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Development of Basic Technologies in Genetic Engineering
—Monograph—

YOSHIKATSU MUROOKA (Department of Bioinformatic Engineering, Graduate School of Information
Science and Technology, Osaka University, Suita, Osaka 565-0871) Seibutsu-kogaku 82: 2-13, 2004.

In applied microorganisms, improvement of producing strains by sequential mutation and breeding of
new strains by introduction of interesting genes have brought technological innovation. It was in 1966
that the author initiated his work on the use of microorganisms to convert chemical compounds to
bio-compounds, a field which has recently been called green chemistry, and he has thus worked on in vivo
and in vitro genetic engineering more than 35 years. Here, the author summarizes his group’s work on
the following six technological developments: (1) quantitative assay method for ribosomal RNA; (2) in vivo
genetic manipulation with thermo-inducible Plclr/00KM and RP4::Mucts to expand host bacteria from
Escherichia coli to all gram-negative bacteria; (3) expression vectors in E. coli, Bacillus subtilis, lactic acid
bacteria and propionic acid bacteria and production of useful bioactive proteins; (4) wide range promoter-
proving vectors in gram-negative bacteria and B. subtilis; (5) host-vector systems in Kiebsiella, Streptomyces,
Nocardia, Clostridium, Erwinia, Xanthomonous, Acetobacter, Rhizobium, Lactobacillus, Propionibacterium species
and their applications; (6) symbiotic engineering and its application to phytoremediation and to breeding
of industrial plants.

[Key words: genetic engineering, rRNA, expression vector, promoter-proving vector, host vector system,
symbiotic engineering, phytoremediation]
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Table 1. FA%E L 72851 HRAEEIIT & B3 2 0 FAF3E
B 75 X RERY 22— R R SO R i
rRNA PN ] rRNA ODERIEDHRS, ppGpp i2 L5 RNA A RRIEE
ERE
LERWNEEF  BRMERESS KO Proteus sp.,  Plcirl00KM PN P17 7 — VB KEGE LA OMBE OEEAFIA T
BiEE Erwinia sp., Pseudomonas sp.  (Km) Pl 77— DT EEGHTRLE
77 MEERET N THB LY RP4:Mucs (Ap, Km, Tc) RP4 75 A3 K RIERMEM TOBBFTBRSE TEERZ EERL
—HOREEE Mu 7 7—¥ -
mvivo 7 B —=V I HIGAETVWS
REEET  KIBE, Klebsiella sp., pYMOO01 ~ pYMO08 (Ap) KB pBR322 RERIEIC L2 RERGRERRANY & —
i3 Citrobacter sp., Serratia sp. clgsy-PrPL 7R E— 8 —  FTAET7— VSV-N, hMT, Apoprotein A 7¢ &&= FEWAERIZ
IR FIH
REE pUGP29K B. subtilis KT ERRETED
20K 2 E—H —
FLERE pRNLDH L. plantarum BT VA AR, aL AT a— VSR
ldh 7o € — & —
Fu vt B pPKP8 P, freudenreichii ALAT o= VEEEERAERE, T/ VT Y CEBARE
P8 FoE—4—
TaE—H— JT7ARMEET T pCVEI (Ap ) choAd Streptomyces sp. p1J702 AT u—LVER{EEERE LR—KF—L L, 75 AR
BFRIE pCKMI (Km) choAd B A< FIA
P pUGK-8 B. subtilis MEER (F77 % +—FFHH)
BE— Kiebsiella pKI212 (Km) KB pBR322 FANFGF—F, TU—LRLT 7 4—F, /)7 I
Ry —F BRLEER, Z=FREE
Streptomyces J& pSY30 (Km Ts) S. castaneogiobisporus pYH6202 HUAEMELEREICHIHR, =L A5 o — BB
Nocardia J& pCK202 (Ts) N. mediterranei pCK101 V7 7~A T kR
Clostridium J& pCL1, pCS1 (Cm Tc) Clostridium sp. HRELLDEA T —RANbDT Y ) — VAR
Erwinia J& pBEHS3-5 (Ap Cm) E. carotovora pEC3 NI FF—F, EWRER T, KSR, A imEE
Xanthomonus & pBXC12 (Ap Cm) X. campestris pXCL6 HVEERE, WEMRERT, KR, ~LEARK
Acetobacter sp. pFN2A (Ap) A. pasteurianus BB ~ O TERE e B RERT 5
Rhizobium J& pBBR122, pKT230 Pseudomonas sp. IRALE ~ OB RN 5
Lactobacillus sp. pRN14 (Ap Em) L. plantarum LBE~OFABEMN SICL DT 0 (T 1 7 2
%
Propionibacterium & pPK705 (HygB) P, acidipropionici TANAFT 4 7 ABR, BLT7 4V, B 5 I BI2
AFE
< A R Ly Mesorhizobium huakuii subsp. rengei B3 (pBBR) RRINCOMEERE, FHEDHESERR, 774 F
R RRIE 36 KU Astragalus sinicus LAF 4 — g
FAETYE Ivary, veyyy, plG121 A. tumefaciens (pB1121) v AREMORNEREERROBRE, U F o4,

54

A. rhizogenes (pBI121)

A 5B DA

1J7;RY—< )L RNA DESEDORH

M. —F, RN T rRNA G EEIZ 2 RNA D 40%

FFEDFEDORBINCBNTEH, REREN TOD rRNA
GRITEE RGN o7z. FZ THBRENGRE TR
OO IRNABZ EMICRI D LENH 7=, [3H] T
~L L7 RNA Z KIG#E B8 DNA EO rDNA &~ o
TIUHEAE—T 3 &8, 23—/ FORNA &L
HEIELIL, Z-VENEZmRNAb AL T Y ¥4 XT3
TDITRRENREL D, £ ZTRIBE® mRNA &3
NATUVHEAXL7L, tDNA L1399% DFEa o—%
72 Proteus mirabilis ® DNA% FAVNT99%LL EDOEfE X T
Lo TrRNAZRID FEERAE LD 2o Licky,
KIBEHOER L7 RNARY A5 —FPRIABRENTS
RNA @ 2.9% L7>rRNAZ SR L2V 2 & 2 EBMITHE

PH80% % EHD. FI T, inviro rRNASRRSEM % 1
™ LrRNA % 30% LA L& T 2 RBERNAER 0D T
DL DL ZHUTHBRE NHH 2 DNA EBR2 AR
SNOFDOEEREDR, BAEFA S TWA AL T Y XA
=2 aroxy PHEHRLNI0EFNICIT-o720H
Gillespie » 23RO FHLIZIER U TH 5.

Z D in vitro RNA SR & IV 5, EERE#
WFzRRL, Y1, Y24 D1F7.9 ZDME, Cashel I2
£ o T BHMEHIEEF ppGpp BRI N TR, =
DOHEEZH LT 2ORARKDOBHTH 7. 2T,
in vitro RNAG A% & P mirabilis % AV M7= tRNA E&EIC
£V ppGpp B rRNAZ E1r2 RNA B AHET 2 2 &
ZEEEA L7=.2
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2. £ARRNEEFRIEZDORR

FNETIIRBEHE, VYVEXRTH, MWEHRES O
BEICBWT LB RS CERp o272, fEx il
HICBEFEAEATE S ROMERICERY ot RE
B2 M Km fittE P1 77—, Plerl00KM % i B | %
L, Kmitho o =—%38R L 39°CTHEET L1
S—FRBEILICLY PILEZMET DB PL 7 7 —URN
0, BREFEATEAIHRELBRLEZ. ZOHECX
D, 5FTPI 77— ICE WV RKBETLAHEEATE
ot bOk, 1ZEAEDT T ABRERHICB W TGERE
FEATEDLLHITLI.ED

KT, RP4:Mucts 7 7 A I REHWIZAKPNERET
BIFEZEE LY BERSIME Mu 7y —VELEEE
HHIMMERP4 7T A 2 FORBMEEZFIA LT, HEMEBRZ
PRI FMEEIZ LY, MEREE~DERETOMEAR
A, ERMOBE, #@fsT 0EM,? in vivo cloning 10
EEIETRTOT 7 AREEICBWTAREICLE
(Fig. 1). BEHEEIITON TV 5 BIEFREERHEET
EHVER, FEMICRCLLOTHS. ZH LIEHFREZ L
TRERBDL, BEa T 4 ZITHNHRA TV Bac~
72 —DBBICEL RN TZDITEZEDEROADRE
ThD.

Expansion of host strains

*Escherichia coli
eKlebsiella aerogenes .
«Klebsiella pneumoniae . Chromosomal DNA ;
«Enterobacter aerogenes & !
«Citrobacter freundii
«Salmonella typhimurium
«Serratia marcescens
«Proteus inconstans
*Proteus mirabilis
Proteus vulgaris
«Erwinia carotovora

«Alcaligenes faecalis

RP4:Muctsé/

In vivo cloning

5 LIS EEE SO BRGFRBIED, WHERHR
DO EL VDR VERTHRETHHEDLATEY, BRIZE
F DO E TIIHF M E Halomonous elongata 'V DEAn
FEAHEAGEREZFAA LTS, LhL2ns, &
B8 B G FBREE I LA RN B R TR,
BLFEHOEEEBEILGAEBOTLRARDS. £
T T, 19804EICHONNIH TR T 28425760 1,

Fig. 2. Development of thermo-inducible expression vectors
with APgP; promoters. These promoters are regulated by
the thermo-inducible repressor, c1857.

Homologous
recombination

Partial heat between Mu

induction

~Agrobacterium tumefaciens

I Gene connectionJ

<Flavobacterium sp.
~Acetobqacter suboxydans
*Pseudomonas aeruginosa
«Pseudomonas
amyloderamosa

Bradvrhirobi :
pradyr Jjap

*Mesorhizobium trifolli

Deletion of Mu

Integration of
gene (mutation)

Fig. 1. Development of in vivo genetic manipulation with RP4::Mucis and expansion of the host range.

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

20048 Fl%&

EIE 5

RREGTRIROBAELZMBDT.
3. RIEEETFRERDFAR

BERZIML LY — 857 Tar ha—LEh5b T
LET7—VDPRBLUVPL T BE—F — %@ L2
HIRFEBERT Z—, pYM ¥ ) — X% B% L7z (Fig. 2).'2
Multi-cloning site 8 X O 7 m®— % —{ESERIERIC
galactosidase & ¥ /NUI&{sF D galactokinase, galK % L
R—F—L LTHEMLEZ. pYM X7 ¥ —(Z#HE7- PrPL
ToE—F—OMER GalK iEE A EEIC R Lz L 2
A, At Wb TWelae 7 B E—& — D 2{EDIEMEN
B o712 Z D PrPL 7 v F— & — % Klebsiella, Citrobacter,
Serratia BIZBWTEIC Z &, BT T ABHREORE
BIZBWTHE< Z 20 n o7z (Table 2). Zhid, K
BREBEEDO T et —& —»NT T ABEE TEL Z L 25
L7z TORE L 257219 ZOREFIEFERY
F—InANALHEINT HRAPCHEAIL TS,

CORERBRI X —2L, By ORI
B LA RBEEZRD7-9, 887 A /L R Vesicular

Table 2. Relative strength of promoters from lambda and E.
coli in various bacteria.

Host strain Promotor Relative activity
Escherichia coli C600 lacUV5 100
trp 180
tac 180
Pr 90
Pr Py 320
K124H1A4trp lacUV5 140
trp 210
tac 240
Py, 80
Pr 180
Pr Py, 530
Klebsiella aerogenes  MK9000 lacUV5 260
trp 280
Pr P, 240
Citrobacter freundii ~ IFO12681 PrPL 5
Serratia marcescens  1FO4046 Pr Py 10
Bacillus subtilis lacUV5 >5
trp >5
tac >10
Pr Py, >5
P21K (B. subtilis) 5
P29K (B. subtilis) 10
PEm (S. aureus) >5

Stomatitis Virus (VSV) @ Nucleocapsid % /37 B % K
BEICE VBRI B IOy ¥ —%FHLT,
UTORMES I B2 RBE S, FHE, k&L L
[T ompF & 7 F NV FTlomw~s ¥—%2H%EL, t
k@ apolipoprotein Al BfmF & BH I 7. KW\ T,
PYMBERZ Z—Z LD, PLDRAEZaFFFA L (MT)
BETEREIEHLZLICLE. ZUIEREY 08
DAEEMZED D —RAIOHENLZ B L THH LD T
5. FIT, BHOFETSHEIZENRZ NI EBEDOR
BETNELTAZaFARA VERAEN, UBETO
TeDIIKREEFTDHI Lo, HFRSRE LTS
OIZ 2cistron IEEXEYD AND Z LIZE Y H 0 mMT
DR TE T, ZABAF aF Ao i RIBE CTHRHR
SETERAOBME L7219 LsLAan s, FOERE
BIFFIBENLOTH-7. FORRELT, MT D
61 7 I VBEEON T I BRIV ATA UVEELTH
D, FOVATAOa K UGC/UGU 2318 : 2 &
o TWABIEDEEZT-., 2T, ZoNUBEEMRR
EOBERZHED 2D, PR TE FO MT (hMT)
EUVATA DA R EERCL, hWMT #1275
AL L TLEMR LIS Fuoe—F —0FfEE, FHEs
f, B FEBRL GG 2EZ CRBARERANZ. #
DFER, RKIBETIEa FCORY IV FoeE—F—0
TR ERBEROMEE DS BEE CTH 5 Z &, Shine-
Dalgarno (SD) AZ%!% 2 Ot 72 2 cistron %75 mono-
cstron &Y 6 fERBEZNFENEH T &, hMT 2% 5 4
WEREST D EEEENMET S L, SHEGHZ /3
JEIBICRBEOWBEAAE L2 &, geg 3
ZIFI@BRITDI LR ER o7 F0D%, 4RI
EDLETH20FEM hMT SRBBREHE L T& 2. 4T
i, intein-MT BEAIZ LD FA RS VU EAESELET
BRBREFEEIVHHAIELICEIVEARESGRE L DRELGEE
ERAHZELAEEL 257218

4 BE—ARVZ—RDOBAE

RICEEFOPRBLIEBE- I X —F52BNT5.
B L7211 BHEONT BITHR T TORBE—Y
Z—%OWMEL o7z,

Klebsiella B2 EHRA L TH L7 = — 1920 0 ) 7 3
YlFX a2 OfSEE L TERBEEND, RIS
Klebsiella B Dfg E—7 ¥ —FE{ER L7z, b L
Foa O FTITERE LT, Klebsiella ERSWT 35
TRV EE TN T =B o TRNTS. 1985
FILBEBETE2 70 —=0 7 LD ARSI 53%E L
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7224 MEFIELFIREIC 2~ S, SR Y —VBFS
AT D Pugsley D7 N—F b — 7 2 ABPTH-T T
EWB T o7z, HET I BES 0 HMREY R
17 A ¥ ORTFELF Leu-Leu-Ser-Gly-Cys 25 &2 1,
ZDOCys MY By RCEMisN Y WL ARNIETHD
AIREMEDVRIR STz, £ 2T Cys % Ser [ZA# LB R
INTF—EEERLE ZOKE, TOBERID
palmitate T7~/bah, BRERILT L ENRNT
b, BARBEREIL Cys ORI CTrYy VU S SNDBE
BEERIthoOMECT oty v ranst L, R
FAI v RS ERBENEET DI L0 b, BIIC
LA EMITHIRARE L SWICEET L2 L ZHLNIC
L7229 28, ZhE7I7—FBo—fRYRZ 17
BThHhoHrILeETRLIERINOBETHD.

KM OB BEEIEIZ LT, BEAr—RpbTH
J —IVEEET D 7o DI BE S T it B Clostridium O
BE-—_YZ—FRITBHES & LFHFE L7122 15 FHiO
HRTHDIN, N AT APRLOT NV a—/VAEEIHY
MtZ2mOL > L LTS,

EYHEFEMEOERTEADZD, Kz EDHEY

(A)

EcoR 1
Poull rind

288
¥

g KLETT UNITS

-]
r

GALACTOKINASE Wl
3

40 60 80 100 120 140 60 180
KLETT (NITS

&M B O Erwinia DIEE—_7 Z —REZRFE L1
E. carotovora BMEFHF L TV /BT T AI REXT
Z—OEBIZLTHE L., —FTZDFI 23 R,
FEOEENT T AI FOBEIZ AMP 25557
752 ROMREFEA D =X LDOHRICHERE L 72,293
W, T3 H %5 Xanthangum 4 P& 9% )R &
Xanthomonas BOIEE—7 ¥ —R&EHRE L7232 Z O~
78 —1%, BAGEEBLURBRENEEEROE S IC
AW ENTED, ZOEITT I/ V7Y VB (ALA)
AARIZ CO BREEZFAL TWD Z L2 glutamate 1-
semialdehyde aminomutase &1z - 33 3 X T hemd #ix
FDru—=V L 0BELNERY, hem Bl T D
RICER L. 29 LIEEE—"Y ¥ —RITERER
FOTAMIE>THBRTHS.
BEESE DB FRHUT, SEDEENBLGRIERTHD
THE LN, ZOREEL D - TEE— T —
ROBENRZENTVD., HITEFLITRE S & KA
T, RFEEEETE XV 47 BE U To Acetobacter pasteurianus 30
DEEELTWB 7T A I K&V TAcetobacier £ Glucono-
bacter D% L ORI FIRENH N7 Z—2BHFE L

KLETT UNITS

3 4
TIME ( h )

P29K-galK

EmP-galK
P21K-galK

GALACTOKINASE  U/ml
~
=

[ 80 100 120 140 T60 180 200 220
KLETT UNITS

Fig. 3. Promoter proving-vector for Bacillus subtilis and strength of various promoters in various growth
phases. A, Promoter-proving vector pUGK-8; B, expression of the galK gene under the control of E. coli
promoters; C, expression of galK under the control of B. subtilis promoters in various growth phases.
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(RFER).
~ Rifamycin AR, Nocardia D7 % — L& B K5
& OIRBIRIC & - THAFE L7z, HLIAEMEAEFERE Strepto-
myces BIZILS R TE BEE—7 ¥ —F b 1984 £
s EB%E LR, @RI 4 —CKRB LghoT
720, IKKERENDIZE STV,
LLERRIT LTe &5 7a 7 2 — 13 i R O RFSEE 17 IR <
FERSNTZIEEKRD L LORENE, ERIE U CHR
POMEEICHE LT,

5. 7OE—2—RERAN 42—

BE- R —FEHRE L TCRBARI X —12T 51D
CIBAOLBEE T 0 — Y — 2 WRBTALENDHD. =
ITHEDI LD, MEEDOT vE—F —RBEHRY
=77 AEMREICHATE 2EMNR T o E— 4 —H
R~ 5 —%# N T 5. Galactokinase % L 7 — & —
LT v —IEHRIE RN 4 —E B L, KiE
R 70— 2 —D tac <0 trp B3 Bacillus subtilis PN G
ST EZDTRLE (Fig. 3). WD MEEN SO L
TRE—F—F, T 0 E— ¥ —OREIZ X Y log phase &
stationary phase C/EHENE > T B Z &b, £EH
WEETNEHBE L b0 BELENDH D Z L 412
EL3D

ALVAT = LVEBRLEERE LR - — LT 5, K=
E—ln A at—DREET 0 — ¥ —REA & —
ZBA% L7z (Fig. 4) .39 —MiZ p-galactosidase % L 7K —
Pl IR F=PRIBETHEDRL TN S8, fhof
MR CTHEAT 211X T 7 b— A REE BT L7
TR bR, ZRICH L Ta L AT u— LB LR
TRBRRBER LD > TORVLOT, IFLALEDETL
R—=F =L LTIz, MBICRERIETE 354
Bd 5.

6. ALRATO—ILELEBEONB

VAT u— /L E{LEERIL, 2L XF 2 —/L'% B-chole-
sten-3-one AW T B BL G & & 512 4-cholesten-3-
one (ZEHAT 2 B LS 2 kit 2 BEE TH D, D
BERIIEAREAICER SN TS, BERISTEL S
WEAELKFEEZFIRE L RERKISIC X > TEBEREEO & &
PATON TS (Fig. 5). ZTO2ERIEZFIH L T1986
FILHBREOSWR a L 2 F 0 — L {LEEEE T
(chod) %7 v —=> 27 L1 39 8iET 5 L FCED» S EE
FREOR LIABDBFBRNE. 20 chod EFEBEIC P450
BEFRH 0 A0 2 2L TN 204D BT E D

BARD 3 & 720 1208, I L AT a— L DESRIC
X P450 (IC X D PUSDBEWNRHER I N, AeEME 4
BRO—E Y P450 ARE L TV 5. B TIEH 528,
BB IZ BT D P450 BIa T ORYOFER L 72 - 1=,
P450-choA An v Bl RRSHED Z LT LY, Strepro-
myces lividans (Z & D JTTOAEBERED 100 fFLL L& 4y bR
L7z (Fig. 6).9249) Z OEERIIEERBRAEREK L L TRCK
CEIH SN TWDZ 0D, BEMEED 2 LERH -
o, £ZT, BA, FLbLERTH VBT HITE
HURERRT. T FLERIZE - T 4 EEOMMEVL
LEERBEENE LN 205 L5 b THEBWERR
LTz VI45E ZREESR T pH L EM S RBEHICH
ELTWiz, FlhickvBER SR Y 7 FEANT,
V145 % Glu IZE#HT 5 Z £1C LD, Aspl34 & KFEREE
ZLD, Argld7 E VYV T U VERD T D RE
b3 DLV BT ALEEE L4

& 512 site-directed mutation iZ X ¥ oxidation & iso-
meration FUSE G0 BEL, 2O DEREER % (EfRL L 7= 46)
TH SN GBI OT I /BB B Lz b 25,
S379 & Thr E#HIZ L > T, HERHFEMENI L 2T 0—
NEDTVLTR 2 At LTI EEL RD I L %A
L7247

T VAT 0 — VAR LISMT, ketosteroid dehydro-
genease 849 X ketosteroid isomerase 5050 % Arthro-
bacter LV 7 m—=2 7L, AT 04 FEEDHEREKT
H%AD R ADD 2T 5 AT, HRE THRER X
B, VAT u— LV BREEERD, BBRE U SIEE L
TIERT % L 5 BBk 5 H#AE13 Monsanto DRFZEEIC
LOVFHEREINIZ5) T, Bt ¥ U0 Z 0%
HICHS EMBEERHRT IBETRRINEZLOTH
D. WOITHBRED chod BIn+E2Z "ap 7o 75
ANTHBASERLD B, EELIEYOa L 2T —L
EZOMREELEMT, XNl TRE SE7.59

7. TONAA T4 O AEORKEARY 52—

WIZ, TaNAFT 47 ZLETNEAEORE E—~2
RO LISHIZOWTRNT 5. EOEBEO &
2T, MAEMTEHEAINTWBIEDOL T EICE
WA ORIz L TR SN TV A7, MhE cR%k
TAHLENRELTL 3.

FLEBEE L1837 BRIZEEF SIC LY, 74 U L Diafks
BMRLNPOT I 7 —VAELBRE L LTSN,
Lactobacillus plantarum \Z 5338 S 417250 B L7~ L1387
BRiZA o Z—a %212 (ILI2) 2EDY A v A=

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

8 BinF T2 0 LB 3 AW LF E82E
2000"
- pCO3
% ﬁ 5 COT00A S
151 L L= el =B _.F
3 stop codons _E' 1500 $fE& 2o kE 33§ B8 3 »
< 2111/ 8. lividans (pCO100A)
)
2
choA g 1
:E 8. griseus (pCO100A)
pCKM ' T 500
6 1 Kb g S. lividans (pCO3)
° g Streptomyces sp. SA-COO
0 : ‘ 5 . =
0 1 2 3 4 5 6 7

Fig. 6. Secreted production of Streptomyces cholesterol oxidase.
The deletion of a 1.2-kb fragment upstream of the P450-
choA operon and subcloning of the operon into pCO100A
vector resulted in the secreted overproduction of Streptomyces
cholesterol oxidase.

Fig. 4. Development of wide host range promoter-proving
vectors. A low copy (pCKM1) and a high copy (pCVEI)
vectors are widely applicable promoter-proving vectors with
choA as a reporter gene since most bacterial strains do not

have cholesterol oxidase. T ROLEEEFEZRELD 20T AI REARE

Y 4y L 7= acetyl CoA carboxylase ® promoter %0 %
FIFI L CRBLA 7 5 — 2 (ER L7260 Z Dy 4 =5
D chod BIEFARE T L AT a— VER(MEER & FLIR
L137 BECRIM 872 (Fig. 7).6D b o & SAMEIC &

| Choa| %o L AT a— SRR AL LRI, EEBSE

UTrchoABIGF A2 U CHLEEE CHREL L 72239 TIiZ
A X 3TV .62

SLEAE L137 R R U MBERE EH & 75720, L
B/MVR S L HFECr R —= L S LA =T LV VB
F6366) F RIS HBH LI L. F=DFEET LAY
v Delfl % L1837 R CHRBR I /.5

th]“““(iiiﬁfmfgéjtl WE DT EAL AT 47 ADT A A B

L

cof conl Fo KD RSB RE S L By R ST

Cholesterol &< 5-Cholesten-3-one 4-Cholesten-3-one %, “u EGZE‘/W}—[%O){HEE—/\7 &‘_;‘?\‘%Bﬁg’é'ﬁ—é 7
H,0, e = s . i

° P, acidopropionici 77 A I K O IEALY 6868bp & IRIE

Fig. 5. Streptomyces cholesterol oxidase. Cholesterol oxidase L7-.88 =, Fut'FrBEOT T AI ROeRE

catalyzes two reactions, oxidation and isomerization, to form . e . o .
5-cholesten-3-one and 4-cholesten-3-one, respectively, from BB A RE LD TOWE Lo, ZOTTFAINR

cholesterol. Upper left and right panels show three-dimen- {Z hygromycin B PRI~ — I — 0 LTy X — BB
sional structure of Streptomyces cholesterol oxidase and color ) 60 L o . )
reaction of the enzyme on filter paper, respectively. L7z (Fig. 8).%9 — [ P, freudenreichui % < <THL, IR

EHFREIRERT 5 Z L2 X 0 @WK CTRE % 72 Propioni-
OEFEXFHE L, IgE FUEOELZMEIT 55 Z &h bacterium TE DTG ERHLIT L) L 72,68 R T104LL 1
5, WEMIER & ORBBIEIERICHRR S H LTRSS e A CBE OB EERZORRE LIRS RN
TW5. EEBEYT ST 2EMDIRLHRE ST b, Bz bBRHNIEE LIZDIE, /\iT@ﬁI ~
%.59) = OFLEEE L137 b~ OfReft 50720, fEE— 5 —REROEREFRAEORVBROARICLILHHDOT
7 B —FEVERR LTz, LISTHRIZ 15 EEO ST A FE H5H. pCVEL 7 F#—IZ choA 3 {x+%n‘ﬂ¥»LA/f7
BE LTV, BT TAI FEFaT I 7402 0 — X — i HE s & — & LT Propionibacterium AR D
Lizky, TIS—PAEICEAETIBEEFNTT A MO OE— X — A RR L7728 e d UBEO T B
FEZa— RENTWD Z ERGhole 0 /NIT T A e —EFNIRBEO TN IR VE) 22D
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BEHER x50.000
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. (ERVERE Gm) © 9
& pLTK2 oM T
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) 9.6kb ,
SC101 ori %, _ BR : JSH-5600
o kV) - 10
PMW2IS oy R o3
Km R : SEI
<ZRBFMR>
{ERMERE (m) = 9
A OMME : T

REA : 2001-07-03

Expression of choA in L. plantarum NCL21 and in L. casei K95-5

Strain Plasmid Cholesterol oxidase
U/g protein
L. plantarum pRN14 0.0
L. plantarum pWK7 2.8
L. casei pRN14 0.0
L. casei pWK?7 0.9

Fig. 7. Development of expression vector for Lactobacillus species and expression of choA in L. plantarum and
L. casei. Strain NCL21 is a derivative from strain L137. Upper right panel shows electron micrograph of
heat killed L. plantarum 1.187 cells.

MILTe, ZORBERZZ—1Ck0FEFaL25n—0n
FRALBESR & A PE SE 7260 21 L 25 10— )L DS fiRBE % 4+
G LEABES T s B4 BT, SRS MeY L L

ORF5S 27

p::g?pl ORFé |/ T%ﬂVX?‘D—Il/ﬁEﬁ,O)7°U'{Z\y"/‘/ﬁ“af_%ljﬁﬁf*%é

i 725 9. RUNT Rhodobacter sphaeroides O hemA &1 %

;I,fg; BRSEHTLICEY, T/ LTV VB (ALA) 27

repB’  repA BEA CERE TEATES .09 7o A BRI ALA

BHRRLLTRKBETHONTVWS C4 KT L Ch
From P. acidipropionici =~ BT OFFOFEESMONT NS (Fig. 9) . ALA I
' Heme 0% I 2 By OHIBRIETH % & & HITHY ORE
RiRdE, 2 b URMEOIERSH S, oDl —F—
HER~DIEABERF SN TS D BE, ©4 32 B
ABRICEETA2EGFEREBL,BD R 7 4 ) %
BoAEOHELZERLTWA,

8 HETZDMAHK

Fig. 8. Construction of a shuttle vector, pPK705, used between BRI~ A BHEY OB EHIE OB R L HAEED T
propionibacteria and E. coli with hygromycin B as a drug DHETZZONTRANTS. WLt - DIEE
marker.

AICERE D, FilRL o7 Y oaibl e L s
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EMTE $82%E

Glutamate

C5 pathway

tRNAGH
hemA * NADPH reductase
Glutamyl 1-semialdehyde (GSA)

hemL } GSA 2-amino transferase

C4 pathway
(Shemin pathway)

Succinyl CoA  hem A, -
i 2, | [s-aminolevulinic acid (ALA) |
Glycine  ALA synthase hemB ¥ ALA dehydratase
Porphobilinogen (PBG)

hemCD ¥ ' hemEFGHN,
Uroporphobilinogen (Urolll)
cobA ‘,
Precorin- 2

4+ 2+
chi&cob Co \ Fe
Vitamin B Je¢-+4 <= Factor 11~————> Siroheme |

Fig. 9. Metabolic position of 5-aminolevulinic acid (ALA), an in-
termediate in the heme, siroheme, and vitamin B1g synthetic
pathways. The ALA is synthesized by either C4 or C5 path-
way.

b7, 19804E MR E X KFTIDICH LT Y AN
RS Y BICIEFRVBESEEED LN, LT Y TR
K ONEFRENRY T Do =0T, RANHEAE
BOSBEL VT2, R TH .70 HFEANCTHE
MO BHREORTBE 727D ZOHFEMITHL A
HAD LAY iRk & FEOZ &3V < D0

Light
RN

CO, fixation )

("Np fixation ) choA _  ahs
) MT

( Sulfur cycle

Accumulation of heavy metals

Recycling of metals

EBEERROPST=OT, AARDEIL Mesorhizobium huakuii
subsp. rengei & L1278 L' 7Y O DIET T A IR,
VY URRIERICEDS ) T2 ) 808D 2 m—
=y F U E LY T ORBRENIRRIERE % 5
L. ZOWEEZELT, EhEMEHORE T OME
ZEIRFICHI A TX 2 AEROEMBAB O AL D, T
hz THEATS) L4300k (Fig. 10) . 794 (&
), AR T, VAT A, FubR R FEEFBE LT
TI% (Engineering) &FPEZ LR TE S, HAETHE
OMELE LT, W (LYY, IVaR) , AR
(BRI, WRE), MEET R FaFdxf el)
BERA L. EICKBE TRAIE LA aF A RA
EELICREESENOEREAELEMSEL DI
A BEETFHA L L1289 4 Bk (MTL4) 1353757
FH1m0 285 FDCA, InZfEE L1230 ZOMTL4&Ix
FAELVAY TIRBEICHEBZ B2, BEEOEER
RS BLURL A Y UOREERES Z2HEE L.
SOEHIT, LAY DICET AT TORMERE LM
HCTa20ERHT.

BRI Y ¥ —I\Z tac-MTL4 BT % MAriAS, WE
EEMARRE A LAY IR S TR R EE T

Symbiotic Engineering

HETF

Introducing useful genes

hyd hemA |
Op O

Rhizobium

Infection

Nodule formation

MT tetramer

Bioremediation
Accumulation of materials
Sustainable food production

Fig. 10. ‘Symbiotic engineering’ using symbiosis between leguminous plant and rhizobia, which are trans-
formed by various interest genes. For example, the MT tetramer or other useful genes are transferred
into rhizobia, and then the transformants are infected to plant seed and form nodules on the roots. These
genes should be expressed under an appropriate promoter in bacteroids in nodules.
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Fig. 11. Expression of PnifH-MTL4 and PnolB-MTL4 and
accumulation of Cd?* in nodules. The plant infected with B3
with or without vector was grown in soil containing CdCls or
CuClg. A, Cd2+ accumulation with or without PnifH-MTL4,
B, Cd?* accumulation with or without ProlB-MTL4; C, Cu2+
accumulation with or without PrifH-MTL4.
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* N Structural model of the
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Fig. 12.  Accumulation of phytochelatins in M. huakuii subsp.
rengei B3 cells with (A) or without (B) 4tPCS. Gas chromatog-
raphy analysis showed that a range of PCn, with values of n
from 2 to 7, was synthesized in B3 cells in the presence of
Cd2+,

A (B) ©

H 5 uM CdCl, |
s 30 1M CdCl,
! B
»
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18
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Fig. 13.  Accumulation of Cd** by M. huakuii subsp rengei
expressing AtPCS. A, Cd?* accumulation in strain B3 with or
without pMP-nifHPCS; B, Cd?* accumulation in strain B3
with or without pBBR-nifHPCS; C, Cd%* accumulation in
nodules with or without pMP-nifHPCS.
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