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H, Production of Photosynthetic Bacteria Transferred
TOL Plasmid from Flavobacterium odoratum

Oh, Soon-Ok, In-Sun Cho, Hee-Kyung lLee and Kyung-Hee Min

Department of Biology, College of Sciences, Sookmyung Women's University, 140-742, Seoul, Korea

ABSTRACT: TOL plsmid size of Flavobacterium odoratum SUBS3 was estimated as 83 Md
and the optimum concentration of m-toluate degradation by TOL plasmid was 5 mM. H,
production by Rhodopseudomonas sphaeroides KCTC1425 was largely dependent on nitrogenase
activity and showed the highest at 30 mM malate with 7 mM glutamate as nitrogen source.
Nitrogenase activities were inhibited by 0.3 mM NH,' ions, to be appeared the decrease of
H, production. Conjugation of TOL plasmids from F. odoratum SUBS3 and Pseudomonas putida
mt-2 to R. sphaeroides showed the optimum at the exponential stage of recipient cells in presence
of helper plasmid pRK2013. According to the investigation of catechol-1,2-oxygenase (C-1, 2-
O) and catechol-2,3-oxygenase (C-2,3-O) activities of R. sphaeroides C1 (TOL SUBS3) and
C2 (TOL mt-2), the gene for C-2,3-O is located on TOL plasmid and gene for C-1, 2-O
on the chromosome of R. sphaeroides. m-Toluate was biodegraded by TOL plasmid in R.

sphaeroides C1 and C2, presumably to be produced H, gas from the . secondary metabolites
of m-toluate.
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Table 1. Bacterial strains used for this experiment.
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Strain Relevant characteristics Source
Flavobacterium odoratum SUBS53 TOL* Km’ This laboratory
F. odoratum SUBS53-1 TOL™ Km' Cured strain from SUBS53
Pseudomonas putida mt-2 ATCC23973 TOL* Km' KCTC
P. cepacia SUB37 TOL*® Km' This laboratory
Rhodopseudomonas sphaeroides KCTC1425 TOL™ Km' KCTC
R. sphaeroides C1(TOL SUBS3) This laboratory
R sphaeroides C2(TOL mt-2) This laboratory
E. coli L600 helper plasmid;pRK2013 Center for Biochemistry,

Lactobacillus casei SUB12

plasmid pLC

Imperial College.
Univ. of London
Moon 5 (1989)

*KCTC: Korean Collection for Type Culture. KIST.

SUB539} Pseudomonas putida mt-2 ATCC23973-&
£ Age] A3tk 28 i A dFEE
Fa AA5ol Helwt #;A Al Rhodopseudo-
monas  sphaeroides KCTC1432&  AF8-3l¢] o
conjugation A]¢l helper plasmid pRK2013¢] S+
E. coli L600 (Ditta %, 1980)% o]43}gic}. £ A
goll A}23F FF= Table 164 BoiF ne} 2o}
2. BHR|Z=Y Y ol baby

F. odoratum SUBS533} P. putida mt-22] wjof &
EA AT+ M9 minimal medium (Maniatis, 19
82)5 AFE-3}9l v M9 minimal mediumelE <
4914l glucose WAl 5 mM m-toluate S % 7}s}ed
AHg-stadcl. B3 AEQ) R sphaeroides KCTC1425
o] wiek& S wix] AMELE Ormerod | Awhz|
(Ormerod 5. 1961)& AH&-3isdch wxlAlze] A
4 Hungate techniqueE 7|%Z ¥ serum
bottle modification technique (Miller % Wolin,
1974y8 #8-3te] X3}k

TOL E=k2vl=7} Q= F. odoratum SUBS33}
P. putida mt-2€ 5 mM m-toluate”} E£3% M9
FawfA) e 30Ce] 2% ZZAse A wjekslaic)
g#H 4 PAF) nitrogenase FAE EA s} 9
3lod, R sphaeroidesE 3-447} wjoks A EE 35
3ted 10 mM potassium phosphate buffer (pH 6.8)
o #Ekslo] §7)Atel = 4C YA BB} resting cell
suspensions FH|dMg el ©]7-& thA] Ormerod
4 wfAl e} ©bdE Hrisle] sFRAbsb 45U
Ta2AA T nitrogenase AL EA sl £ A
A& #18te] Ormerod 24 =)ol &h491-& H7h3t
8]2] 10 m/E serum bottle (15 m/)el| o] 8.000-
12,000 Lux®] FzAstell A 30CE F-2| sl A whok
ok &= WH3tE sl fsle] fxelA W)
oFatd i 714 AelE ¢i3 argon gasE 3-5 27
FH Tk
3. TOL plasmid2| &2} % Curing

TOL plasmid+ Nakazawa (1978)2] whef wha}
Helslel om Toluated] Hal5o] Zalrn|=o 7)

Q3= AE FHlhr] A Fepav|=e) AAA
& Cho 5 (1989)9] Hpyel e} AAlstsdch
4. Catechol-2,3-oxygenase & %3

Cell-free extract= 50 mM<®] potassium pho-
sphate buffer, pH 7.5 10%(v/v)¥] acetone-s #
7hsle] F7]e] o7 B84 WAEY. AagA
FrEuj Al A wioket FFE AAlERE] FAE
483 & 0.85% KCIZ A 23 & bufferel] <4313)
AR & 233} 715 AHEEle] A5 FelA
s stodc) (Nakai 5, 1983).

Catechol-23-oxygenase  &A] 2 light
path’7} 1 cm<gl cuvetteel 50 mM potassium
phosphate buffer 2.8 m/3} 0.1 m/2] 0.01M catechol
SAE 4 F 20T A 0.1 m/e] EAEGNE Y
HE2-& A7) ¥ A == 2-hydroxymuconic semial-
dehyde& 375 nmell4 FF==2 EHAH3o)
(Nakazawa 9} Yokota, 1973). Specific activityE dry
cell mg® 13#7te A&EE umole® A4 3hich
5. Catechol-1,2-oxygenase &4 =X

Catechol-1.2-oxyenase #A2] 2Ae cis. cis-
muconate®] HFAES FAHFo2H &l Al
EFZ N4 catechol-1,2-oxygenase s &A3s}7] 9]
4 50 mM H.O-& 1087F #8]8}ed 90-95%2]
catechol-2,3-oxygenase &A1& oIAlslgict Cuvette
o potassium phosphate buffer 2 m/& 23 0.0l
M catechol €44 4 ¥ 842 Yo o}& 260
nmell A F33%E =3slgdtiNakazawa2} Yokota.
1973).
6. Nitrogenase activity 8

7142 wiokat Aol o3 A= 7)Ao
A8E AAHAZ A2 whg-4-7]9 head-space®
Bl gas-tight microsyringe@ 100 w/E 3 3}o] gas-
chromatographyE o]8-3}o] acetylene reduction®.
2 EAHslgon A 2L Meyer 5 (1987)9
Z71e| wglt}. Nitrogenase activity® acetylene2)
o] o YAH ethylene?] peak Fol2 sH4t
dlodom, 453 ethylene 0 8 & TS 2HAd3)o]

=2z] o
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Fig. 1. Effect of m-toluate concentration on the

growth of F. odoratum SUB53(@ and P.
cepacia SUB37 (0).

oloff F3te] HaF
7. CHHE M
Lowry 5 (1985)2] Hljel] o]aled gl zle] r 5
ARstoda, oA Akl FFAIEZE bovine
serum albuming Ap&-3}eict
8. Conjugation
221 2] 2 X108 cells/1 ml2] oA E8} 2—4X
10¢ cells/mie) F&AEE z}7) o} & v g8 &3
% oJz2t (0.2 pum pore size. 25 mm diameter.
Gelman, Science, INC)2.2 o3} g % ojxjuts
penassay 3H wiA| el A B A7} Bk FolE

stelel.

I mi Aedspel] P2l § Hets] s]xste] A
WA dESe i ddent gedrs)
/\_Q_k]]jr._ 71-71- —1’]9}' 7o z A 044_ 3} .}5’_

A el M]H *3’9*4” & alslsd D} A5 (trans-
fer frequency)¥ conjugant/donor cell®] H]& =
AFEskedel (Cho 5 1989).

9. H, evolution ’_‘,’g
i S wiA]]l Ormerod 2|4 wi]ef 4} 3
714 Abell. 30C. 8.000-12.000 Lux. pH 7.0 x4s}
ol 4] AMEE wieFsldch U A|7be] A & §- gas
phaseoll 41 sampled gas syringe® 33k gas-
chromatography (Hitachi Model 163)& #413}¢]
t}h. Gas- ghromdtography o] £4241L Wonit Kho

(1986)2] Hiol] tL}Llr sl pan FEade wt
gapo] oo Falo] apstalrt

o o 0@

1. F. odoratum SUB53 32| TOL plasmid2]
£
TOL Feprmjes z2be

m-toluate ¥Xxeof wpE Hajss
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agke] i Aat
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Fig. 2. Determination of molecular weight of TOL
plasmid from F. odoratum SUB53 by relative
mobility on agarose gel electrophoresis. The
reference plasmids were CAM(150X 10°). Rms
148(95 X 10°), TOL(B2 X 10°) from F. odoratum
SUB53. TOL(79.3X10° from P. cepacia SUB
37, pWWO(78 X 10°) from P. putida mt-2 and
PLC(35X 10° from Lactobacillus casei SUBT2.

M9 #H4 wA|)4 5 mM m-toluate
7V gk AAS Hel ot 20 mM m-toluate 2}
HAFEE HolFE P cepacia SUB37S Zijel=
ArolstgdviFig. 1). webd . odoratum SUBS532]
TOL Zz2}22n]=9] oluate ©]8-5-2 P. cepacia SUB
37 Bod vH VeSS o4 7 sdsde

m-Toluate ¥852 2> F. odoratum SUB532]
TOL plasmids F-2)shslov, Hzpeks 357
$18ked  Hajeke]l olm] odedzl plasmidE  EE
marker® 3lod agarose gel %7]ej%-8to] F-zjeks}
A el o]F Aglrtele] AFIAE vliLsle] R
afet 25 markerZ2% 150 Mdel CAM plasmid2}b
95 Mdel Rmsl48. P. putida mt-2 pWWO(78 Md),
L. casei®] Ee}~u]x pLC(35 Md)E o]-8-3le] A
ol A& f.z4s¥ A3} F. odoratum SUBS532] TOL
plasmid #x}eFe 82 Mde 2 wagom (Fig 2),
ol A P putida mt-22] 78 Mdrt (Nakawaza<}
Yokoda. 1973) P. cepacia SUB372] 79.3 Md(Cho-s.
1989) ®c} A vhepypol
2. Rhodopseudomonas sphaeroides KCTC1425
Fo| MY

7122 4] §-7)4FFol A malic acidE Ad=s} .
sphacroides KCTC14252) 2% 2748 ZAAst7]
st 7|AlTEE FAlstdoh #HA V1A e
w3l7] 9)s] Ormerod 24 sf#|el] whe

290e u

fthe
T
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Table 2. £ffect of nitrogen sources on hydrogen
production and nitrogenase activity by R.
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Table 3. Transfer frequency of TOL plasmid to R
sphaeroides KCTC1425 by different growth

sphaeroides KCTC1425. phase
Nitrogen H, production Nitrogenase Growth Early
Sources (nmoles/hr/mg  (nmoles/hr/mg phase Lag Exponential stationary
(7 mM) dry cells) dry cells) Donor Strain
Glutamate 48.41 1244 F. odoratum 1.5X1077 1.3Xx107¢ 7.8X10°°
NH.CI 29.45 522 SUBS53
Arginine 17.76 435 P. putida 26X1077  55X107*  19%10°°
Alanine 2495 9.57 mt-2

Nitrogenase activity was measured by reductio of
acetylene to cthylene. H, production showed the
highest level at 30 mM malate and 7 mM glutamate
as nitrogen source.
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Fig. 3. Effect of NH,CI (03 mM) on hydrogen

evolution by resting cells of R. sphaeroides
KCTC 1425 on Ormerod minimal medium with
30 mM malic acid. The cultures were grown
in Ormerod minimal medium (Ormerod, 196 7)
supplemented with 30 mM malate as carbon
source.

malic acid®] %% 0, 15, 30. 45. 60 mM Z7}3}
Zbz} v ofsted A “%% EA A= 30 mM Y
malate H7MAloll 45 A2 A3t o] A
= Leest Bae (1983)9) Zste}l oJx)ghe- o 4

a9loed

AX AR
R. sphaeroides®) 73%- 7‘35‘_ o] Ay Ad 5ol
qEFE v)Fe EJJ]— Sweet and Burris,

981: Lee and Bae. 1983). = Al g@rx
HaYS A7lste] vk AAERS 248 2 A
= Table 29} ) duiyoz H, AL
nitrogenase 43} vl BA] 9lom 30 mM
malate”} 8% Ormerod #2: wiz|el] 7 mMe
NH,CL, glutamate. arginine, alanineS-2} 1]x3}o]

E Az 7 mM9 glutamate H7}olA] 71 e
FAa7NAE AAEHE Z o2 yelyt) (Table 2). ©)
A= Lee9t Bae (1983)7F .28 R sphaeroides
K79 ZfoMs Fd3 Axs At
FaAAl 2lelA] nitrogenase o] 2409

Fxol W & HES] 913k 30 mM malic
acid7} 235 Ormerod A v =)ol 4] 22 7} wjj k3t
¥ 03 mM NH,CI& wiof =3 #Hrig 23 s
FEohe FaAde] Aadgoy 1 olFE i
o] zﬂxﬂiﬂ S7HHE B 5 Aol (Fig. 3). o]#f3t
A7} ehe e ??{}” Algte] A Aol 3
o}3}= nitrogenase 34d¢] 0.3 mM<] NH, ol <3
AEe HAo2 F2Hc} (Sweetel Burris, 1981:
Hillmer®} Gest, 1977, Kim%, 1980). &1} A x &
AL A wleksto] B A} 2 A o) 3 BE =)
I olfre ¥ Fx9 NH, o 93 nitrogenase
Aol s Flole #A3F Ao 1 o) F
ol NH," ion®] ¥%7} 3tagol] ue} oS &A4o]
F7HE 4+ Uddth
3. R. sphaeroides O|22] TOL plasmid M=t

duld o FojdEo Zejan|=2 SgAEE

w7 AL A EL] growth phascell whe} thE A
Eﬂ%a‘* vehdich, 2 AgedE  dwiHew
growth phasecll w2 A g(transfer frequency)=
exponential phased] AE£E AHIA|ZHE AS 1A
F9kem, I th5o] stationary phase?] AlE, lag
phase®] AEFo 2 velytcl R sphaeroidesol 2 F.
odoratum®] TOLe] A3 w exponential phase
oA 12X107°2 7H¢ ¥ ALEE dehfgch
w38k R sphaeroides?| 2 P. putida mt-29] TOL9]
A1§-2 exponential phasecll 4] 9.0X 10 °°2 7}
w2 ALES vehlglon(Table 3), oju) A4
7+ 10-15 /‘]7}"”‘1 z o]t

A3l helper plasmide] Zslol| e T4
9} *&‘ﬂiﬂ s 2ENE o ¥ AL
veld = gl wheba] 2X 108 cell/m/ “‘—021/""3&.94—
2— 4><IO" cell/m/ FEAEFE 111, 5:1, 10:1, 1.5,
1:109] ¥ &2 ?1—7{}‘6}“‘:]-. 2 A FANEge}
SAEZTE 10:12 4ojx] HIAA AL transcon-
jugant R. sphaerozdes CHTOL SUBS53)2] A Al&
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Table 4. Transfer frequency of TOL plasmid by donor
and recipient ratio

Transconjugant R sphaeroides C1R. sphaeroides C2
Donor to (TOL SUBS53) (TOL mt-2)
recipient ratio (X107%) (X107

1:1 32 24

5:1 43 2.8

10:1 44 49

10:1 (with helper)* 4.5 5.1

1:5 3.5 4.6

1:10 35 4.0

*Donors growing exponentially at 2X10%ells/m/
were mixed with recipients and E. coli with helper
plasmid pRK2013 at the same stage and same
concentration of cell number in the ratio of 10 donor:
1 recipient:5 E. coli L600. This could be achieved
by mixing 5 m/ of the donor, 0.5 m/ of the recipient,
and 2.5 m/ of E. coli L600 in a 125 m/ Erlenmeyer
flask in a 30T waterbath and be gently shaken.

X 107° R. sphaeroides C1(TOL mt-2)ql % 49X
107°02 71 & AdES vehlidciTable 4).
aeg FojdEet FEAE] vlEe FoAHEE
FEAERT} Fol EFdte] Foew o F& A
& Jeblidch

A HA] tra proteing Fu|ste] HITL £
slA =<+ helper plasmid(Ditta 5. 1980)&
A7Vsbsd-&wl R. sphaeroides C1(TOL SUBS53)3l #
S AGES 45X107 002, HrbehA] ks 7544
X107°9] ALgro v FA4 velldh R
sphaeroides C1(TOL mt-2)8] 7% helper &A=
51X107°Z helper7} 91-& 7529 49X107 %8} &
A ebstcl. Dittag (1980)e)  2lsb helper
plasmid& °]43< w HLEo] HA3A & A
o2 wauHEglovy B AY A ofiw azh
=7 vpebdct o] 718 helper plasmidE 721 Q)&
E. coli L600 72 A=} +E&A2gTo] A%
2z zolzt glel HEA FEAEI R
sphaeroides®] % %9l 30T gt H3AA
A2 E coli L6009 pRK2013 plasmid 7]%5°]
Hol2 9= Zer] dFel e Aot
4. Transconjugant2| 4

1) TOL plasmid®] Z=)

A3tel o)l FoJMEQ F odoratum SUBS539]
TOL plasmid7} 334 MlFal R sphaeroides® A
xlg] =71 &alslr] 9ske] transconjugant2] TOL
plasmid& ¥-2|8te] HtHFig. 4). 1 ZI} F
odoratum SUBS3(Lane 5)3 P. putida mt-2(Lane
1) TOL plasmidE HEf-35 glglevt 33k Al
3l R. sphaeroides(Lane 7)-2 plasmidE& Hf3li
A edskeh ol ¥ FFE AY AR A
transconjugants (Lane 2, Lane 4. Lane 6)= TOL

KOR. JOUR. MICROBIOL

+« Plasmid

+ Chromosome

Fig. 4. Agarose gel electrophoresis of plasmid from
parental strains and exconjugants.
Lane 1: P. putida mt-2(TOL), Lane 2: R
sphaeroides (TOL mt-2), Lane 3: P. cepacia
SUB37 (TOL). Lane 4: R. sphaeroides (TOL
SUB37). Lane 5: F. odoratum SUB53 (TOL),
Lane 6: R sphaeroides (TOL SUBS3). Lane 7:
R sphaeroides KCTC1425 (TOL").

o

plasmid7} #<l5 gl o m-toluate7} FU7t &4y
°2 Eoj9l: Ormerod HA wixlejM= A QA
shojck. wheba] o2 A At 2 7S R
sphaeroides*| 2. A=2x TOL plasmid”} toluates
Falshe e gk

2) Toluate F-sffso] &4

Transconjugant®] TOL Z2}2v|tef ofsfe] A
A== toluene®-3) AIF2 F8 &EA<] catechol-
2.3-oxygenase(C-2. 3-O)¢} catechol -1.2-oxygenase
(C-1. 2-0)9] A& ZAsted wlawste] ®skeh

Table SollA RolFi= wie} zto] of2] fFEe
T 7bA &4 248 AwRd F oodoratum SUBS3
(TOL) #3¢] C-2. 3-O #&43& 10.26 umole/min/mg
proteine2 TOL Z#t~v|=rt gle d5F F
odoratrum  SUBS3-I(TOL") 0.04 gmole/min/mg
protein Bt} A F& specific activity® ®.ich
TOL Ze}Av|=Z AHehibe transconjugantd] R
sphaeroides C1(TOL SUBS53) |} R. sphaeroides C2
(TOL mt-2)2= 27+ 10983} 1381 pmole/min/mg
protein®2 F&A¥Ee R sphaeroides®] 0.11
umole/min/mg protein®e} 3] F& C-2. 3-09)
v BAL ehpn gisdch zelER FEAE]] R
sphaeroides KCTC 1425% t}4=7ke] aromatic 3Hg)
22 Bae 4 9lovt (William3} Evans, 1973:
WhittleZ, 1976) TOL Zetar|=r) Aoz A
18 @Ak aromatic 3}§ES T F A
H7oz Y7k

C-1. 2-0 &4 7t #Fel4 TOL F2pav|=s
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Table 5. Specific activities of catechol-1,2-oxygenase and catechol-2,3-oxygenase of donors and
transconjugatns
Catechol-1,2- Catechol-2,3-
Strains oxygenase oxygenase
(umole/min/mg protein) (umole/min/mg protein)

F. odoratum SUBS53(TOL) 0.50 10.26

F. odoratum SUBS3-1(TOL™) 0.63 0.04

P. putida mt-2(TOL) 1.46 12.70

R. sphaeroides KCTC1425 0.59 0.11

R. sphaeroides C1(TOL SUBS53) 0.62 10.98

R. sphaeroides C2(TOL mt-2) 1.95 13.81

Table 6. Uulization of various substrates by R. sphaeroides KCTC1425 and transconjugant with TOL

plasmid

R. sphaeroides

R. sphaeroides C1(TOL SUBS53)

Substrate (30 mM)
Growth H, production

Growth H, production

(660 nm)(nmoles/hr/mg dry ¢
Carbohydrate
Fructose 0.50 30.46
Sucrose 1.04 51.91
Maltose 0.70 51.11
Amino acid
Glutamate 2.80 228
Arginine 0.26 -
Organic compound
Malic acid 2.52 26.23
Succinic acid 241 7.98
Sodium citrate 1.12 54.90
Sodium oxalate 0.65 -
Pyruvic acid 0.80 3593

Propionic acid - -
m-toluate acid - —
(5 mM)

ells) (660 nm)(nmoles/hr/mg dry cells)

048 18.49
0.89 38.45
0.74 19.36
2.86 0.36
0.22 —

2.69 19.96
2.36 0.52
1.98 8.27
1.75 —

2.60 47.51
2.85 6.39

Photoproduction of H. with each substrate by resting cells of R sphaeroides KCTC1425 and R. sphaeroides

Cl (TOL SUBS53); The cells were grown in Ormerod minimal medium containing 30 mM malate.

Fr7-oll FAGle] Algh Aol & MoIFA] Y= Aow
Kol P putida mt-22] 7% Nakazawa$ (1973)°)
B3gk ukel 2o ortho pathway & f%8h= C-1, 2-
09 fH 2= chromosomeel 2% o2 Alg st}
TOL &F8tiv|=g ze BE #3504 C-2, 3-09
HlgAde] C-1. 2-09 wlgdduc} o 84S et
Walesd., ol TOL ZetAn)= Yol s mera
cleavages 73t w3}zl oozl A z=ic
(Nakazawa%. 1978).

3) FaNEF

R, sphaeroides= 334 AldF  nonsulfur
bacteriaZ4 3714 Ael. 3zARA) oJE] §7)4ke
R P e Bl FAE HRATE BEHS
AUZ 9ltKWatanabe 5. 1981: Hillmere} Gest.
1977. Gest®} Kamen, 1949). o}=ajgt E4Jo] R
sphaeroides®} conjugante] R. sphaeroides C1(TOL

SUBS3)ell A oA ehdi= 748 wlarste] ®opr)
21 A3} R sphaeroidess . §-7]4k olv| X AbS 7]
A2 ol8ad 4= gleloy m-toluate 7]A R o]&
g2] Z3bdch. ey} conjugant?) R. sphaeroides
CI(SUBS3)& = #7]4k oAt 8 m-
toluate= 7] A2 o] &3 4 glgdch =3 7t 7]H e
o]-g-8fo] A Ay S =3 A} recipient R.
sphaeroidest=  sodium citrateZ o] £-3}e] 5490
nmole/hr/mg dry cells®] B-& F45 WYXz o
transconjugantql 7§+ pyruvic acid® 7]HE o]
43ted&u 47.51 nmole/hr/mg dry cellsE A A]
Ak Zev m-toluate & BHA o2 el g 7
F FaFE AE BT 4 glgdey TOL =&
2ujerh AgE HPFFE FAS B8k 639
n mole/hr/mg dry cells$ Ho]F¢tiTable 6). o)
A= oA 715t e} 7o) TOL Zefin|=e)
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Fig. 5. Hydrogen evolution by resting cells of R
sphaeroides (TOL SUB53) on Ormerod minimal
medium with 6 mM m-toluate.

The colture was carried out 30T and 8.000
Lux anaerobically. Optical density: (@),
Hydrogen evolution:; (O).

e o2 RE FHd HAeR AbExch

Toluate® HE| AT R sphaeroides Cl
(TOL SUB53)¢] F2AA45E 5 mM m-toluater}
¥3% Ormerod A wix|ol|A] wlm HAEsI] X
ek} (Fig. 5). AT FE 5 mM toluateol| tdtod=
6wt 1 AJAo] stationary phase’} & ¥bd
P e ok wet AlE FrlEkel 109 o]
Al AAEA Frbste AgE 2ok ol¥et
A= J3FF7F m-toluateE A 7]AR o]-&3}
+ 7] olje} TOL plasmidel ojsfl Raisle] A

7_(;‘
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Fig. 6. Effect of lght (1,200 lux) on hydrogen
evolution by resting cells of R sphaeroides C1
(TOL SUB53} on Ormerod minimal medium
with 5 mM m-toluate. The preculture was the
same as Fig. 3.

A= pyruvic acid®} acetaldehyded o]x}H 22 7]
AR olgsle FAE A= o AEFh

B Aol TS she AN 7 ey
A7} Az} 449 ferredoxin®] #HYHE F7} A

FE 98E &) gl #2 H4Al faeld
(Meyer%-, 1978; Gest®} Kamen, 1949). oj=i3 3
798 zAE7) 948kl R sphaeroides C1(TOL
SUB53)& 5 mM toluates ®ALYeRE I&=
Ormeroid & wiR|NA A7 Fx2Aa} sl A=
FadAdel Frbsitlrl o2 B AAAE A el A
wlekA 7] A Ae] ARHA oA thA] Fx
Apol 4w okslel & W 44 Akl ohA] FtEkE
A2 AdrhFig 6). ol81d Ao FHA Aldol
gol] 9)&3tx 9low, ATl R sphaeroides Cl
(TOL SUB33)E oA o] ZEx|5}el 4 m-toluate®
R 45 TS 4 Atk

2

Flavobacterium odoratum SUBS532] TOL Ze}xn|ze] #27)& 83 Mde|glem TOL ZetAn| o] 213 m-toluated
IR EEE 5 mMoldth Rhodopseudomonas sphaercides KCTC14259) =442 nitrogenased] A7 w3}
9jom™ 30 mM malic acid®} AP e 24 7 mM glutamated] HAFzxoA FHze] F244E& Bl Tk T4,
0.3 mM NH" ionol|] ]3] nitrogenase?] &io] Aal=o] £4 MAlo] #x3) i sldr}y. F odorarum SUB533%
Pseudomonas putida mt-22] TOL ZetAv| =& R sphaeroideso) 22) A F8A 22 527014 10471547k
Zatell H#olglem helper plasmid pRK2013el| 9 Hg5o] Z7stedel. Transconjugants?l R. sphaeroides C1
(TOL SUBS53)3 C2 (TOL mt-2)2] catechol-1.2-oxygenase(C-1. 2-O)2} catechol-2 3-oxygenase(C-2. 3-0)9] 4%
vz AEF Az} C-2. 3-0 FAAE codedts F-3AAE TOL ZAnE fof 9low, C-1. 2-0 331 Yxl+=
chromosome el gl 7o g Atg =)t Hal Fod A 24, m-toluate= R. sphaeroides C13} C22] TOL E&}p] Lo
olsto] HaEo] £ad HATE o F ek o] A3k= TOL Zekiv=of 2)sted m-toluater} YA o & Faf= 5
AAE o|xAMER KB FAsteM T4aE s Hoeg FAsch
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