1SS1 i3T5 A
IFEZuEY-AIZ1 I —Fomi SN TR
bt, 18982 1ZpAG3 &£ 7 10 EV— AHFED 120 kb 7
5 7 A M2, ISSI iE pLlacPrt & 7 0 € — AHHKD
120kb 75 7 A Mlza—F&ERTWe 7I9AIF
7Y —#MGI363 TAY v —7ZIST L X v T IS981
£ IS905 THY, 77 AMIZ100 ¥ =Pl Ea— FEh
TW5 2, B O L. lactis NIAI7T12 |2 BT H,
1S982 & 1SS1 D ¥ BE 3 tnp982, tnpSI1 D FE B &1L,
¥ — D%\ IS98I % 1S905 O tnp D 1/100 LT 755
7zo L72055TC, KW CBIZ S 7z, opppepO DY
k&t L. lactis NIAI712 7 7 A NFRERGIE, ~ A 710
T LA RN CEBO B - 72 tnp OREEHIED L HH5] X
ETERVPETFHELZ, Thbb, opppepO THED
IST L A > b OERENAS, 6 EMILNIC pAG6 & #HA
7T A ROEET HIRECHERIL SN D L FHRLZ,
L% L% 1% T pAG6 DFEFIZH 72 pCVm6 13, 15 F
HIEN T pAG6 & DA HEET, W7 T A I FORE
% uifl S 5 TYLEC B CREAZ L35 &, Ml E A%
LSIRT L7ze E512, TYLE BT 14 A2k < &
PAG6 A3 100% B2 SN B 720, W7 T A3 FIEH/RD
BIZFRBLE TS 5 BRIk L L TG 72072 (R
33). €IC, BEOMHEIHITLZ %L, EE
WTpAG6 & DIAFIRELMFFTE2E 2 DHET T A

3 F pAG6dR #1EH L7z, L. lactis NIAI712 |2 pAG6dR
%A L 72 JRAERR 712dR 1%, TYL-EC 3538 € 84 i 1)
SNY, TYLE B:Hio 5 BHRARE#ZZICBWTH, 50%
DB D pAG6 % FREF L T\w/zo Bk L. lactis NIAI712,
pAG6/pAG6dR 3t 77 #k 712dR, B £ U pAG6 Fr Z: ¥k A
PAG6 DX HH TR O ML T, tnp OB EF IR L /2
LA, TI2dR D tmp982 L tnpS1 DHEHE A E I
& 7 o 720 pAG6/pAG6dR I 77 1k 712dR T (X, tnp982
EtpSI DFEBENE T H T E M, 15982 L 1SSI O
AL 2 2 PR SN, —J7 mp981 L
mpl077 OB EIIHEEITE L, pAG6BFEIIHE) 7
J AR T O AN Z BRI, 18981 L 1S1077 HEE5-
T HEBITMBREE 2 bz,

ARFFETIE, L. lactis NIAI7T12 @ pAG6 %, HHFT 5
PAG3 R 7 UEV — AR EEED T /) MO ZEAIC
<2 & ER LA 22D THERL lactis NCDOT712 2»
5, 79AIFT7)—HEEULKA LTI AI FNE
AR SNT W 525, pAG6 & [H LK E & o pSHT73 72
F R E S NRERIZE SN TV W L lactis
NIAI712 O LI OBk T &, 28 S L R & 55 25 7
EDRERTETIE, pAGE KIEMRIZE SN o7z (R
#)o pAG6 DEWVEEMEDFREE LT, pAG6 DI ¥ —
¥R, a— FL T2 EETEY OB EA RS 2
B S N2 VIREETIE, B EOAEFIAF 2 il Ad 2
RNV R T T AI FORBHEN EF L, #FHRIIC
PAG6 KIFBR BB TARFNC 2 2 EHEE L T 5,

PAG6 32— F L C\W 2 @I FEYOHh THIZHEH
LT 5 ?Dlx HsdS (HsdS/pAG6) T %, HsdS I,
Type I #IFR 1545 (Type IR/M) ¥ A7 L OBk 7
2= FCTH b, L. lactis \TE\NTZTVF T 7 =D
WERICBEINTEBY, ek 7 7 —VitiHEzE L C
WP, BB B Y A7 a0k, HE & IEHC O DNA
EXBIL, 77— VY EACRERFORAOREE
TS 77— VY AT A THY, L lactis TiX
Type I-R/M & Type I-R/M 238 ST 2, Type
IR/M 1%, #IRY7=2=v b (HsdR), B#itr71=">
N (HsdM), #ikH72=v & (HsdS) 2 HHK I,
HsdR & HsdM 137 B EV — A2 — F&ENR TV 5, —
5 HsdS #fnTik, 0-79AI FOERED 2 -V %
B L, ThE TICE L OMHREMEEET2HmE ST
W T SEEET O A F VI, 24T HsdM & 1
GTOHAS 5% AFWLary 7Ly 7 A (MS) T
Hehe L, DNAYJIFICI1E M,SR, T < s BABHNO
HsdS OFEHEIZ & » TR RE SN, Lo T
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RZ 7 7 — Y OMFIZ S EES 5 Y Type IR/M ©
FURRECAY I H M A Y N—F v FYE—= TR, 2
NFE TIZ L. lactis ® Type I-R/M O FEFRELTIASHLE S L
TeEIIELE R, L2 LHsdM BL U HsdRDO 7 3/
WG OMFEER S, TTF= v 2 F 57— BiEtEEo L
HEESNTHEY P, B2 HsdS LTSI LETRR
HEIIZRBHL, AF VLD B VIZWHTT 2 ™, M
T pAG6 782 — F LT\ 5% HsdS (HsdS/pAG6) D%
BDARREL, A FIALEEES oI L 2 wiis, 2
F AL S TV W ERERICY % & pAG3 % YIRS
SR L, #EF pAG6 & pAG3 KIBVED HBLEI & A3
LOmb LN, FHORHIEZOND, Thib
b, BETOTHE— Y =L ED A F VLIREEL,
BETOBEEEECEET LY, ChETlEsh
TWAISTLAY MO tnp OT0E— 5 —HBHIEEIC
1Z, L X L X DNA adenine methylase (DAM) @ #% 7%
BHIDEEN, ZDAF IVALIREEDS thp DSBS |28
L, BRIEHZFIELCVL LI HiErdhs ™%, L.
lactis NIAI712 O35, AT I AI FOEFIZL 5T
PAG6 B AR LE I e o TW A I TS, mp982 &
tnpS1 DFEBLE AN L 720 ML T pAG6 % Z5E 12k
F9 5 Z LT, HsdS/pAG6 DEFELH % IEH 7 A F )V
LIRTEIZ PR D, [S982 DEnfgifithx/h& < L, 1S982 %
I—F35pAG3 %2 DT T A3 FOLFEILIZES T 5
WREME D, S HROWZERE L L THIKEV:,

L

FLEL T (2 PLH & LT\ B Lactococeus lactis O 1%
FHEE, 2 Mb REO/NIO ek L WEO T T A
I FEMPIIRET S 2 LN TH L, K407
FAIFIE, FEMBOMEEFEHLT, &5vIdmEH
RIC—ED I —HKr HOBER L, @5 IEMEIC Ko
MM AL SN AL lactis D75 A I PO E LT,
B CLEAT R GEFEE I — F$ 52 8T
b, BUELIZ, 727 b—A%IL, a7 1 F—Xif
T, 7T VEERGAL, 77—tk N TUF v E
#, HEWEAELR EOTREICHEG T 577 A3 FHYE
RENTWDo L lactis DNTET T A I FORHRAE
FIIHHR T LR, B2 ZB 2 g T
5o L. lactis Oy HERIZFL 8, A7, &Y, 4AELRE
LT D72Y), TTAI FEREEZ RS EFTREIC
HIELTWAEEZ BN L, PIZITHMIAZ I 10 FEEAE
BEDOTI7AI FeAT ML, HigdEsnT
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WHEWTFTAIRHEERENTV S, 77 AI PO
BEMENTIX, WE T T I A3 FREREEHL, BREK
DEILYE & PO RIULE % i L CFseobid & 3
Bo o T, WRETLHTIAI FEBRIRWICKRET S
TEHRTENRE, TTAI NN LOMSMETHRERHRT S
FHPE A RFERMET LI ENTE D, /2, E
AU R%BTIAI FeErbdic, 1EEOTIAIF
BRI LN, FEMEEESE S H T RE 2 SE kR DT
BICHFIHTE %, £18TIE, HEDNAIKT ¥ F A
WV 2 ZERANI: &2 iTb T, HEBROWET T A
RO L IMEO 7T A3 F2@IRMICkIE L, Bk
&SRR D R 72 DRk 2RI 2 kR B L 7,
L. lactis DNFET T A I FOFRED, TBEIBOFN G -
BRI 7S5 2AI FTHLI ERMLENTWVS, 22T,
L. lactis \ZJ 3L Tn5b 0 - 75 A3 Fa @i
BET D700, FEDO-7T7AI FOBRBEA % in
vitro CTEHRER L, AHAEWMTIAIF GBE7T I A3
F) ZAERCT 2 kA L7z, ARk, 1) WA
DOFERICEB L THVAZEDTELSFIAI FRY
% — (pDB1) OfERK, 2) THE DL lactis § - 75 A
I FORMEWEY 2 HEEL 9 %5 PCR 7T 4 ¥ —X7T
(VF3 - VF4) O#%Et, 3) invitro TOARMEM T 5 A 2
FOERER &, L. lactis wild type 75 A 3 K ORRIFE
Moib, RETIX, ERLIED, L. lactis subsp.
lactis 3 X U subsp. cremoris O HAE THEHTHETH %
LR LTz ABEORIIE, DTO3MICELED S
TENTED, Thbb, 1) 1 LERKRIIIRE
ETFERAEET, EMIMTHOAY =% —IZAHTE
%0 2) BETIAINEERNTE, FHBEMICHIL
AY =5 —DUBDPIRETH %o 3) BAFETIEBRED
HELWEER 7T AI FHERWICKRETE, 773
FORBERITIIGHTE 2, 22 TH2ETIE, 7T A
I FOBERWBREE, AEHLBRENOEREIZSH L 726
FECOWTRIR L, % 3 ECTIIARE RS & L7z L
lactis 77 A 3 FOFBEREDRITIZOWVTELAR L 72,
FEERRIZB W, 2w LSRR L s, R
ORFEEDBELRETH 5. RIFFETIE, L L lactis
biovar diacetylactis DRC1 3 X U diacetylactis ® ¥ 1 7
ANV A YTH5DL. L lactis biovar diacetylactis 13675
IZBWT, EEOHMEAEIH L, FEMIHEEORGHE
BErxREL TS 74kb D7 F A3 FpDRI-1 Z[F%E L
720 85 1 EIZFLIR L7241 C pDRI-L & #IRWIZ PR 5
52 LT, BRI DBIHOR WVERKE BT L LN
T&E7z, FEERBEANOFABE LT, 7L —nN—%
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FROBFMIZOWTEH 28, FIEMIGLA L, &b
%, L. I lactis biovar diacetylactis (¥, FLiFD 7 = Vg
»REHL, V7T IVELEKT S, diacetylactis DT T
POV EERREE, EBRICIE S D O EREENET T X3
F pCit O A #ETHE S, pCit Z 7z WH R TIZ 2
IR T L TV BORBIIBERT 2 E T )S
EHTHo TOURHMAND 7 T 2 W% HANICID Ao 7
WeHT T T IVOER L . U7 T VIEIER IR
WRWEET AW TH Y, HET D BRRANOE
B ICKE R EEEY 52 50 BNY — BTN E
7 L—N—ESNTWEYS, EEILEEIIFENE
Vo FRICEAE OB A, WoRIZHSR, T T VISR
LEIGADL IR/ INTE VD, £ TAZETIX
L. 1. lactis biovar diacetylactis N7 & 7 L. > & # Mt 75
A3 FEEROICKEEREL, V72 FIVAERIEOMEAZE R
P& B L 720 N7 ZMBERmT 1%, 2V A7 0 — vk
BB &2 A L, WREMRERBAOMEIHREIN TN S,
L. lactis ® CitP- 75 A 3 FIE, BRHK| R & TREL T
DEGICRIBREESN W EAMSN TV S, ARF
FECERLLTIAI FOBEINWKEEEL, CitP- 75
AR FOBREEFEDIC LTz REI L) FLSRRE X %
) e EE OB A AR CE, Biho ARG R
IZEED D,
WRIZESETIE, 79 A3 FOBIRNKEEIZL-T,
EBHEE IS BT B SRR LS Fbk & BRI, BREL
727 T A3 OB 247 o 7o R ICOWTRER L
720 Fx OWIFEE TR LIRAE L T\ 5 L. lactis subsp.
cremoris NIAI712 |, 5 FEHO T I A I F2H LT\ b,
FDHIBEHIKbDT T AI FpAGe T -1 % <,
FEIZEETH LN T T A I FBREMDPESNTHS
5F, FORREIIMANON T AELPoTz, 22 THE1E
IZFEHR L7273 T pAGE 2 #EIRIICkRE 5 &,
THREARIEMRADSHI L7z, pAG6 R L TEO NS
BEIEHEZE FLAR 712 A pAG6 TIE, FLEEEIL, »EA V4
B & OHGAAZ: &, LB LR E TR OB IE %
LT LTWz, 512, 7T12ApAG6 D7/ LI
X, pAG6 DEE k- T, EHIM O ) BIC#EIE T A
WL DBERIRE DI ENHL L 7720 KHf3E
TRZIOT ) WERIZE ST, HEA VHEYORLY A
BB { —EDBIRTHE 0pppepO 7%, HIFM 2 KL
TV I ex2EX ko, KELEDOEFRETH S &fEwm
F1F 72,

PAG6 I21%, TEF DNA O X F VALEH % ke 5 K
¥, T7ZbH Type I IR 56+t 7= v I HsdS 2°

I—FENTwiz, #ERT7TUE—% -0 DNAD
AT MALIREEDS, IR T OREEICEET 2 2 LI13A
HMOFFETH b, FICHETOT 7 ANERZMHT
% T VAR Y QDEBEEFELT thp ORGIHIEIL &

CHBNT WD, £ 2 pAGE DFRFHEEN, b
B, pAG6 LA T T A I FAE—HMfaHh 2 F T 5 IR
BT tnp OWMBEIEES LA L, I VARV UL
T opp-pepO REHNHRZ LD Tld v & FHHL, pAG6
/A 7T A3 FIERTO tnp BBEM % AT L 720
FORER, AT T A I FO®EIZ X o T pAG6 #HHLAS
REFEI T > TWAERHIIE, mpI82 & tnpS1 DFH
AR EAT LI 2O L, fEEFIEHMINE
W pAG6 % Z5E IR 5 2 & T, HsdS/pAG6 D2
WECE R EE 2 A T VLIREBICRE, /AN T VR
Ry v LM B EEER T omBEEE NS L, T/
LREE R R 7T A I R 2 M 2000 b
L7z,

L. lactis \213% { ® HsdS /N Z— 2 3 S s T
WL, BEOBMGTRRE OBRE AL 2FIZ£<
e L L7RASS Typelll R/M T3, FEREECHI D A F
WALIREEDY B CBfE - 0BG IE 2 #i 3 2 2 & A3
SN, AMEOHIE B AT L0, 77— Vi
DA OB & Do TH S Iz S W BRICILIERE S
M52 BT HOREI & HsdS 25E T 5 A FI)VILIR
FEOBRIZEEZE VG, 2870 5 ARIPZE TR L2 712A
PAG6 BETlE, BIETAREL TR WIZHEDLS T,
BIZFRBAPRL 55  OALBLEEE T 2 MR L 72D
5TH b TI2ApAG6 DFE 7T A I K pAG6 121,
HsdS & 327 FI 7 AMPERT CadA/ CHa— F &
NTWb,cadAd/CEI—FFTEHTITAIFIE, 5
2 % — % — |2\ 5 Lactococcus strain (25 < 4545 L
TWE Y, EFLORAY ) —=0 7T, LG HE
@ L. lactis ssp. lactis (34T pCad A LTz Gk
5592), L. lactis % 7V 3 — ARMEEH TR#ET S &,
BHNZT 7 N —=ABILET T AI FORET S L9 12,
AELRTIAINILELIERDNE, L7 ->TH
PW» OGS NZHHKROETOY S FI Y AMETI
AI RERE LA &I, MeEHEN 2 LR S
51259, —OoDuEEME LT, pCad &3kica—FX
NTW5 hsdS (HsdS/pAG6?) IZEHLTWA, T74b
%, HsdS/pAG6 235 TOAEFIZHFI 7 A F VALIKRE
EEDHLTWADTIE R WA ? LW RGN L
FTETCWLESI) 0 COWHEEMTE T T4 —
KRN RE B DR E LT Ww B, INRA @ Chich & 13,
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L. lactis NIAI712 O5#34k L. lactis NCDO763 % 7 X 71
V=74 774 FEH#H (CDM) CTH# L, 2WE
Y Xy Bk 2 RICESIKEN THH T 5 2 & T, 400 A
By NEHRHE - B CELEHELTWS, HBEIXT
L. lactis NCDO763 % M17 ¥ith, BLUAF L IV o5
TR L, REHARRIVICHEBIT AWk Y v X B
HL7e TOME COMR MITE®BELID S, IV
BEMERICL WAL, ARICEIEOREVAKRY

h& LCHsdS 25RE & N7z H LD HsdS %Y, FLBR
BT CHAMBOEF ICAEM BT EY & L THEB D)
ILENT DB E LS, L lactis DSEE T 5 hsdS &1z
TOMHIE, 77— VIHEICEES L2 TRINVY
FCOHBROEMIEIC O FEEET L7259,

L. lactis THEE\Z RO % hsdS #{5T13, DNA B
HORGEFILCHES ISHMABRZ 2RI L, HifEo hsdS
AU SE D, BN D hsdS 75, MMNIZEL
FZWRRD A FVALIREE L, BbkE 3R % 27259, FH
X, 7RI FEROBENG ERAEBIZTFEOLDDE
WeIkIZ, 7 ABIEFEEDO A F VALIREOE N D,
L. lactis O TRBEERE B4R BRI E IO A LORRE TlE 2 v
EEZTVD, RIFFETIEL L7797 A 3 FERKE,
PRRAF L9 72 2 T VALIREE % AT 3 2 OLZHIE LV SEER
MECTH Y, A FIALIREE L ff EOBE T3 L OBk
X, SHROBIZEREE L CRZEEEKEN,

%!I

5

RWFER L e £ LODLITHT2Y), RPEFELRRIED
fRELE TER ) £ L2THE RS R,
PROEAEICRIE 2 B IEHOEZ R L T T T 72mEIC
bich, FOMPVTIRELE CHEETHE T LR
TREAAR AR IE R WG EEIZ, AL OE
HEBFIEZUITE) E LR FARAE KRAEE
%, FHERFRSH EHBRREIR, A ERER
WO E D EHE L BT E 9. AMEOZBITICHZY, 1%
o ZHEE TR TS T Lo IERT, HiE
YottgesEis, et seE e, e T A
MBFEE RO L D EHH L BT £, 72050 215
BLEELR IS 2THE L HEEITTEAT S EY
HF—2 B, SHEWRENTZET — o FLERE T
RTINV—T EARF L, ARICRFERL, deiEE R
WFFEATsEs 1 Bk BARRE St JTin T =m7E=EE

ALR =R L7 & NS ET i A e & ik
AL X DAL L BT 5. EUHIREN
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B C SR B TS SEEEB ) T L, 2K
FHYEGERE MTEREIR, UWHNRFERFER RS
Wigeke EOCEHk—BI%, LRI, ST
e I, B A IR gE B
LI, (R CHFLE L iS4, K8 D
TiCh7h, EBIRLLBEELZ2IUE2HY LA
AT YR AT se s AR gL, LR

77— ERBRHREARE TS, WIRICSHSES
F L72BIGIE (B WRgeALarkeerl=mrsemr k4
RO E Y EHE L EIFES. F42H4 02
BiE LR TBE T TES ¥ L 7-% e Y
WHFea B o ¥kk, AWEIEIZEET  AILEAE IO &
DBRLP L LT E 3. ®EBEIC, BIEETICHMEERL
IR E L CIHW2WE, RFE2SHEIEVR REM
B CBEH 2L E5,
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New methods for selective plasmid elimination from Lactococcus lactis and
characterization of the genetic variability of variants derived

from Lactococcal starter for milk fermentation

Miho KOBAYASHI

Animal Products Researh Team

Summary

Chapter 1. Manipulation for selective Plasmid Elimination from Lactococcus lactis

Strains of lactococcal bacteria are used as starters in the fermentation of dairy products. Such strains generally carry
a number of plasmids, varying in size from approximately 2 kb to 80 kb. Some plasmids encode properties essential to
the manufacture of dairy products such as lactose fermentation, proteolysis, diacetyl production, and phage resistance,
and others encode nonessential or unknown properties. Plasmid elimination is a fundamental technique for investigating
the diverse properties of encoding plasmids. It is currently performed by culturing with a mutagenic chemical such as
acridine orange, culturing in unbuffered medium, exposing cells to elevated growth temperatures, regenerating bacterial
protoplasts, or a composite of these methods. With these methods, plasmids cannot be chosen for elimination, and the
simultaneous loss of more than one plasmid is frequent. In addition, the resulting variants that have lost co-existing
essential plasmids are ineffective as starters.

This study was designed selectively to eliminate a 6 -plasmid from Lactococcus lactis strains by transforming synthetic
competitors. A shuttle vector for Escherichia coli and L. lactis, pDB1, was constructed by ligating a partial replicon of
pDR1-1B, which is a 7.3 kb  # -plasmid in L. lactis DRC1, with an erythromycin resistance gene into pBluescript II KS*.
This versatile vector was used to construct competitors to common lactococcal 6 -plasmids. pDB1 contains the 5' half
of the replication origin and the 3' region of 7epB of pDR1-1B, but lacks the 1.1-kb region normally found between these
two segments. A set of primers, Pv3 and Pv4, was designed to amplify the 1.1-kb middle parts of the general 8 -replicons
of lactococcal plasmids. When the PCR products were cloned into the Nru I and Xho I sites of pDB1, synthetic replicons
were constructed and replication activity was restored. A number of 6 -plasmids in L. lactis ssp. lactis and cremoris were
eliminated selectively by transforming the synthetic competitors. These competitors were easily eliminated by subculture
for a short time in the absence of selection. The resulting variants contained no exogenous DNA and are suitable for food

products, since part of the phenotype was altered without altering other plasmids indispensable for fermentation.

Chapter 2. Breeding of new Lactococcus lactis starters by plasmid elimination

Lactococcus lactis subsp. lactis biovar diacetilactis DRC1 carries more than 6 plasmids, including a 7.4 kb cryptic
plasmid, which was designated as pDR1-1. pDR1-1 was found to significantly affect the specific growth rate of the host cells
because of its limiting effect on growth. When pDR1-1 was eliminated by an unstable competitor to pDR1-1, as described
in chapter 1, the resulting variant, L. lactis DRC1ApDR1-1, grew more efficiently than the DRC1 wild type. In addition,
Lactococcus lactis subsp. lactis biovar diacetilactis N7 carried an 8.3-kb plasmid, which was expected to be the citrate
permease plasmid (CitP-plasmid). When the 8.3-kb plasmid was eliminated, the variant, L. lactis N7ApCit, lost the ability

to metabolize citrate and to produce the aromatic compound diacetyl from citrate. Diacetyl produces a buttery flavor in
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fermented dairy products, but this aroma is undesirable for yoghurt. Therefore, selective elimination of CitP-plasmid may
serve to breed a variant preferable for yoghurt starter. Neither L. lactis DRC1ApDRI1-1 nor L. lactis N7ApCit contained
exogenous DNA, making both suitable for food products.

Chapter 3. Characterization of a cryptic plasmid that contributes to the stable maintenance of host genome in
Lactococcus lactis

Lactococcus lactis subsp. cremoris NIAI712 carries five different plasmids, including an 8.7-kb plasmid designated
PAG6. pAG6 encodes a subunit of a type-I restriction and modification system (HsdS), as well as proteins involved in
cadmium resistance (CadA and CadC). When we eliminated pAG6 by inserting a competitor into strain NIAI712, the
resulting ApAG6 variants showed a slow-milk—coagulation phenotype, even though the cells retained their lactose
fermentation and proteolysis activities. Pulsed-field gel electrophoresis followed by Southern hybridization analysis showed
that chromosomal rearrangements as well as co-elimination of the 50-kb plasmid pAG3, which carried an oligopeptide
transport system gene cluster (opp-cluster), occurred consistently in the genome of ApAG6 variants. These results suggest
that the stable maintenance of pAG6 prevents destabilization of a co-existing plasmid and constant genome rearrangement
of chromosome. In ApAG®6 variants, transposases of IS982 and ISS1 were expressed at lower levels than in the parent
NIAI712 strain. The expression of these transposases increased in an intermediate variant containing both pAG6 and
competitor. Therefore, the frequency of chromosomal rearrangements and loss of pAGS3 in association with the IS982 and
ISS1 elements may increase during the process of pAG6 elimination.

Out of the entire sequence of pAG6, we have focused on the function of HsdS as a factor that serves in stable
maintenance of the host genome. HsdS is part of multi-functional complexes, i.e. Type-I R/M systems composed of three
different subunits, HsdS, HsdM, and HsdR. This complex is active in an N-6 adenine-specific DNA methylase, a DNA-
dependent ATPase, a DNA translocase, and a restriction endonuclease. Since HsdS is responsible for the recognition
of a specific DNA sequence, the restriction and methylation sites in the genomes would be altered by the elimination of
HsdS/pAG6. We therefore expected that the restriction complex with HsdS/pAG6 would cleave pAG3 and part of the host
chromosome, or that the gene transpositions regulated by IS982 or ISS1 would be promoted by aberrant transcription of

the tnp genes following the methylation changes near the promoter regions.

Key words : Lactic acid bacteria, plasmid, growth rate, milk fermentation
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7oA AT VRIROZE IFASKRIEIZIA Lice ZDOMTH
AR IRINAE  (BSE) O F84: 123 % 38 L 72 K[ e - P
N, /094 )VADFATIC L ZHIEOTE Lok, B
ERLHERORR X 2N BMKEY OB WER % &,
BORL - BEEFH P T I L Z OJRETHE ) B E R
WRIZTITRIEEATE L2 WIRRICH 5,
ZTNTERSEIMD % B L L72EZ Lo L L7
HHEIEEHCIE, BEMICEDE IR A7 DHBDIES
I Mo FLIEH 14 EDS 184EF To, MIEIZHET
B B OERBIFE AN E R L7z,
INLEPHERO ) B, BEROTREGEDOZ N

vunNyy— - JxVa=/ay, YVELTIENA,
ZLTRERBER Y TV Y 2 BIC oW TIRRE NS
IZHET 22 BN TE N HEmE N L7
BERHESHERE L T0b, REHHIM % ER L L72F
PEAERHE, HeEEEE, 2 L CUUHER RS T H B B
RIS LT H RS H Y, WRERRY 2o
EBRBTOY A7 OISR S b,

ZNTRESVEMYLIBE T, IS FEMED
FCETERRERIT L VDS ) Do FEREIZBW
THREHREY IR IIIFREIMTH Y, WEERRY Kz
AN TOUWMHERD SN TSI L, FowmEWIZHERE
JEELE L CORHEEZ 5 L, FEHRTAEMEOMAHIC
L2 HEREYORIEEE EHT 52 Lid#EL v, fEo
TR I A MDFFTHIPAT) A7 2 RBSELRY VR
A, ROBBENERETH L LEZONDL, TAEIC
BOTIIEREGHEICBWTHES, 7 FIvLAS%0ES
BTG\ % LBRMEISAEAET 225, A EmA B
L7-HBNIHAED E ZAFE L Vv, Lo T I T,
FETMENC BT 5 2 S A ERAEY O AL B AR IC O
WTHIMT S,

T A AR ERER#R (United States Environmental
Protection Agency : USEPA) 7% 1994 4E 12 5% % L 7= 40
CFR Part 503 Rule™ &, /31 F~ Z DML, HFIZTF
KiBERERE Lo EL LT, LITLITERE

F1. HEMEPSOREHBOES

14 4EFE 15 4EFE 16 4EEE 17 4R 18 4EEE
M (%% 1,377 1,110 1,152 1,065 774
FIVERTIBH 465 350 225 144 124
7R BRI 72 59 55 63 61
RV ) X AR 0 0 0 0 1
WEBRE 7T+ 229 108 205 113 71
I 5 R TR 97 47 45 49 43
TV a 37 34 28 27 35
YL AR 7 12 25 16 18
INYZT - TryFuagFh 8 0 1 0 0
Ho¥anNy y— -
Srvaz 447 491 558 645 416
FrETY)F 2 2 0 0 0
IV 2 0 0 0 0
PRI 2 1 1 0 1
F 7 AR 0 0 0 0 0
INTFTAAH 0 0 0 0 0
Z DABAI T 9 6 9 8 4

* A S R & ok
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JEBR Ot %#Em T 5 LTl s 5, F2I1TRL
7o & 912, Class A O FE#E % G 72§ HEM L, Kb WA
& LT 1,000 MPN/g-dry weight L FCTH B Z &, 72
i VvERIRE & LT3 MPN/4g-dry weight T» %
ERENTW S, T722005 F12 A FY AIZBWTR
& i1 7z British Standards Institution’s Publicly Available
Specification for Composted Materials (BSI PAS 100) T
X, RO T RERKEE LT, KBRE & LT 1,000
CFU/gfreshmass U T TH B2 &, FEHVELRT
JEW & L C absent/25g-fresh mass Tdh 5 Z & SEHK S
Tz ™ REBLUEEOTA FT 4 124, &
DI DML ERT 2720, WIROBEBEIIBIT S
WUERT L, BIEREE, LRI OV C O R #EAs
BN AFNTV D, HEIROFHII A EOMAY) (FHH
JARERAED R IV E L TWE) OWBEHVTWw 5 H
i, A+, A TBLITF—A M) TR ED
HHY, WFNOEICBWTY, $XTOHEEMEY
e, T AD TR CHIVESR TH E 7238
\ZBIT B EAHGRIRERAEY (KIBE R, KWk,
KE) OWBEAEMEWICET ) A2 & LCEHIEL
TWa,

MAEIEHENE & LB L TNy R Y I EBEnZ e F72
BAAFEL72) OEEVSEN L0 EMRICELTBS
3, AR E L ComEEEE Y o THRBOFIH
FHREE L IEBRRERIIRONL 720, MEICHET
BFEEIIFITHAEL Vv FEELOIFRAY v 7 12EMH
SNFERA, BEHEMICHA SNDFH b By oh
B0, BRPICHEEND AR, mEILEMB LI UER

A5 UHEREI R B ATV, T IR R R S T
SHUAT  FEMT 5 2 EPBEFH SN T B Lo LiIRE

#95 (2009)

RIFIBDE KT %L Ghico, HEBIZ AT
WEA LIV, Ko T, SilE&EICL2H
ERVEMOFERITINFFCTE T, WL IXR % 55 EME
WORBALFESRKD SN D, TR TH 2L
BOKEE, WIN~OFRA, BEMEIZL D ES W25
T AIRELH L 2,0, UKL -HEMEDD
BRLPEE NS,

2. BEOWR
(1) HAR{LAIBICRIT 3%
WEMHEBEREICBWTEET 2 BRI, FEMEDD
FERI RN RAND B Z L HHIBN T A ¥, Golueke et al™
DR LA EWAEY, MEET N OIRIRE % % 3
VR o HERALIC I 2 B L 3R L > TRZ 5
25, WEIREIX 70CEL FTEAT S, Lo Tl
F IR LB EMEWRIICIRT 5 &£ E X H5NLHH,
WY SHIE— SR e BET A LI L v, 72
L DY) 2 AT O B0, KR%, o (BRRt
) EDLEE ENDBH, TS DO E THEI AT IE
IZHEAT L e o 223120, TR TS RS L IR
ML EZ 5N D, Lo THID 40 CFR Part 503 Rule 35 X
U°BSIPAS 100 Tld, & 1) HEFERWELEFETOY) A 7KK
ZHIEL, WENREB L OZFoREEO 7 a2 120
WCHEEI B E R IR LT A Y, FoE T, —
FEMHER A LIS £ OIT L 72 SRk AR v R
(Regrowth) T 2EKRMHEE 2 ->TBY), ZOERDOHE
WD 5TV 5 ¥,

(2) HAE{LALIE (RIS BHAR
—HEENI, FROILEIERR LR ) % SR IS & A
PRI 2 B L RS 2 A%, AR CldRHECT & HiY

x2. KESHSVEEICH T ZHEDOFTEMEYOELE

Organization Regulation

Requirements

USEPA' 40 CFR Part 503 Rule

Class A:

<1 X 10’ MPN/g-total solids (dry-weight basis) as coliform

or

< 3 MPN/4g- total solids as Salmonella sp.

Class B:

<2 X 10° CFU or MPN/g-total solid as coliform

BSI? BSI PAS 100

<1 X 10’ CFU/g-fresh mass as Escherichia coli

or

Absent/25g-fresh mass as Salmonella sp.

' United States Environmental Protection Agency
? British Standards Institution
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F3. RERFEEBEYOSTRRE

Thermal deathpoint

Organisms

Temperature (C )

Exposure time in minutes

Salmonella enterica subsp.
enterica serovar Typhi

Salmonella spp.

Shigella spp.

Escherichia coli
Staphylococcus aureus
Streptococcus pyogenes
Mycobacterium tuberculosis
var. hominis
Corynebacterium diptheriae

Brucella abortus/suis

55 — 60

56
60
55
55
50
54
66

55
61

30

60
15
60
15 —20
10
10
15 —20

45

*Golueke (1977) & 0 Hoke

& U CHREEIRICIRY % LB LT S N7 IR A 1
JEER R & 2T o MBLILERIZ DOV T, i&ﬂlﬂft
SJLER & Ll L CHATARES 72 ) O & T B AR A
#ﬁw_b,it%@ﬂ%#m@f%é_t#%,mﬁ
DEVKDOEER LR 8D 720124 KE 5 8E% LE
t?éoiof%%%%@lb%ﬁﬁﬁiﬁtu<w@
MIZH 5, —HBOMBHEEIZBNCIE, BRVATLE
% Y 5l R Y TR OB E @%ﬁﬁh%T%
XD WIRATHIRISET DAL H LS, — ik
Lﬂ7ukxi¢mﬁf%%?é&% B RIRBEIZ D B
FIRPOIREMED % E0AEMAED L, REIMICHT
DT HZERMSENT NG V2B A 55T
2 B it T O WA LALELEAE T UL, SR LALERR
BZZ ORI X 28 EMAEY ORI 23 S T
Wa W, ZO—)T, RSO LELEREIC BT BV
T T RO 2 R H O 5L W s
NCTBY, BELNOT 727 5 —PEEMEDOHEIC
WEARITWRELEETE v,

3. EDOEM

RRZE T, EIEOREHRMY % 3%k 5 ML, B
L ORI % 3O AL ALELE R 12 B U A A o
AL IEZ HA & LT b, i8I S 7z HER
LB OIREE L 70C L FTEAL, £ ORFEME
WEFRSEDL LNV FETET Do L LA S HARE
MIZBW T, HERLEITOEE 27 77 ¥ —ThH DK
TERFBET DOILE LT H 7 AR 5% EOKRGFHE

Mg L TENNEE, 3B ARTETH-TD
& ASE N2 EDORGED S 5 728, Wik 7 HEE LA 2%
TN TR WHEMS BT 5N 5, FFICENEKRS
ThrH4#E (F8%HiE) OHERILIZB VT, KR
B OLEMRIIE . BRI LD LT L5 REBBWIE, H
JEPEREE (0157, 026, O111%) O X7 5 RH B
LEZONTEN Y, 2oy LEERETco) 2y
BRI EELREE 05TV b,

Lo TARWIZETIE, FFIREDS LA LIZwEksy
HERLECEL T O EMAEY ORRAL 2 et S8 5 ik L
LT, REHELAERBEEWEORREEEY & OREGHER
b BET L7z Pk 15 4R 1S fifT & 7z G B R R O
HAFAEOIREICET 2 EE (Am) A 70k T
&, AEMBEED OFERC RSO FM R E L COFAF
FADEEEL LTSN TBY, ek, BEHFE 2i3iE
ENTWBEEM O AR OV TR A % AR &
NT\ 5, IFRM % A HRBEHEY OVFEF H 2 RAE$ 2 —
EREE LT, F-BEMAEYEEBNICER S 2Rk
&L TE DRI 2 5 A7,

F 7o 4R, HERRLEAE C—BIRT L2 A EMEY
7S, RGRIRIE 7 & A FE M) 2 & T, FO
HeEH CHAIE T 2 L W) BIRPRIE L o T b, HEE
LERIZ BT 5 HEMEY ORI Z, HWEHTORH
OGS REHEEOFE ) 2 BELEREEZ LN
2728, ROV THIRE 2 1To 700

WIE AL DWW, HERE R E i L T2 b %
LR EED D v, —88, BALELER CHEREYD
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BT L2 BAHRE SN TV D05, ZOFRLOHEH
PERTEHPHE I S 2o TRV, 22T, AL
LB BT 5 KRR OBERICOWTOHEZ/RL L &
DI, RKIBRHOMR B L5256 LE2 0N YH
LF 8T A — & PR EOWER Z T L, Th o
DEHEYEIZ O W THE L 72,
EEAZMUT, PR ALILERE DR LN 2 eI K
BEAHWONRTWSE, Zhid, OEMPIITITREL
7S (105~ 10" CFU/g-wet) THEEE M TW5 2 &,
QU NVELRTHEOHEMEDOBEENEL) 2HT
BHHT L ®BT QR NS T BRI O BB 5
o TWHLZ EIZE D,

4. KHRDOERK

AWFFEITHEIL LB 2 5 U7z 2 ~ 4 38, B X 0L
WG58, 2RERB{LE6EEZGLE6E
POEENT VS, UTFICHE2EHELLE6HT TOM
TR L kAR R,

2T, KGN CBIE R HEREATHEST LI Wi
BB OMRE L5, B X OKGRCEE g 5 72
O, /INHHERELY) 7 2 & — % v 7223 b AR BERE Y
L ORAHMLZE RA, ZORMEEHS T 5,

3T, 52 HOMGT L-RAEHEILAAEIZ B W
TIRMAROGED SN AR TH 5 S % H
WV, 8y b AT — )V CTORERRIHEI LA B L)
B AR OBGEE 1T o

EATTIE, LA T — VB X OIS T3 %
ERBEEY OREGOAED, HEWL b T O RS W O
B2 282 WL 2T 5720, I AZIICHERM L
T2RBWORRE T 27 v A Z2EM L, HEpT
DOREFWORGH (FFRH) (S EE 525 BERIZOWT
B %2479 o

§5ETIE, PRI ERMTEMICRIH S h 5 C
DL WIEFROWENEIZOWT, FOMHEKRICBITA
KW OMNE, BRAESSoREANWEOHER, pH
LA ITCENFE OWBLFEN 8T XA — 5, B L OIS
A X WA OHR IO W T 247\, HHH
ORI OV THRET 21T o

EomTIE, AMETORREE T LD LELHIC, X
0 A 2 REDRIE LI B % 5B OBREIZ DWW T

A

497 (2009)

F28 SKHERESICHTIEREFREEY
DESPRIGERERICRIFTHE

1.
REHEPRIEY OWAF R EETREE 2o THBY, &
AEEERIZBWTY VAERICHAET 2R 8700 5 b >~
DFRFHM DWIRD 25 1 hk % LY MADTR ST
%o

HERRALAL A B BESEY) & A BR A 3 5 72 0 I RRBRIY
LR TELFETHY, HERY OB TERIE
RIFIZAGR S, BEREY EROERLEL I Loy
Yy r7HomEe & bIE RS ES L BB FE8H
o F WU HENALALERIE, BEMIEYEC X o TR
LRl &0, B A R M S O F - A KR AR
SEDLREND B P REFMMEY A VA, M,
F 7B ICHIR T 2 NGB0 EMAEMISH RS
NTOWBBIRHE SN T VS EHS, RUFOREHE
M % B AT 5 & LI AN AR )
A7 LY b,

PRSP (R R RS T 0157 © H7 O EZ %
BmEHEhTwaZ ™, $£7:0157: H7T 3B o
AN LD HERT, FoRICHERINWERTTLY
BCAFTLIEPMONTWE I ERD, TRONE
FHIIHF % 0157 : H7 O FHIEGLIR & 722 o T 2 W hEME
AR ER TS Y, Wang et al™ 1343 H1T 0157 :
H7 »5CT70 H, 22CT56 H, 37CT49 HMELFL
Tl eaHELTwD, T, HERLEFETOR
MK L 72 ERAEY O EEN TS, L2 LAA
5, FIIIKGA80 — 85% & Ik &, T 2RI
e ERW G SN TV B RE OB THREF RO
R 2GS SN TV B HI, BAEMRORE L %255
YA O EH RN D Ve X o THEMAEY OILR
M F CHENURE 2 A 3¢ 2720121, @) 2 e
BOKRGRIENVETELE b, TPEIIBWTIZF A2
Z, W77, BE B X OWih EAUKG M L L T—
BN SN TV E2S, TRTOHITHEMEZEL T
DREM MIEAL T L OIS N TV ERTIE RV,
TR ORI DR T E VAT, HEREOR
DEARGD F FHEMALLIL % 7 S B HEBD Lz
JHND, 2 TR TIZEAKSOHEALEREIZ BT
B RKIGH ORI 2 2T B 720, AHEEMOREIC
X BT 0 & 2 DS R AT,

REBRTIE, RWIKD DR 5 HEEMENIRT LTS
GIRTEA B ORMZ AT, KRG LRVITBIT 555

i
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fEVER P OWREE L7, B & ORI HE B O EGRR R 2 7
L7z Otk FicOBREBESY & FROEAHELL
AERZAT, T OO EA & RN B R R IZ D
WTHRET 24T 2 720

2. EBF*

(1) HEBEERF DMK

VA O ITHEEWIEA (D 13T oA E
ORI L 720 HLFVE & IR OWREFE Z K5 L T b
ENOABEL Y, TIRF T R EOFEHRALT
W WIRRECHZERIN L 720 K%M & L C 8 mm ££
DXy v a il LSRR T 7 2 vy, BRIOKSGIZ
T B 720 R 2 R RIS, BE L7

(2) /NBYHEREAED 77 42— 6 S OEERERM

HERRALIE, B3 IR L 72 RN AR 12 L O R oo/
RIHEREAL ) 7 2 & — 2% 2 T o 720 IEEHISE
DEOEER %, HEROHEFEFTIEBOK 25 7.5 cm
OHLIZERE L7z, A, HEARER ORI S 0.4
L/min O EIA& THEBIAT- 720 —HOMERIE, b
OHEREAL) 7 7 ¥ =54 HE IV, 25COMHERZEHNTHE
L 720

(3) PBLVCKBEDEE
1) Ko

HERR 7K 7318 2 = % 105C C 24 BRI #2 M S & 7274,
T2 — 5 NT 30 S BRI L7z,

3. HBIEU TV 2—DBE

Schematic diagram of composting reactor.
a, insulation material (Styrofoam); b, trap for accumulated
water; c, cylinder (PVC); d, thermocouple; e, stainless-steel
mesh; f, aeration pump; g, flow meter; h, flask for cooling
outlet gas; i, gas sampling port; j, recorder.

2) MEMEIREE

ANEIHEREAL D) 7 2 & — ISR E Lo BVEAFIC LD,
7—%us— (¥—E% v 7 EF MODEL 50204, VL
W) & AT 2 R 50 EHEAE 21T o 720
3) TrESTRESEHR

T YEZTRRERIE, HEY Y T E 2M KClE
1:9 (w/v) THRAEL, 3070HkKEE, 155N 7CIEKIE
it % Bremner 3 Y 12X o THHT L 720
4) HE Wit 8 % E k= (Biochemical oxygen

demand : BOD)

HEE® BOD i, HEAEEE (AT —TI12&-T
B h) %300ml OEBKIEEL, r—air—%—
(RAEHHT) 12X 5 HHOREZT> THE L 72,

5 KEH O

KRG BOMEX, HEMLE EBAEKE 1:9 (w/v)
TIRA L7212, K& T 10,000 rpm, 545 DK ES
FA X %47V, ZOHPRY] (1:9) 2w nE
HIV T T — LR (Merck) & H 727 AR
B TKRBR B 2L 720 852813 37C, 24 BT
TV, ¥R EEFEHE CH 5 salmon-galactoside 7% § -D-
galactodidase 12 & > THBE N LB T R0 &,
X-glucuronide %% f -D-glucuronidase 12 & - T4 S 1
LEICHET 2 HBOMEDIREG LIBICET 28~k
fopan=—%b o> TREGH L HE L.

(4) KPDELZHIEEFHKHT BRUNRT L EER
B&

HERREURF O RE 4 72 KA LSOV R RET 5728, BRILL
727K 55 84% D FII L, K5 12% DFRT T O
REZDHTETTI%, T4%F LT 78%D 3 BB /-3
R T OREMER L2 FNENOKS LIV
HENE SR 2 BN X O R IX) & L7ze o
OHEMBFEHZRT L, SaitEam L L TR RT b
Y (FAT) R 4A%OEIETERIML 72X % 5%
E LT TNZIEE T 4kg % HEALLLEE 12 F L
R T o 720 HEMLIZ 7 BRICEEERSBY L
FTARITRAEZT o - BICHOEBICKE L2, €0
o, HIZ5 HMMEAZATV 12 H AN L 72k 5 CHEAE
LRBR AT L7z #0538, MEALRAR:, 2 L CHERRIL#
TR v T xR L 7,

FNZNOKGLNIICBT D5, #ERINX O
BZ, 2 HEOHEEILRERIC X o TiTo 720 &K LN
DERIE, BHLHIZ, 4209 VOFEEZH VT
To720
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(5) WAKDHABEFHINT 2 BEHHEZNDREHR

3L HMBREY % 65 3.5 OEETREL, ZOK
Bz mmL T w3 - Y ZiIRE6 W & SR IX
CHHRIX) & L7ze 043 - f7Y ZIREM D= O
17%%, SJEH, Kdad, Whid, EFEE, WBRHE
B 2HEONTETI % O 7 HEOATRBEED
THEELREAWZWIIX & L CiRE Lz, 2HEO A
TAITIMBUIPWTE, BERBICHELATNEETI
OMBIZBIT 2 MEE™ 24 LR L7, L7
AT IOMBE R4 ITRT o IREWOKGIIEE KL I
M350k 18RITHEL . ZO—HORERIZ
124 BOHEEALEEE A v, BRI ORIRIX & & HA 5
FEIFEW 2 RE L7 SHHEORMKX 2 Bi#E L7 (%5),

3. HBRBLIUEER
(1) HERBREROKS &EZPHREFTRMOES P HEELE

BORELRICRIFTHE

WRPIGE D SHEILRE X ER 2450, WEROHEE
IZBWTH 2HHDS 4 HEIZT TREIRE Z ik L
720 ZDF%, 7HBIHEMEEIZ30CELS EFTRTL.
7o, FEEPOHEREZIY ML, oI BELRICT
CTIVERIL, BUEENICTE L, L LHRTE
BOMWRIZBWTIE, BEEREE LA RO SN ho
72728, WE AT AR XTI INE RO LK
X, LR S THROT =2 12oWwW T TH 2 & &
L7z20 K LAVIZBIT BEEIK, BLOKRYRT
b RMX O 7 BHEOMMIERE 2 X4 1278 L7z, mE
HeRBIE, 28 CTHEML72HE D K LETIFEFITELL T
720 MIZEEOHLER O s, TFHReimE, R
HEWOBFIZER) L T is 55C LLEDO R E O Rtk
MY HEIRALRAMART S & 07 HEBHRO KRB R £ 6
R L7z

#95 (2009)

£4. ETIABLUBOER GEE%)

Constituents of garbage A and B (% of wet weight basis)

Garbage A Garbage B

Rice 20 20
Cabbage 30 30
Apple 15 15
Banana skin 15 15
Grilled fish 10

Tea leaves 5 0
Coffee grounds 5

Grilled beef 0 10
Salad oil 0 10

RS [RE Z AR A aE ] (1996 4F-8 )
& BB I & PUE L 72,

x5. 3EOHREHBRORBRK S

Allocation of three runs of composting trials.

Composter] Composter 2 Composter 3 Composter 4

Run1 Control 1  Tofuresidue 1 Ricebran1 Dried chicken feces

Run2 Control 2  Tofuresidue2 Ricebran2 Raw chicken feces

Run3 Control 3  Rapeseed meal ~Garbage A Garbage B

WENOKG LB WTE, RYXRT b RN
DRI & B L THWHEE R L7z, KA
LAOVZ BT BEERINX &R RT b ViRINX & o
EiREE, B L O55C ML O O R % KT %
&, T1%K45C 23T, 17 Bef, 74%7Kk45-T7.0C, 30
B, #LTC78%C9.2C, 51K &Y, ARG LAN
WA BT ERY T b AR & 2R EASRD &
WEIZ S o 720 HIZ, 2 OWE AR E B OB
EEWAHBEASEE & L7z, United States Environmental
Protection Agency (USEPA) 3R R IEMAED % k3 5
L LT T U LORE~DEEL, 55CH Lok

F6. RUNT > OFMPHERBE S SOKBERAOERICRIETHE

Effect of polypepton addition on the temperature and the elimination of E. coli.

Moisture content Maximum temperature Duration55* Number of E. coli (CFU/g-wet)
(%) (°C) (h) day 0 day 7
Control Polypepton Control Polypepton Control Polypepton Control Polypepton
71 68.4 70.7 52 69 1.6x107 1.0x107 <10° <103
74° 60.0 67.0 38 68 1.1x10° 9.5x10° <10? <103
78 53.5 62.7 0 51 1.6x10° 1.0x10° 1.0x10° <10?

2 Duration of the temperatures above 55°C.
® Due to a trouble inside the composter, the data in one of the duplicates of a control (non-addition) treatment containing 74% moisture was omitted from
Table 6.
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1%

Temperature (C)
=
[l

Temperature (C)

Temperature (C)

Time (d)

4. 71%(A). 74%(B). LV 78% k4 (C) ICHEL 1-#
BEERHS, RUNT b ZHmM, £-EHMUEVGE
DHEPLRE OHR

Changes in temperature during composting process at (A)
71%, (B) 74% and (C) 78% moisture content level with or
without polypepton addition.

Data of duplicate results are shown. Thin and thick line
show a time course of control (non-addition) and treatment
(polypepton-addition), respectively. Due to a trouble inside
the reactor, the data in one of the duplicates of a control (non-
addition) containing 74% moisture was omitted.

FEE 3 HMU E#BE S22 E2RLTWE Y, HE
b7 B KGR, 78% K528 2 EAINIX %
X, TRTOKIZBWTI10°CFU/g $ THETF L Twi,
78% K AT DIEGANX T, R 55T 113 FE S
T (M4), KBHEEL 14+ =5 —BP L72OATH -
72o TOEHITRY T VI, RIS
BWTKBRBOKE 2 RET 2 L)V F TlEL Bi
SHDLRENHEETH o720 R NRT b IR ML
FELTIHSNTEY, EWREIR) T 25

¥ 03 B KGR ORI ZBE§ 5 A 7E 79

HEeLTHMET 22 L TRBNEE S T Y, HEE O
FARICEEERIILZEEZ LN,

(2) BARDGHRERICHT 2 SEEHREZVOREAIE
EEREHJUCKGEBOERICKIFTHE

MIETRENIZLHIE, BELRAIIRHTLER) T
N RIMORFEIL, KB T8% DFFIZHRDIEFETH -
720 FTTEIKRGSEM (78%) (2B B M4 DA HREES
WOTMA RN DV CTHEREER 1T - 720

TRTOHELRERIC BV ClRAIE R S L LA
Lo, HEELRMEH 1 - 4 HBOMICRESRE %
SR L7 BMATR 7 HHICIEEA40THELC FTHERTL
72728, HEFRALEEE A SHEIR ALY M L5 L7
%, FOMIELEENICTIE L2, #IFEL T XToOX
THERIRE FADPRRO SN h o770, HIELEER
12 HETHRT L7z, lE EAo—#1E LT Run3 2
B HIREHRE L5 IRT,

HREBEZEY OFINC & 2 0E FAMRIE, ABfEL L
0%@%ﬁ%%8%%<¢&f08:£w A5
7oo FEimE, 55C LA EoF e, 0, 7B LU 12 H

:‘iék%ﬁ&®%%%%7sztoﬁ&%%w
ZIRML IR OREIRE L, Wb 55T I
ZEET, 44.6 — 51.5COHPATH o720 —HIZEAK
GOFFOHEIACTIE, FEIRALEL R 582 72 K o3 AT &

DERAEZ L2 VRD SRAEITH L W L EHS N
TWwa Y, Zoo43# %2 EEE L i s

oo
(=}

P W [o) =2
(=} S S (=}

Temperature (C)

W
S

20

Time (d)

control rapeseed meal = = = garbage A === garbage B

X 5. Run3 OHAERE DHTE

Time courses of temperature of Run 3.

Arrow indicates turning of the composting materials. Thin,
shaded, dotted and thick line show a time course of control
(non-addition), rapeseed meal, garbage A and garbage B
addition, respectively.
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R EJHIEL70120F, KRB CTHRE L 78% &)
KFRETELEEZ LN, LML SEEMN,
Koazr, AT, ETIABIOCETI BORAIR
W EA AL, ZhE65.7 (n=2), 60.0 (n=2),
69.5, 58.6 Z L T 68.5C D iimE % gk L 720 T 72
ATIALAETIBORKTIE, 10%0% T 5z &
DETIBOFPIVBORSREZRT L E DI,
55C YL O Wi O Fef ke & B Wl Icdh - 72 (&
7o

USEPA 7352 @ 7=k L o> i 15 45 FREE T & % Process
to Further Reduce Pathogens (PFRP) |2 & #uif, HEAE
OREE LR EL55CULRICHED, 3HDU EERS
B MEARKD 5N TS Y Run2 1281 5 KbahD
RERRTIE, REIWEIL554C, 55C L Lo EEE
BRI ISEEICTH Y, 7 HEROKREHEEIZ 4.4 x 10°
CFU/g-wet 7 S BRFA LT (<109 FTHALTw
72 —75C Runl \2 BT 5 WZBFBHE AN IN X Clddm s il
13525 & 55T 1727, KEHEOBEA O 5N
otz (7). EmED 55CITE L %52 o 723t i
RiZ2oWTid7 HEIZBWTH RIBE BT,
WA LB AR O KB E B L 1 ZITEErF N L Lo E %
RL720 #12 Runl & Run3 @ 12 H H O KIG & #1107
CFU/gwet LLETH 1), HENEALBMGHT O RIBRE L D
LEISPITEIML Tz, —FCHERED L UGB
IR % b CEMBEREY Z i L 72 L8 T, 7HHO
HEARALALERIAR ©, #0156 10° 2* 5 10° CFU/g-wet #2)¥

A PE ST A e

#95 (2009)

I TOMELRBHEBORES RO 5N TBY), 20k
b12HEEF CTHRVEBTHRE Lz, IR0 ED2S
RBGREARI 6 LT, AL R 2 B 2 mil
RENIEFICEETH LI ENHL N E o7,

A FEIRINX DR IRE L 42.2C Th - 7258, K
W E1d 4.7 x 10° 22 5 2.0 x 10° CFU/g-wet |2 F T
L Twi72, Taylor et al.® 1&, FIK &R L 2L DR
FTBICHAL, ToRORLERELE=Y) V7
L7z Zh, KBRBERIT v EoTREREELA
DM H 722 L2 WE L Twb, O HHIZBIT A4
BEMNMXOT v E=TREFRREEE, MoOLEX
0.79 — 1.50 mg-N/ ¥4 g D#HPAITH > 72DIZKF L, 2.57
mgN/#ZWgTHY, 7THHIZBWTH MO MK
0.14 — 3.62 mg-N/ ¥ g ODHPFTH o 72Dk L, 551
mgN/ Mg &, WTFROHF Y FVERIHIZBWT LK
LbEWEERLTW e & o TREBERMXIZBWTR
05N KIGHBOBET X, AL S IHBAETHER L
127 YEZTH, KW OAEFICEE S LIT L2k
bhHHEEZONT, FAFEELTML 2RI 2k
HAH Y, BMhTER 7 H BIZAT - 72RO BRI, Bt
{LRFED & 9 RBEE SRR IR T 2 B DI AT
BTz BESOTRIG IS4 2 AR IR 55 O 4 FElE 1 &
KIGHEOEAFIHER I Z EmbnTsh ™, 7
YEZTH L ARG TR L 72 a3 R EE W 25 K
W ORI E 5 L2 ReE b & 2 bz, IREEITIKAT L
7 WK OIS LR MOE DL <, SHER D

. BEEE, 55CUEOFRE, BOD b LU KEEHADHES

Maximum temperature, duration of temperatures above 55°C, BOD, and changes in the number of E. coli.

No. organic waste TEMP_ ¢ Duration55® BOD Number of E. coli (CFU/g-wet)
(°C) (h) (0, mg/g DM) day 0 day 7 day 12
Run 1 1 control 1 51.5 0 92.9 9.3x10° 1.3x10° 1.7x107
2 tofu residue 1 67.9 70 206.0 2.6x10° <102 2.1x10°
3 rice bran 1 64.6 60 223.6 8.3x10° <10? <10?
4 dried chicken feces 52.5 0 117.0 4.5%10° 1.0x10° 2.9%x107
Run 2 5 control 2 44.6 0 81.1 9.4x10° 2.4x10° 1.3x10°
6 tofu residue 2 63.4 56 166.2 1.0x107 <10? <10?
7 rice bran 2 55.4 18 185.0 4.4%x10° <10? <10%
8 raw chicken feces 422 0 124.3 4.7x10° 2.0x10? 1.2x10°
Run 3 9 control 3 51.1 0 111.2 1.0x10° 1.5x10° 2.6x107
10 rapeseed meal 69.5 58 174.0 1.0x10° <102 <102
11 garbage A 58.6 32 179.8 1.1x10° <10? <10?
12 garbage B 68.5 58 219.7 1.2x10° <102 <102

* Maximum temperature.
® Duration of the temperatures above 55°C.
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WEP IR SN 5o

(3) HEREMDRE & KIZEBUKR & DAEES

R RT b UIINAE, B X OB R IR
OFE 23 OB R % b L1, HEEALBAE 7
HE R H#EEORESIRE 8L05CLH LD
FrielE i & OMBE %X 61278 L 72o PFRPICHIZE S
TWAHERED TIRMETH 2 55CxHERE LT, K
B B $013 10° CFU/gwet LLTICE TET L TWwW/2 (X
6A). ¥ 7255C Ll Lo miREETE OREERS  VHEEIZ S
WL, 10° CFU/g-wet DO KIS B OFRAF A 5
7ehS, AR I8 MR LL L oBRE I L Y, KB EUL 10°

E. coli Logio CFU/g-wet

40 45 50 55 60 65 70 75 80

Maximum temperature (“C)

E.coli Logio CFU/g-wet

2 1 1 1
0 20 40 60 80

Duration of the temperatures above 55°C (h)

6. HIEL7HEOXKBEHERSEE A, LV 55C
Bl _EOF5#eFE (B) & DR

Relationships between the numbers of E. coli on day 7 and (A)
maximum temperatures or (B) duration of the temperatures
above 55C.

Open circles show the numbers of E. coli below 10° CFU/g-
wet.

CFU/g-wet LLFIZE TIF L Tw/z (X 6B)o

(4) R OB E EJ & FE# O Biochemical Oxygen
Demand (BOD) MD#HREg

BRBEEIRMX I BV TRRO LN LA, &
BB PSS TN DI ORI & - THER L 72k
WistcRKS 2 £ 2 5hiz, £ 2 CHOMBEEY
OFREEL LT, EMEE o BOD % Ml5E L 7z. HENE
JEELo> BOD i, ki, 55C LU o sl Es i %
F TR L7z WX O BOD 1Z 95.1 0, mg/g-dry
matter (n=3) T® ), HHBEEY Z RN L ZHIEE
Bofbix, L dEv117.0 — 223.6 0, mg/g-dry
matter DHFACTH - 72, F 725K BOD E75 166.2 O,
mg/g-dry matter Dl L DA 121, 7 HBIZBWTHEE
e KIBEBOBET A0 5172, BOD E & HEE D&
HEOMIZIE, H7IZRLAE ) ICIEOMEzRD S
N7z (r=0.832) o FFICEIEM, Kad, BLUAE T3
B %N L 7z HEAEJECE o BOD il 1, 200 O, mg/g-dry
matter L EOEWETH o 720 FHOFEE LTDH A
HEN2 26 OBFEBEFEDICOWTIE, HAEELE
B ™ C 2 ORBIMESRBR S TBY, ©RE
JEHIB L ORar iz 2131 B L UM 185% DKL
aa&HLTwbEOHmENDH L, F/2ETIBIZD
WTHRERD 10% DT 7 T & E N T 5, i
B IE BOD L BN &0 s, IS DG HiE L

80

70 -

60 -

Maximum temperature (°C)

30 1 1 1
50 100 150 200 250

BOD (O, mg/g DM)

7. ERERE EHAED BOD fE & DOEES

Relationships between maximum temperature and BOD value
of compost mass. Numbers attached to circle correspond to
those in Table 7.
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WCARXCBEZRIZLTVE LD EEZ SN, WD
AU Lf’iﬁﬂﬁﬁfﬂ@ BOD fifil%, 174.0 O, mg/g-dry
matter |28 X 7% 2o 7225, IRILE X OH THR D &
69.5C DIk EiLE % 524% L 720 Imbeah et al.™? |3 R
DOZEBOMERIE, TRMEEORBHC L 28EEY1T) b
TUELBEFITEESELDOIHEND D L 2
LTWwb, o TZ ok AL, BOD EHOM I
Z, RCROMAT ORAND & O HEAL AP 1258 24 72 Z2B A
ENTTHERTH D EER LN,

4. EH

AHER TG IR DAE L D3 72 EIN O IR %
T2, BARGORELRDS QAN LZEIEMIZL ) 5
WAL 7o AWM A B E LT, 43 L HikBEREY
& DORAWERALIIZ DOV THET E AT o 720 KGR
HHEALERNC, BiHiisr & LRV N2 5kl
@@éﬁu&7b/%mML HMEORE L FAZK$ 5
WREWE LTz ZORR, KIHE L 25T EHEED
W EAEIH SN D —H T, RYXRT by OFINILE
BEEAAREL, ZopRITKS @mwﬁ%ﬁﬂ IBw
THICBEE CTH L I E L L B o7z, BARGHEILR
BHIK T 2 5 3 R A A O BINRIR DS & 222 7 o 72
L IAT, EBOERERY &4 EOREHEIE L
1To720 BARGEHITH T 2 UM, Kiad, WrT,
BIUAETIOREE, BRMOEAEHZ HAKIEIZIRE
TAZREL, S5CTHEBZ 2EmREHRTL2ZLT, K
PR RIBICEIR S E 5 2 EDHS e holze 2D
B AT E LR b o 2 50 A H = 12 K
7L, MHEARGEEE & BOD fEOMIZIZIEDHIASTED 5
7zo Fz, AVEBEEEW 2NN L 72HEL)E R BOD it
166.2 O, mg/g-dry matter Ll F Dy, BE% 22 KIGHE KO
IRATFRD BNTze KA L BB DR A HE R AL
i, AREFEOFERO LT, FMMETo A0
WEOEKRTOHAR 2 FERLEEZOND,
RHBULERRE L ANV /N 7 7 5 — % I TYTh
N72As, RETIE/ STy b - 27— )VOHERFERMER L
2B DAY ORISR 2 BEEY 5o

BIE EEHOESIFEOHREHKIEER
DEREEFICRIETHE

1. =
&#E@%ﬁm& HEEORBICLoTH 268N
J3 HL ) 7 BRI D 35 A5 ,wﬁ&ﬁn%%%é%wgt

#95 (2009)

ZLTwA P, ZoL) nBREMBEICHIET 2720
REPREY OEFOBIELB L UFHORELX B E L
T, 1999 4E7 5 L WD T S iz F o RKEHE
MYz, FHIsCRA T 5 BB EY S O A HRBESE
WOERFHOERE L CTHESI N TN D, FTHKS
WKL, Bwuddil, A5 —ROERIZHESTHY
I A5 A AR & A B 3 2 AR LA B, A HEE R
MOEEAHOR S BENLFELE R > T,

HEELSKR TN SN2 HIRE T 2 F0EE
(&, 2006 FEIZBVT31% % HHTE Y B TR E
BDE . FUEFIZKG D80 — 85% & i <
WaEFEE LTHRG SN TV EHRIKOL w&bf%“
ﬁﬁﬁ%%AEﬁwaw i, mAKGOIFEEH
WCHERBL & 1T ) A1, U KRN (7 9%
FH 7 X &) 0)%71[1%??10%%’1%@ BRI E T 5
FCORE FAMFETE RN Y,

FLF SRR R 0157 © H7 O RE R RH BN & %
A5NTHBY Y, L4 H AL E R C iR o H
bR EEL, FEMEDZ RS S5 2 & IEDREHC 1
LCEEIIR > TETW5S, KEREERET (USEPA)
® 40 CFR part 503 | ’ﬁéﬂfwéﬁ%Wkaxmi
FEZEIEL, I A A ) DA 1A 0 il B D S
E%ktfmb%ﬂtop®7UkX%m%ﬁ;@ﬁﬁ
BB O L 2k L, HERR L ERE TOREE & &
DFHRFEE I DO W TOIEENFITEN TS, ThHD
FHERW 72T 21203, BKGTH LI FEOIRG & %
L, HEWHICZEEZ D757 L9 KRS HEM DR
b LI 2 B Cilka S S A Y o
PWEM G ERLE 2D D b

TREEPENCBNTANRDH L2 EMTH Y, ZOH|
FEMCTH 2 TR DRI S REOFE L LTHY SR
T&E7zo LHLADS, BEXZL AR Z IS
WoTEDLY, TREEERIZOWIEIZOWTHIGE
> 5T B, Nakasaki et al? 13, = O W% HE
JEERE L CliA 2O AT, ZOIRE LA %8
ﬁbto%wﬁ% SREANTHEIEA L5 2 LI L D R

CIRERERIBICE CEL-Z 2, S0
ﬁ%%%%@%ék%z%ﬂtoifﬁzﬁf?éhf
BOD i & 9 IZGEHIIAR Y = O 5 5 R H Y % & F

LTwsEEz 6N, EHEOMEMILIZHE T T
iRA LA 2 2 & T, BF20E 7O v 2 OHET
PHIFE S Nz 2 2 TARWIZE CIEFLARISR T 2 B
IINORNE, FRane & iRE LA OMME LS 2T
bH72012, NI LY 7 7 & — R W E T
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BHE I, HEREBIHEIRIC 350 B BT BIIREE E Rk
DEIEI R Z ST B72012, /540y b - A7 —
VT OEFEHERE RN LB % 1T - 720

2. EBEE
(1) EEFAOEAEIEE2Z(LEBHEOFEHRLR
B (MNEUHERR(EU 79 2 —HER)

A ORI, BWKEASERBY (o dh) o
VEFUE D SRALL 720 AR & T O IR iR} 4 4G 5-
LTWRENOFBELY, 77+ 47 X &EOHED
BALTWARWIREETEL RN 720 Higd# L 8mm
Ofifi % L7zl 9%, 71% 0K D L) IR
HEIT83: L7 DEETRE L7z T OFLAFE & Alr
77 OREWIH L, EEEEER OkS 14%, 7V y—
VEEFS (KiN) 5%) & &WW47-0 0% GHEIX), 6%
(6TR) L T11% (11TR) & %% L) ICRE LIz, £
NENDOREMDORFENKT, BIUKNEZEKSIIRT,
AINRIMEREAL ) 7 2 & — 1, 2B THW b DR MHL
7o TNZH 4 kg OHEMEEL %2, 20 cm OHERE &2 7%
L9277 — IS L7z, REHIED O DETE
$HE ) 7 7 & —diR o, HERRERSSE O A S 7.5
cm OAEICERE L2, BRIEENETNOY T 75—
xtL, 0.4 L/min O#4 CHEBEICAT > 720 ANELY 7 2
¥ — % 72 d RToOHERLERERIZ, 25T OERSMT
TATo 720 ML R o9 > 7)) v 70k, HERRRRE A
30CH L FTIHRTFLAZBICY 727 & =0 HHEIR A HLY H
L, FOHo I L7217 o 720 R I OHERR
VT 7Y=L, @A L7z, HER s
IR O, WIRREO Y — 7 5380 bhi:
TRIKET L7zo W38, Wi OHENEHFERE, HEALALHE T
DY TIWIZDOWTKG, BLOEYLENEERE KR
(BOD) OHIE%#fT5770 CO—BORERITRE 2L T Y
FOFAREOEEZ Y, [F—4&MT T3 E4T-o72 (Run
1-3), ZO3MORAEBEMMAp, FHEE RIS 2 HEE

8. HEFEMOKFETIVI—IVERE

Moiture content (%) and Kj-N (%) in the initial composting
material mass.

Moisture (%) +SD Kj-N (%) +SD
Control 71.7+0.9 1.4+0.1
6TR 70.3+0.8 1.620.1
11TR 69.4+0.1 1.9+0.1

*Control, 6TR, 11TR: 0, 6 and 11% tofu residue addition treatment,
respectively.

BLOZF0EEEHII—EDOLETTITo 72,

(2) FHEBHETHENIEBICS T ZEEHOREARR
(N40vy b - A5 —IVERER)

FBFEE T T OREWIH L, SEMERM, 720
AL 22 W IEUR & FI 7 HERR HE IR L ABR & FEhE L 7o HE
fEERHE, FERBEEWOAZ ) 2—F L A2 X BT
SRS X o TS NEIEM A L L, EhUIHEE
AFEBLICHMT Y 72 RERLTT72:35: 1 0F&
TRAELZLDZEHGZ, ZORSWISH L, %
WL 720 0% (RERIX) BEOV15% GRINKX) #E
L. KEAKEZBRIMT B & TKD 78% DK FH %
RELL 720 BT L — AL 5 emE0@ibIEiax F o —
VCHLAIT72HZ, 1.0 x 0.8 X 0.75 (fE x Hi x 5 %)
(BAL :m) &7 25 X912 RitHERR R 2 Fo il - HERR L
72o WEROKIRIZIE, R T AT IVEORA CRE %
HN—= LMKy — M EFFEL, HRERYICHT S
IR S O ZEEAAME S D REFEFE L2, R
FRHE, ZNZFN220kg 2 7 L — AWIZTIE L 720 HE
W oW ERIEMN EILE 9 T L L, RO L,
BLOHOLH2SEIZ40 cm, U2 40 cm OfE S, HEAR
RS 10cm, 40cm BL 55 ecm DES b L)
12, AT YV ABMOBRIZHAESZEELIZDDOEHEAL
720 (X 8)o

(3) e LUHEEEN
D) KRGy, EIEIREE, AMbEiimRE ks

55 2 B L RO F L THEIE L7,
2) ¥ —nEF (Kjeldahlnitrogen : KjN)

KjN 13, HEAEHY 5 g #22 % Bremner et al. 73 ¥
W& D ElE L7,
3)  FEETEMT

HEMEIR 69 B AR ORI RIL,  EEAA NS
AR, By RLEERY 7ay 7 & LEBIC LD
ST L7z PHEB 0L, Tukey DL EHIEIC & 1) fif
L7z T _XTOMEHFNTIZ, SASO GLM 71 ¥ ¥ v
FHWTITo 72 %,

3. BRBIUEE

(1) EEMEREISHIHEDERE LR LUFEYIHE
ICRIFTRE (MEMERREY 77 5 —H5R)
WENORME G OWERIZB VT BRAMGEEZ? S

W AL, 2 HDWICRESmE LKL, THH

T NTOHRIZBCTREA 30C LTI L7272
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40

N
w

40 40 80

100
(Unit: cm)
X8 FHETHAVAHERMEHIEOHRE

A Schematic diagram of the static compost pile used in this
study. The numbers of the thermocouples and their locations
are corresponded to Fig. 10.

O, HEOEHEZIT o720 WT IO S B IZIREE
FHROE =2 %R L7225, 11TR YA OHEIE O f &
E50CICEL o TORDEEER2L, Hi
Sl AP TS 2w el L2720, EEMRE
FIEHEL DRI BT 2 EE EAROLBIE, 2o
mEEAPROEERZ 12 HHOT = 2 HWTITH 2
L7,

TR & 2 LA ORI, (1) &
B (TEMP,,) . (i) HEEEEAD55CIZET 5 X T
WCZ S B IEH (TIMEge), (i) 55C A& o %5 K [H
(Durationgge) @ 32D /8F A =7 2L o> TiFT- 72 (3k
9

HeM DR L, TEHRIME &% T EE W E
FNZdH o 7225, ARELRZETRO LN LD o720 TIMEs
BERHMBMEENE 25 EHMESNAEAIIZH
D, MEIXE TR ORMIZAEEE (p<0.05) 2R 5N
72 USEPA 1 “A process to further reduce pathogens
(PFRP)" 1258 b1 5 HIEREEHIIHO T, HEE
H DIEIEAE Y DOFEIRE RUE S & 5 729012, 55C kD
W2 A7 TH 3D Lk S+ CERT L2 &
AL T Mo ARHEIBILSME T SRR
AR R ESEE ST L CHEREE L 52 o
7273, Durations (ZRMEIENEHE A I EIEEEINS
EIZH Y, WX E 11TR OMIZAEEARED b7
(p<0.05) o

WELAICEREY -0 LAZERE LT, ZEHMTo

#95 (2009)

F9. BEERICHT 2EEMAMOZR

Effect of tofu residue addition on temperature rise.

TEMP * ©) TIME,.* (h) Duration,..© (h)

Control 65.9 £0.9¢ 38.7 7.6 553 £4.6
6TR 68.1+1.7¢ 32.0 +4.0% 72.7 +8.3%
11TR 68.6 + 2.6 26.0 £2.0° 89.3 +22.1°

*Control, 6TR, 11TR: 0, 6 and 11% tofu residue addition treatment,
respectively.

“Maximum temperature.

"Time required for temperature to reach 55C.

Duration of the temperatures above 55C.

4¢Means in same row with different superscript letters are significantly different
(p<0.05).

S R R S35 L 72 REEATE 2 H 7z, TIEH
WINEEORR 2RAWIZOWVT, BOD HORRZL
ZE LA R A2 £ 10 17T,

e o BOD L, XA 97.6 = 16.6, 6TR 7*
126.6 = 11.7, 11TR %% 183.5 = 18.9 O, mg/g-dry matter
EORMEEDLEL R BIFEEL RAMEMIZH 72 L
LA HHEE L OHETT I > C BOD fEIZIEE T L, 12
HHIZIEWTFhoOK D 158 — 31.6 O, mg/g-dry matter
D#iFITdH > 72. Fernandes et al.” (3 E3EEEHY &
Wiy % % { & AT I 3 ORAHEILIC BT, W%
DRI &R =L O B IR FERRE R B A 5 2 575,
ZOBEORESIEICKERENVITFREO LN W L 23,
HLTWw%, MBS, EHERIE & HI12 BOD A3 )
BThY, TEHIC L > THRBAE NG5 HIEA Y
i, WELBERETHE SN, TOREBOD &Il AL
TEGEAEN G L SN EZ 5T,

(2) EEfaRMAHEHBERHIEOIRAMEE LRICK
FyRE

N4y b A7 = VORRRIMEIERERIE, PSR

A 41C TH - 2L MIAT 5 720 WATIZE Db S

% 10. HEABML:@FEC T 5 BOD f@ (O, mg/g-dry matter) O

#
Changes in BOD (O, mg/g-dry matter) during the composting
process.
Control 6TR 11TR
Day 0 97.6 £ 16.6 126.6 + 11.7 183.5+18.9
Day 7 49.1+11.8 542+14.3 704 +5.2
Day 12 158+1.1 282 +4.7 31.6 £2.1

*Control, 6TR, 11TR: 0, 6 and 11% tofu residue addition treatment,
respectively.
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¥, AR, BEHRINIX &SRB G S RE LA
BED, 2 - 3 HUNICRSIREIE L7z, HEMRILEBR
&, BAfG#: 21 H B CHEREW O H.GEE (KH22 5 40 cm
DEAL) OWFELTITIVIR & FFREE T L7272,
ZOEEETHT Lizo 9 IZHERERIMHENRAL 3R o d T iy
RIBEHER L L CHIRIX, B X OEEHEINIX O HLE
OWEHR 2R L7z T2 10 1S HEIX, SR
XOHEFEW 22 9 BT O &inE, B X U55C
Do B iR PR % R L7z SRR OB & - T
REHEIRR > TBY, FLE LD b REHO S5
FEIZRANEAN & o 720 STV TROFAMIZ B W
TS UM OB DFRIX LD bEd, HGilrs
BENZERALIZB W TCEDOEIIEETH - 720 T /-HEHEY
FOREREIZTX & b FULE TR SN T WS (£
NZN 773, 80.0C), ZI 5O DRI B O [FEE
OB L Y b/NEh o7z, HEREWO 9 T (RIRIX
IZDOWTIE55CIZE L Bh o 72T & B < 8 &) 12
BT 5 TIMEs OFHMEL IR L 728 25, BIRMEKX O
37.9 KpfH] & F L C UM NIX T 32.6 IRERH] & i
\2ET % £ TOFTERF2SEWEINICH 5 72,0

FKGTHhD, BEMIThbNI MOy b - A —
WVHERRRIE AL AER C Uk, /NRHERR L) 7 2 & — iR L
R L CHEIBHIRA X A1 LA OREAEEE 1278
O b N7z, WX D Durationsse D B TIE, ABX T
HEAEW R 9 AT OIREED 9 B 4 A% PFRP O3 % jiiy

Temperature (C)

Time (d)
‘ ------- Ambient Control Tofu-addition ‘

9. NREBEHIVEBHERML £, FAZFML £ OHERE
DHLREDHERS

Time courses of temperature of the center of the control pile,
tofu residue addition pile and ambient during the composting
process.

Dotted, thin and thick line show a time course of ambient, con-
trol and tofu-addition treatment, respectively.

Maximum tempearature (°C)

Duration of the temp. above 55°C (h)

D @ -
&9 ¢
Midde— Q@

Positions of the thermocouples

O Control M Tofu-addition

10. EEMERML 7z, £AEFMU ROHEEHIED 9 &
FOREERE (A), HLU55CUEDFKER (B) D
243

Comparison of (A) the maximum temperature and (B) the
duartion of the temperature above 55°C (Duration,) of
9 locations in control and tofu residue addition pile. The
numbers of the positions are corresponded to Fig. 8. Open
and shaded column show a value of control (non-addition)
and tofu-addition treatment, respectively.

7L TWDAhTHo72h, SAMEMX T 7 #ras
55CULEoiRES 3 HEL LFRRE L Tz, BIZ, TR
RINX @ Durationg (VW FHNOEANIZ BT LA HREK
DF) 2 FERREOMHEE R LT ize SlRlOHERILRERZ,
ERkgr, RIRBREE & ) HEEALICE S W Th o 7
B3, SRR B DS i LRI IR A 2 12
HS 2 & & 12, PFRP O IH % HEJLHh O K ER 5 O #RAL
Tiili7z L C\Wwizo SRIOFERIZHEL ORI Z 1T D % Wi
EIRRECIT o 7225, By Mg CHIEL2 1T & & THE
EREEIRICIBEETE S L) ZUEPHRETE L EE 2
b7z,

4. Efy
RETIIBEAT ORI 727 & — (CERER
120), BLUOEZHERILEM0Y - 25—V D

HERTUHEIE LR & 2 F >, A3 Ml 7 OREWICE
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BRI RA LA ORE EA B X O 5 R
DWTHGER AT 2 720 /NEBENEALY 727 & — TOFRERT
X, EWE2 0 11% O TR ORIE, Mo e
EHE L TREREICIEEPREO ONL o720 DD,
EHIISITE T S F CICET 2R 2 M L, 55CLLED
iR e A EICIER SIS 2 EPHL N E ko
720 F72HEAEG o BOD HEDBIED S, SIEH O
£ 0 HERRIERHR O 5y 3 R B = S KIR B % —
5T, 12 HH oL A2 2 5 O RER 1355 %
ENDZEWRENT, COEEMORE FAMEE,
A8y b 27— )V OMERETIHEIELIC BV T HEICEEE
THY, WRHEEFOVTNOMATOHBX LD b
VIR, B X U 2 50 55T DLk o iR
MRRD HLNTze Lo THEICHIT L2EBHMOEEL, HE
W RIS IR A E ) M3 2 eSO L o,

L2 LBEICIEHEIE &k 2 22 10 S iREE L, K
WA XOICF CRFILSEL 2L IERETH 2,
USEPA @ 40 CFR Part 503 Rule® |25\ T %, “Class A”
HEAR > KB B BES % 10° CFU/g LT L8 L TH D,
SERBIIRE VD X DITREE Y A7 ORI TR % &
WTWDZEDGhE. Lo LILSE, — LA TR
L7 EMEY RS, B kg L RERGEMNS SN
Z L THME (Regrowth) T 2BEHMEL 2o T
%o AREECHIGEEZ AT o 72 SIS INEIREE L5 & w9 ik
TIIHERTH P, BHICEAZZOMWRITAEEMAEY
ORI AR WEEEDS D Do Lo TRETIE, FHE
SERMORAGHRLER TOR A IR 7 —VI2B
1} 5 KIH O Regrowth ™) A 7 5l 247 9 o

EA4E HPEXT—COREZHEFICHITS

EEXERE OEIE
1. ®¥8
B ICBE L WA RBE DAL O S, i Y

A 7 OVFEEEO B REBRIEY OTEBRA B 5 F A
ESN, HHTHBEEEERNHOKEN R E o T
%o HEMRALILERIL, KB OVETRAH O 25123 Ry
WATHhNTWEHETH Y, BRI LR EsEA 7
ML, ARIERE LCHRmEShTwb, Fo0E, 4
ETHRT LN AT THEOHFOAREr S, HEE
EORBLE LTHHTHMADL AT 6N 5,

FLATH M KIGH 0157 - H7 O X725 RHEICH
heEZONTWAY, $£7/20157 H7 I3F#PTE
BERIZEAE LAET 2 S e s Ty 210509 kil

#95 (2009)

MILBFETORBRIKBALE EFN TV 5, FIRITILED
KADEL, FH T RRT T 7% &0 7 KT O
REXTDORVIEY, MR LB CTRIEVEREYD DOFER,
HEIFTOEREERTLIZEFHLV, L2LE2,
SWOREINILI, FARMAERNEL L ELHEK
BREYZIRETHI LT, BASEETHREN LA
L, KGR OLHEEZRETE L Z LN E B 72,
Lo L—H CHR BRI DR EO T FIRAF L7255
B, ENOVEEMEDORE L 25 THEEDL H
Do I2EZEMNTEERELTW2ELTY, Bfisns:
55 CRESE O BRI & 0 #2142k 55 LIRS 055 2
SIS, BAELT:, F7235HE0 5 OFRI X ) A
X LA EMAEAS, HER TR B R D B o
FoE L LTRSS E T, RREDOHLIC L

) ZOHRCTHEMAEW AT 2RI F L v, FF
KRB, RSB 2B ROBERRE & L CHEZICS
HESNTHBY, BIROY A7 ZHA S LR H 5 *
B, —JTHERIZIE, SRR OBUEWIIR S AR A
BHAHEVI)HES DY, Millner et al.® (ZHEIL D FEHL
MAEMBEOTERNC LY, HERAP OV E & 5 B OBl A
WS s 2 & 2L Twb,

HEMEDFIFIZEE L Tld v 22O B EFHAMZE HE HSRR T
LNTWVEA, EBRORERYTIE, I oo
o & % E 2 COHEROFEIREEIC BT SN E Th
Do L LAN, 72 HEMA LI % 4% C A e S /e
JERDOMELT LR OFIHPEF Ly, 2 TREBRT
i, HEARALIH M 0 27 2 HERRIZ N A B9 RIG W & #ifE
L, 22 CTOMELHET S LT, HEFTOREHE
OEEXR IR 2 Lk, FPEHOFECOWTOHR
A EATo 7, WML LT, #3EDOERTHV
LA AL, 3 - 7R E 2SRRI ERMmL
72 HERE T ORI ORI OV THE R 4T 5 720

2. KBEE
(1) #HREESLVYTUT

FEBRICIE, FEITECTEMLA/SM Ty b - AT — LD
HERRIHERE DX HRIX (LR35 - 7 ZHEIE), B X OV
wnx (4% - 77 - GERMRAHE) o2 EEOHE
A% 72 400 g OIERRERZ AN/zFAf oy - Xy
VaRIIBEN ) O, TNEh4oT O
X, 7SI X O HEFEHE AL o HGE T < DR
Hr540cmDEEIDE T AICEE L7z, HEIERLED
HefelE, 1 HERMBRICERMICRGR L2, FAa Y - Xy
TadiE, RIS SERIC IO ORI WL, [
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WL Z2HEEE S Cle7 v I o b LA RIQRFREE S &
720 IKGDI20%BLLTICR 5722 25T, PLADLR
WE=— VIR L, ERICHHAT 2 TERTRAEFL
7oo FIoARBERE IR, Mo FEHEEILHER TS 72t
TR X & Al —JFRHLR OHEE %, BRI L 72 ¥ = — VA8I12 =
4T 190 HI B £ 08360 H RIERTE L THB W HEAR
TN (FNENALN B L UA360) 120 T b FEER
WL 72

(2) KEFEO#ERE

Ped 2, RE®ERNEY (B BiE Anisear)
AL S G 7 72 7o KB 0157 @ H37

CE273 ¥k (FA-FEfE X 0 4. IR % H v
720 ARE#E% Nutrient Broth (Difco Lavoratories) 100 ml
121 ASEERM L, 37C T 18 K[, 150 rpm DIEEEE
EEATo 720 WHRIZEOSHE (7,000 X g, 10 min) (2T
~ L v b &L, 0.1 M Phosphate-buffered saline (PBS)
ICC2 DWW, @SR EL, mHEMIZ PBS
IR S 7o, WREEEIIOEE (0D DOHEIEIC X
D, BB LZ20x10°CFU/mL & 7% % X 9 IZPBS T
BEAR LA L 72,

(3) KIFHEEEHEDEE

s TR AR AR B S L 72 A~ 7 v i,
HANZ 0.5 cm Offi &l L 729 14 Db D% w7z,
PR R\ REZHE Y~ VISR S ARG, BX O
N1 RO ANOUN R i Ok o Gk oW AT e o Rl EE
FRE DK HE T d 5 10" CFU/g-dry weight @ K5 &
CE273 th%, M ~N— AT 15 g OHEEIZHERE L, K5
#150% & 7% X)W IMEAR K ZIRML 720 Kipw &
PR L 72HEEY > 7V, MR Y = — VP T aIciE
B 100mBAEORE =M 77 AT ICHE L, B
Wod ARy VEOKE LB RE L 727 7
2akEdl, KeEANIE—I—% TS5 AF v 78D
FomIzilon, 30CT5 HM % 17> 72 KIBH B X
ORI DSORGREORIE, BEmHRIC—ET
fTo7z0 TNTOREERBIL LHLY > T vd /) 33
TITo 72,

(4) b LUKBEOSTH

1) Koy, 7rEZTHZEE
82 ® L RO FFECTHEIE L7z,

2) KW O
WEITIARERICOE3HOT L — M2 L

720 REH 2D Z, B -D-galactodidase D EFIZ & D
salmon-galactoside 2573 R S N THE L 27k a0 = —
¥, KEWUSNOREHEEL L TR Lz, A% K
WIERBREEC S NE A, & 2 TIERBEDS oK
Wi DRH e KRR L L TFR L7,

(5) IREHEEMT
MEO NGB 2 KGR OMHEE G (%) 126
THHAAL A 7 — D OB, 1 TEE ST & -
THEL, PO Tukey DL EMTEIZ L - TR
W L7720 TXTOMITIESAS ® GLM 71 o ¥ v & Hwn
Tfro72%,

3. BR
(1) HEREMLBIEDEEHTE

HEREAL A R O I M RRIE 41C TH > 720 HEIEH >~
TNV OIRERBFEIZE 11 IR L7z, MIRX (ERNX),
BLUOUEHXOHERER (OHBEY > 7)), 7, 13,
2 BL04 HEOHEREY > IV EZFNENCO, CT7,
C13, C22, C41 3 X U°TO, T7, T13, T22, T41 & L 7=
ZNZNOMEIZ BT A fmin&id 2 HBICR&H S N,
HHRX T 73.7C, TIEHXTT782CTH o720 MEXD
EEFEAIMETL, BHEIZIWOCLUFIZZ 27201
L, ERHX ClkmEEs L, 22 HAICR -
TICUUTIZETIRT L7ze ZDOHBOEEIZ10CLUT
TR L, T LEORE EAPIETE R LR L
72728 41 H BICHEIRLALEE 28T L 72,

C0.TO C7.T7 C13.,T13 C22.T22 C41,T41

g 4

Temperature (C)

Time (days)

1. HERHEEOROEMHEDEEHRS &Y > 7V ERERA

Temperature records at nearly mid-depth of the center in static
piles and the time schedule for compost sample collection.
Thin line: temperature in control pile; thick line: temperature
in pile containing tofu residue. Circles show the temperatures
at sample collection.
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(2) #HHEHEEPOXEES LVUKGEFH

HENEAL B AGHT O HEALECE R O KT, 38 & VK H
BEHUE, £ 12 10' CFU/g-dry matter D4 — 5 —TdH -
7o HEABALODEATIZHE - THEEIRIE IZ LH- L, »wFh
DXIZBWTHRIEHE B L OREHE#EE < 10° CFU/
g-dry matter ¥ TIKT L720 Lo L7455 AMEZALERIC X
D, WTNOHEILY > TV BT H FIMGEAEED H 1
720 K THEAERER I H 72 E BT O ALY~ 7 v o
KW, BLORBREBEREERI1LIIRT, wihod
YW B VT H KB R £ 10° CFU/g-dry matter LT
Thotzh, KERERIIZN LY ENETICH -
720 HEREALHE T 12405 190 H 3 £ 08 360 Hiffad L 7z HEAL
TN (FNEFNA190 B L TA360) 12DWTUE,
KW B X OKREHEE L b MHBEAR (< 10°CFU/g-dry
matter) LLFTH o7z,

(3) REDHI{ERXT—I DHABFICH T2 KBEDOH
5E
KW % 8eAli L 7212 O MR > 7V O RIG R B O
1%, 2.3 x 10’ CFU/g-dry matter (&P : 1.8 — 2.8 x
10" CFU/g-dry matter) T&» 1), ZIUdHiE b3 ol
ENDKBGEE AT Lo 72 BRI oS
i, BENORNGHBISTT2EHSF L LTURL .

#95 (2009)

HENEAL A 7 — 2 O E L ZHEEY > TV BT 5 KIGH %
DOHFHEIE % X 12 1278 L 720 1000% % 88 2 % w5\ 1l
1, MEXICBW TR CTBLUCI3 T, TEHMEXICE
WTIETO, T7, BLUTI3 THED LNz FrIZHEEL
W (0 - 13HH) oMY TIVICBWT, BEM
KIZRERIX & 1) & BB A0S m W EA S d o 7o F 720K
b ECIEE A I IR X, BRI L 5127 H HoMER
Fr TV (CTBIUT) CBWTRDLNIZ, 200
HEofEE L 72400 A190 B X U8 A360 o # 5S4 14,
ZNEN2T5% & 265% TH Y, Z1H L 13 HHLEED
KHEX B L OCEEAXIZBIT AHEY > 7V ofIcE
HEITBO SN Do 7z, C2 1 IM—, KBHEPET
L7723 > TV THh o 72,

4. EE

BHRBROMER, C22 OMBY v TV & B9 XT
DHENEHS > T BCRIBHBIIIEmICH Y, #%
TG0 % BRE = HERE O HUEH I3 S e b o
o KIBWOWEEAIZ, 13 HHOHEEY >~ 7L %5
WZENLHTOREIZ 2 NP & D DA B o 72,
Russ and Yanko® &, {GieHERL >4 V& % T i O Bl
IZDoWT, REEFRIL (C/N) AT IVE A T OHEGHRE
WCHEHEGATWD I ME LT, LT at

xR11. BEEHER, SIUEETEOXBEES KUXBEEFROZEL
Numbers of E. coli and coliforms in the air-dried compost and their populations before and after incubation.
After Air-Drying Inoculation of E. coli® After Incubation
Compost E. coli Coliforms’ E. coli E. coli Coliforms
Samples' (CFU/g DM) (CFU/g DM) (CFU/g DM) (CFU/g DM) (CFU/g DM)
(o] 7.8 x 10° <10* Average: 2.3 x 10’ 7.8 x 10 1.2x 10
C7 <10* 1.7 x 10° Range: 1.8 to 2.8 x 10’ 3.7x 10 29x 10
C13 <10* 5.6 x 10 " 3.1 x 10° 7.4 % 10°
C22 <10 2.3 % 10° " 8.3 x 10° 1.1x10°
C41 <10 1.0 x 10 " 2.9 % 10 7.2 %10
A190 <10°* <10 " 5.7% 10 <10’
A360 <10 <10 " 6.0 x 107 <10’
TO 7.6 x 10° 1.3 x 10* " 4.1x10° 1.2 % 10°
T7 55x%10* 32x10° " 5.6 x 10° 1.4 x 10°
T13 <10* 1.3x 10’ " 2.5x 10° 9.3x 10’
T22 22x10* 52x10° " 1.5x 10° 9.6 x 10’
T41 <10* 2.9 % 10° " 3.7 x 10 4.0 x 107

' C = control; T = tofu residue; numbers = age (d) of sample collected; A190 and A360: compost samples derived from another composting
run, which had been composted and kept in plastic bags for 190 or 360 d, respectively.

* Quantity of E. coli inoculated into each air-dried compost sample.

* The numbers of coliforms except E. coli are shown.

* Below limit of detection.
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10000
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3 &
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10 I . ||
Co C7 CI13 C22 C41 TO T7 TI13 T22 T41 A190 A360

Compost sa\mples2

12. HHE, BLUCEERERML =, £AEFHEMUEV
BREREEHOR K ZHEDICH T 2 KBRADBIEDOLE

Comparison of E. coli growth in compost samples of different
stages with and without the addition of tofu residue, and
aged compost samples.
' % of initial E. coli population calculated as [E. coli counts
after 5 days incubation]/[E. coli counts before incubation] X
100.
2 C = control; T = tofu residue; numbers = age (d) of sample
collected; A190 and A360: compost samples derived from
another composting run, which had been composted and
kept in plastic bags for 190 or 360 d, respectively.

* abcde: Means with different letters are significantly
different (p < 0.05). Bars show standard deviation.

ANZHEATIZE D TC/NPEF T4 & id—HmMIcHms
NTHEN Y, HELHEE 2D A%
1175, FREEREM OBGHICS- 2 2 —D2 DK E HRER &
LTEZOHNT,

10 f5 2L L (510009%) O KB OBagH % 7R L 72 HEJEH
YTNAE, F L LUCHBRESERY, ok x
WEZERZIHENEN 2D THo 72, FFIZ, wiho
KiZBWTDH, 7HEIZERILZZHEREY > 7V (CT 5
FUT7) T b B\ 5 1720 Mathur et al.™
13, HEREALAEE H B3 5 7 2 BHREH OHENEY > TV 0%
IO WT, APfbEniERZEkE (BOD), B &
OriEARRE (DOC) %illlE L Tvw5b, DOC 12D
WL, HERALTOSEAIEE A L L DI, S
AP TT 2 & T3 528, F7BODfEIZOWTIE
HEA LA O & I L ¢, w058, mikB L UF
AT L2 E GO OB E W & 2 i LT
W5, 72 Soares et al.* 1%, HAEHEOHEIEY > 7 Lrh
BB RIGREEOBME A ME L, JEFICEE L 7R
BV TEWHEEIEO SN2 & 2HE L TWb,
FIRZ oK, HERLDPMERD S THET L 7272012
IENSHECENIIERAEZER L, FRYOZ ARG HED
FIERFE L2 EDPRGROMIEIZES LAOTIE RN
MEELELT0D, A OHEIEILIIDHENES > 71z

BWTRO SN R GR ORI, HRLEAE TAR S
N2 RIGHIZ & > TRREO B WS T L - A H,
F7ZIEHERE A © 7OV O JREE AR IR, L 7 R B o s
RKEFIHATALILICEINVELLZbDEEZ LN,

AR AL, SRR LA R LK x KR
KT S 505, —F TREH OB % (3 2 MR 12
Hotze TNFOHHIZBWT, COXYDAEIIHY
TO OHIEEH A L > TEMNIFEND, KEI - VOB
ForfrmE, LE LSRG % & o 7B NME T oK
ReHh (Tryptic Soy Broth &) O&HHK S L LTHW S
NTW5, 2o < TMPIZERA L 7R F 1T HE 70 SR A2
G0, KEBHOMIEEREL72b D L&z Sz,

Lo LS S eI L H SRl L7229 v 7 Vvic s
W, MK, TEMXoBEEA 0TS <
), EAERIICHEIEALHE T 2 & B4R DL H AR
L 72 A190, A360 HEEH > 7L L REEDE & 7% o 720
Hanajima et al.®” (3, EJEHIOUMIC X Y HEALH o BOD
fElZ bAT2—F7T, 12 HE MBI IZLY, £
OEIZERMOHEI & FfEOMEE TR T2 2 & % iy
LTw5, BB ORI L > THES N5 mika
Wi 1, 2 A O EIRHEEILEIE I BV T D RERTH
SREND EEZ BN,

Mi—, C22 OHENEH > T I BV TRIBE D HAH
BOLNT ZOHBIZHS TR WA, EWH R
DRI OWEG I B % 5 2 72" ReMEA S % o Millner
et al™ I KBGHBOHMOEE, T 3RBHEREOSH
5 MAEE & HORE OFFAEAS, MR TOYIVEL TRH
DIEWAEDI X L7722 & 2 HE L TWv5, Golueke™
O FAE L 72 I A & 0 b AR o 55 O fE Y
HoORD, REOHEEIIBVWTHNTH L Z L xIRHE
LT\Wh, FEBIZ C2 4 PR B BT M
Hi (2.3 x 10°CFU/g-dry matter), # ff % (1.1 x 10
CFU/g-dry matter) & &, T XTOHEREY > 7V T
bEWHARL T, 2N, BV TR LK
PR EDS, AR OB B % G- 2 72 R b &
Z BNz,

AFZEORERIE, LD SR, F 7213 SR 25
b o 72 EBEOHEIL > VDRI KGRI HEGR S N,
BRARGEM, RESMNE 2 ONZHEICE, KIER
ORIBLRBFEASEE ) 5 2 &2 RB LTS, EEROH
BClE, miRSRAERICIBI D HELMER ORI B
TEBVLETH D EEZ ONIz. T MBI
IZB LT Smith et al”” 13, KIGHBICEE T 5E 05
BROFEEZEIIRKLE 2Y, ZIUIBRHICHEET 2
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ZRORGRBFNOBRE;FHTH 2 Lt LT b,
Lo THEREDBORHFI A B L CERIBEIEFLES 2 D FEE 2 1)
BT 28120%, 728 AP EHEPERL TwzE L
T, HEAALOHEI, 7230t EA TV R W
B2, e LTHATAZLRHELIRVEEZD
N5,

5. Efy

AR, HERRIZ B 2 A EMAE O FEEGE (Regrowth)
PHEE 2o T, FLEEREICIBNTL, A 77
ZHEOYROBE» SHILE ZOREE LTS5
Bl W2 5N de PR E MKW 0157 : H7 ©
FEAREEY E SN TBY, IFFEERBREIZOWT
LAFELEOFEREE SNTVD I Enn, BICHE L
7z, b L3 Hekk e LCHuti L7z HERE sh TR o
FEIEEFF L v HEPRAL AR CIIEIE o Wi, b
By, & L TRMAEmFEDSRE KB L T, AEME
YOWR P CoOMIEIE, N OHEREEIR O E & B
PEWE TFRENL, + 2 THIBILEEE,?S 0, 7,
13, 22, 41, 190 B X 0UV360 H HIZERELL 723EB 12, A
BRICKIGH 2 AT 22T, FNEhoHEIc B
BRI OREHE) A 7 & MEt Lize HEREY » 7 vids-3k
HERRALEAE, B X O3k X S O RAHEIELERE D S
FERERGICERILL, B HICEEZ L7z b D x il L7z, T
% IKG 50% \ZFHEE L, KT % Hefl L 77212 30C D 4%
7T 5 HMOE#EE 4T 5 720 BEEFIHEOY ¥ TIVIZOn
T, MHCPAEIC X ) KIBR ORI E T o720 Z O
R, ZEALCOHEEHR TR RIZEEH L, 512 5iRY
(7THH) @, $-35RMAIET LzEEOHEREY
TNIZBWT, B EWEASEOSNL Z VL 2
Ehotze LALLM 13 H DL B L
ToHERES > v e, 190 H DL g L 72 HEREY > T v o
BICIX, AELEIROLNEDo T, TR AR
DOFEEH %13 H LA o HERE T, FEE o 580004
FEHENE & B L TR R OBl EI & A%E b7z,
Ko CHBHORAL, HIRE % KR LA SR8
B O AT 2 — T, RDSEFT L e b o 7285 a
(U, B KRR SRS 2 5B T L TR
ORE A ARAET DU RESEA D 5 2 LR &Nz, LA L
RAS LM 2885 2 LT, 2 OMiIT IR
MO & R 22 2 EBHL R E R -T2,

#95 (2009)

F5E BERBTLEBREICETZIXBEOH
&, YEMAZHONIA—-2BLT
BEMBEHEDOHS

1. %8

FEPEMW L, BELAREIRE LTH 0o BEs
FEDOIEE LTHWONT &2, L LEREIRY Y E
BEMIIEU S NHA121E, BRIIKAF IS L
LIFLIETERERDP S 0WEEZIT 5 L1075, FF
VIR SR AR R (VFAs), £ Y F—)v, 7/ —
v, TrEST, ST I v, EENRE LS
Br n BEWEEEt, RAOMNEREREDD ) bO
12THLIEDHLENTVE W, FHRERIIRS
B X OABICfEES 139 Escherichia coli 0157 : H7,
Salmonella, Campylobacter, Yersinia 55 D4 EmEY 2
FHianTwaiikddH s,

FE R E I BW IR SN - RIS O £
b L IFHERAL, WARALSE QML) SN2 FRICH B A
B2 EMICHAA SN, BREEE T AET 2 B0
ELTHwHENS, LALGALEREE T, Bibt
P72 7 WRREARD KIS % 0 2 720, FIRIG L
AN, 7232 1L o & Lz
e % B3 2 B Sh D 2 e D%, Lo TR
SRR A AR L O 234101, SRR
RHEMENEORE ) A7 % TE LR KRS & 540
HAEATH S LN T D,

THOENCBNT, ARIERHEREZ By E LK SR
YOI HF LTl b LA ST 2 33U ¢
H5bo BERDOIFFMIDOEIRIZ, REAOMEN, AR
B DREA, & U TCHEMAEMOKRICED»NL TV 5,
INFTEHLDOTFR Y AT LAHBEEHZ HAYIZ5
FEANTHY W He IS AT ADIKIEIROUF
SR D ERR I SN T E 23800 =0y 1A 7
WERY AT HIZBWT, BRTEOBE IR ICK &
GRBR 52 5o — MM IKEEIR O 18 K LHL AR | Hh sk
THETT LD, S TOMMEZTREE LR ETIEH
EMAEYORIBER KRS ERTEL Y —/T, TUrES
THEEDSBINT A2 ESHOENTWE ™, L L s
5, BB BT bV E R T O 2
PLORBHEESY oRBIHE SN THBY, Bt
DEEMEMERBRBEOFELRILEINTND, T/,
Hissett et al.*” 13 5C 705 50T & L 72 LB E o b T,
35C 25 40C @ Hii I THRUEY ORGP A R b & <
b EHELTWD, BS GRS TIX, #AIC
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L0 A U2 o mEDS, BIRPOBREICKE RE
bz d 726 L TWnEIENEZLNS,

CNE TORBEROBTILII BT 5 AW 51 7
geid, BENTFECLLZL08FLTH-72 2", F
TROWAENEW Y~ T v s 20— L&z 168
rRNA BT O 59%1%, TN F TREFIC L - THEES
NT-HOBLHI & 95% LT OMIFEETH o 72 2 & A5l
ENTWDE™, Lo THRDEREIKE L 727 70—
F U, RIESRP OB EEE % 50 I FHIC & 2]
BEMED D Do & o TARBFFETIZ 16S rRNA EIZ T2/ L
7T, 2T PCRDGGE#RB I U7 u—r 547
Y —Fe v, BRI O AICBWCTEER /NS
A= ThLEROWR, BSOS H, B L OHEME
BRIEEMEYEOBRE YL, ZOROMEMTEDFRH
SHFETHIZEEFHME LT

2. KBHX
(1) #tEBERER

FrEEIKIEIX, 2002 4F 11 A 205 2003 4 8 H 215 T
HREEMAEHN (2 IXH) OEBEREN THRILL
720 RIEEZERKE 114 (IKEIZOWTIIEWE) ©
HETHRAL, 05mmD Ay v 2 THEBTALI LT,
MHELBBRECTIIFHINEWKRE SOZEDE X EEL
720 TOBRBHIZIROREEEL LT3L4) 6gDRE
L, RIEREZER L 72,

(2) NBUFRBIEY 70 42— B LEEGRRHF
3 A OB IE, Jat) ) P& i L7 SLAD
Yy =77 —Ar¥— (TIM502WS, milER:) 1231
DRFERZ T L TITo 72 (K13), iRIE 40T 12 1]
L, 250 rpm OF G TEMBHIEL 720 WRIEY ¥ —
T7—= A —DEEPLET Iy 7 BHEAE (1.2cm
id. X 55cm) % i@ L T 50 mlair/min/L-slurry @ %] &
THAIZ 6 HEATo 72, ZOE%A=EIEHARENT—i
AT DN T\ 2 LD I3 i?ﬁﬁ N RS
FHOORP & pHIE, 300 HEIZ T — 5 0 — (=5
2 EF, Model 50204, VLIRS 12 & b #fny (2 #lE L
726 VT 27 —=NDOY > TNIET ) P %4 LRSI
ZERILL 720 [al45 20M SR BRI 35T 3 1150t L 72

(3) {LZ3H LUKBREDEH
1) b2 8 E: % % K & (Chemical oxygen demand :
COD,)

CODy, & Hach #2363 2 BE B L O UL HERE %

¥ 03 B KGR ORI ZBE§ 5 A 7E 91

C
13. BV T I 2—DBE
Schematic diagram of liquid composting reactor.

a, aeration pump; b, mass flow meter; ¢, ceramic diffuser;
d, pH sensor; e, ORP meter; f, sampling syringe; g, recorder.

v, FERAY 7 & USRI EEIL & - TllE L
720
2) 2EH

rvy—naEFR (KN) &, 7y —I v L - Tl
SEL72 Y. &%#FE (IN) 1, KiN & BEEBEDS X 06
FREZFOGRME L L CHIN L7

DM b airiE, ERY > IV % @0 L
(20,000 X g, 10 min), ZDE L LiFEE W~ Tk
L CTHW/Z,

3) TrEZTHEZER (NHN) B X OHAEERE, #k
BER

NH,N B & OHiRgHRREE, fEmeREss J 30k (Aquatec
5400 analyzer, Tecator) % H\>Cill%E L7z ERY > 7
NOEEFIHT LT v EZTIEBEOHBZ RT3 72
W, 1HE2SHREH DY ¥ 722w T NHN/TN
B aTo7. SNHMEOR/NEBEEBREIX, SASD
GIM 7y ¥+ ® 2 HwTHE L7z,

4) L biEO AR

PR JR O (s L& 0 4 e F (Total organic carbon)
(TOCy) 1%, TOC 77+ 7 A4 #—(TOC-500, EEH/ERT)
W&o THlE L 72,

5) EMIEIEESE (Volatile fatty acids : VFAs)

AR HE4E (Volatile fatty acids : VFAs) (C, — C,)
ik, ¥ v Y51 —EXKiKE (HP3DCE system, Agilent
Technologies) % i\ Cilll5E L 72
6) KW O

KB TR T2 LI AR B AR K & D IRBEIR D AR
A5 (1:9) #EHRL, 7OFANITY T4 — LFER
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(Merck) FIZEMEHRT 5 AFCEREIC L V1T 72,

F KB B R W4 (<10° CFU/mL) 1213, A
AEFAR 12 2, LMX broth (Merck) % Fi v 72 Most
probable number method (MPN #) % Bt L 5% %
'ﬁ‘/) 726

(4) HEgHIH S KU PCR &4
1) Bl

0.5ml O K 3 JR % 5L (20,000 x g,4C ,5min) L
THELNZ=RL vy MiZ, 500 ul @ extraction buffer (100
mM Tris-HCI at pH9.0 and 40 mM EDTA) IZ#% S,
BT 2 £ T 20C ORI BRIE S ze 77/ A
DNA iZZOHEF > 7N L) Ry IV aF 4 FE?
WXL, PCROT Y7L —bE L7
2) PCR %M

PCR %, EIEHE 16S rRNA E{n T DO W25 3 (E.
coli 16S rtDNA @ 341 % H 75 534 H HiE &kt £ ©) %
B LT TI4~—%Hni %,

357f-GC : 5-CGCCCGCCGCGCGCGGCGGGCGGGG
CGGGGGCACGGGGGGCCTACGGGAGGCAGCAG -3’
(F#EBIL GC 7 5 > THRT)

517r ©  5-ATTACCGCGGCTGCTGG-3’

PCR #41igi% AmpliTaq Gold (PE Applied Biosystems)
12k, —~<n¥ 41 2 F— (TaKaRa Thermal Cycler
MP; TaKaRa Biomedicals) % fi\ 72, {REY A1 7 Vi,
PFIOR T St TIT o 720

95C, 1043, 1% A7)
93C, 60#—48C, 60#—72C, 608 25417 )L
72C, 547, 1¥ 47

PCREM % 2% 7 # 1 — A7 VESIKE CHR % 1T
V), QIAEX I Gel Extraction Kit (QIAGEN) % F\»Ci&
MaxiTo72,

(5) PCR-DGGE

DGGE i DCode Universal Mutation Detection System
(Bio-Rad) # FH\WTATo720 R L7Z7VICIERY T2
DVT I FIEEAR (6 - 12%) L ZMHIEEAR (25
= 50%, 727ZLTMKFE-40% (v/v) AVLTIF
Z100% &3 5) O2ODOREALPEEINTED,
PCREM % O IVICEHET 77 4 L7212, 05 X

#95 (2009)

TAE buffer (20 mM Tris-acetate [pH 7.4], 10 mM acetate,
0.5 mM Na,EDTA) H T 200V O —E®EJE T 61T, 5k
BOBERKI 1T 5720 DD DEE % $5 Double
gradient 7V iE, ZBHFRRREAEICMZ, R) 727N
TIFREOENICLLZE2OHREEATHI LT
il % DINY N O EERSET 2RD D H 2 L DHE S
NTn5 B2,

WAIKEN R, 7 V& 1AL 72 SYBR Green 1
(Molecular Probes) 12°C 30 /gL, bI ALV
IA—F— RIS VvERL, UVERHET CERIKEIGRE
52 L 72 (Gel Print 2000i, Genetics Solutions)

HAKINE D S BROR R & 5 58 Fa@IRL, b
FUAANIA=F = FIZTU YL EFTo72, Y)Y
WLy FEELT7 IV LD, QIAEX I Gel Extraction
Kit (QIAGEN) % JH\»T DNA % i S & 72, HIZE
DNA % HWCTHE PCRDGGE %17\, Y L7z
FHE—2% 2 L THRELBEYE L7, ¥, 5EHOYDY
HMLARTH—IIR S Rh oy FIZOWTIE, Tid
DY =7 Y ARITDENP 272

(6) Sequencing

H—|27% 2723 FDNA % i, Sequence Xt
%4To 720 Kt id BigDye Terminator Cycle Sequencing
Kit (Applied Biosystems) % i\, FUSSMEAF v b
DY =2 T IVIZHE - 72 Sequence UL DB D 75 £ < —
i, Ao 357£GC D GC 7 T ¥ T % w72 B % b
2 357f B L OV 517r & 72, Sequence i&, ABI Prism
377 DNA sequencer (Applied Biosystems) 12 TAT- 72,
BoNTBRTFERY EMHREMEL S ORHIZOWT,
WEB LD 7 — % X—2 X 1) BLAST 70 7 7 & % fw
THEEITo 72,

(7) DGGE /N> KIN& — > O#Et#ER

B A FE N7 DGGE 7 )V A 4 — % Luminous Imager
(TA Y - TXEANREFT) THHrrdk, /N2 N
REAEAL L 720 ZNENONY FOBERE, Pl
Nize TTTPRUTOL) ITERENS 7,

Pi =ni/N
Pi : importance probability of the band in a gel lane

Ni : band intensity of individual bands

N : sum of the intensities of the bands in the lane
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INTNDOL = P IZHIST BN FBFFEL 20
AT, 00BMEEZ AT L7z SO OHENS,
SAS @ PRINCOMP 7' 11 & ¥ % ® % I\ C F i 017
(Principal component analysis : PCA) % 17 \», DGGE
NV RIRY — 2 DBEBIZOWTH L Z R A7z,

(8) 16SIRNABIZFNI7O—>2514 75—
rya—= 73 5 BEIEME O 16S rRNA #{E 10
WIEE, UToT7I94~—ty +* 2757

27t ©  5-AGAGTTTGATCMTGGCTCAG-3
1492r :  5-GGTTACCTTGTTACGACTT-3

WEEY A 7 VIR LU ISR G T - 726

95C, 1045, 191427

93C, 60 —48C, 60> —72C, 60%> 1541 7L
72C, 59, 1147V

BB PCREW % 2% 7 # 0 — A7 )VESIKE) T
MERR 24T\, YR S /2Ny F (~ 1.5kb) %
Py URR L7, WS/ PCREWZ, pGEM-T
Easy vector (Promega) 27 {4 7 — ¥ 3 v {4, E. coli
JM109 #k 12 & & #x # % 47, IPTG (0.5 mM), X-gal
(100 pg/mL) B X7 > ¥ ) » (100 pg/mL) % &
T LB EREMICHIE L, 37C C—Muksse L7z, SERE;
WhEicHBHL-EfI o= — % L, LB broth T
FRICH R Z 1572, WK 5 QIAprep Spin Miniprep Kit
(QIAGEN) # HHWT 75 A 3 FoHit %47 - 72o Day
0, 2, 4, 6¥ v TUhETyFAICHFEN 70—
b &7 DNA Wi H % Sequence 7~ 7'L— M & L
THEH U726 Sequence I21x, U TFTO 754 ~<v—t v
7 NAVALS

27f © miak
907r : 5 -CCCCGTCAATTCCTTTGAGTTT-3

TN ENHE L N 7ZBEFIZ 2w Tid, Ribosomal
Database Project I (RDP- II) 'V @ RDP classifier %
WTRHEN R EEITo 7. BAIOF X T/,
5 KumMIELs, 3 KinMIEYI B & OEEEY] O Rk
FGHEICE M RONE P BT T =y 7T 5
TEIZE AT 2 99% LU o MR % OB
[, F—ofy &Eskl, Pk ORb#EmIcix
Operational taxonomic unit (OTU) & L Cko720 Rk

12, MEGA version 3.1 % JI\» TYER L 720 1300 3
FHELLED16SRNA D) 7 7 L » ARH % & e R i
1%, neighbor-joining #:% W T/EK L7ze 77— M A b
v 71X 1000 [ & L7z,

RWFFE TR O NIREEINILUTOT 72y ¥ 9 v -
+ > /N — T DDBJ/EMBL/GenBank 7 — % X — Z |2 %
§k L 720 DGGE 7 V7> 54) b i S 4172 DNA W 12>
W T UE, AB331442- AB331452 %, % 2 W BE 4 O 16S
rRNA #{%F- OTUs @ PSM-1 25 PSM-62 122 Cid,
AB331453- AB331514 # &R S 7zv,

3. &R
(1) HEE(LERRICH T H2YEEZENNT A —S2OHB L
KEBEEDHEER

WEALAE) N T X — 5 DR, I X UGGt
DIREEE L THIE L 72K R B OHER 1L, 3 OO
P E L TR L. ORPIZOWTIE, 52 M FE AT 30
e, TR OEALEWMTH Y, BiEo It
BRLELWIENOLRRNOLHERZRL 7

1) pH O¥#ER

pHIZMED 71 b ERMGB I HE T3 FTaL
AL, D6 HHEIZ86IIET L FTRRLICEAL
(F— KB COpHDLEFIZ, TVEZTIEED
FREEFEERICE S CO,DA M) v ¥y B0% -
ErborEZON, BHIG1 HEZEOT Y EZTIRED
EAE, BIML7ZREOGREIGERT250THY, 1
HHO7 Y E=TRETH S 1,110 mg/L &, ®IIE
INTCWATYESTEREERMLAEE 2g/L) @
FITEED, Ty ESTIIHMEn-igEs 58 L4
[ZHIS LTz (X 140)

2) CODg, 3B £ " TOCs DR

6 H @ @K LB FE THIFE CODe DI 60% 7355 1%
INTWzZ s, AP OIGIER BRI ETL T
72eF 2 HN7z (KM14B). TOCs X F4AH 1 H H I
MASFRS SN2, 2 HH LKA S EEE T 8]
L CRABENICH - 72 (X 14B) o

3) KBEWHEOHR

KW HIE, ¥FED 10" CFU/mL 75 1 0 HIZid#%
#1210 CFU/mL # T L, 10° CFU/mL LLF o ffwe
W TR THEE THERZ L7z (1M 14D)s

4) ORP &7 Y EZTiRESL XU VFAREOHR
ORP (&, HFEESARMN T 2055 BlGH 12 B ix -
350 mV ¥ TEAME T L7z (X114A). 2@ — 350 mV F&
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(A) B2{LETE R, (B) EiFTOC, VFAB LUCOD,, (C)
TFUOEZTEEZRSLIVOTOEZT7 /2%, LU
(D) KIBEFDHR

Time courses of (A) oxidation-reduction potential (ORP) (B)
supernatant TOC (TOC,) and COD_ and volatile fatty acids:
closed triangles and circles represent the values of TOC,
and COD,, respectively, while open circles, triangles and
squares represent the values of acetic acid, propionic acid
and butyric acid (C) NH,-N in the pig slurry and the ratio of
NH,-N to total nitrogen. Ratio of NH,-N to TN was statistically
compared for the samples after day 1 when added urea
was hydrolyzed: open circles and columns represent the
values of ammonia concentrations and ratio of ammonia to
total nitrogen, respectively, and (D) the number of E. coli.
Thin arrows indicate the samples used for DGGE analysis
(Fig. 15A). Bold arrows indicate the samples used for PCA
(Fig. 15B) and clone library analysis. The error bars indicate
standard deviations of the mean (n = 3). Only for ORP is a
typical time course shown. **: Means indicated with different
letters are significantly different (p < 0.05).

#95 (2009)

FEOM\VORPEIZ3 HH FTHEE, ZOMMICIIKE
PRHTHEE % VFA Th HEEFRIEE, B L UV TOCs D8
A RO 5N (K14B)o L2 L&A 5 4 HHIZIE,
HefE % & e VFAs DT & A EDHSR L Tz,

3 H HLLFE, ORPHIE — 250 %> 5 — 50 mV O [ T%
BLads kAL, 6 HEICIE - 7TmV EFTER L7,
Z OBHIZIE TOCs Do X stk L TBY, 7%E
ST REOBEALED SN, Fig. 4CIZ1HHE (2
DR TIEEAEDRMREDRT Y= TIHHEINT
W3) DD, @8R/ T LT Y EZTIREDLE
(NH-N/TN : %) %77 L7z NH-N/TN &4 H H 2
LK<, 6 HEIZIZAEZEIZ (p<0.05) 123hNL Tz,
WERHIE T, HOANERRE R X ORMEREE R I s
o7z,

(2) PCR-DGGE f&#f

3MOWRILHEED 5 6, HAR 7% DGGE /N> F/3
=707 7 A4 NVEK AR L. WEALER
8T A— 5 QR ERIRRIZ, BEEWEE S FG 1 BRI
FHHE LSRR b, 2HEE 4 HEHD/N Y FX
y— B3, BEELZEIFEO LN LWY, £
B 6 HEIIZHOKRENY XY — 2 OZLDERD S
Nize TNHNY F/8Y — 2 OREREI 23R L, TBUGr
AT ORERICHAREICEN (N14B), 2HH L4 HH
DEFEIZEFE L TWAHH, OHHB LU 6 HEDEEE
KREL RG> Tz, HIZ, EESOTOMESEE, 36
DY R LABRD /N 37 — 2 OB EAELL L
TWbZEZRL T,

DGGE 7 Vi b BmE L b o /Ny R L,
F5HL L 721212 DNA Wby O3 2ERCY) % < 72. BLAST #
FIZ L B ENZ1D DNA Wi @ Closest Relative O—%&
#FK121R L7, 0 HEB OAWRESEE, HILERAE
WO ™ (ZEAEYEE D band 1, 2 D & ) Ny
FOFAE & o THRBO T STz B LRG R 1
HH 21X, Bacilli (24736 & 114 band 3, 4, 5 DEEHIASFE
oL EE BT, 0HBTED SN Clostridia 1243
SN2 band 1 OIEAF LD LNz (M154). 2 HH
1213 Bacteroidetes {277 & 115 band 6 D & 9 /N B
LD H N7z DGGE 7V LD/ Ny FoFTIE, band 3
AP 2 08 U CHRE ISV EE TR H 7z,

4.5 H H 121% Bacteroidetes (24748 & 411 % band 7, 8,
Flavobacteria (25348 & 115 band 9, 3 & UF Clostridia (2
SH NS band 10 2°HMEZR N P& LTRED b7,
INHO/NY Fidband 8 #Br &, 5% /N NEREE 74
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BHb 35 F/F4HHELLRBOLNTWIZNY FT Day 4 (n=50 7 @ — ), Day6 (n=48 7 u—>) o7~
Hbo TNHNY FNF —2 DAL, band 1, 3,4 B O—>9477) DK% 47 572, Day 0 7 0 — ~
LV 6D FEEQIRTICHML TEZ o Tz, AT —=TIE200TUNELN, KERFD
MAERHELEOBVEHEELRL TV, 70— 0

(3) 16SrRNAEIZFDY/O—>514 75—k K & 43 1&, Clostridia (21/47) B X U Bacteroidetes
Day 0 (n=47 7 @ — > ), Day2 (n=48 7 0 — > ), (23/47) THh o7z (M16), K5 OTU iE, PSM-28,

£ 12. DGGE #/L 5185 h /- DNA Bir OECSIICEF L1 & 7 DEE 4

Sequence similarities between DNA fragments recovered from DGGE gel and their closest relatives.

Band Closest relative
Number* Organisms Class® Similarity® (%) Accession No.
1 Uncultured bacterium clone p-956-s962-5 Clostridia 100 AF371797
2 Uncultured bacterium p-2513-18B5 Clostridia 100 AF371834
3 Bacillus sp. STB9 Bacilli 96 AY603079
4 Bacterium K2-24 Bacilli 96 AY345429
5 Bacillus sp. STB9 Bacilli 96 AY603079
6 Petrimonas sulfuriphila strain BN3 Bacteroidetes 93 AY570690
7 Bacteroides sp. 22C Bacteroidetes 92 AY554420
8 Chitinophaga sp. Gsoil 052 Bacteroidetes 90 AB245374
9 Flavobacterium terrae strain R2A1-13 Flavobacteria 93 EF117329
10 Sulfate-reducing bacterium RA50E1 Clostridia 89 AY548776
11 Aequorivita antarctica isolate S4-8 Flavobacteria 96 AY771732

* Band numbers refer to Fig. 15A.
"The sequence of closest relatives were phylogenetically classified using the RDP classifier of the Ribosomal Database Project II
¢ Percentage similarity to the closest relative according to the BLAST search.
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(A) 01 2253354455 6 (B)
0.6
0.5 g H
.Oo
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e mEm———— 03 ,
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1 — ay
4 o n 8 & 02 F .
1 — \ x o -
E ? S — e
6\ g ie)
oy 3 -
3 T - ¥ g o B
4————\':‘=- Ei 3 01 - Dey'4
5—l i = -
! F
, = | .,.TI : - -0.2 Ci Day 6
10
4 - 03 °r bt
i - .- il 0.4
® " 02 -01 0 01 02 03 04 05

PC 1 (42%)

15. BESARBIBILEFROHMEYEED DGGE 7O7 7 1)V (A) EERFAICK ZHEDHBEOMIT (B)

(A) Denaturing gradient gel electrophoresis (DGGE) profiles of PCR-amplified 16S rRNA gene extracted from aerated
pig manure slurry microflora. The numbered bands refer to those in Table 12. *: These bands are supposed to be a
heteroduplex that was derived from the sequences represented by bands 3, 4 and 5, because the re-amplified frag-
ments recovered from these bands showed bands 3, 4 and 5 on the DGGE gel. (B) Scatter plot of the results from the
PCA of the DGGE profiles of three runs. Open, closed and shaded circles represent the plots of three independent
runs. Open circles correspond to the run of the DGGE profile shown in (A).
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-12, -13, -16, -17, -26 (EF529620, AY028442, AB064923,
AY239461, AB238927, X94967) O £ ) \ZEy o FEfHE, F
72AE 0V — X PR T 2 A L M EE SR D o 7208,
M1k (PSM-11) (AY005061) , % 7z (% /K HI (PSM-34)
(Y15986) CHIRT AREF b ABD BN (F13),

Day2 27 u—>54771) =139 20 OTU 5 Hk
ENTHBD, Day 0 & LB L THZEOMB VS EFE L 72
ZLEFELTH (M16), Day2 54 75 Y —Tld,
Bacillus |27 E N5 7 0 — Y OFFLREIMPRED 5
7 (K16, #£13), Zo#E 5 OTU T&dh %5 PSM-1
(21/48), B £ U"PSM-2 (9/48) X, DGGE 7" ) T®
band 3,5 (PSM-1), 3 X O*band 4 (PSM-2) Z5f)s L
Tz, PSM-1 & -2 1% Bacillus \2J& L, %9120
LT/ (similarity 98.398.7%) 0 %7- 2415 & 97% Ll
L oMEME% & O Closest relative (X, 7— % NX— 2 L
WZFBO LN h o7z, Day2 7 4 75 ) — T Clostridia
1 Bacilli ICIKWT2HFHICE W 7 U— 2 Tho 7275,
Day0 54751 —&E—®OTU XBD SN o7z
(17),

#95 (2009)

Day 2 L FE#OHERIL, Dayd 54 75 —12BWT
LBDENTz, Dayd 74751 —I2BWTIEL D %L
® Bacillus |2)J&$ 5 OTU O %£iE)H 5, Day 2 &
FH 2% %o PSM-1 (28/50) B X UV-2 (12/50) 7572
oz (K16, £13) F/2Dayd 714751 — 14,

n=47 n=48 n=50 n=48
| =

(=3
(=}

[~}
(=]

(=)
(=]

[ Other
B Flavobacteria
¢ | |LILl" Proteobacteria
[C] Bacteroidetes
[ Clostridia
ol i B Bcilli
Day0 Day2 Day4 Day6

Percentage of clones
affiliated phylogenetically
N
(=]

[\
(=]

16. 0, 2, 4, 6 HY > TILHh5ES5 /- 16S rRNA BIZF
(QFZ5:0bsx]
Relative proportions of 16S rRNA gene sequences
recovered from day 0, 2, 4 and 6 samples. “Other”
represents Sphingobacteria, Mollicutes or unclassified
bacteria combined. The number above the bar
indicates the total number of clones obtained in this
study.

#£13. 0, 2, 4, 6 HEOY/O—-254 75U —-D>56£70—-20D5% L EDEIG %5867 OTU & ZDEiFE

The commonly isolated OTUs (>5% in total clones) from day 0, 2, 4 and 6 clone libraries.

l(ij bl?arlz OTUs of ?;)tal Class® (];()(I}Té:)z:ng Best match in GeneBank % similarity®
Day 0 PSM-28 10.6 Clostridia EF529620 93
PSM-16 8.5 Bacteroidetes AY239461 87
PSM-17 8.5 Bacteroidetes AY 862593 90
PSM-11 6.4 Bacteroidetes AY005061 90
PSM-12 6.4 Bacteroidetes AY028442 93
PSM-13 6.4 Bacteroidetes Prevotella copri 93
PSM-37 6.4 Clostridia Y 15986 89
Day 2 PSM-1 43.8 Bacilli Band 3, 5 AM690038 95
PSM-2 18.8 Bacilli Band 4 DQ448750 94
PSM-34 14.6 Clostridia AF443595 98
PSM-36 8.3 Clostridia Oscillibacter valericigenes 93
Day 4 PSM-1 56.0 Bacilli Band 3, 5 AM690038 95
PSM-2 24.0 Bacilli Band 4 DQ448750 94
Day 6 PSM-1 10.4 Bacilli Band 3, 5 AM690038 95
PSM-56 10.4 3 -proteobacteria EF095770 96
PSM-49 8.3 a -proteobacteria AJ565420 91
PSM-50 8.3 a -proteobacteria AJ565420 91
PSM-62 8.3 7 -proteobacteria AM400231 96
PSM-48 6.3 Flavobacteria Aequorivita antarctica 93

*The sequences of OTUs were phylogenetically classified using the RDP classifier of the Ribosomal Database Project I1.

® Band numbers refer to Fig. 15A and Table 12.

¢ Percentage similarity to the closest relative according to the BLAST search.
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Bacteroidetes ® 7 @ — > OEAINIZ & o T L HH DT 5
N7z L2 Day4 7 A 7 7 ) — @ Bacteroidetes 125
HEN724>o00TUDH B 321d, Day0 74 77 —
@ Bacteroidetes & B2 % 7 5 A — %KL T 7z (F

PSM-40 (

100

100

100

99

¥ 03 B KGR ORI ZBE§ 5 A 7E

Ruminococcus luti, AJ133124

PSM-27 (D0)
PSM-26 (DO)
Ruminococcus gnavus, X94967
PSM-38 (D2)
PSM-41 (D6)

PSM-36 (D0)
PSM-37 (DO)

PSM-33 (D2)
Clostridium thermocellum, 1.09173
Clostridium sp., Y15986

PSM-25 (DO)

97

17)
Day 6 T i, Proteobacteria
b %< 7%, LT Bacdilli,
(4 16)-

BT A 70— ik
/4%
L2L%&25, DGGE 7u 7 7 4 Vil

-

Flavobacteria 7% Z 1112

D4)

98

Clostridium celatum, X77844

4,—97|:PSM_39 o2 4
73 —Clostridium glycolicum, X76750

100L-pSM-30 (DO)

81 Tissierella praeacuta, X80833

PSM-43 (D6)

PSM-34 (D0) Clostridia

PSM-35 (DO)

-Acetobacterium carbinolicum, X96956

100
98

V—‘—@M il

Anaerovibrio lipolyticus, AJ010959

PSM-29 (DO)
PSM-28 (DO)

F lavobacterium columnare, AB078047
PSM 44 (D6), band 9
-Aequorivita ferruginea, AY027803

Flavobacteria

-Bacteroides fragilis, X83935
rPrevotella copri, AB064923

~{ ——Prevotella sp. B31FD, AY005061
PSM-12 (DO)

s sulfi
%smn (D4), band 6
100 PSM-22 (D4)
86 -Parabacteroides distasonis, AB238927

100 L-Bacterium mpn-isolate group 1, AY028442
PSM-14 (D0)

78 PSM-11 (D0)

PSM-23 (D4)
PSM-13 (DO)
Petrimonas sulfuriphila, AY570690

99

Bacteroidetes
Bacteroides forsythus, AB053947

97

i

94 PSM-19 (D0)

L _——Psm-
86

PSM-17 (D0)

20 (D2)

Gram-negative bacterium cTPY-13, AY239461

99

PSM-16 (D0)

Flexibacter flexilis, AB078054

PSM-18 (D0)

—91‘—‘—
99

PSM-62 (D6)
Dyadobacter ginsengisoli, AB245369

Sphingobacteria

_—
0.05

X17. 0, 2, 4, 6BHOVO—-254 75U =%

Sphingobacteria ICE ¥ % 7 O— > DRkt

Campylobacter fetus, 1.04314, outgroup

5 18 5 h /- Clostridia, Bacteroidetes, Flavobacteria & U

Phylogenetic tree generated by the neighbor-joining method showing the phylogenetic relationships among the clones from the

aerated pig slurry samples on day 0, 2, 4 and 6 within tl

he classes Clostridia, Bacteroidetes, Flavobacteria and Sphingobacteria.

Bootstrap values are shown for each node that had >70% support in a bootstrap analysis of 1000 replicates. Sequences obtained
in the present study are in boldface, followed by the clone library from which the individual 16S rRNA clone sequences came.

Campylobacter fetes in the & -proteobacteria served as tl
DDBJ/EMBL/GenBank accession numbers of reference

he outgroup organism. The scale bar represents 5% sequence divergence.
sequences are given.
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WTHROLN/A LI, band 3 B L 5 IZH BT
% PSM-1 (5/48) (3fkske L TSz (K18, #
13). Proteobacteria [ZB 357 10— D {DniE, K
PN k3 2 A R OIS & s AR 2 R L7z, B
1% canal water (PSM-45, -46) (AJ565420), & 0N lake
water (PSM-57) (AM400231) (IX118) 25 ZLIZ7% %4 3
%o %72 DGGE 7" )V T band 9 |ZXI5 3 % PSM-44 (£
Flavobacteria |2J& L, Z ®OEE% (L seawater (AY027803)
IR AR OB & m AR E R R L7z

4. EBE

ARWFFECHEM L 72U LB 8 F2 Tl CODe, DA
WCREND L9, BREROE BT IR RIILE
fb3nTwizc, 728G TH S VFAsiEL, 4 H
O LRI 1] TS 112 52 %5 T & B i 0.28 kg/m* ™ 12
FTETLTWV, ) —2DREWETH LT ~E
=71 4 HHFTIHET LTy, &L % ki
TAHZETHEATLEIENPHORII o7 F/0#
TRV G DRI A Td 5 KWL, LT R 10°
CFU/mL LT & TIREL ST 7ze ZOREIL, 40
CFR part 503 regulation® @ “Class A" D3 (24024
LHETH Do

T fE 0 SGEER 2 b b 5 TLBELO W H 25 ORP I3,
- 350 mViE< ¥ CRMIELT L7z, D\ ORP fl
&, BHEREETHE T DR R OB 2 P X 5 b
DEEZBNT, EBIZPCRDGGE BL M7 u—r 3
A 77— TIE, T ® ORP 2ME WA Bacillus
BT DM E OFEE AR bz, F 722 ORI,
B O EAL L BRI ICHEIT L CB Y, SFICHE
PR X 2 HEWCRSME 2 ) 4 HEIZHEERL Tz,

Bacills J& DM 3HE 4 2 BREGIEAE L, FEERS 70 ¥
F VMR EORGF OB IR % & U 4 OB 2 IR
ICEALTE 2 2 EAMON TV S Y, TR F TICHhiE
DIFRE R OWNACALIRY > 7V 2> 5 1E B. thuringiensis™
P, BEIREOY v TS B. licheniformis®, 3 X VB,
thermocloacae®™ 73 Bl % 7213 2 OEfFHO 7 0 — > &
LTHELNTWVED, KEERTHE SNz OTU PSM-1,
208 EOMEAEIZVTNDL 6% LT TH o 720
Nakamura et al.* 1&, /& 3 UBLBFE CE Y & 7 2 Fii
|2 HLEE S 7z Bacillaceae )& AHRICOWTAER - £
(LR DR 2 ATV, Z 5 DVH BRBESEY O 55 %
Ho TWAIHMEDH S 2 & EHME L TWwb, HEEL
L RBRICCRY O B S L S P CIL {AThb I Tw b
FHETH LY, TNoHOT UL ATRIZICHEEREED
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SIEOEERFEE R LTV L REROEE Y 24
CEATOVLUEEEND L EEZ B, & ORP O
W21 Bacilli 122, AHEEREAR & L THIS T
% Clostridia 3 X U Bacteroidetes™ ™ & # i & 1172,
Leung & Topp™ &, Clostridium sp. DSHK 3 PR O B 41
MCHEFTLIE2HMEL TV D, F RN ORI
12 > THEEY 23 N/K ORPIREE L, F&MRE & D
ICHER M E ORI DRI L8R SRz, IRER
DEBES O ELS & OIERRAILIL, PR & Bk
WAELTEE L CRFELAZRECET L DEEZS
n7z.

ORP 33 HHA” 5 LA LIk, 4 HHIZIX VFAs ©
{H 2k & TOCs 73 EE D SIALASFRD H7ze T D ORP
OLFIX, HETBLT 572D E R EREREN
;2 SR AR N O % (W AP N3 Y L e
T RFEIEATE L L7z, Bacilli /N> FEEEAMET LT
v { —5C, Bacteroidetes /N> K (band 7, 8,9 B &
" 11) 253788 5172, Bacteroidetes (23 % W D\
OniE, FAKRET T Y POFR T O ATEIEL, H
WY HEEHoTWD, ZNHDE LY VS0 H, *
FUHE, TrTy, Flidbenu— Ak EESHREST
ILEWMEFHECTE DI EDMEN T2 ™, band 10 ©
DNA Wik &, 45 HBIC—Fmickt s z2%, 5 HE
IO b oz, ZOWMEIIBEDREDH L v
AN—E LCHIGE L 7228, BB L7z D EER
b7z 42056 HHIZFED 5172 ORP DEHIE, 7
VEZTREDO LAE STV END, FIAEL
T RE SR P % 0 B BRI L 72 FRSRTH B O %2
A R R YR A=Y (WA

Day6® 70— 54751 =125\ TIH,
Proteobacteria 7° i b B 5 T & v, K \» T Badilli,
Flavobacteria D NJET&H o 720 74 77 1) — THE L
T & o 72 Proteobacteria, 3 X U Flavobacteria O
FEH L, RIR & B L M I JE oK w
KEOMEHOEY & OMEERE D > e Th
i, 6 HEIZFRD O N-MEMIEORMERE(IL, &
FROBERST DEEAERICHESH DD EEZ S
n7z.

BREGTOLBIZHEMITL &, 7Y EZTHREIRL
HHUBEHEAIIKTL, 4 HEIOROEWBELZRLL
(M14C)s 207 ¥ E=TREDKTIE, NHN/IN ©
REELCH4AHICRNERY, DEEML TS
ERS, TYEZTOMEIZIL Db DTIE A~k
FRILICE B DLEZ BNz,
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RKERICBT L7 v E=TOEERES LT, Y7 Vvy I U (PGA) OREEICHWLNZ L &R
Bacillus ¥ % F\ RS A ST 5 #00 on LT\wWh, KIFZETHH & 7z Bacillus 7% PGA % 2k
5OHEDS B, Hoppensack et al® (LR D TN T LPEPIEHEL TRV, REFROURN 25 &
DI BLDWBUNHENA FV AL LT, F7/201%05F NH-N/TN KT, B L OREZFEOME L NH-N/TN

PSM-7 (D6) ]
PSM-10 (D6)

Bacillus thermocloaceae, 726939
Bacillus sp. STB9, AY603079

Bacillus sp. CNI816 PL04, DQ448750
Bacillus licheniformis M1-1, AB039328
Bacillus subtilis, ABO18487

Bacillus sp. 096002, EF522805

PSM-8 (D6)

PSM-2 (D2, 4), band 4

100LPSM-1 (D2, 4, 6), band 3, 5

PSM-4 (D2)

85

99

Bacilli

96

-Atopostipes suicloacalis strain PPC79, AF445248

-Lactobacillus crispatus, AF257096

PSM-6 (D6)
() EPSM-9 (D6)
» Paenibacillus curdlanobticus, D78466 —
| Erysipelothrix rhusiopathiae, AB055905 .
_,—99|:PSM_60 o0) Mollicutes
92 PSM-61 (D4) |

———PSM-42 (D6) ] .
100L———Symbiobacterium thermophilum, AB004913 Unclassed bacteria

{Agmbacterium vitis, AB118158
100 PSM-47 (D6)

PSM-45 (D6)

PSM-46 (D6)

Sphingomonadaceae bacterium MWH-CaK2, AJ565420
PSM-48 (D6)

Sphingomonas echinoides, AB021370 —

W Burkholderia pickettii, ABO04790
_93|:PSM-54 (DO)
] ———PSM-52 (D2, 6)
-Alcaligenes faecalis, AB091759
| 74~PSM-50 (D6)
%0 74[LpSM-51 (D6)
100 PSM-53 (D6)
Pusillimonas noertemannii, AY695828
Pseudomonas saccharophila, AB021407
PSM-49 (D6)
7] » 001 psws6 ©6)
98 PSM-55 (D4)
98 E|_—Comamanas terrigena, AB021418
-Xanthomonas axonopodis, AB101445

100 PSM-57 (D6) .
9 Stenotrophomonas sp. KC-5, AM400231 Y -Proteobacteria

[ PsMs)
98 Acinetobacter calcoaceticus, 793434

Desulfomicrobium baculatum, AF030438 .
—95‘—|:PSM-59 D6) 0 -Proteobacteria
100 Chondromyces apiculatus, AJ233938

Leptospira fainei, U60594, outgroup

96

o -Proteobacteria

99

100

B -Proteobacteria

99

—
0.02

18. 0, 2, 4, 6 RHOYO—->514 75U —H5%B 56N Bacill, a -proteobacteria, 8 -proteobacteria, y -proteobacteria,
& -proteobacteria, Mollicutes & LU Unclassed ICEY % 7 00— > DRk

Phylogenetic tree generated by the neighbor-joining method showing the phylogenetic relationships among the clones from the aerated pig
slurry samples on day 0, 2, 4 and 6 within the classes Bacilli, a-proteobacteria, 8 -proteobacteria, y -proteobacteria, § -proteobacteria,
Mollicutes and Unclassed. Bootstrap values are shown for each node that had >70% support in a bootstrap analysis of 1000 replicates.
Sequences obtained in the present study are in boldface, followed by the clone library from which the individual 16S rRNA clone sequences
came. Leptospira fainei in the Spirochaetes served as the outgroup organism. The scale bar represents 2% sequence divergence. DDBJ/
EMBL/GenBank accession numbers of reference sequences are given.
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® 1 H71%, Bacillus %85 L 7-HEOHER &L B 2NEW
EHBEEIND LD, ZORMOBEDTIR P oY
RRFRE AT, TUVEZTRNATTAICEHRL T
Web DE#E 2 b7z, VFA OiEL% L TOCs Do fRHEE
Db D kI, NH-N/TIN ZAZE ISl 72 (X 14)
B, ZOREOEIMNIKFIFEDORZIZ L o TIRBEL7ZR
EROGRITERT 27 v E=TERICEDbDEEZS
n7z,.

BEHROBEMNLIBEE L CERRIZL 2 KGRHO
EBZY ) T RTo. RBREIZERAEFIRE IS <
(40C), 1K ORP i (~-350mV) S THo72DIZd
b 5§, BRBHEE S 10° CFU/mL LU I F T
TL7

Diez-Gonzalez et al.”” 13, #i& L 72438 T0 5
N KW OTERAL, RERKE L 7V 71 ) Stk D15 %) R
Z X BIREM 2 ZRIERT 2 5075 LTwh, &
FERTIX, BMUZZREN L HUNICGHS NG 2 &h
b, CO, L7V EZTPEREINSLEZIETpH B LV
MBIEREOLAPRELZLEZEZ LN LELEDTDS
REBRITERBLA T TBY, BEEIN CO, 1L
BEA M) v ¥y 7 ENBIRWICH o720 F 72 Harris et
al® |3, VFAs »REERT OB H 2 LG &5 2 L %
WELTWDEY, ZOREPBEOLNL pH L43 TH
D, TOpH A 68I2F TLEALALEIIE, R
FRBOLNGEVE LTS, KRBT, @RLEOY)
B KIEZ: VFAs IRfE 0 EADZSBO L/ 00, i
ZH U CpHIET VA ) HITHER L T\,

Munch et al® (3, FRIER B & OFHER 0§ % @A
HIZ, NEREEZ KIEICERRSE2 2 E2HE LT
%o KWIFEOMEWIEDOHROT— 513, BRI &
D72o7:1 HCHENRE BN T 52 &, £7RFIRIC
HIRS 2 HLEREEM A RIRIS A 35 2 £ LS8 &
NCW D, AEMAIREC X 5 A0 7 A E A O #H]
X, SRFETIRWLOPMEEATEY Y, @LH
12 & - THE & & 7% 5 72 Bacilli-Clostridia-Bacteroidetes %
FHRETHRFED, KGRz STHILE RO
DOHEEICER L7z EZEZ 51 b,

AWFZETIE, HALE HRB A RS BB & D
SR\ Bacillus JE 18 5 OBEIZZLT 5 23k, Fo#
BTVFART Y E=TREDOWY, BLURBEED
KIFLAETAHEZ 2 2 EATRS NI, BREFTIIBIT
% ORP fitiix, Bacillus %13 U & L 720 MW O M
OB THELLIL, TYEZTORILEMED B
B R RIR O 57 & b BEDED o720 £ o T ORP
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HEANL I L TUHELBROMETEE=S ) VT DT
EDHRETH Y, BBIENERST v =70 &) R RA
WEMET T 2 2T 528 T, T AEHR
L, FHZEREELZENTELLEEZEZ N,
KifFge T X L7z Bacillus 5 %, PSM-1 B X 18 -2
@ Bacillus #:\%, @RI 70+ 2|28V TEELR&ZE
o TV L UREMD S %o FIHEOWREEDL H DD 2
2O Bacillus HRIZOWTIE, MHEMBRIZBIILZEZN50
RGBS X OO BT 2 28 (KRB ol
BMERZE) BREIGERB LD, HRHESLET
Hbo

5. Efy

FRIEFR ISR IR 2 13 Lo & L 725880 72 Al
HEENTED, AHRERE LB 5B
(&, ESMLEIC L) BRAEKIBICERMSE 5 L bI2h
WD 2 ZELSED T ENEHEINTVE, ZO
EAL 7Tt AL, BRI & o TH 7214 U
MBEEOHEEI L > THEITT 2 EEZOND, I TR
e CIEBmBAMYE L L CTEELRRAWE, BL O
HEHRIREMAEY TH L2 RKBROEELNET 2 &
EHIZ, WBELEBARIZ B L BUEW TS DL E L IER R
BT & 0BT L 720 IR3EJR O ORP (L E il 5 CTdH
H0I2b#bS5F1IHBIZ- 350mViIEd FTERTF LA
ZEND, HRMEREEC X AR EEREONE D
HIoTWEEZ BN/, 20 ORP PMEWERIETIZ
Bacilli, Clostridia, 3 & UF Bacteroidetes 238 5 & 72 -
TBY, ¥ Bacillus Z2HHOZ 70— 54 771) —
TEIE—rD65%% HHTWIz, TD ORP A<,
Bacillus 735 L TWARETCIX, REWETH 51K
ARIIRB L 7 Y E=TREME T2 L 2512, K
B BATRIRIZART LT ize ARARIEE ST L, 3%
PR O 0] 1 SR B3 O 4 g ASEiAL L 72 4 H BRifA % 55
IZ, ORPHIZ EH L, — 25045 — 50mV Oz £ T
L2226 HHEIZ- TmV ETLER Lz, 20 ORPENE
BT RS DI H ) IS 1 O iR
&, RIS E DA U A F2 IS E L COET 5
BCEL-BREEEICL 200 EEZ LN, HIRFO
BT DZELE ORPIED EFICHE, AW e
' Bacillus 75 Proteobacteria % 85 & 4 5 HiE~\ & &
BTz, BRI > THELZ2O00OREROF %
&t Bacillus 258 53 58T, IRIERO FE 70 B
5T DIEFSRHIE DR E T v =T OFEEILDHEST
FTH LD, KBRED KRBT L, KEROARE
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g b LR L Tvo 72,

AWFFEIZB VT, HEE LB L OB LB E AR I BT
B HMHELOEENIRECTH 2 KEWBOHE, BLO
FCI & RAET B RES RIS B3 2Bk 2 A RS S 7z,
B2 FICBW T, AKTFREM ORISR 2 A8
) HEAALALER & Z AU AERE L 72 KBS O B A7 (k)
L, BBEEWSEO KA RBEREY ORAIZ & 5087
O ZADUE R ATz EEOFRBEFY OF 56T
5, BHEGE L THWSENERYRT N EKGDOR
7 BHEALEEHZ RN L C, FOMmE ERR R E e L
7o M, EIEZRHEREAL D 720 121F 70% LLUF DK 5378
KRS TVDL Y H, RRRTIIZOBIEAS LD b
EVKG THERIL 2 S L 720 2 ORER, FRIKRD AT
FIUTEWIE EHEEOIRE AT S, s bR
%\ 78% OHEALALSME T, REREIX 53.5C F T2
LAES T, FICKBRBDIBLACKT LAV L%
S 2N Lz —HTRYART N 2L 723,
VTNOKFIIBWT L IRINOHER L ) b miEET
ML, 7T8%BDKFIZHB WV THREIREIX 62.7CIEL,
RIGHE D KIEIERT T2 WS E o7, MIE
K3 D R T1% ORGGEHTIE, KIXT o
WIMOF D & I miRE R K H ORI 13
ZFARRECTH 722 &0, BIRIFITH Bk FR
WL THERITH D I LDTRENTZ, ZOMEE ST,
HARCIIRE RAAMIRETE 2 wEKS (78%) D43
— MR ZIREWE R E LT, KHEARBEED LD
RAHIILRBR 21T o 720 ZOMEE, R T b0
AERFEARLS, AN TIERB R E LT S5O
FRIEERD SN o0, AMBIED R EMERETH
L EIEA, K, WA T, BLOATILORAICE
D HERRIREE X B L, RIBRE D KIEICIRT 352878
B S 20 b 7o 720 HERRALIBAR 12 B 1) 2 IR B A IS MR
BELHEPEOONDLZ 0SB FREEDOR
AR D AW IEE OB KATRE LAIHFS L Twb &
EZ oz, BREEWORESIZLY, WA FIH
THERILE BN L /28 E 2 bW iz/z0, #NFho
REWOEWLFREFEZ KR (BOD) &, HEORK
I L OB G L7ze CORE, WEOMICIZIE
DOFHBASFED S, BOD fEA% 166.2 O, mg/g-dry matter
DLEoWs, KiE7Z R 15 & B2 2 KGR OE T2
ROOLNDLZENPLNPE RS,

FNTIHARERLD QHICHWAKGOBFEEIZBWT
b, BODEZEDH L Z & (REELHPLITI L) T,
EIRMEEA AL EBITE LD TH S ) ho HHEEED D
R TIE, BRI 5 BREMEAARTR T
HbHo RABETITHINTY T & v ) HEREY 2 20 % HEFR
T 5O L 7K 2RI L0, iR
F (ZR) OBRBREEIN TV EZLNL, L
LA OFER L D b FEITHEOKRGAEVIREETIE, #
BofRE(LEZBE, RN SHIHE SN BN DH
%o HIZHGIERS CTHMR T 5 AR IC X 5 pH O
E, HERLBREOBERZREZ T Mo Tns 2,
T 72ARRBRIC BT B Ksad &l ORI LB O
REgizBWTd, BOD oI, Mird b bk
BRPEOMED T AFHN—FT, i AR KRB0
PENE W) EREIEON TS, ZoEEIL, JERR
OMAT L RELE R LTV ok oI oE:
PHELTWbDLEZ LN, Lo TRAGHEHC
Xt HHEBERM ORA, BE R B L OF TR
L 72 KB T OGS SR 28 < A5, HEREY T oA
HOMRLEE LM TH L LEZ LN,

INEIMEIEAL ) 7 7 7 — R W 2 ETORRN S,
HEMEALALERIZ 1) 2 EHRBEEM QRGN RIS 0 &
otze LA LEWBEEYORA, HERLBRETHm
SNDEZREARPANREREHODLILETHY), WFO%
EAl, ThbLHROREHRICET ZEEMPSER S NS
REMEDS o720 F 700 b B C— i 2 HERAL Tk T H
BHERETUHEALALALIL & % 2 7235401208, BRilEA T v
ZLIC X A EAMOENL, BHEIC X ZMEBWEKIO LR
b, HEFEW O SEALOWEEZHEAHE U B W RS - 72
728, NEHEAEAL) 77 & —TIRONIERSFO T F
LS N DEPIIHO N Thh otz FITHEIET
5 2 EORBCRAZ RS S N THEHIZO W
T, WNRIMEEALY) 7 7 & — E W CEEAR AR 5
R AMIEST B L b1, /ATy k- AF—)LTOD
HEFETUMEREALALIE 2 5206 L, EFEW O K S OIRE 157
RN DV THRES L 72

FISHIOREENE %22 7 LRERIC BT, ’E
EE ORIMIREBE IS LT TR L, ®miR(G55C)
FEGERF B ORI A RII@ S AL L o7z,
T2 Z OB, LA BRSO R EILDIRIETH 5 BOD
fllE, SRHOEEICLIVEFELLEMNITLb00, 12
H I O LRI & [FAREE £ TR LTz, 754
Oy b 27— )V TOBBERBRERLTE BED
FEZED STV NOHFEW I BT b HLLEB & JEL
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HCIHREHERIZR LD, BB ) MEREFICSH o
Too FoMBOREIMEZ T 5 &, T XTOHAIC
BWTHRMX O F S EmEICSH o 720 HEE(LEE T
KIGHEEDIEH 2 MUK T % 25127889 54172 USEPA O “A
process to further reduce pathogens (PFRP)" 3k |2
iR, 55CLEoHEliEEZ A7 < &b 3 H DL ks
SEDLEDHDH, TOFELGITEHMIE, TRMTI D
DIRERETALD ) B 4 EETT Lo 7205, T
BIMIBVWTE 7TEIIThH o720 2O L) TR
FiREmEL LA S22 TR L, RBROTRIZ Y
B iR R I & HERE W Hh O IR R 22 S THEBLS 5
CEWHE LG0Tz, AENIEHEREE T ORI
ATo7ons, WERYIDEL () 247H)2&7T, &
D% < OFBFHEIICHETE S, UK L 72 KT O
PHIFETERLEZ LN,

WM LA TOHF EREM ORI, STl L 72
HENEH TORERAY OFEIEANTERE L % 5T b,
WLEL 700 & A DR E A L VIR LTI, AE
WM % e CHER T A 2 I3 L v, B EREYERAR
THMMN, F IR THIEDSG G S IR,
WM IR LK G E- 2 5D & TRIEIZH &
RS S B 2 L DM S TB ) PR Soares et
al®” VMR o> S 53-8 00 Wy B A0 K T B O T BRG il 12 5
BrG 25 LHEHEL TV D, —FT, Sidhuetal™ i3,
HEME AL C LS 5 UE R 03 E A O B4 g
PHT L L ME L TV D, —BRICHEBILOM#EITIC
PR B OB, WEEOZEA, REOZELANEZ
D, T THRUEEMTHELDER L T, ThoW
M, b5 B L ORI BILITEMEI A AV,
HEMEYWOFREMIZEEZ KIZLTWEHDEERD
n7z.

AR, FEORICEA T 24 7 7 ZEOERHIAE T
HEMMIZHY, TORBWE L CHel L7 E v 5
ISRz oNE, BRIEEE LA LT
DEEMEY OB I MmO Z &, Forte L TR L7
4R T ORF ERA O FRHGE b FLAFE OFIRES 1L OB
SIFE LWL DT R\ HEBEEY ORI X > TH
MU AR, HEIEH T oRF Emd Y o N b
A RET DREED D B &2 TH 3 BT L 72
RUHENE D 4 72 HEREAL A 77— 212 B\ THREL L 72 HEAE 4
YRR, NBRNZERE L 72 R R OB il E 5
52 LT, WRIZBI A A OFFliZ T o720 &
DFER, 1ZEAEORMTRGRIZIEM L, WRns &
ORI & ISR E DS &SR H o 72 HERIC B
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WIS BIHE S AE N EARW S E o, B
D REE RS AL T 5 0 H B OHERDS,
RO HEE G S E PREL TS, AR oRST
LASEAT L7-miml (7 HEH) OMEEOHH, KEB®EIC
EoTHAILR T WIEEOREZEEIZEATH D
DEFEz STz, HEEILHA 13 H & #%:8 L 723 LT
iE, 190 HLLEHERRAL %2 47 - 72 HERE o 3l & & A B
RO LN oz T2 HRNB L OEEHABIND 0
HHEOHEY > I IVHORE»S b 55h 5 )12, B
FiammL 72 B Clx, KGR OBHIZAZICE > -
7oo THIEBHICETNAEEIZLY, KIGH Ok
MEEEIN2bDEEZ ONz, LELAEDS xR
I OMHEI G VIRNT 52 L5, ST
HEAPZGIEHIR A HEIE O FRGE Y A 7 1%, 190 H P LR3HE
AL T 7-HER E RIREEIC 2 B 2 EZ b5, Db
BHRBEREY & IR A L/2HEIE,  F 723 IRNC B 2 HERR
&, KGR OMIERT » ¥ ¥ Ve 55, BRI
TR L AR O R A AT SE 5 2 LT, FHEE
VA7 DL R RS L 2 LD REL b EE R
b7z,

E2EMLABEE CEMEfLEEFREL, 2, 3
BEOFERD S, HENALEAE DK B O FEII L HE IR 1
EFEL TSI L, ZOBFIRZEIZSSCHIETH D
L, BERBEEYORSIZE > TH 5 SN 5 0HE
WY ORI, AW EZ L, RE LA 2 RAET
LI EDNHShE R o7z, ZOWRE EFRNRIIKDDE
WIRFICHFICBEE TH D), ERG R OIRE B 2 s
LERBEEYORAGIEI, HENZEIALL, T4
WEIFIEROBE LS AW L Z 2 Sz, $72
55 4 BT COR FEMAEY OFEIE Y A 7 OFFifl
ATV, BEIHY R 7 HEVGHEI LA 7 — Y ofFE s, +
G HEEALIAR 2 RO L A O 5B E UK T 5 2 &
T, WY A7 R EEL I EPMRETH L L w2
IR T S LT E 72 AREMENL OGO B A
5, Tt oORROLERIZTINETLED
T2, HEMEDORHE) A Z712OWTH D
CENHERENTZ L, HIEOREEM FEXSDH
5o

FEHBROWIR 3 L CHlEEAT ) A AL EE,
— R A ZHE LR C O ERASHIRTE v, &
V) OB IREER L, &L CHAMERE S ) 0F
W (REE) 20 hw—HT, KBOBEVWKkT %S
CEATVENETHD, —Hb, BEAEEECIGEREEE 5
O OBMBEROEEIZL Y, 55CU EOREZFEHT 2
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BEOHE D B2 oNBH ™ RGOS LI
TP IR TR S5 7o X o TRl AT Bk 22 HEAD
fUALER & bl LT, EALALER I BT 2 KM T ORI
W#ETHh b L FHEINz, Lo LSO LA
B BEERED ™, F 72 RBHEEE S ORI LU
POWMESINTEBY, ZOEBILEREIC O WL IEAEY
70 100 23R 2 R Y D REBLATRAE L
Twb, 2 CTRIFZE T, B5AEEREICBT 5 KB
WOHREE L LI, ZOAFICEEL 525 LTHEEN
BRI ST 2 — 8 e GREE) TLTA
W ER E LWL DONE 21T o 720 BRI
BT, REROMAEW Y EUHESZMICER LT
W Z ERTFREN D, BAEYREORITIE, ME
? 16S rRNA BIE T ZE1 & L2 FIc L - ¢
1To720
TRFEIRANOBEMIRL, WILFER T A =5 BLO
WAEMEEOBRICRE BB E 725 LTz, 5
WLERBAZEET I, THALEICHRT 2 & E 2 5N A MAE
WEEP KIS % 572725, 2 B HIZ1Z Bacilli-Clostridia-
Bacteroidetes 25 5 & 2 V), %12 Bacillus 122 H B ®
TUO—rI3A4 7)) —I2BVWTE70— D 65%% 5
HEBOEEIRETH 572, £/ ORPEIZ 1 HHIZIX
=350 mV i< FTIRTF L, EfolKsticdinbs§
WA ETHIREEIC 2 o TWA I EERL TV &
?® ORP DA T 1%, Bacillus % 13 L& & ¥ 5 MEH A,
SHMIIBREEBEBL VA EIIBET I DEEZ S
N72o 2O Bacillus D 51%, AW HOEST, ER
THLVFABLU 7 V=T OET, #LTREHEE
OPFERETE L RBHHIGEZ > T, BREMNTIC
BT Bacillus % & LI [MERHIL, VFA* S04
W EEEE LCHAT2BICMELHEL, FHEECT
VEZTERELLIZbDEEZ SN, T2 ORER
W, ALFR B EIROZAL, B L OMAEMEDOLE
DT, KRBHEEIEFIED 10 CFU/mL 2> 5 1 H 12
1% 10° CFU/mL T4 L, MEHEHEHO6HH T
10° CFU/mL LU F OV CHERE L7z S O KIBHI#L
&, AREHE RO~ O LM TH 5 3,000
8 /em® % FTRIZMETH > 720 SN TICRIGH O
BAEREIZOWTIE, K& 3T CIREDR, BLUE
YR D 2 D DFLAHE & N Tv %, Diez-Gonzalez
etal” (3, #EARDOKBHEOLHIZ, R DR
BOGRICE > TER LT Y EZTIZELT VY
(pH : 85) &, CO, AR X % R HOEFE (100 m
M) OHFERIRIC L > TR % Ll LT b, R

BV THRBEEDKIEICE®T 2 1 HEIZE, 7>
EZTREO LS, BLXUpH O LA (~83) 70
Si7zo ARBIFE T T O RERIEREILME L T ian
%%, Diez-Gonzalez et al. D FEERSGAF & 7 ) 4 DFEER
TIEEHLER & IR ETo TV b7z, CO, DAY v
E Y IPELRTWIRIICH o 720 T 7B LEIC
pH (379 8.6 B2 E T LA L7245, ¥ KEG W is iy
IS Y, & pH & KRR AR & DAHB T
X7 tro 720 EMINZRBEN E LTI, Sidhuetal” A%
W, BLUOIEREHERICEE L2 VEL THOBERED
e s, RGO EOMEMTFICL LT VELRTH
OREHEH OFTE % 35 LT\ 5, Millner et al® (3,

HENEh DRI RRE, T 72 AENE D B B AR
WA 2S, FVELRTOEEARE L7z & LT\ b,
ZOBRIZONTILEE 4 OO KN B 7 R B 1
BV, ABEZREOONLWH OO, KRIEFEBEL R
L WHEIZ B W T oA (K12 : C22-compost) FEFEA
W DI DFRD HENTE VW FERBELNT WD, 7
U—yI4 75 —f@EHTiE, OHHE2HHDIA 7
TN —CHA—=O 70— PROLNLE o722 Eh 5

WAL XY 0 H H OHLE HROBE WL R
SIS (AR % (WAl

TEHEH IR 2 4T o TV 2 HK P COR R X 5 M
ORI BN LFRTH L0, WL CILEERY
DHEIEIRBD LN Doz RERIT 6 HE DYy F3(
WHTH Y, KIBEORANEEL 52 2138 DA
WO S hahoizb oL Bbhiz,

AL EBFEORINCIL, BREM T A8 5 R 7 Bk
FKHBHIEI D2 ETRICMZIREICR Y, BEAMER
&% z b 15 Clostridia X° Bacteroidetes & Bacillus @
HEPBOSNT, L LERY OIS EFHEITT S &
ORP Z LA L, BAEWELED Bacillus D 5 OREE D
% Proteobacteria % ff1.0s & L7z, ILERYEHE A4
%<, BHFMREOEGERIZE L KB AR L e
AR S B HEENEER L Tno/e, 2O L) ITER
WELETRZ D D IE L, WEH OB RIS
ORP DAt 7% & O BRF DO LA L M AIANEH % 1T
LOoOBE L Two7 b0 EZ 5N, MAEWAREEN
AR ICHEIRRWBIRTH 5 L Bbh/z, £72ORP
DHBEZE=F) 7/ $H2LT, VFABLUT7 VE
=7 % EOBBEMEDWA, B L UL EEAEY O &
ZRHICE B REMEATR S, BT SIS T RE 2 Bl
SREPHLPIZ L2 ERBIEFICERDLD D,

AKIFFE T ARG RICHEMERE O L TIIES h o7z
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S, WBEALER T X — 5 B X OEYTEE O R
EXFERLIZZ LT, RIGRARRII R KT T RelE
DHBLEMINT A=y OB ZILRT L & LB, @R
LBLCEE L & 7 b F & LT 2 0 R0 Bacillus &
OB DOFEAEEH ST LI LD TES. THOHME
X, WE 7O AOBEEE W) TR, KEFEE
EUAEMEMOBRREIZOIERA L T2 WD H

0, IO OFREEMNT R A LHLEAE T oORE % 3
52 8T, XNERETHRN L TOL ADREIZET S
i EEE SN DT ReMED S 5 o

AT CIE, HE LB & O L BLE AR 12 BW T,
BEHEBLOMFHENIBETH 2 KGR OHEE, B X UK
ERET LHEEMHFICOVTHRE 2 1To 720 K3k, K
L EBEH RO BEMEM O EM T 225, EFETIE
0157, O111, 026 Z 13 U@ & L 7=0mlE IRk & 2 5
DFEAL TSI L5, WILERE TCOMBILOEEME:
FWLTE T D FmEMEREY &3S, 4,
KA NHG L 7oA B R A TR AN % B0 3555
MHEEOGFEESHEEE 2o T b, J BB 543
MRS O S W SNTH Y Y iEET %
b o Z2HE DR S & A L CHIESRTI 72 & OB IS
B E N5, ENOMTEEET MmO R ImE S
BT EDPEIEN TS 22, C N SR O IE
NHRRKZOBIEERIT T HHME 25720, HEitY
WLFREARIZ BT BB ORI, ZhE TR
EENAHEITEEZOND,

FHRICHKRT 2 KIGwW DA OB ERAEYTIE, [ UK
AR EHCE L, (RIS oM L& N CHEE$ 5 4 L E
I ROBER TOBREANER S TWa ®, BfEhT
DORGH P IVEATHOBEO B2 S, KIBWED
WEFTFVEAXATHOY A7 ZFHIT 5 L TOIREIZR
DB EVHWE DS 3% 5 —75T, 10C LT O
K™ F 72135 D5 K (brackish water) ) T,
TIWVESRTHOEFHEDHFVE N EPHRE SN T
Bo FHNVERTHIINZOMEKNT 4 ERFEEET
HBIEPMONTEY Y, BRNTIZHIVERTED
BRI T IRy =L LTHERET D EEZ S
NTWB W, BRI E & ICHEE SR I,
IRE R EE %0 KRG FOSMAH AR 9B HhIg % B
&, REFRCII—HR TS 5 b DORMIICIE
WYD—iEx 728 —HT, FTVESTEITERER IR
HMENZBOLRVEEAEES bEFL R, FAME
R AEENTHUMET A Z 25 Tw5Y, L
L, HEREALEARIZ BT 2 EiREEO L) ICWENIIE %
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LS E D T O AL, WHEIZE DS $H—MIC/EHT
HEEZOND, £IIIRLIL ) ITKBEE Y IVE L
S ORI L, 55~ 60T L IZIZFABETHLZ &
»5, HELERORGRBEOWAE, FLVELTHO
BEY L EOREICRLEEZ NS, $ 72 USEPA
DOFBFEIZBNT, 3659 > FIVOHELF O VT TH
ZEIE LA, 165 % Y TUNHE RSN TV zh,
VERTHEPEB SN D o728~ Tk, §XC
KW R BE RS AT 1,000 MPN/g BLF T o 72 2 & iy &
NTWB Y ZIUIKBHE B 1,000 MPN/g LU 1245
T LR TIE, FIVESTEIML SN DRI RD
THRWZ EZRL TS, —HTHEFOHFLVELTH
DFEAFIZDOWTE, ABERICB W TCRBR & ) &gk
FUDOT— I HRENT VLI 25 O™ W2 2 HiE
WETHBEEZ BN,

HEALAL AR Z B 2 A EMAED ORI OWTIE, HE
JRehko iR EE2 AL L, HREREACTORE L
AR T E R WIGEIZIE, REIFECHIRORD Sz
DRI * B E ICETAREED ORI, #K
PEARYET LEIEM ORI X 0 EE L7 2 e+ 5 2
EHHEMNTH D EEZ Do FI2HEP TOREMEY
DFEIHIZOWTIE, RIFFETHS & % o 72 HH D%
GHREO—RNEEZ bND, BIEOHIOFML T,
a7V FHFOIRFEREBIC L YA~ DEFREE T
A — A T 2 0%, Skl 3H ERAY O Y
A7 DFHIIZDOWTY, HEROME O 7z 7% 5 i & L
TS T HLENH B EEZ NS,

FIRTCRD O HEAALERETIE, EEBESS 1 HoM
T4 A= —RBREOKBROBIDVRD SN, 20
KB O, WIS & B 208 AR 5 18 O AT
EENEID) WAL L AR L35 2
s, AEMAEC X AHEEPUER S O—INE & 2
bz, 2 CREDHBRIZL AHEXHLPIZT 72
W, [f—ORBEEMEIZDH D 2 O0HRERD ) B 1D
WV a—AREIML-E 2 A, KEBEIZ 10° CFU/mL
MEFTHNT LI L 2R L (F—2 K EHR). K
2B EILHEEAE TE &5 & 7 B Bacillus 58 % %4 5
720, 7T AGERICHE AN MvE b DNy av A
DURBMLIZE A, KBEEIE 10° CFU/mL ik < &
THIINT % & &b IBAMELIE A+ b 10' CFU/mL % i
ALWEBTHER L, 2O, DGGE 707 7 {4 Vi
1% Bacillus (OTU PSM-1 B X U8-2) ICHIRT A3 Fid
MR ENT, BEMTH S Bacillus % &1 75 L TEH
RIHIT S LT, KIBHOEFEENEE S EATRE
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iz (7= K8 . KIBRBUIEZORIMZ LY,
Fo T2 7T ABTRE AT 2 2 L2 X ) B
B eht, HEOBHESE I LA MAR E OFs
WRBHOMRICHEZ RITLTCWATEELEZ ON
720 WFIUICE L 1 HTRBEEE 4 4 — 5 — Kb s
®HBRE, FHREEMAEYOREEICRY S 2L
2 bz WAMEORTER 2 FH L7 EMED
HlEE, EHOMHERZY, BEICELL, IAMD
BWFETHLEEZOND, ZORBMEICL > TH
SN DI R O, T 72 XML - IRy
AR & OMEREICLY, CRETURICEY
BEWMAED ORETFLEOMLIHEIND,

ARIFZE CTIIA IR OTESRFIH OREEE L 72 1) 5 5 HE
BEEM ORI DOV, MESE IR 2 HHERY O
MAMELAAT) T & TEOER T RAATz. HIRBEREY &
ORAWI D EMIT A EMED ORI H > 7%, i
BE LA FGA ® 2 B RRBERE & RN A L w
WEWH)HDTD RV, HEMMHICET 2RERE L
T [HRKGOAREE] BTN TEY, HROWEE
LSRR L TR A AR & MR IR A L2
£, KBRBOEBILER T & TH RS O LB
EHZ L2k, BHEERR CORMAESET T2 L0
fEll &N D, Toh L ES N ARREIE S FIH SN
T T A 7 VOBERE R\ HHEBEEDD) T
A7 NVHREST L2020, BEL-REE TGS
LAMEEEYR O 2T L, WELMmEEE
IMTEBZHMALY AT ADRE L 2D, MEDTZD DL
TR, MEE LAV A2 VDY F ) FI2 57
MEDPUETH Do DDA JEEOE
i, FIHSEOMERZ CIRRBA X 2T 5 L CUE xR
MEWRA Y TITOEMOLELEZOND, 2 LB
MEICE LTI, 77 /8y — 8T 27 205 &
o THYMEREFINHTHL LEEZ D,

%!I

5

R NE, FHEDRMOKES S EARY (BT
Bk N S - S SERU IS S WE e 5 S b T
i) SRR, AT o 72RO BCR B AR S E L THLD
HO72bDTH Do KIEEEZITT HI2H72), £ D
Ji% o OMHRE, WEE, W53 B0 BEELH
&, JCRXOEHOEERLET,

AR EHEDDIZH2 ), HRRFO I+ B REIZ
CAEARF L O #ED OREE Ll Y) g E 2B ) L

7o WMHED AL BT EE, EREFXZLTZAVE R
HE THERBMICAIER 2 2 OBAIERWIZIRIZZ
T L7co AHIEBERIZIZIE, MEDFOMHD S04
DTWER, FLTHBMN LM ZTES £ L2, AHFE
GHEBIZ L OZROHP T, HRFIZITH > Thrwvky)
REME MRS TIHE T Lz, HH  MBh# GHEH
REFFGMEHIZ) 12, AW LRI O 2 21
MOTHRERBAE LB, BEMICBISATA A Y
YarilbBREAaVWTHE L,

HEETE TSR T O LV T T 7R U, RS Ak
WZh7Z Y LWRO SHEEFEEEZBY E L. 20L&
) BRI THIZE A& ke LY M 2 & & ARz o1k, T
EIEMAT R EEEE O H 4 0 JHEF & TR 2 1 UEE)
K% LIEGro72b0THY) 9, BHMZEENER
I21E, MIRZOREE L THE K ORBIZEAZIYE
FTHEX T L7

TCHRF L RFOBN  w#dZ, B LREOHH
FEPIZ I\ IZEEDGERFME DD Zoh) & H
B TIERBY L7

B GEAT O R A e T — A RIS, W
A s L CTHL & & DITHEMEMAED IOV To TH
REBD E L, M FRE BHREEWELy s —
FRERZER) ICIEFEHRIC oW T TR EATHE F L7z,
A EE CAABE AR >~ & —RITE)
WL EODE H 7270 RSF->THE T Lz =
R RSO W T RIBICEALZZE
FTHEX T L7

F I SE AT OB LIETTZER, HmEER T —
LF, BR—IFLIERIZEE, BH FBELEMIZRE, AR
ERTEMME, EARZFEMIER, KR
B, fl EEgER, RHATIIZER IS HE OWZEE
BB TEOMNEEEEZX > THE F L7z,

PR RIS e T2, 55
EH-L ORI TSI MG LB E 2T L
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L7
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Studies on the control of the Escherichia coli population

during animal waste treatment

Dai Hanajima

Y National Agricultural Research Center for Hokkaido Region

Summary

Animal waste is utilized as an organic fertilizer after it is subjected to composting or the liquid composting process. Food
security and safety are a great concern for consumers; therefore, effective treatments are required to ensure organic fertilizer
hygiene. It is well known that proper composting effectively destroys pathogens in animal waste through the high temperature
achieved by the process. In Japan, sawdust or rice straw is normally used as a bulking agent for moisture adjustment, though
a constant supply of these bulking agents cannot be expected. In case of a shortage of bulking agents, composting with
high moisture content materials such as cattle feces is inevitably carried out under inappropriate conditions. In this study, to
ensure pathogen reduction during composting of cattle feces, I investigated co-composting with a variety of organic wastes. In
addition, recently, the regrowth of pathogens in finished compost when appropriate temperature and moisture conditions are
provided is becoming an issue, even though the pathogen population decreases to a low level during the composting process.
Since the use of such compost which allows the pathogen regrowth is unfavorable, I evaluated the E. coli regrowth potential in
various types of compost. There are few reports on the dynamics of pathogens and the mechanisms of their reduction during
the liquid composting of animal waste. In this study, the relationship between the dynamics of the E. coli population and the
biological and physiochemical factors that may affect E. coli survival was investigated.

The results showed that the addition of organic wastes to high moisture content cattle feces significantly increased heat
generation compared to the treatment wherein organic wastes were not added, and the maximum temperatures of more
than 55C remarkably reduced the E. coli population. This temperature increase depends on the amount of easily digestible
organic carbon present in organic wastes, and we observed a positive correlation between the maximum temperatures
and the values of biochemical oxygen demand (BOD), an indicator of easily digestible organic carbon. Significant E. coli
regrowth was observed in the compost samples collected during or immediately after the thermophilic phase. Therefore,
the risk of regrowth is considered to be the highest in immature compost. During the liquid composting process, the E.
coli population significantly decreased during the initial phase of the process. However, the E. coli reduction was not due
to high temperatures; therefore, the mechanism for E. coli reduction is different between the solid and liquid composting
processes. It is speculated that the reduction of the E. coli population may be due to the competition with Bacillus, which
was found to be predominant during the E. coli decreasing phase, and/or the changes in physicochemical factors induced
by the degradation of organic substances and the production of metabolites during the process. These results indicate
that thermophilic and curing stages are important for E. coli elimination during solid composting. Further investigation is

required for the elucidation of the mechanism for E. coli reduction during liquid composting process.

Key words: Compost, E. coli, Regrowth, Liquid compost
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