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HE, BEORBICMHEV, BREFBFRIIHMERBEE~LITRKLTETWS, LY
BELELEETHY., TOEBLEECHERHEALEN > TS, RERLEZHE
B, (LFHFEEOLTITIZ LR FANF R A MEPLRTHLEF LIETIEND
g, —F., £, BICHEDIELAMELRER, ERE, =xvxX—RHEL
TR SR LCHEETIILNATEIOT, MAENEZFAL TRESLETD
FERLVDRHTHH L EXLND, MEHOSREIECRISEERL LT
WEOT, HEW., LFEHFELEELT, BRRKEEGETHEDEOLEZ
FTHZENARETHD, /-, WEDEFALRBERLIT. BELEEZLE
L. BEDLIRLLEIFINFE—TTEEOT, WEH, LFNFELHER
LTEhbDOTHEANTH S,

B, BELTVWABEREO— DI TEHRAPEFEHEARENLORALLE
Z.Uy., AEBOERCLAT)I, MBEOEXELTHD, BEXRELIIWMELR
POBRSEKE THEEYCEEOBESEML TV RAKTH I, AREEGHDE
KIZE L ARVGEETRARIZETLTWS, EXBLREBICRDIEERT T VT
FUNBREEEL, KRBT A INRBET D, TODKPOBEFRRELITZL,
FUECEEIIEREDY . KREREEZHOL IR D, TFE. By, BEEWRLY
DR, BRE, FREEONE., EENERETE, FRESTAa0REEIC L
BHENSRE LTINS, BEENMEFIETIEDICE. BIIERLY V2RET
BIENKETHD Y,

HEKMBHE CITPRATWVWAEEORERICIE, A4 RllE, YREREZ A
W ABE. TYyE=T - AN v U TEREOHBLLFHNLERE, BEYE
FIF LR - MERT o AR POEMFNLBENET LD 2 Y, WE
SEMBERE 2R NEET IO, MEDORL. REREZFALLEDFE
MAEENEDLESFAINL TV D,

WA E RO - BERIE., BLEE (T T BICEE. EHERERIM
) LHEEOEMBICLY . HEAHT O NH,L NO,y . NOy % N, & LTRET HHIE
ThDH, RECBOT, MAEEIC LY NHSIT NO, Z~T NOyICEBibsh, L
FNO, EBMEBIZLY N, E LTRKAPERTENS (Fig. 0-1) 9, MLBRI
— BT, FREETHETALEARMIEEBEICI > TRIN, REBRITK
SEMHETHEETIREFHICL > TTFbN5, LT, BETOLL TV HHIL
BEEFo vt AZPELLFOLEELEE L TE2 A MNCTAIRE, 272 L
L2 ODMBEBERLETHY, £72. BMILBEOHEEEENELS ., JIRKOLEII
BRSNS RE LD, IAbDMELRETIFLRBEWORRELRDLNT
Wb,



B3fF. NH, % NO, ° NO; LB LT 2 FRMEDHBRRBEEOFELRE SN,
T BEEAGETHREERAZFTHREDLRVEShE Y, b oMED % B
KMBIZEETAIERNTENIT I DONEE TR - MEEITO ZEHFRET
HE, L. ThoOBMAEYOHILESCHRERIT, HROMEDITELETEHY .,
¥ BEREOERLMADICIIHEBE LRV ERENBESRTND P,

WEET E= U L (B, NHWNOy) . FELEBIHOLEEGRETRIED L L
TERT D, EH L7 NHNO; 250 TEHKIZ, —&KIZ. NHLNO; LISAOHEE
ZEALEET RV, BRE. BFREBROFAHEERNOERELAIFL LT, £
£ VLR TEAFEREARLERBRESN, ThOOHKEELZEXKT DD,
HCh, EXREEOHRIIZBRAOBRBEL 2o T WD, £FITEMFETIE, #AE
W EIER L7z NHNO; HEKF OENRERBRELORELZBELE LT,

TCIRAREETIE, REOHL - RE e wR%, BHL X FTOEE TS
SIZHRAAR LD LT HEDIC, 1 DOBEEATHEAKFT O NH, & NO; &2 REIZ
FIF L TKFETE B Klebsiella pneumoniae F-5-2 RN LB b o &L, TOEE
SR REIRE S, F52 I3 EENDHBESNTDOT, 00X 5 EEE
TRTEEIERRICELSFETILEEIZLDND, TITARETIE., ETHERE
BEAVT. AL DHIZFS2O L) RMEERTHEHRBIFET 20 EHRA T
BLNT-HEEFRANT, BEOEELHELZRKRFT L. ®EE O NH,NOs, NH,Cl, NaNO;
BHZ BT 5. NHSE NO, DRABEREOEESEEZRMLE, £, AKEOCL
AT ABEHICBVWTHRATRER NH, & NO,y 2 RAIRETE 2MAEHEZA VT
NH, & NO,;y D EEERERBR LT o 72,

KBTI, FR.IEND TE, BECLOEREND, £1ETIZ, NH /B &
VU NO; #ABICRETIMEMDORRIZOVTERAS, F22ETHE., ZbLIEHN
WCEA Ay BBRETE D RIRE Pseudomonas aeruginosa NBRC 12689 #R & W\ 7c |
MEH 2 NH BLUONO,ORBRECS X IEREHEORELR~D, £, &
BHEEWFEEDDLEZOLIC OV TRBT S, FIETIE. NHS2HE—D
EFRFELTHEMPBEL. NBRC 12689 4%k AT, BBED NH/OREILE
I AEELGEOREBY RS, BE4ETII, NOE2H—OERE L TOHEMIIE
W\WT. NBRC 12689 B2 AWV T, NOy 2 I EMICHRET 2D DOBEREHFORE R
& B, %S ETIX, NBRC 12689 #hZ A\ T, NH, "B L U NOy O R B @2 IZ B
54 A@EFMETT S, £7-. NBRC 12689 HRIC L D EMBIZ OV TiE~D, B
CETI. AHZNBERB CHRATALDICLERERNT —F &2/ 570, NH,
BIONODKREICEZD I VEE, REERLEOEEL2R~S, B TETHHA
=4 R L7~ TS Bacillus licheniformis T-7T-2 Mk &Z AW T R LB R EH
BIzonWTR~ARS, E6IC, ULORBRZBREBIEBVWTHRENICIEERT D,

2-
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Denitrification (Anaerobic)

Nitrification (Aerobic) % — NHZOH — :\121

Fig. 0-1. Circulation of nitrogen compounds
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B1E NHBLONO;2RFIZKRET 2HMEH DORR

E1f K

HEAKFICEEND NHS BEONOy 2 HEHICRETIHE. CNODEREE
FEICFH AT A2HMEDRELRNIE, TNDOEBODTHEMCERT LI LA TE
B, FZTAETII, NHNO; Z2HE—DERIR,. D-r/ rva—22HE—ORIFEB LV
IRXALXF—FEETHEMEZRTEL. RERLBESNTWVWIRFEKRE FL0IZ,
HE I8 HAEAVT NH, BIUNO 2 FREHET CRRICRET DBWEMERE
+TAZERBEMETH, £70. NHSE N RRBICRETLZZLLNROONIZHE
BEAWNT, BREGTBVW TR LDERNICAA A V2 RET IEKZEERT
Do

E2f HHOBREBIUVCERLEMHOTEEE

<KHHE>

1. FERAEKR

REENRLEINTWAEKE F.0LIT., Pseudomonas & D 6 R, Proteus & D
| B #k. Bacillus B® 3 @#k. Enterobacter & D 2 B #k. Klebsiella B D 2 WK,
Alcaligenes J& @ 1 B ¥ . Achromobacter & ® 1 E ¥k , Serratia |& O | B ¥R | Paracoccus
B 1Kk, S5 1I8EEOCREEK (Table 1-1) AWV, REHEKIT, () &
AR AR (KREE, TE) »bEALL,

2. HRRO R

EEREDRFEE L THHTERE#MEZ (Table 1-2) AWVWiz, KRUXRTPTER
B (ER) B, EXR, A A IMEME (KR BERAvk, SMa2@ERL
Fig. A—br 7 L= TEE L (121C. 134), SE®KEZ TN ENLOANTE
EOMBEEMICHEE L%, 30CT 12 AHEBRELZ, HELLEKEL, ER{LS
WEETRESH#ICER L,

3. 0.1% (w/v) NH,NO; 2H—DZERIR & T o HREHH

Table 1-3 IZAHFZE CTH 3 basal medium 7T, EEDOERICAV HEFHIL,
basal medium IR EBE. EXZE. €BEZ ML THM L7z, Table 1-4 ICRFRH 2
HEHMTHD 0.1% (w/iv) NHNO; EH DM Z AT, NHNO; 2 Br <.l D5 H#IK
SEHEBLEE, A— 7 L—7ITHELRE (121°C. 13 4), NH,NO; IEKIT Z

4.



nNEFsic, BEREEEZAVTREL. HAEMEZRE LT,

4. 0.25% (w/v) NH,Cl ZHE—DERIRE & T 5K EHKH

Table 1-4 2R THHMIZIB VT, NHNO; DDV IZ2.5g D NH,Cl ZHE—DER
BeLTMA, 7. MoOZiZ 80 pM 2 H1 % 72, NH,Cl 2B <, fh D HKL S
PHWBL%, A—PF7 LTI TEHEALRE (121C, 134), NHLCIERIZZ N
IR, EEREEBFAVCREL., SHEMELRE LI,

5. 0.1% (w/v) NaNO; 2 ME—DERIF L T 5B E L H

Table 1-4 IZ R TEHIZIB VT, NH,NO; DDV IZ 1.0 g ® NaNO; MR 7=, F
7. MoO,1% 80 nM M1 % 72, NaNO; 2 <. o s ZRmB LB, 24—
R L—TFITHBELE (121C, 134), NaNO;BEIRIZ Z L & i Blic, W@ERE
EEFANCREAL, MAERMEZRE LT,

Table 1-1. Microorganisms tested

P. putida NBRC 3738
P. fluorescens NBRC 15833
P. aeruginosa NBRC 3080

Pseudomonas

P. aeruginosa NBRC 12689

P. aeruginosa NBRC 13130

P. aeruginosa NBRC 13738
Proteus P. vulgaris NBRC 3851

B. circulans NBRC 13626
Bacillus B. licheniformis strain TK

B. licheniformis NBRC 12200

E. aerogenes NBRC 13534
Enterobacter

E. cloacae NBRC 13535

K. pneumoniae NBRC 3318
Klebsiella

K. planticola NBRC 3317
Alcaligenes A. faecalis NBRC 13111
Achromobacter A. denitrificans NBRC 15125
Serratia S. marcescens NBRC 3736
Paracoccus P. denitrificans NBRC 13301




Table 1-2. Nutrient agar medium

Meat extract 10 ¢

Polypepton 10 g

NaCl 50 g

Agar 15 g

H,0 1,000 ml

pH 7.2-7.4

Table 1-3. basal medium

Na,HPO,4- 12H,0 15 g
KH,PO, 30 g
NaCl 0.50 g
MgSO, - 7H,0 0.20 g
H,O 1,000 ml
pH 7.1

Table 1-4. 0.1% (w/v) NH,NO; medium
Na,HPO4-12H,0 15 g
KH,PO, 3.0 g
D-Glucose 30 g
NH4NO; 1 g
NaCl 0.50 g
MgSO,- 7H,0 0.20 g
FeSO,*7H,0 28 mg
Na)Mo0O,-2H,0 0.20 ng
H,0 1,000 ml
pH 7.1




6. NO; & NO, D EEE

NOyiR¥ UV FALBERAVWEZ= b bRIEECLI s THELE 'Y, T4bb, 0-3
mM D NO; % &% 0.1 ml DAKBEHIZ, 02ml D 2% (w/v) TV FLEE-BREBER
EMz ik, 3.7ml D 10% (w/v) KEBEFT M) ULABKREMZ., 410 nm 128 1T 5%
EEEZRE L,

NOyiZ, VT Y Iy PV VUV IIRBICEVAERTIEBREZEETDHIEIZE-T
BELZ'", 0-0.6 mM D NO, &% 0.15 ml DKEWRKIZ, /K 0.35ml, 0.1 M
potassium-sodium phosphate buffer (pH 7.1) 0.5ml Z/Mx 7% . 0.5ml ® 1% (w/v)
ANT 7= AT I R-9% (w/v) HClIBEB LTV 0.02% (w/v) N-FT7F Lz F L
T Iv  2HCIEEEMx 72, BEIZTI05EKEB L%, 540 mm BT 5K
(EZBEE LI,

7. NH,/DE&E

NH, i, 41 v R7 =2/ =7 —E XV EELE, T72bb, 0.010~0.30
mM @ NH, ' # & 1 ml DKBERIZ 6% (w/v) 7=/ —1-0.02% (wiv) =ra”
LY RF P U LARKOAml 2N 72%, 0.6mlOT U FRAVI VEBEREMAT,
ERIZAS DEKELTCEBIEHE, 635 mm ICBITIRAELREL &,

BIE WMEWORREK

< HiE>

1. 0.1% (w/v) NH,NO; 5% AW HEKDORBR

KEH TR FEICLD 0.1% (w/v) NHNO; 55 #1 (Table 1-4) ZFBLL 7,
T L -5 M Table -1 R T I8EOEKEZNENEE L. 30CIZRB W THE
BT 140 pm TR E IFEETH L LB, BHENZ 0T ml OERREY T U &~
L%, FOBE (660 nm) & EMPIZEET S NH, . NO;'. NO, * EE L7,

2. 0.25% (w/v) NH, ClEE#ZHAWEEKRDOR R

RE2H TR FIEICEY 0.25% (w/v)NH,Cl 551 % &R L 72, [R5 #i11Z Table
IR ISEEBEOREFERE TN FNEEAL., 30CICBWTHERE T 140 rpm
TIREIEBE L, BEMIC 0T ml ORBREY VTV LR, TOBEL
M &R FET S NH,. NO;', NO,y2EE LT,



3. 0.1% (w/v) NaNO;E#ix AW EHROKRE

AEL2EI TR FEIZED 0.1% (w/v) NaNO; 55 2 fAS L 7=, RIS #1112 Table
FLICRT BEEORTFERL TN ENLEE L., 30°CITHB W TRRE T 140 rpm
TIREIEELE, BREHICEERZ 0Tl OV 7V 7Lz, TOBEL
M IZEFT S5 NH,S. NOs'. NOyZEE LT,

<FEERE>

1. NH/BLUNOZRBICBRET LIEKRORE

Table 1-5 12, 0.1% (w/v) NHNO; # W72 4 D NH, B LV NO;y DEREE%
Y, BB LE I8 DS B, P fluorescens NBRC 15833, P. geruginosa @ 4 ¥k, P.
denitrificans NBRC 13301, E. cloacae NBRC 13535, K. pneumoniae NBRC 3318 O &t
MR A A4 v & BIFICHRE L=, L L. P denitrificans NBRC 13301 & E. cloacae
NBRC 13535 i, NO, % —BERYICER L 7=, —F. 4. faecalis NBRC 13111 & 4.
denitrificans NBRC 15125 1Z D-va—2ZFBA LR2WEH | D-Fra—z2D b D IT,
2% (wiv) 7 0BEEUOEMZAVCVTERBRLABR. MKL L, BEL & LT,
EHF O NHS DAz BIFICERELE,

2. NHSEBRETIEKOBRRE

Table 1-5 (2, 0.25% (w/v) NH,Cl # W& O NH/ DBREEREZRT, RRL
7= 188D 5 B, P fluorescens NBRC 15833, P. aeruginosa @ 4 Bk, P. denitrificans
NBRC 13301, E. cloacae NBRC 13535, K. pneumoniae NBRC 3318, §. marcescens
NBRC 3736 D&t 9 8k NH, %2 B{F 2Bk = L7z, —JF . 4 faecalis NBRC 13111 & 4.
denitrificans NBRC 15125 X D-Z v a— X 2 F|A LARWE®, D-7 L a—2DRb Y
2y 2% (wiv) 7= VEBRESOEMEAVTRRLUCER, @KL L. BHHFO
NH, % BIFIZBFE L7, B. licheniformis strain TK ODEFREIIARETH V., HFH#F D
NH, b 80%EBE L7z, £/, 6.7mM D NOy b ER L 72,

3. NOsERETOIEKRDOKE

Table 1-5 12, 0.1% (w/v) NaNO; 2 W72 H & D NOy DR EREZRYT, AEBRL
7= 188D 95 B, P putida NBRC 3738, P. fluorescens NBRC 15833, P. aeruginosa O
4 8. P. denitrificans NBRC 13301, E. cloacae NBRC 13535, E. aerogenes NBRC 13534,
K. pneumoniae NBRC 3318, K. planticola NBRC 3317 @& 11 #R1E NOs % R{FIZER &=
U7, A. denitrificans NBRC 15125 i, D-Z /L a2 —2ADHKb 02 2% (wiv) 7 =8
EEDEMIZB VT NO & BRIFICHREL 7,



Table 1-5. Utilization of NH;" and NO;™ by stock cultures

Nitrogen source

NH,NO;? (1 mg/ml)

NH,C1° (2.5 mg/ml)

NaNO; ° (1 mg/ml)

Strain Growth Remaining Growth Remaining Growth  Remaining
(ODss0) NH,” NOj;  (ODggo) NH," (ODs¢s0) NOy

P. putida NBRC 3738 3.2 1% 88% 9.2 20% 4.0 5%
P. fluorescens NBRC 15833 5.1 2 4 9.8 4 3.5 10
P. aeruginosa NBRC 3080 3.5 0 0 8.9 6 1.7 0

P. aeruginosa NBRC 12689 3.9 0 0 9.3 1 1.7 0
P. aeruginosa NBRC 13130 3.2 0 0 8.5 3 1.7 0
P. aeruginosa NBRC 13738 3.6 0 8 9.3 1 1.8 10
P. vulgaris NBRC 3851 0.2 100 92 0.8 84 0.2 86
B. circulans NBRC 13626 0.2 100 95 0.5 91 0.2 93
B. licheniformis strain TK 2.2 0 68 1.5 80 2.0 67
B. licheniformis NBRC 12200 5.5 0 42 2.6 78 1.2 63
E. aerogenes NBRC 13534 3.7 31 0 7.0 43 2.3 3
E. cloacae NBRC 13535 5.6 0 0 11.8 4 2.9 5
K. pneumoniae NBRC 3318 7.1 0 0 11.9 2 2.6 3
K. planticola NBRC 3317 5.2 0 50 6.2 42 3.5 3
A. faecalis NBRC 13111¢ 1.9 0 82 4.7 6 0.0 100
A. denitrificans NBRC 151254 1.9 0 79 3.1 12 0.4 16
S. marcescens NBRC 3736 3.1 0 67 10.3 8 0.2 86
P. denitrificans NBRC 13301 17.5 0 8 13.8 11 23.5 4

® In presence of 30 mg/ml D-glucose, 0.1 mM Fe**, and 0.8 pM MoO,*".

® In presence of 30 mg/ml D-glucose, 0.1 mM Fe**, and 80 pM MoO,*".

¢ In presence of 30 mg/ml D-glucose, 0.1 mM Fe?*, and 80 nM MoO,*".

4 tri-Sodium citrate dihydrate (20 mg/ml) was added, instead of 30 mg/ml of D

-glucose.



B4t BREOCERLEMWERETOIMAEMOEK

<HHE>

1. SEEO NHNO; 2RET 5 HEKDOEK

AREIHCBVTEZNL BEIUNO ZRABIZERET S SHKEOT L, Kb
RIZEA A 2 BRETIHROBRK R ITo7-, D7, NHNO; DBEIX 0.1%
FToOWMMEKRE, D-FNVI—RAOEBELHEML, FEBEO NILNO 2 HE L,
TORMI SHKEEFNFREEL, 3I0CIKBWTHREE & HV T 140 rpm TR
PO L, BREMICOITml OBEREY VTV I, TOBELEEFTD
NH,". NO;, NO,y 2 E& L,

2. BEREONH/ZRETIHKRDOER
AEIHICBVWTEE N ZRETS 11EKOF AL, HHFAIC NH 2R
ETABORKEIT o=, FD-H, NH,Cl DEEIL 0.05% T DM, D-7 v
S—ZOEELEMNML, SEEO NHLCIE#HAFAML -, Z 0B iz 11 K& £
NEREEL.30CIEBWVWTRBREL A WVWT 140rpm TR L D HEE L -, BERIZ
0.7 ml DERFEEF 7YV, ZOBELERFT S NH,'. NOy', NO, ZEE

L7,

3. NH/OBREIZEX MO pH OEE

0.4% (w/iv) LED NH,Cl ZAWEHEITIE, BERISBEC 2D, RO
BIENNE SN B3, T THBROPHEBELTEET LI L2RAA
7= Thibb, 04% (w/v) NH,CI 2 FAB L. T i P aeruginosa NBRC 12689
BEREELEE. 30CIKBVWTREBRE T 140mpm TIRE 3 FE L, BRENICEE
HEkyL TV T AR, 2N O NaOHERZ AW T, $BEKD pH ZWELT,

4. BREDO NO;EBRET D2HEKRDEEK
AEIHICBVWTEAENOR2BRETSE RKEOFLL K LHENIZ NOyERE
+TABOBREEIT o=, FD7=H, NaNO; DEEIX 0.1% T oM ¥, p-7 /b=
—ZOBPELEML, SEEDO NaNO; iEH2HAM L, ZOFHIT 12K E L
NZERHEEL.30CCIKKBWTRBEZH VT 140rpm TR & HHFHE Lz, BEFRIC
0.7ml DEZEXREF LTV 7L, FOBELERFT S NH, . NO;', NO, 2 EE
L7,

-10-



<FEE>

1. BREONHNO; 2RET HHEKDOER

BEED NHNO; &z nwT, KB LZSKED S B P aeruginosa O 4
AT A A E2BRELE, TOFEFETTIE., 4K EHEE T 0.4% (w/v)
NHNO; ¥ ZRICKRETHA I ENTE R, i, HEBOERIIIZLALALGNLR
PoT, BTH. P aeruginosa NBRC 12689 MM E b BIFICHEM L, WA 4 & 5%
2B ELE, Fig. -1 ICAEZH W 04% (w/v) NHNO;EHIZ I T D A A
YOBREERT,

60 15

H

+

£
o

20

Concentration of NH4
NOj3’, and NO;  (mM)
Growth (OD660)

Incubation time (d)

Fig. 1-1. Removal of NH," and NO;™ by P. aeruginosa NBRC 12689.

The strain was incubated at 30°C for 4 d with shaking (140 rpm) in the basal medium
(5 ml/tube) containing 0.4% (w/v) NH4NOs;, 5% (w/v) D-glucose, 0.1 mM Fe’*, and 0.8
nM MoO,%, and then cell growth (O), NH;” (A ), NO; (W), and NO,” (0J)

were measured.

2. BEBEO NHCIZBRETIEKORRE

0.4% (w/v) NH,Cl Z & fetEic VT, RBERLZ IKD 5> B, P aeruginosa ® 4
BRELBEFICNHSZ2BRELED, TR2CRET I LTI TELN -, Fig.
1-2 {2 P. aeruginosa NBRC 12689 2 AW TCITo = RBERE T T, BHEREOD pH I

-11-



BT 43 2R LT,

H

+

NOj3’, and NO;" (mM)
pH
Growth (ODGGO)

Concentration of NH,

Incubation time (d)

Fig. 1-2. Removal of NH," by P. aeruginosa NBRC 12689.

The strain was incubated at 30°C for 4 d with shaking (140 rpm) in the basal medium
(5 ml/tube) containing 0.4% (w/v) NH,Cl, 3% (w/v) D-glucose, 0.1 mM Fe®*, and 0.8 nM
MoO,”, and then cell growth (O), NH,* (A), NO;” (l), NO, (), and pH (O )were

measured.

3. NHS/ORER G 255D pH DFE

BEHh D pH % ML E THET H5Z 2L 0, BB L7 P geruginosa NBRC
12689 #ix 0.3% (w/v) NH,Cl 2 R2IZBRET 5 Z LB T& 7= (Fig. 1-3), T DR,
B LEHBEOERIIROL o,

-12-



12

10
+;§ —_
e g
z § 8 S
QSIN mg
£2 5=
= T =
- = [
E 4 S
8 3
go
UZ 2

0

Incubation time (d)

Fig. 1-3. Removal of NH," by P. aeruginosa NBRC 12689 under controlling

pH of the culutre.
The strain was incubated at 30°C for 4 d with shaking (140 rpm) in the basal medium

(5 ml/tube) containing 0.4% (w/v) NH4Cl, 3% (w/v) D-glucose, 0.1 mM Fe**, and 0.8
nM MoO,%, and then cell growth (O), NH," (A ), NO;” (H), NO, (O), and pH (O)

were measured.

3. BREONORZBRET IEKRDORER

&8 E D NaNO; & 0.1 mM Fe’™, 80 nM MoO,” % &L HIIZ BV T, HE L= 8
BRD 5 B, P aeruginosa ® A BEBNEINZ NOyEZRELL, ZTOEHBET TiIE, 48
EHLHRET1.8% (w/v) NaNO; 2 BIFICHRET D &N T& e, Flo, EHED
ERITEEALRON o1z, FTY., P aeruginosa NBRC 12689 ¥R 3 & & B 4F
WCHEFE L, NO;y 2R ELRE, Fig. I3 ICAEZH V7= 1.8% (w/v) NaNO; 5
HIZB T D NOyDBRERRETT,
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Fig. 1-3. Removal of NO;™ by P. aeruginosa NBRC 12689.

The strain was incubated at 30°C for 4 d with shaking (140 rpm) in the basal medium
(5 ml/tube) containing 1.8% (w/v) NaNO;, 5% (w/v) D-glucose, 0.1 mM Fe’", and 80 nM
Mo0O,”, and then cell growth (O), NH," (A), NO;™ (M), and NO,” (OJ) were measured.

ESEH ERNEEE
<ER>

AETIE0.1% (w/v) NHNO;, 0.25% (w/v) NH4CL, 0.1% (w/v) NaNO; & €
NENE—DEZER. D/ VI — A2 W—DRBFEBIOCZRXALF—IRETHHEH
PBREL. GREFETOHREZENRESNTVIEKRE RO 185K EZ AV THRE
%17 o 1=, P. fluorescens NBRC 15833 P. denitrificans NBRC 13301, E. cloacae NBRC
13535, K. pneumoniae NBRC 3318, 4 FE D P. aeruginosa Bk D &5t 8 FRid. 3 BEHD
HHIZBONTOWTh b ZERIEEMERFICRET I LN TEL, 2HICIND
DIBKEEFRANVT, BREVDEHZNLEHWOBREIZODWVWTHNTE Z A, P aeruginosa
NBRC 12689 #k A3 &% b BAFICHM L, NH B X O NOs &2 mEFICkRE Lz, E£72,
ABEHRIZ. NHSE NOYBBMICEETI2HETH. ThOoDERELEDEREL

-14-



7.

<EBE>

HEEL7- I8KED OB, SR NH, & NO 2 RIBIZBRELZZ LD, 2D XD
REBERETIEHMKTIAERRCO RV EEELERT I LATFREND, ABRB
THERTIE, AMRECTHRCRE L-MEREZ FRRRIZRET D Klebsiella
pneumoniae F-5-2 BRICFA W # 2 A L5 &7, Es#ICIiE Fel"® MoO,>
MEEFNTEY, ZOLIRERAF V2R OEMEPBETICHART DI LICLD,
XHIZEHDNH, & NO, 2 FBICKRETIERSELONLD LB S, NH L
NO;, DREREICEZDERBA AV OEEBIZOVWTIE, F2ETLERT D,

NH,* & NO; 2 RIMRIZRET S 8#% D 5 b, E. cloacae NBRC 13535 Z BR< 7 ¥R
BEEREZESZEABRE SN TRY Y NH, & NOsy D RIEFkRE & B Z F A
POMEMETREINSE, TOAICOVWTRASRELIBRHTEFETH D,

E cloacae BOEMHIIBHEREE2B O Z NP EINTRVWDIZ P, E. cloacae
NBRC 13535 I3 R 44 TFTNH, & NO;y ZRBEICHRELEZZ EICEYD ., NH &
NOy 24 DHAKDRMBIZBNWT, MEEZIT TR N ZRBFTXI2MEMLE
Ac&srtExOND,

A. faecalis NBRC 13111 13, D-Z /v 32— R % & Lo g i CIIEIE T & 222728, D-7
La—20/kpVIC, JTVBEAE—ORRFERLIVCZRIAXF—RE LTHRNT
5e . AREITHEE L. NHNO;. NH,Cl, NaNO;##is > NH, 721 % RAFICREL
=0 A faecalis DEMITIFREET THREENZR-> TR P, WEELTEENTFE
LTWANZ ERBEINTWS P, L2 > T, 4 faecalis NBRC 13111 #* NH," &
NO;, DRIBBRELARD oI LIIAENICHATE 2,

NHSB L ONO, # REICKRET AR O 8 BRI, NH & NOyAEMIZFET D
BAETH, DEMICKRETIZLENTESLOT, ThbOKIZ., MERFENEM
TEENTVWAHIEHADLBIZLERATELZZ LA TEHEIND,

-15-



E2E NEHRNHSBIUONOORKEREICEZDIEELSHOEE

E18 F

FBIEIZBWT, RELE 188D 5 b, P aeruginosa NBRC 12689 B A 4F R 5
BT T0.4% (w/v) NHNO;EHF O NH, & NO; 2B LI ENICHEKERET S Z
ERbhot, REBRIZAWVZEMIZIZ, 0.1 mM Fe’. 0.8 n1M MoO B & Eh T
BV, EB2ETIZ, NBRCI12689 KK ZAWT, HHM L & HIZHEE D NHNO; %
FRNRETAZELZRVWETZILZENLELTERE2TY., T2bbH, NH/B
FUNO;yDBREWLEZDIERATVORBRERBLIUEREHLROREEELTRADLZ
EWX D, NHNO,BREOHEMNRILEEZGE*RFTT 2, /. BEFOLEERD
ElbF|~D,

UEDEEGEERFTAIZLCEY, 77222 AV REBEN THEIL
B LR/ TE D,

2 NH, & NO;DORIEBREICLEZXZZ2ERAA LV OER

<FH#E>

1. NH, ¢ NO;DORBRECELXZDIERBA AV OEE

Table 2-1 12 7R F 0.4% (w/v) NH,NO; 8 # # FAB L 72, RIBED 0.1 mM Z
BRAHBLICEEDNDLEBEZEEMNICMA T, Z NLIZ P aeruginosa NBRC 12689 £k
EFEFNFREEL 30CICEBWVWTHEE T140rpm THEE O 5FE L B FFEIIZ 0.7 ml
DEEBREY LTI T Lk, TOBELEMPICEET S NH, . NO;y . NOy
PEE L, B LEE&BA A ik Fe?', Fe?'. Cu®'. Zn*. Co*. Sn’*. Ni**,
Mn* T - =,

2. NH, & NO;DORIBEREIZE XD Fe'DEE

ZFEBED Fe**. 0.8 nM MoO, B LU 5% (w/v) D-Z v a—RAEEEMLIZ 0.4%
(w/v) NH,NO;¥EHI 2 FHE L, Z 2. P aeruginosa NBRC 12689 Bk % Zh £ hiE
BHL. 30CKBWTRHRRBRE T 140 rpm TR E D EE L2, BENIZ 0.7 ml DEE
WrYy TV T Lk, TOBELEMPICEFET S NH,'. NOs, NO, 2 E &
L7, #E L7 Fe¥ #EX 0. 0.02, 0.1, 0.3, 0.5, 0.7, 1.0, 1.3 mM Th o7,

3. NH,'& NOsDRKBKREIZE XD MO, DEE
ZFEBED MoO, % 51r 0.4% (w/v) NHLNO; #EHIZFTHE L . TN FNIZ 0.1 mM

-16-



Fe "B LW 5% (w/v) D-ZVa—RAEHEMLUI, ZHIZ P aeruginosa NBRC 12689
BEPEZNENHEEL, 30CICBWTHERE T 140mpm TIRE SEE L1, BEMIC
0.7ml OBFFERES VTV T LK. Z0OBE L EHPIZIEFT D NH, L NOs',
NO, # EBE L7, B L7 MoO EE L 0. 8 pM. 80 pM. 80 M. 0.8 pM Tk -
77

Table 2-1. NH;NO; medium

Na,HPO,-12H,0 15 g
KH,PO, 30 g
D-Glucose 50 g
NHsNO; 40 g
NaCl 0.5 g
Metal salt 0.1 mM
Na;MoO,*2H,0 0.8 nM
H,O 1,000 ml]
pH 7.1

<FER>

1. NHSE NO;ORBEREICSXDP2EBAAVOEE

NH, & NOsDRBEBREICEXDEBA AV OEEERANTEZ A, 0.1 mM Fe’
EFTEBRMUERBICOR, REIX0.4% (w/v) NHNO;#EH#iH O NH, & NOs %
ZERIIKRELE, —F. Cu’', Zn®, Ni¥&t Mn® R EDE&EEA A v id. NHNO;
BT O NHSOLDOREZRETDHZ ENbLroTz, T2, COTREMT 5 &
AKEOHBEAZIME S 1o NH, & NOs b HE D FIH 7 h - 72 (Fig. 2-1),
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Fig. 2-1. Effect of metal ions on the removal of 0.5% (w/v) NH4NO;
by P. aeruginosa NBRC 12689.
The strain was incubated at 30°C for 4 d with shaking (140 rpm) in the basal medium
(5 ml/tube) containing 0.4% (w/v) NH4sNO3, 5% (w/v) D-glucose, and 0.8 nM MoO,* in
the presence of 0.1 mM metal ion and then cell growth (O), NH," (black bar), NOj"

(white bar),and NO,™ (hatched bar) were measured.

2. NH,'L NO;OREREIZSE X5 F'REORE

0.4% (w/v) NH,NO; 2 #i % FIWV 72324 FeX 2 WM L7\ & | P aeruginosa NBRC
12689 Bk DRI ME X NH, & NOsDREZRE E» o7, 0.02mM Fe & I
MT5E NHAAZBIFICRES NN, NORIFEAERES R TR, 0.1
~13mMFe¥ % I{M$ 5 L, KEOHIE L &L HIZ, HEHP O NH L NOybhEEIC
BREINFE, T2, WTHOBAETH NO,OERIZR LN o7 (Fig. 2-2),

XLIIHEEBED NHNO; 2 HWT, AEOHIE L NHSB LU NOyDREIZE X
AP BECEEBYANT, TORKE. AEIT 0.5 mMFe " DHFEETIZEBWVT 0.5%
(w/v) NH,NO;##Fd NH, ¢ NOs 2522k E LR (Fig. 2-3),
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Fig. 2-2. Effect of concentrations of Fe’*on the removal of 0.4%
(w/v) NH,NO; by P. aeruginosa NBRC 12689.
The strain was incubated at 30°C for 4 d with shaking (140 rpm) in the basal medium
(5 ml/tube) containing 0.4% (w/v) NH,NOs, 5% (w/v) D-glucose, and 0.8 nM MoO,> in
the presence of 0.1-1.3 mM Fe®*, and then cell growth (O), NH," (A), NO; (H), NO,

(O) were measured.
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Fig. 2-3. Utilization of 0.5% (w/v) NHNOj; by P. aeruginosa NBRC 12689

The strain was incubated d at 30°C for 4 with shaking (140 rpm) in the basal medium
(5 ml/tube) containing 0.5% (w/v) NH4NO;, 5% (w/v) D-glucose, 0.5 mM Fe*, and 0.8
nM Mo0O,%, and then cell growth (O), NH,” (A ), NO; (M), NO;” ((J) were measured.

3. NH & NOyDRIEEREICE XD MO DEE

5% (w/v) D-Z /LI —R L 0.5mMFe* % &1 0.4% (w/v) NHNO;EH#HICEFRE
D MoO S # M L7354 . P aeruginosa NBRC 12689 #E D HEFE, NH, "% & UF NOs
PHRERZIZEALTHY ., AHERINOLDOEHIBNWTHEA AV E2REICKRE
L, E7-  EREERIT MoO S DEBEICEVTIEE A YEME L) > 7 (Fig. 2-4),
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Fig. 2-4. Effect of concentrations of MoO,* on the removal of 0.4%
(w/v) NH4NOj; by P. aeruginosa NBRC 12689.
The strain was incubated at 30°C for 4 d with shaking (140 rpm) in the basal medium
(5 ml/tube) containing 0.4% (w/v) NHs;NOs, 5% (w/v) D-glucose, and 0.1 mM Fe®* in the
presence of MoO,%, and then cell growth (O), NH," (A), NO;* (M), NO, ((0) were

measured.

®3E NH,( & NO;ORIBRELEX I IBIREOESR
<FE>

Table 2-2 27T 0.4% (w/v) NH,NO;B# 2 A L%, T NIZ P aeruginosa
NBRC 12689 # # & L. 30CIZB W TREE (5 ml/tube) T 140 rpm TIRE J &
L/, HEMHL2BHR, HERSEZ T0m OFHMEETL S500ml D7 7RI
BL.30CTIELIEZELF, BEMICSm OBEREY T I LR, £
DBE LEMTICERFT S NH, NO; NO,y 2 EE L7 R LZIRENEKIT 100 rpm
BXLU 140 rpm TH o 72,
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Table 2-2. 0.4% (w/v) NH;NO; medium

Na,HPO,4-12H,0 150 g
KH,PO, 30 g
D-Glucose 500 g
NH;NO; 40 g
NaCl 05 g
MgSO,-7H,0 02 g
FeSO,-7H-0 0.1 mM
Na,;MoO,*2H,0 0.8 nM
H,O 1,000 ml
pH 7.1

<HFER>

P. aeruginosa NBRC 12689 % & R\ = H & OFER % Fig. 2-5 10~ ¥, REIHK 140
rpm DHEITIE, HEBEKL I BH, 97% DO NH ZBRELL, BOMEERS LU NH,
DEREZ., IR 100 rpm DL Y BHF TH o7z (Fig. 2-4-(a),(c))s L2 L. NOy
X 20% LR EE N2 o7 (Fig. 2-4-(b)), 7. NO,DERE L R b7 (Fig.
2-4-(d)), —H . REF 100 rpm THEETDIEARAEZIRFICHEMBEL, NH/BL D
NO, # FIBFICEA2KRETHZ B TE R (Fig. 2-4-(a),(c),(b)). £, NO, D FE
BIIR O, o7 (Fig. 2-4-(d).
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Fig. 2-4. Effect of shaking speeds on the removal of 0.4% (w/v) NH;NO; by P.
aeruginosa NBRC 12689.

The strain was incubated at 30°C for 4 d with shaking at 100 or 140 rpm in the basal
medium (70 m1/500-ml flask) containing 0.4% (w/v) NH4NO3, 5% (w/v) D-glucose, 0.5
mM Fe?*, and 0.8 nM MoO,*".

(a) cell growth: O, 140; and @, 100 rpm.

(b) NO;: (1, 140; and M, 100 rpm.

(¢) NH,": A, 140; and A, 100 rpm.

(d)NO,: O, 140; and @, 100 rpm.
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BAG HEBICRITIRZREZREOEILL

<FE>

1. 0.5% (w/v) NH,NO; i D E£EREDOEAL
P. aeruginosa NBRC 12689 %% F\ T 0.5% (w/v) NH,NO; il THREKMET
(FBEE 100 rpm) TAREIF TR FEICIIVEELT,
AEFERBIIANF—NECIV TV EoTHEERCEHR L, HEE (LEEAZE
BELH, BHE) 2HAVWT, BB IVEONEZTVE=TEBITRAEZ 10% (w/v)
R BERICRIN S E%, /S0ONHCIBEB CHRELITW., 7TV E=TRERZ

EELE Y,

2. REREOBTIICEZS NHSE NOTORBREDORE

P. aeruginosa NBRC 12689 k& iV T, TV E=THREZRE L HBREERRE
DAHMNS50mM T/ D & HICRE L NHSE NOy D& B (0:4, 1:3, 2:2, 3:1,
4:0) OEMEHNC, FREET (FE%% 100rpm) TERE3IH TR FEHEIC L
DI LTz, BEHIY TS LEE, TOBELEMTIZEEFET D NH,' .

NO;y, NO, L 2ERELZEE LT,

<FEER>

1. 0.5% (w/v) NHLNO; it OLEREDEIL

AE OB L O #HF O NH,”. NO;'. NO, & E DE % Fig. 2-5-(a)lZ 7w
4, E7-. Fig 2-5-(OICEEEBRTOLERENELERT, NHS& NOsiE, #E#E
BIfG 4 BRI D REILKRESNE, JOR, BT OEREEHITHRL
T, BEDICIE, HEBRAEICNA-ZE2ERED 41%BEFEEL TV, NH,S
ENOZIZERRACRESNEBAT, BERCBEFL VW BEER. HROEH
MEBELTHEROLBEVWI EXRbhoT
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Fig. 2-5. Utilization of 0.5% (w/v) NH4NO; by P. aeruginosa NBRC 12689 (a) and
total nitrogen (b) in the culture.

The strain was incubated at 30°C for 4 d with shaking (100 rpm) in the basal medium
(70 m1/500-ml flask) containing 0.5% (w/v) NH4NO;, 5% (w/v) D-glucose, 0.5 mM Fe?*,
and 0.8 nM MoO,”, and then cell growth (O), NH," (A), NO;” (l), NO,” (O),
dissolved oxygen (<), and total nitrogen in the cells (black bar) and in the

cultural supernatant (white bar) were measured.
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2. REZBOENICEZD NI E NO;REOER
AEOHEBER LUK EHHP O NH, . NO;. NO,;yBEOE(L% Fig. 2-6-(a)iZ
T, F7/o. Fig. 2-6-(MIEEBHRFIOLEREOELET T, HEFK 4 BE
IZ NH, & NOs 2 &£ hbBIFICREINTZ, NH/,ORBEOEMIZ oA T, K
EOMBELRESNLTRY, HERFTORETIEAERELEML L,
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Fig. 2-6. Utilization of NH," and NO;3 by P. aeruginosa NBRC 12689 (a) and total
nitrogen (b) in the culture.

The strain was incubated at 30°C for 4 d with shaking (100 rpm) in the basal medium
(70 m1/500-ml flask) containing 50 mM NH," and NO; (the ratio of NH," to NO3™ was
0:4, 3:1, 2:2, 1:3, or 4:0) in the presence of 5% (w/v) D-glucose, 0.1 mM Fe?*, and 0.8
nM MoO,”, and then cell growth (O), NH," (A), NO;* (), NO,” (), and total
nitrogen in the cells (black bar) and in the cultural supernatant (white bar) were

measured.
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ESHE ENELER
<EH>

P. aeruginosa NBRC 12689 # i 0.1 mM Fe?*. 0.8 nM MoO,> & & teE #IZ B T,
RET04% (w/v) NH,NO; # BREIZBRET LI ZENTE R, £/, NO,OEMIT
FEEAERBREP-oT, REEZAVT, 04% (w/v) NHNO; DRREIZE X D&
BAAVOEBRRARNLLELA, EGRAAVEE TR VEM T, BEOBEITM
HlEh, BMAA VbRV EREIN LN o7, F'L F"2HMT 2820, A&
BIFICHE L, BT Ol 4 2RBICKRETE 2, MO A 4 DRBREI
KOVEBEEE XD oT, 05% (w/v) NH,NO; #5112 0.5 mM Fe”" 2 & T EF, A
Bix., HERBK 4 A% NH'. N ZREIIBRELE,

P. aeruginosa NBRC 12689 X AWV T, S00ml 7 7 X a THEEZToT & T A,
IRENEL 140 rpm TIL 0.4% (W/v)NHNO; 2 ERICBRET D Z N TE R o708,
REVEZ 100 rpm AT HZEICLVBRETHZENTE T,

HEARBIIBITI22ZXREDOEZRELLEZ A, 05% (w/v) NHNO; 2358
BIREENTR, BEEBEPIRIERLELEDITIFEL TR 2, Z DE,
EEFICIEDIIMAT-EZ2ERED 41%BFEL TV,

<EE>

BEHh i Fe " N TEFE L 72 \WBE | P aeruginosa NBRC 12689 #kix NH,NO; # & ¥ &
ELhotz, HHLHMEMNIZB VT, NHS°NO;ORBIZIZEK, TV 7T %
SUEEOBE (HEBEETHR., EHBEXER. VI VEBY /T4 —-E%)
NEETHZERBEINTEY 9 RENKELZERTIZLITEAEMNICH
AT&%, TVTTFUVIRAAKEBEDO NHNO; DRECRVEELE X holz, Th
RV EBEELENZEV I T VOBRKICETHETH YD, HHICAWESEOR
EHIEENAEY ST THERBRBELZENATVWEbDEEXLND, Fe*
E FSIAE O NHNO; DB FEICIZIERA LR AR L, F il & IR ALK
AEULDREBMTAERBEL L TIEFEWVIT W, —F., Fe i BRBRICEE L IN T
FE'lEBMENTW L EDLREIB 2~3BRREETHHDOT, SEDERITIT
Fe* % H 7=,

0.4% (w/v) NHNO;#HZ R WTHE., IR L 140 rpm IZRE LK. P
aeruginosa NBRC 12689 D EFE & (R L7 2%, BEBRMAE IS Z 72 NOy D 80% A3
BELE, —FH. REHE % 100rpm 2B E LM, AEITBRFICHEBEL, S#tido
NH,*& NOs b B2 E L, P aeruginosa DEBKITHER LG T CHRETE DL Z

28-



ENREEINT Y, 7o, anammox EHIUNOWMAEDIZEB VT, HKEHETT
NHSDORBEICIZ, DRVELVWZ 35T Y P39 NH, L NOy & R ICER
ET B0, RO ELERERTELEIIRETHIIEDBLBLELEZ LN D,

FELVWHEBREBOMBITICOWTIE., & 5 E T PN-NH,". UN-NO;# AW /=EBRIZ
XYk T 5,
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HIE RO NHSTOBRERLEZIEERFHEOXE

B1E R

WIEIIBWT, RBR L7~ 188D H B P aeruginosa NBRC 12689 BR 25 iF K 5
HETFTT04% (w/v) NH,ClEBRETIZZ ENbholz, REBRICAWIEHMITIE,
0.1 mM Fe®*, 0.8 nM MoO, B &ENTEY 5 3 ETIL.NBRC 12689 Fk & i\ T,
AL S HICEREDONH, 2R LBRETIZRG LT RVWET ZLE2ENELT
EBETY, T bbb, NH/DBRERXLEZDPEBA AV BLOERRGE L ED
EEBELRANDLIELICED, NHSREOM RN RERFFEELZRE TS, £2. &
EFILEEZEROELBHAD,

NH, 2 —DZERFE L THEMINH BIUONO, 2 ERFE L T 5L ITRR
S5TEY, > T, NH'2BRETIHELGLRARLZ LA TFRESL D, AET
b0 EEFFLICBRNTEZE LTS,

B2 NH,/,OREWZLEZDZEBALT LV OREE

<HE>

1. NH," DRERLEZD2ERA TV DODER

Table 3-1 12773 0.4% (w/v) NH,Cl #1258 L 7z, KEEX 0.1 mM
RBEIDCEBOLBEYERFNICMAZZ, T NLIZ P aeruginosa NBRC 12689 £k
TN PHEEL I0CIKBWVWTREE T 140 rpm TR & D & L BEEYIZ 0.7 ml
DEFEBRY YTV T LR, TOBELEMPIZEFT S NH,'. NO;' . NOY
2 EBELFT., B LE&BA 4 v iF Fe¥*, Fe¥'y Cu?', Zn*. Co®. Sn’", Ni*",
Mn**Tdh o 7=,

WO pH X, 2N NaOH B Z AWV CTHMEMEIC 22 & S ICHE L,

2. NH/DBREICEZD F"BEORE
EFEBE®D Fe', 0.8 aM MoO/ B LW 5% (w/v) D-Z /L a—ZXEEHEMLI 0.4%
(w/v) NH,Cl 5% B L. ZhiZ. P aeruginosa NBRC 12689 ¥k % £ £ iE
BHL. 30CICBVWTREBRE T 140 rpm TR & DR L, BENIIZ 0.7 ml D&
RS LTV LR, FOBELEMFICERFT S NHS . NO;', NO, 2 EE
Ui, #EtL7- Fe” #EIZ 0. 0.02, 0.1, 0.3, 0.5, 0.7, 1.0, 1.3 mM Th o7,
B2 > pH iZ 2N NaOH Bl 2 WV THMEMITIZ R D & D ICHIE LT,



3. NHS/OBREIRE XD MO/ DEE

ZFERE D MoO, % &1 0.4% (w/v) NH, CIEHERBE L, THLEHIT 0.1 mM
Fe'B LU 5% (w/v) D-ZVva—XEEHEM LI, ZhiZ P aeruginosa NBRC 12689
BEZLFRHEEL, 30CICEVWTHRRE T 140 rpm TIRE S E L. BN
0.7ml DEREEZ I TV 7 Ltk TOBELEMPIZEFT 5 NH,S . NOy,
NO, 2 EE& L7, BE L7~ MoO“HEEIZ 0. 8pM, 80 pM. 80nM, 0.8 M Th
27,

B > pH JE 2N NaOH B2 AWV CTHEMEIC RS KO ICHME LT,

Table 3-1. NH,;C] medium

Na,HPO,*12H,0 15 g
KH,PO, 30 g
D-Glucose 50 g
NH,CI 4 g
NaCl 0.50 g
MgSO,-7H,0 020 g
Metal salt 0.1 mM
Na;Mo0O,2H,0 0.8 nM
H,O0 1,000 ml
pH 7.1

<FHER>
1. NHyOREIZEXDERA AV OREE

NHS/ DBREILEZDEBA AV OEBEANTLEIA, 0.1 mMF 2 HMT 5
BEIC D4, AEIX 0.4% (w/v) NH,CLEH#H T O NH, % BFICBRELREZ, —F, Co¥’
WML T AEOHEBE LA S NH OREDER S E o 72 (Fig. 3-1),
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metal

Metal ion (0.1 mM)

Fig. 3-1. Effect of metal ions on the removal of 0.4% (w/v) NH,Cl1
by P. aeruginosa NBRC 12689.
The strain was incubated at 30°C for 4 d with shaking (140 rpm) in the medium (5
ml/tube) containing 0.4% (w/v) NH,Cl, 5% (w/v) D-glucose, and 0.8 nM MoO,* in the
presence of 0.1 mM metal ion and then cell growth (O), NH," (black bar), NO3™ (white

bar), and NO, (hatched bar) were measured.

2. NH,OREILE 25 Fe¥* D g%

04% (w/v) NHCIE#EZ A WEZES, Fe'2RM LA VE, AEOBEMEII R+
FTHHN, 0.02~13mMFe¥Z2FEMTH &L, AEOMBEITRESND & & bz,
B o NHSbREEIEBRESNE (Fig. 3-2),

SHOIEEBBEONHCIZAVWESES AEOHEE L NH,SBL O NO;yDREILE
ZHFBREOKELYRAL, TORKR, AEIZ0SmMFe 281 0.6% (w/v)
NH,Cl $£ #1726 NH, &% 221 E L (Fig. 3-3),
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Concentration of NHy
NO3, and NO;" (mM)
Growth (0D660)

Con. 0.0 0.02 0.1 03 05 0.7 1.0 1.3

Fe?" (mM)

Fig. 3-2. Effect of concentrations of Fe’*on the removal of 0.4%
(w/v) NH4C1 by P. aeruginosa NBRC 12689.
The strain was incubated at 30°C for 4 d with shaking (140 rpm) in the medium (5
ml/tube) containing 0.4% (w/v) NH,Cl, 5% (w/v) D-glucose, and 0.8 nM MoO,” in the
presence of 0.1-1.3 mM Fe’* and then cell growth (O), NH," (A), NO;” (M), and NO,’

() were measured.
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Fig. 3-3. Utilization of 0.6% (w/v) NH,Cl by P. aeruginosa NBRC 12689

The strain was incubated for 4 d at 30°C with shaking (140 rpm) in the medium (5
ml/tube) containing 0.6% (w/v) NH4Cl, 8% (w/v) D-glucose, 0.8 nM MoO,>, and 0.5 mM
Fe’* and then cell growth (O), NH," (A), NO; (l), NO,” ([J) were measured.

3. NHS/DOREIZE XD MoO D E %

5% (w/v) D-Z' v —A & 0.5mMFe* %2 &1 0.4% (w/v) NH,Cl5#IZ & BE D
MoO, > & ¥Ei L7238 & . P. aeruginosa NBRC 12689 #R D #EFE | NH, DR E R ILIF T
ALTHhY., KERIZIALDOEHIZIBWT NH/2BRFILKRET I EXbho T

(Fig. 2-4),
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Fig. 3-4. Effect of concentrations of MoO,> on the removal of 0.4%
(w/v) NH,Cl by P. aeruginosa NBRC 12689.
The strain was incubated at 30°C for 4 d with shaking (140 rpm) in the medium (5
ml/tube) containing 0.4% (w/v) NH,4Cl, 8% (w/v) D-glucose, and 0.1 mM Fe’* in the
presence of MoO,>” and then cell growth (O), NH," (A), NO;” (l), NO; (B1) were

measured.

w3 NH/OBRERCEZIZ>IBEREOEE
< FEE>

AL # T BV T, Table 3-2 IZ7R9 0.25% (w/v) NH CIE#EZRAKLIZ®E., Z0
\Z P. aeruginosa NBRC 12689 Br Z HEHE L 30°CIZB W THRE (5 ml/tube) T 140 rpm
TIEE YRR, HEBKB2 AR, BEKROLEEZ 70ml D 0.6% (w/v) NHCI
EHAE ST 500ml D7 FTAATHL, 30CTRE >EELL, BENIC Snl 0K
BEEF LTV 7 LIEEIC, 2N O NaOH B & AT, o pH 2 A
CRBIHICHELE, FOBELEMPICERFT S NH'. NOsy. NOyZEEL
7o. KRBT L7ZIREIEUE 100 rpm B X O 140 rpm TH o 7,
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Table 3-2. 0.25% (w/v) NH,Cl medium

Na,HPO,* 12H,0 150 ¢
KH,PO, 30 g
D-Glucose 300 g
NH,CI 25 g
NaCl 0.5 g
MgSO,- 7TH,0 02 g
FeSO,* 7H,0O 0.1 mM
Na;Mo0O,-2H,0 0.8 nM
H,O 1,000 ml
pH 7.1

<HER>

IEEN %L 100 rppm DA 12 1%, P aeruginosa NBRC 12689 #id NH, Z E£ICRET
XA hot, —F IR 140 rpm THEET S L REITRFICHETE L (Fig. 3-5-(a)) .
e BAAL 4 A1 98% O NH, 2% E L7z (Fig. 3-5-(b)). WTHDHBEICH NOSE
FONO,DERIIR AT,
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Fig. 3-5. Effect of shaking speeds on the removal of 0.6% (w/v) NH,CI by
P. aeruginosa NBRC 12689.

The strain was incubated at 30°C for 4 d with shaking at 100 or 140 rpm in the
medium (70 m1/500-mi flask) containing 0.6% (w/v) NH,CI, 8% (w/v) D-glucose, 0.5
mM Fe?*, and 80 nM MoO,*.

(a) cell growth: O, 140; and @, 100 rpm.

(b) NH4s": A, 140; and A, 100 rpm.
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WA BB REREOEL
< FiE>

P. aeruginosa NBRC 12689 ¥k % A\ T, 0.6% (w/v) NH,CIHEH#IZ THKIEHFT
(BB 140 rpm) TAEAF TR FEICIVERE LT,
LERIE2ELIH TR FEIZIVERLL,

<FER>

RGOSR LU #T O NH, . NOy, NO,y BE DKL % Fig. 3-6-(a)Ic R T, &
7=, Fig. 3-6-(D)ICHRETOLEREOE(LERT, NH, X, HEMM 4 BRICH
DIZMEZT-BED 8% NBEEENTZ, ZO HELBCFETIZERLLEVOEIL,
BDIIMZ L ERZED 1T% Tholz, BEFTOLERBIEREPELITENLTK
EITEML ., EEEG4IBRICIEBEDIINMATZE2ERED 3% BEEL TV, B
FZMEL 1 BROBE# I NO RO TNICEREL TV,
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Fig. 3-6. Utilization of 0.6% (w/v) NH,Cl by P. aeruginosa NBRC 12689 (a) and total
nitrogen (b) in the culture.

The strain was incubated at 30°C for 4 d with shaking (140 rpm) in the basal medium
(70 m1/500-ml flask) containing 0.6% (w/v) NH4Cl, 8% (w/v) D-glucose, 0.5 mM Fe’*,
and 80 nM MoO,%, and then cell growth (O), NH," (A), NO; (W), NO,” (OJ), and
total nitrogen in the cells (black bar) and in the cultural supernatant (white bar)

were measured.
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Eofi ENEEER

<HEH>

P. aeruginosa NBRC 12689 k&% I\ T, NHCl DBREILEZDERA T DE
BERFERFLIAL EBAFT U EE TR 0.4% (w/v) NH,ClE5# Tk, EDOHEE
EAR+4 T, NHS S 33%EELRE, F"20MT5 &, REDHEBEITRES N,
HEH RO NHI A ZRICRETH LB TER, MoO, I NHSORECRVER S
Bz hhot, 06% (wiv) NH,CLEEHIA 0.5 mM Fe> 2 & ek, RE L. HEH
th4 B NHSZRZR2IZBRELE,

P. aeruginosa NBRC 12689 R &# I\ T, 500 ml 7 T R A THEEZT-1L & T 5,
EENVEC 140 rpm DFF 0.6% (w/v) NH,Cl ZZ2ICHREL,

EERBRILKBITZREZEDOLEERELEZLEZ A, 0.6% (w/v) NH,CIBEE
KBREIN-H, EELBETCEETA2EREDITHDICNATCE2ERED
17% TH Y., BEFIZE B3%BHEEL TN,

<EE>

Btz FeX* A+ T1E L2 VWK, P aeruginosa NBRC 12689 R O HEFEIT A+ 43
. NH/ b ESICRETE RN oM, LAL, F'ORBEREMT IICENRT, &
BEONH, 2RETZIEBbroTz, F2ETERLL LS IT, NH MBI
BEEDEBOREE (FAVEIVEBY YT I—EE) PESTHIZLBRHRESN
TWVWBOT X KEO NH ORBICH FBRBLETHDEERLL,

AEIZ.500ml D7 T A AVTHEELZE REE 140 rpm DK, 0.6% (w/v)
NH,Cl #5221k EL7E (Fig3-4), ZOKREIX. NH, OREIZIIBERZN o4
ENDIEBMBLETHDLILEZERLTND,

Fig. 3-6 (BT, HEMMK 1 A%, BBBRFOLEREIRWD Lz, Z Ok,
BE LEDICENOT BTN THINEELTE Y., 20 NOy L #iH D NH,"
CHEETBEEEDbDNS, Thbb, BEREKIBE, KREIKIENORETFTNVE —
NMETRBHTERVERRONERELLLERELI,
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Pazand

E4E DROLNO;DBREICE L AEBESEOEE

E1H F

FEIEICBWVWT RB LA 18D D B P aeruginosa NBRC 12689 £ 1% 1.8% (w/v)
NaNO; BH#i T O NO; 2 REICHRET I Z B bhoTz, FE1EDOERIZH VW
#1213, 0.1 mM Fe®’, 80 nM MoO/ BEENTE Y, F4ETIE, FEEZHV T,
MNP L ELICHBEDONO Z2REILRETIERELZRVWETZLEEZBEHNLELT
EBREITH>, Thbb, NOGOKBREFEILEXDIE@BA AT VBLUOEERGHOEE
SEFANDHLICEY, NOTREONEWRBEREHEERIT 5, £/, BHEF
DEZEFROELLHARD,

2 NO;OBREWXLEZDZEBRBAAD

&
E

<Fik>

1. NO;OREILEZXDERA A VDOEE

Table 4-1 1Z7R"F 1.8% (w/v) NaNO;#EE#iZ# M L7z, KEEN 0.1 mM I D
IIVCEEOEBELEFMICMZ 7=, Z LT P aeruginosa NBRC 12689 k% %
NFNEEL, 30CIZBWVWTHREE T 140rpm TR & D EE L, BEMIZ 0.7 ml
DEREEY TV T Lictk, TOBELEMPIZEFT S NH,. NO; . NOy
PEEL, MR LEEBA A 3 Fe*'. Fe?'. Cu®, Zn*. Co*. Sn®*. Ni*",
Mn T H o 7=,

2. NO;DKRREIZE XD Fe'DEE

EFBEED Fe™', 80 nM MoO "B LW 5% (wiv) D-Zva—REEML 7 1.8%
(w/v) NaNO; i 2B E L 728 . Z #IT P aeruginosa NBRC 12689 Bk & £ 1L €
NEE L, 30CICBWVWTHRRE T 140 rpm TR EDER L, BENIZ0.7ml D
EEROBE L BT ICEEFET S NH, . NO;s, NO, 2 TEE L7z, REt L7 F’'
EEiX 0. 0.02. 0.1, 0.3, 0.5, 0.7, 1.0, 1.3 mM TH o7z,

3. NO;yDBREIZEZD MO DEE

EREEED MoO, %81 1.8% (w/v) NaNO; E#IZ A L. TN FNIT 0.1 mM
Fe¥B LU 5% (wiv) D-Z v a—REEHMLE, Z I P. aeruginosa NBRC 12689
BEFNEFNREEL., 30CICBWTRERE T 140rpm TIRE D EE L, BERIKZ
0.7ml DEBEEH LTI LK. Z0OEE LEMFIZERFT S NH, . NO;y,
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NO, *EE&LT-, et L7 MoO,BEIX 0. §pM. 80pM. 80nM, 0.8 u M TH

o7,

Table 4-1, NaNO; medium

Na,HPO,12H,0 15. g
KH,PO, 30 g
NaNO; 18 g
D-Glucose 50 g
NaCl 0.50 g
Metal salt 0.1 mM
Na,;MoO,*2H,0 80 nM
H,O0 1,000 ml
pH 7.1

<HER>

1. NO,OBREILEXDZE&EBA ALV ORE
NOsDBREIWEZDEBA AV DEELANILZ A, 0.1 mM Fe " 2FEmMLE
BroD A, AREIT 1.8% (w/v) NaNO; i @ NOs % BAFIZERE L7 (Fig. 4-1),
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Fig. 4-1. Effect of metal ions on the removal of 1.8% (w/v) NaNO; by P.
aeruginosa NBRC 12689. .
The strain was incubated at 30°C for 4 d with shaking (140 rpm) in the basal medium
(5 ml/tube) containing 1.8% (w/v) NaNOs, 5% (w/v) D-glucose, and 80 nM MoO,* in
the presence of 0.1 mM metal ion and then cell growth (O), NH," (black bar), NO5’

(white bar),and NO;  (hatched bar) were measured.

2. NO;OBEILEZD F'BEOEE

1.8% (w/v) NaNO;##z FH W =E A, Fe 2 HML 2 VEE, 0.1~1.3 mM Fe’*
EHRMTAE, REOBBEEZBETL L LI, PO NOBELIIKESN
7= (Fig. 4-2),

EHILHBED NaNO; ZAVWEEE, AEOEIE L NOyDRREILE 2 5 Fe' i
EOEELRNZ, TORE. KEIZ03~13mMFe™2HMT 3 & NOTIEELRIZ
BRE L7, Fig 4-3 CABEEZ AV T 0.5 mM Fe™ % &r 2.0% (w/v) NaNO; 5 H#iH»
b NOyOBRERERE =T,
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Fig. 4-2. Effect of concentrations of Fe’*on the removal of 1.8%
(w/v) NaNOj; by P. aeruginosa NBRC 12689.
The strain was incubated for 4 d at 30°C with shaking (140 rpm) in the basal medium
(5 ml/tube) containing 1.8% (w/v)NaNOs, 5% (w/v) D-glucose, and 80 nM MoO,” in the
presence of 0.1-1.3 mM Fe”* and then cell growth (O), NH," (A), NO;™ (W), NO,™ (L)

were measured.
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Fig. 4-3. Utilization of 2.0% (w/v) NaNO; by P. aeruginosa NBRC 12689

The strain was incubated at 30°C for 4 d with shaking (140 rpm) in the basal medium
(5 ml/tube) containing 2.0% (w/v) NaNOs, 5% (w/v) D-glucose, 80 nM MoO,*, and 0.5
mM Fe?*, and then cell growth (O), NH,* (A), NO;” (l), NO, () were measured.

3. NO;ORREIZE XD MO, DEE

5% (w/v) D-Zva—A& 0.5mMFe* 2 &1 1.8% (w/v) NaNO; 52 & 18
D MoO, &M L 7=%HA . P. aeruginosa NBRC 12689 R D5, NO; DR ERITIZ
BERLTHY, KERINOLOEETIZBW TN ZBFIZRET D Z ERbh
- 7= (Fig. 4-4), '
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Fig. 4-4. Effect of concentrations of MoO,> on the removal of 1.8%
(w/v) NaNO; by P. aeruginosa NBRC 12689.
The strain was incubated at 30°C for 4 d with shaking (140 rpm) in the basal medium
(5 ml/tube) containing 1.8% (w/v) NaNOj;, 5% (w/v) D-glucose, and 0.5 mM Fe?* in
the presence of MoO,”> and then cell growth (O), NH," (A), NO;” (M), NO,” (O) were

measured.

A
i
S
&
123

B3IF NO;DREIZEZDE
< HiE>

Table 4-2 {2779 1.8% (w/v) NaNO; 85 i # R L 72 % . Z NIT P. aeruginosa NBRC
12689 Bk 2 FEHE L. 30 CICB W THEE (5 ml/tube) T 140 rpm TR & S & L 7=,
EEMAB 2R . BEEREEZ T0nl OFE#MEZZL500ml O7 7 22 L., 30C
TIREIEE L, BENIC Sl OBBRE Y TV T L%, TOBE L
HMEIZEFET D NH,. NOy, NO,2FE L7, BELZREEIT 100 rpm B L O
140 rpm THh o 7z,
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Table 4-2. 1.8% (w/v) NaNO; medium

Na,HPO,*12H,0 15 g
KH,PO, 30 g
D-Glucose 50 g
NaNO; 18 g
NaCl 0.50 g
MgSO,-7H,0 0.20 g
FeSO,* 7TH,O 0.1 mM
Na,MoO,:2H,0 80 nM
H,0O 1,000 ml
pH 7.1

<HER>

P. aeruginosa NBRC 12689 #k % AW 7= RERFE R % Fig. 4-5 77T, :REEL 140 rpm
D, HEEBRL 1 B% 45% DO N0 2BRELRL, REOHEEIX, IREHE 100 rpm D
Bk » BIFTdh o 7= (Fig. 4-5-(a)), LA L NOsIX 20% L BRE I 72 4o 72 (Fig.
4-5-(b)), E72. 05 mM D NO,Z2EHE L7, —FH. IREE 100 rpm TEHEET D L
AETBRFICHEEL (Fig. 4-5-(a)) . HERK 1 HRENO ZRZEICRETHZ LA
T& 7 (Fig. 4-5-(b))e F£7-. NH/ B LU NO,OEFITA N7 (Fig.
4-5-(c),(d)) o
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Fig. 4-5. Effect of shaking speeds on the removal of 1.8% (w/v) NaNOj by P
aeruginosa NBRC 12689.
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The strain was incubated at 30°C for 4 d with shaking at 100 or 140 rpm in the basal

medium (70 ml/500-ml flask) containing 1.8% (w/v) NaNOj, 5% (w/v) D-glucose, 0.1

mM Fe?*, and 80 nM MoO,”".

(a) cell growth: O, 140; and @, 100 rpm.

(b) NO;™: [, 140; and M, 100 rpm.
A, 140; and A, 100 rpm.
(d) NO,: O, 140; and 4, 100 rpm.

(c) NH,":
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E4F HEBUCBITLIEZEREOR(L

<KFE>

2.0% (w/v) NaNO;H#iZ FH T, HFREHET (BEEK 100 rpm) THEE I H TR
N7z FEIWZ LY P oaeruginosa NBRC 12689 tk & 85 L 7=,
EERIF2EAH TR FECLIVEE L,

<FER>

AEOBEER LOEHP O NH,, NO;'. NOyIREDE (k% Fig. 4-6-(a)lZ7R
T, £, Fig. 4-6-MO)ICEBHRFTOLEREDENLE T T, NOsIX, HERLK3
HRICE#MPOZRIIBRESNTE, Z0F, EELBEFOERLLEDITHBDITM
AT EEZBD 14%THY ., HETOLERZBIIEEDED IO TREICHEM
L, BERBIBRBICEIBEDIINZITZE2ZERED % BHEEL TV,
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Fig. 4-6. Utilization of 2.0% (w/v) NaNOj; by P. aeruginosa NBRC 12689 (a) and total
Nitrogen (b) in the culture.

The strain was incubated at 30°C for 4 d with shaking (100 rpm) in the basal medium
(70 m1/500-m! flask) containing 2.0% (w/v) NaNO;, 5% (w/v) D-glucose, 0.5 mM Fe’*,
and 80 nM MoO,”, and then cell growth (O), NH," (A), NO; (), NO, (), and total
nitrogen in the cells (black bar) and in the cultural supernatant (white bar) were

measured.
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ESE ERNLEBEE
<ERH>

0.1 mM Fe**. 80 nM MoO,> % & ¥» NaNO; # #1123\ T, P aeruginosa NBRC
12689 BRI HZEE T 1.8% (w/v) NaNO; 2 BRICBRETHIENTEZ, XHE
FROVWT, NOOREILEZZ2EBA ATV EIRBFBOEELHA S, XE D NOy
BREOEBELEGHARELE, 500mBNDT7 T 2az v, IR 100 rpm T, Hi#h
12 5% (w/v) D-Z /b =3—Z_ 0.5mM Fe**, 80 nM MoO,” % & TobF, AHE X, 15
EHE3 HE 2.0% (w/v) NaNO; EBHiF D NOy 2 ZL2IZBRELE,

2.0% (w/v) NaNO; 2 &I B VW T, HEBRIIBITIIZ2ERECELE
BELEEZA, HEFHIBER, BELBTOZERLEHIHBDIIMEI-2E
ZED14%THY, BEFOLEREIX 23% TH - 7=,

<EBE>

B R ORI L V| P aeruginosa NBRC 12689 Bk id & & T 2.0% (w/v) NaNO;
EREL, NOYEREIIKRELL, ZOBNOODERRF L L TORER 3,200
ppm TH D, AEH NHNO; Z LB T IHEIXHES T 05% (wiv) (ERRF &L
T 1,700 ppm), NH,/ 2 0BT 2HE1F0.6% (w/v) (ZEFFET & LT 1,500 ppm)
ThHY., AEIINOZLBTI2HAEBO CHBEEICTHERATELZLERLT
WY B 3236

AEIL, NaNO; 2 ZRR L THRMICB W TR ERE I BRI, B#MICMR T
LERBOW 6% EBRET DI ERbN o7 (Figd-6), REShELERIN,
&LT%%éﬂttEbﬂéo?&b%\%%ﬁ¢#6§§m%%ﬁﬁimﬁf
ENdiH, BBED NaNO; bULETEDEEZIDND,

REMBOMTIC OV T, BSETUNNO:;EFAL TRERT 2,



H£S5E NHS/BLUONOyORBHERE., REHEOMHNT

BE1H &

4 ¥ TIZ, P aeruginosa NBRC 12689 HRIZHF R &M T T NH, B LU NOy = F A
L., 2ERORBL 2> THERFEEZ RPN OERICRET I L2 T, Z
NOEDOFKERITZ, AENHFERLEWERBET 2L E2RTLTND,

LT, AETHE., BBORBBIO T v E=TRLICEETAPBREOEES
FARAILICLY, AEICBITANHSBLUONOOREICEEGE T BR M
%, ¥7-. "NHNO;. NH,’NO;. "NH,CIl, "NaNO; # E2RIJR & L THEEL., AE
BT AREMEEETT D,

B2 WEBIVEMBORMICES T IEEROEN

<FiE>

1. EAROREBICHERKEOFRH

Table 5-1 IZFR9 0.5% (w/v) NHNO;E#Z B L%, Z NIZ P. aeruginosa
NBRC 12689 %k ZHE L. 30CICB W TREE (5 ml/tube) T 140 rpm TR E D 5
EL, EEBEB2B%. HERESEY 70ml @ 0.5% (w/v) NHNO; HEHEEH# &
S 500ml D7 T A HBLICCT|RE H>EE L7, IREEIT 100 rpm, 140 rpm
BIOELI LARAVWHEBEE (EXEBHR) Thol, BEMNIZ I0ml OEREZ Y
YV S, TOBEREE LK, BEBOS8E (10,000Xg, 105) L. {bHH
72 FdEHF ® NH,S, NOy . NO, 2 EEB L, BOSBIC CEHMEZEMRL, 0.8% (w/v)
NaCl R T 2 Elge# L7-% . B 1gH7-Y 50 mM K-Na Phospate buffer (pH 7.1)
10ml /0% THE L. KUBOTA INSONATOR 20IM (7 R ZEE, RX) zAWVT
180W TS5 HRBTFHRAE L, BEELEBELLEKERAZE LB (10,000Xg, 10
) L. Bon EEEZHEBRERE L,

FRERFEICLY 06% (wiv) NHCClEE#I KT 2.0% (w/v) NaNO; FE#i» 5
Bohl-@#Ez22AVWTHEBRREZFARL I,
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Table S-1. Media consisting of three nitrogen sources

Na,HPO,-12H,0 15 g
KH,PO4 30 g
D-Glucose 50-80 g
NH4NO; 50 g
NH,CI 50 g
NaNOQO; 200 g
NaCl 05 ¢
FeSO,- 7H,0 0.5 mM
Na,Mo0O,2H,0 0.8-80 nM
H,O 1,000 ml
pH 7.1

2. WERFBIEEBRESCEREE O EE

MR R EE B TEERIL, BXBAF LA R V2 EFHEE, NOTEETF
BIEL LTEBERGET VO NO;TOBTICL VA LENOZBETHZ EITLY,
EE L, Table 52 KARTRIGE % T2 E0RBRE (12X120 mm) IZE Y |
FRISHIC N, T AZ @R L%, 30CT1I oM vA vy Fax—FLk, AREHAE
B L 7= 50 mM Na,S;04-100 mM NaHCO; %&E# 0.2 ml %2, RinZ BB L7z, 547
BALRERINAL, REBEHEBETI LI o TAFALEA 0 S U 2 ERBR
BLLTRIGEZ LD, RIGEFICEBRLZNO, 2#FE 1 E2H TR HFETEER
L7z, NaNO; & D4 9 {2 0.5 M sodium phosphate buffer (pH 7.5) Z#HEML 7= b
ODxrxTBE L, BF 1unitid, 30CICBWVT 1 MIC 1 pmol D NO,y Z AT 5
BEELIEHE L, HEERY VNI E IngE ) OBREETRLL, &%
7B Lowry DFEWLE>TEEBLE, BRIV AVERYVAET VT IV
EEAL,
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Table 5-2. Reaction mixture for the assay of respiratory nitrate reductase

0.5M Na phospate buffer (pH 7.5) 0.1 ml
0.2 M NaNOj; solution 0.1 ml
1 mM  Metyl viologen solution 0.1 ml
50 mM Na,S,04 in 100 mM NaHCO; 0.2 ml

Enzyme solution 0.1 ml
H,0 0.4 ml
Total 1.0 ml

3. FMEEAEEE R TEE RGO B E

F BB B T EBE R IX NAD(P)H (4 Y = v ¥ VEER, HR) 2B FH 54 NOy
PEISEELE LTEBERIEETV. NOTOBRICLVELZ N, ZRAIET D Z
izl EELKE, Table 5-3 I RTRICERERBREICIRY ., 30CTA ¥ =
N—FL., SHBRIE L%, 25% (w/v) ZnSO4 & 1 MNaOH B# 0.1 ml 2%
Mz, BRISH 1D, BOSE (12,000Xg, 105) KEvHELEFEEZRAVT, &
L7 NO, 8 1 E2HICRRFETEE L, NaNO; BFHEORHVIZ 0.5M
sodium phosphate buffer (pH 7.5) Z¥M L= b D xR L Lo, BEFE 1 unit i, 30°C
WEBWT 1 AMIC 1umol D NO, 24K T ABRELFEE L, LEERIEY /%7
B lmg¥7-0 OBREETRLE,

Table 5-3. Reaction mixture for the assay of assimilatory nitrate reductase

0.5M Na phospate buffer (pH 7.5) 0.2 ml

0.2 mM FAD solution 0.1 ml
67 mM NaNO; solution 0.1 ml
1 mM NAD(P)H solution 0.1 ml
Enzyme solution 0.1 ml
H,O 0.4 ml
Total 1.0 ml
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4. RO AL E RN RS R T BE R TE M O B E

MR EMEBEETEEIL. EXBAFALEYA TS, £721X. PMS (Phenazine
methosulfate) #EFHEEK, NO, 2 EFZER L L TEBERISEZITV., NO, D&
FTWLOVEDLENO ZBIETDEZEICLY, EELE Y, 25 vetus v
PEFHER L T HEF, Table 5-4 IR TRIGHEZ F ot fF & 0RBRE (12X120
mm) IZEY, ARKISBICN, TR EBEBRIL72#%,30CT IV, v F 2=}
L7z, FAREFAR L7~ 50 mM NayS,0,-100 mM NaHCO; % # 0.1 ml 0 2, Xix % B
LT, SHBILREFRVAL, RISREERTAZLICLoTAFALYEA RS
VEERBELTREELEDE, RIGERTICEFT O NO, 28 1 E2HICE~NT%
FETEE L, BZEROMR DD Y IZ 0.5M sodium phosphate buffer (pH 7.5) % &
LebDERBELE, BEE L unitid, 30CIZBWVWT 1 5 HIZ 1 mol D NO, % B
TARERLEE L, LESRIZIFI VA7 E Ing Y- OBREE TR LUE,

PMS # EF 5k & T 55, Table 5-5 U RTRIGK%Z T o2t 2 0RRE (12
X120 mm) IRV  ARIGRIC N, FAZBRL7Z®Z.30CTSs mHEERELIZE,
BELENO,*EE L. BREK DN VIZ 0.5 M sodium phosphate buffer (pH 7.5)
PWRMULIEZbDOEZXEBE L BEFE Lunit 1. 30CIZBWVWT 1 47HIZ 1 pmol D NOy
FRAOTABERLESE L, HEEHR IV E Imgd ) OBREETTL
7o

Table 5-4. Reaction mixture for the assay of respiratory nitrite reductase

0.5M Na phospate buffer (pH 7.5) 0.05 ml
25 mM NaNO, solution 0.1 ml

1 mM  Metyl viologen solution 0.1 ml
50 mM Na,S,0,4 in 100 mM NaHCO; 0.1 ml

Enzyme solution 0.1 ml
H,O 0.55 ml
Total 1.0 ml
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Table 5-5. Reaction mixture for the assay of respiratory nitrite reductase (PMS)

0.5 M  Na phospate buffer (pH 7.5) 0.1 ml

25 mM NaNO, solution 0.3 ml!
333 uM Phenazine methosulfate solution 0.1 ml
5mM  NADH solution 0.34 ml
Enzyme solution 0.1 ml
H,0 0.16 ml
Total 1.0 ml

5. EMEREHBEE TBEREMEOAIEE

FE B EECHRIINADHZEFHEE, NOL2EFSEERE L CEBEREX
EEITWVD, NO,OBTICEVBA LENO, RBIET A ik, EELE D,
Table 5-6 I AT RIGHEZRBREIZERD . 30CTA v FaX—FL, SHHERKKLE
B.BETELENG,R2E 1 E2HICR_EZFECEELE, BEERORDVIZOSM
sodium phosphate buffer (pH 7.5) Z&WM L7 b O EZXFB L L, BEFE 1 unit 1L, 30C
CEBWT 1M lpmol D NO,y 2 HAT2BFELEE LD, EKHIZZ Y
Z1img¥/-VOBREETRLE,

Table 5-6. Reaction mixture for the assay of assimilation nitrite reductase

0.5 M Na phospate buffer (pH 7.5) 0.2 ml

25 mM NaNO, solution 0.05 ml
1 mM  NADH solution 0.15 ml
Enzyme solution 0.05 ml
H,0 0.55 ml
Total 1.0 ml
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<HER>

1. 0.5% (w/v) NIULNO; B THE L THELERT OB L UOEMNBRBIESR
D 15 4

P. aeruginosa NBRC 12689 PRIZIRENEX 100 rpm THE LIZBFIZ D A, 0.5% (w/v)
NH,NO; 55 #i7 ®D NH," & NO; % Z2IZkRE L= (Table 5-7), IREHEL 140 rpm THE
ELck BFRE FEEEOEFICEBWT, MEBIUOEME B TERIEMLIT 100
rpm DREX VENL o7, £/, REIEK 140 rpm TEEE L 7-BF, £ D NOsIE 80%
BELL, —FH, #EBEERE (EXREHR) »"oBoh-HEPOMERE HEEE T
#. FAMEBEBRETER. PMS2EFHEFRL LR GHBRE IBEROEN
i, REDEE (100BE P 140rrpm) LTEHELZEHBTOBIREEELETED T
mnoTe, Fio, BEEETIINOZEFICREL =,

HEEETHBLEATDO, PMSZ2EFHEFR L LR EHBETEREN
i, AFrredaed o 2EFfBHERE LEGEOREHICETED TEN - T,
LML, IREIBELEBRAICIE, AFALEF a2 EFHREKE L-ERA
FEHBETHEREEOFN, PMSEZAWEEE LY., & ol

Table 5-7. Utilization of 0.5% (w/v) of NH;NO; by P. aeruginosa NBRC 12689 and

the activities of nitrate and nitrite reductase

Shaking speed (rpm)

0 100 140
Growth (ODygsp) - 1.5 9.3 10.9
Remaining of NH, (%) 74 0 17
Remaining of NO; (%) 5 0 80
Specific activity of nitrate reductase (unites/mg)
Respiratory (metyl viologen) 0.33 0.08 0.04
Assimilatory (NADH) 0.015 0.008 0.004
Assimilatory (NADPH) 0.014 0.002 0.002
Specific activity of nitrite reductase (unites/mg)
Respiratory (metyl viologen) 0.11 0.10 0.07
Respiratory (PMS) 1.1 0.02 0.02
Assimilatory (NADH) 0.01 0.02 0.01
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2. 0.6% (w/v) NHL/(CI I THER L CEZEHATOMBRB IV EMBEE THEED
&

P. aeruginosa NBRC 12689 BRI 1R EN 2L 140 rpm THE L ZEEDH., 0.6% (w/v)
NH,CI B H O NH, 2 T2 1Z R E L 72 (Table 5-8) A B IZIREI B OB MIZ > T,
NH,/DBREERZELS R o7, WThORBHEKICBVTH, BB LI UEMEET
BROBEHIIZEALERON 2o,

Table 5-8. Utilization of 0.6% (w/v) of NH,Cl by P. aeruginosa NBRC 12689 and

the activities of nitrate and nitrite reductase

Shaking speed (rpm)

0 100 140
Growth (ODgs0) 0.4 10.4 15.4
Remaining of NH," (%) 80 20 0
Remaining of NO; (%) 0 0 0
Specific activity of nitrate reductase (unites/mg)
Respiratory (metyl viologen) 0.007 0.002 0.002
Assimilatory (NADH) 0 0 0
Assimilatory (NADPH) 0 0 0
Specific activity of nitrite reductase (unites/mg)
Respiratory (metyl viologen) 0 0 0
Respiratory (PMS) 0 0 0
Assimilatory (NADH) 0 0 0

3. 2.0% (w/v) NaNO; il THEE L THELEER T OB L VEMBETER O
1&

P. aeruginosa NBRC 12689 #RIZIRENE 100 rpm TEE LEHBEDOH, 2.0% (w/v)
NaNO; Fi i D NO; 2 E2 TR E L7 (Table 5-9), £ 7=, {EEE 140 rpm THE
L7zl NOyIZ20% %X F L7z, IRENVEL 140 rpm THEE LB, MNRE | F/{H
DEFICEBNWT, BEBBLUOEMBEBETEROEMIX 100 rpm OB L VK- 72,

FEEELLZE, NOILB%EEFEL., Bon-EERTONRAEMEE TR
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DEMITESE 5% (100350 140 rpm) L CAE BT OBEREME & b~ TE
BTIED S 7o pt, R & OEHLE RSB R TR R OIEME IR & 5 k3 L7 i
D@D oTe, BEEETELEETO, PMS 2 BT LI L L 7= F 02 6 RS BE
EEEEMIE, AFACL 0L U2 BIHREERL LEBADEMIZ R TED T

EhoTo,

Table 5-9. Utilization of 2.0% (w/v) of NaNOj by P. aeruginosa NBRC 12689 and

the activities of nitrate and nitrite reductase

Shaking speed (rpm)

0 100 140
Growth (ODsgo) 1.1 6.4 11.5
Remaining of NH, (%) 0 0 0
Remaining of NO;™ (%) 63 0 20
Specific activity of nitrate reductase (unites/mg)
Respiratory (metyl viologen) 0.06 0.29 0.16
Assimilatory (NADH) 0.015 0.022 0.007
Assimilatory (NADPH) 0.01 0.006 0.005
Specific activity of nitrite reductase (unites/mg)
Respiratory (metyl viologen) 0.67 . 0.03 0.01
Respiratory (PMS) 4.7 0.06 0.01
Assimilatory (NADH) 1.9 0.04 0.03

BI3IF TUoE=TORCEET IERRDOEN
<KFE>

1. BEEORER LI OHERKOFRE

P. aeruginosa NBRC 12689 k2 AWV T, 7V E=T ORIIZEES T 2BEER L&
Wlic, BERLEDESTUEHMOFRBLVEROMBOFEEIAE 2EH TH
R FIEZ L > TIT- 1=,

P. aeruginosa NBRC 12689 tR D EE % | mM2-A VA7 b= & /) —/L 1 mM
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EDTA. 10 uM 2-ketoglutaric acid % & #» 20 mM potassium-sodium phosphate buffer (pH
TOKEBEBEL . AE2H TRALFBECLLIVEREKBR L, ThEELSEEL,
rEEINVEIVEETE NS T —1F (GDH) 28 0HERKEE LT,

P. aeruginosa NBRC 12689 RO E &K% 2 mM 2-A VB 7 =& /—/L 10 mM
Mg’ % & ¢ 10 mM imidazole-HCI buffer (pH 7.0) 2B L. AZE 2 & TR/ FiE
WEROVEEEZRELL, TUWEELDBEL. LBEEZ2ILVEI T4 —F (GS)
FEUHBERRKRE L,

2. INEIVEETE Fe s r—EEHoRERE

I IvBETe Fas b —¥ (GDH) BT 27 I /LKL, NADPH O B
CICAE S 340 nm iIZ BT B ERAEORAIZ L W EIE L7z ), Table 5-10 12 R T R&
HERAW,0CTREEIT-272, 0.1lml OBRRE2HFMT I LICL VRG24

SHEZ340mm ICBITARAELFBRE L, 227 NI NVENVEE (T HTAT

x&) B DO R 01 100 mM Tris-HCI buffer (pH 8.0) ML= D& R &
L7,

BES 1 unit X, 30°CITB VT 1 5B 1 umol ® NADPH # Bt T A BRE L &
B, 7m0, LEMHEIZ U E ImgU =) OBREETRLE, U0 HE
T Lowry D HFEICL > TEEB LR,

Table 5-10. Reaction mixture for the assay of aminating activity

100 mM Tris-HCI buffer (pH 8.0) 1.3 ml
1.0 M NH4CI solution 0.20 ml
2.0 mM NADPH solution 0.20 ml
100 mM 2-Ketoglutarate solution 0.20 ml
Enzyme solution 0.10 ml
Total 2.0 ml

INEIVEETE Fedfr—YORT I /{EREIE, NADP® (4 U = # VEE
) OBFTITHD 340 nm (BT D REEDOHEMIT LY BIZE L7, Table 5-11 IZ7R
TRIGEEZR W, 30CTREEIT27, 0.1ml OBREREZHEMTHZ LX) RIS
ERRIBL. 20%IC340mmICBITOIRAELZRBE Lz, L-7 V7 I VEBREBRONK
Y IZ 100 mM Tris-HCI buffer (pH 9.0) 2HEML=bDERRBE L,
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BE# 1 unit X, 30°CT 1 4MIZ 1 umol ® NADP' 2 BT ABEIEELEE L,

Table 5-11. Reaction mixture for deaminating activity assay

100 mM Tris-HCI buffer (pH 9.0) 0.70 ml
40 mM L-Glutamate solution 1.0 ml
10 mM NADP" solution 0.20 ml
Enzyme solution 0.10 ml
Total 2.0 ml

2. INEIVVUTE—EEEORERE

D y-glutamyltransferase 7% E

ABEFE O y-glutamyltransferase &ML, RICHEEY TH D y-glutamylhydroxamate
FEETHZLICED . BELE ™, Table 5-12 KRTRISHEZ AV, 37C TR
AT 07,08 ml DRGHRIZ 0.1 ml OBEREZ ML TS oHA 7 N— b LR,
0.1ml®200mM D L-ZNVE I VIERERMTDZLICL Y RIEEZFHBLIZ, 30
HSERIG E¥ %, 2 ml © stop mixture (Table 6-4) ML TRISZ LD, E D
SEE (12,000Xg, 247) L, BonEBED 540 mmiCBiT5RAELREL &,
ADP & NaHAsO, B ZFRW\W 2 b D Z B L LT,

B£3% 1 unit 1%, 30°C T 1 472 1 umol @ y-glutamylhydroxamate % A3 5 BE R
BLEE L, £, WEMHITIF N7 E Imgd7c ) OBEREHETRLT,

Table 5-12. Reaction mixture for y-glutamyltransferase assay activity assay

135 mM Imidazole-HCI buffer (pH 7.0)

18 mM NH,OH solution

0.27mM MnCl; solution 0.8 ml
25 mM Na,HAsO, solution

0.36 mM ADP solution

200 mM L-Glutamine solution 0.1 ml
Enzyme solution 0.1 ml
Total 1.0 ml
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Table 5-13. Stop mixture for y-glutamyltrasnferase activity assay

203.5 mM FeCl; solution

122.4 mM Trichloroacetate solution

252.0 mM HCI solution

Total 2.0 ml

® synthetase %1%

A B% % D synthetase &M y-glutamyltransferase IEERI EERKR. RIGHEEY T
# % y-glutamylhydroxamate # EE&T 5 Z L 12 L 0 JE L 7z 29, Table 5-14 2R § K
BEERAW, 3IICTREET 27, 0.8 ml ODREKIZ 0.1 ml DEREEZHRML TS
SREA VFE 22— F L%, 0.12ml ® 200 mM @ ATP (pH 7.0 IZFRE) 2 HRMT
B EIWCEVRIEERLE LZ30 4RSS 7% .2 ml @ stop mixture(Table 6-4)
PHRMLUTCE A2 LD, EOL45B (12,000Xg, 247) L, Ho5n/z EHE D 540 nm
WBTARKEELFRE L, ATPEZHRW2bOEZRE Lz,

Table 5-14. Reaction mixture for synthetase activity assay

184 mM NH,OH solution 0.20 ml
220 mM MgCl; solution 0.20 ml
656 mM L-Glutamate solution 0.20 ml
368 mM Imidazole-HCI buffer (pH 7.0)  0.20 ml
200 mM ATP solution (pH 7.0) 0.12 ml

Enzyme solution 0.10 ml

Total 1.02 ml

<HER>

1. 0.5% (w/v) NILNO;¥E#THE L CH/LEET O GDH B & U GS &k
P. aeruginosa NBRC 12689 R iZ R &%k 100 rpm THEE L7IZBRIZ DA, 0.5% (w/v)
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NH,NO; 82 #id1 o NH," & NO;y & &Ik E L7z (Table 5-15), IRENEK 140 rpm THE
EL7F.GSOEMHIZ 100rpm O L D IED > 722, GDN OEMHIZIRENE 100 rpm
THELTAFEATOBZREMHLIZERALTho 7, £, REEL 140 rpm TH
ELU-EE, B2#H O NH T 17%EFELE, —FH, HENE (EXEBH) »b0EDL
N7-HEE+Eo GDN OEMSEIT, IRE H%E (100 8LV 140rpm) LTHLZEETO
BEREN LR TBRD TR, -7, ., BEHEE CHAFOBMBEIEIR+STH
D, NH, % 74% %% FE LT,

Table 5-15. Utilization of 0.5% (w/v) of NH,NO; by P. aeruginosa NBRC 12689 and
the activities of GDH and GS

Shaking speed (rpm)

0 100 140
Growth (ODgse0) 1.5 9.3 10.9
Remaining of NH, (%) 74 0 17
Remaining of NO3™ (%) 5 0 80
Specific activity of enzyme (unites/mg)
GDH 0.02 0.18 0.14
GS 0.12 0.23 0.14

2. 0.6% (w/v) NHClEH THE L CHAZEHET O GDH B LT GS &

P. aeruginosa NBRC 12689 ¥R (X 1R B3 140 rpm THEE L L FIZOH, 0.6% (w/v)
NH,Cl 2 #E 0 NH, 2 =212 E L7 (Table5-16), R & & (100 B LU 140
rpm) U CHEEAETO GDH OEMSIZRBZOEMI O THEML, A OB
P NH/OBREZRLESEOEMICoNTEMLEZ, —F., #ERE (EXEBH)
WHBLN-EAD O GDN B X UGS DOEMIX, IR E 5 3% (100 38 & U 140 rpm)
LTRFEETOBEREE L L_RTED TERP-o -, £/, BREZETHIAEFED
BRI AR+5THY . NH'H 80% 2 EEFE LT,



Table 5-16. Utilization of 0.6% (w/v) of NH,Cl by P. aeruginosa NBRC 12689 and
the activities of GDH and GS

Shaking speed (rpm)

0 100 140
Growth (ODgg) 0.4 10.4 15.4
Remaining of NH, (%) 80 20 0
Remaining of NO;3;™ (%) 0 0 0
Specific activity of enzyme (unites/mg)
GDH 0.077 0.40 0.62
GS 0.050 0.22 0.10

3. 2.0% (w/v) NaNO;#Z# CHE L CH=EE T D GDH B L ' GS &k

P. aeruginosa NBRC 12689 ¥R iZ#R &1 %L 100 rpm THE L ZERICOH, 2.0% (w/v)
NaNO; £ D NO; 2 221K E L7 (Table 5-17), HIRE S #E&E (100 B LT 140
rpm) LCEBFEETO GS OEMIZESHHOBMIC >N THEML, AEOHEIED
BEHEOEMI-S>NTHEM L, —F., HERRE (ZREHR) »OEONIEE
mo) GS DEMIZ. BEOEEE (100 B8X W0 140rpm) LTHEESRTOBEREM.
PHNRTEN o, £, REEECIAEOHEMIIR+45THY ., NOs'H 63%
EERE L,

FEBRTHEALAEBHBIZEINE BEEN TRV 20 b TGS OFEMRR
NH,Cl EH# TR LN GSIERH L U &Eh oz (Table5-16), . WTNOEESR
T CEE AT O GDH OIEMEIL GS DEM L I TRD TE» - %,

-64-



Table 5-17. Utilization of 2.0% (w/v) of NaNO; by P. aeruginosa NBRC 12689 and
the activities of GDH and GS

Shaking speed (rpm)

0 100 140
Growth (ODgso) 1.1 6.4 11.5
Remaining of NH, (%) 0 0 0
Remaining of NO;3™ (%) 63 0 20
Specific activity of enzyme (unites/mg)
GDH 0.01 0.01 0.016
GS 0.23 0.67 0.77

T 48 W, BHEBORRLTUE=SVLAORMICEET IBEERHICEXD
NH," & NOsO#I& 0 F %

<FE>

P. aeruginosaNBRC 12689 Bk # AW T, TV E=THRERBELHBEEBERRE
DEHMS50mMIZRDEHICHEE L NH, & NOy D& (0:4, 1:3, 2:2, 3:1,
4:0) OEHERANT, 2E3H TR FEICLVIREE 100rpm TRE DSFERL
7o MEEENICH TV 7 LTI, TOBEE LEZHMPICEAFET 5 NHS . NOy°, NOy
SRR TR B TR, RLEEBRE R R, TR EHEBRE CER. FERE
MHELBEITEER . GDH., GS DEMZEE LT,

<HER>

P. aeruginosa NBRC 12689 #Rix, WTH OREMIZBWTH, FEMAB 4 BRI
NH, & NO;y #8EB# 26 BIFICHRELE, NH/OBREOEFEXEMIT >0 T, &
BHOWMBENEEINLTRY, BERTIEEFELEZ2ERELEML - (Table
5-18), NOy Z & £/ WEEH T, BEE, FEEOEmFICENT, HBRE LV
FRBETEEOERITIEBELALRVNE AN A o NH, 25 ERVWEH# T
BrEESDDO GDHOEMRITIZEA LR DR ol, £, NHS L NOs Dk
REI2DEREL-EMTEZEERFTO GDH OEHEIT, tMOBFHMTHELLEEFTO
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GDH DEM S X TEN T2, —FH. S0mM D NO; DA S ieEE# CTE-EHE
D GSDEMIX, SOMMONH, DA 2EHBH CTELEELIVEBED TE»-

=5

Table 5-18. Utilization of nitrogen compounds with various ratios of NH," to NO;3™ by

P. aeruginosa NBRC 12689 and the activities of Nr, Nir, GDH, and GS

The ratio of NH," to NO3~

0:4 1:3 2:2 3:1 4:0
Growth (ODggo) 4.5 4.5 4.6 6.2 7.3
Remaining of NH, (%) 0 1 1 1 9
Remaining of NO;™ (%) 1 3 3 2 0
Total nitrogen in the cultures (%) 42 40 46 70 92
Specific activity of enzyme (unites/mg)
GDH 0.017  0.19 0.40 0.39 0.33
GS 0.18 0.31 0.097 0.092  0.030
Specific activity of nitrate reductase (unites/mg)
Respiratory (metyl viologen) 0.16 0.19 0.11 0.10 0.005
Assimilatory (NADH) 0.004  0.001 0.008  0.001 0
Assimilatory (NADPH) 0.004 0.002 0.002 O 0
Specific activity of nitrite reductase (unites/mg)
Respiratory (metyl viologen) 0.10 0.12 0.11 0.040 0
Respiratory (PMS) 0.02 0.024 0.025 0.005 0
Assimilatory (NADH) 0.09 0.02 0.03 0.004 0

ESE BLEHE O

< FE>

1. BRFELERREIX (N, N,0O) OXAE

0.1% (w/v) NH,NO; 8 Z fRS L 7% . ZIZ P. aeruginosa NBRC 12689 #k & &
BL. 30°CIZBWVWTHERE (5 ml/tube) THIEEE (140 rpm) L7z, HEBRMK 2 H
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#%.02ml DETZEKZ 25ml D 0.1% (w/v) *NHNO; (98 atom %, Sigma-Aldrich,
St. Louise. USA) E#iz Mz . 30CIZBWTNA T (1.5 ml/13 ml vial) TIE
EH8EE (Orpm . 70 rpm, 140 rpm) L7z, BEEAIC A 7 (13 ml) FicE
BOZERIAZ GC-MSICL VDLt £ BER L OEZERF O NH, \NO;y,
NO,y 2 E&E LT,

e FEIZLD . 0.1% (w/v) NH,""NO; (99 atom %). 0.1% (w/v) °"NH,CI (98
atom %) . 0.1% (w/v) Na'’NO; (98 atom %) (LL_E. Sigma-Aldrich) £#i2> 53 4E
LEERTAERROBERL L ONH,. NO;'. NOy 2 E& L7, ‘

2. EREENT DO

N, & N,O @ GC-MS &4, B G-3000 ¥ A7 u~ 57 (B, BR) %
ERE LB M-2500 “EIRKREESIE (HX) 2AVWTITo7, 77 A
PoraPLOT-Q (0.25mm X 25m, Y—=Z A% A =X HR)EERLEL, £/, 4
F o EIX ETETITW., 4 T {LEBEIX 70eV Th o Iz,

BN, (BEE, X)) BIUNO (V—z AP AT R) OEHRERVTHET X
EEODOREBREIERL T2,

<FER>

1. NH,"NO; #ZHRF L L-ERBRKICBITOINE

Fig. 5-1 IZRT & 912, 0.1% (w/v) NH,PNO; iz 38T, EEBA 15 B
LLAIZ P aeruginosa NBRC 12689 ¥RIZHE# F O NH," L NOy 2 REKKKREL L, &
BLEAH A% GC-MS THHF LR, HEBBCBVLT, "N,0 & PN, 0 ERER
Bonf, WFROBEHKICBWTH, "NORERE Lo, £, "N,
AAEECIREETAZLIITERP o, —F AR 15SHEZ RDE 0 rpm
DBEE. TDICMIEEEZED 41%0 PN BNEET AL LB, 13%D PN,y,0
LEFLE, Ll B8 70 rpm & 140 rpm OB AT, BHERF T PN,0 %
ERELAN, BEES ISEEAZETERERL W ofk, ZORK, FLDHITMX
FREEBOFNEN, 2%, 38% D PN, OAREEINTNDH I ERRNVEE
ni,

67-



100

140 rpm (a)
75 1
50 |
25
0 ' 9
0 3 6 9 12 15
100
70 rpm (b)
75

()]

Growth (ODggo)

100

Conversion rate of total nitrogen (%)

Concentration of NHs", NO3", and NO; (mM)
N
o

0 3 6 9 12 15

Incubation time (h)

Fig. 5-1. Utilization of 0.1% (w/v) of NH,'°NO; by P. aeruginosa NBRC 12689 and
generation of nitrogen gases.

(A), (B), and (C): the bacterium was incubated at 30°C for 15 h with shaking in the
basal medium containing 0.1% (w/v) NH,'’NO,, 1% (w/v) D-glucose, 0.1 mM Fe’*, and
0.8 nM MoO,*, and then cell growth (O), NH,” (A), NO;” (W), and NO,™ ([J) were
measured.

(a), (b), and (c): generation of "N,0 () and "Ny(#).
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2. UNHNO; 2FZFRFE LERRRICBITAINE

Fig. 5-2 1IR3 £ 912, 0.1% (w/v) PNHNO;#EHIZH W T, EERL 15 B
PAWIZ P. aeruginosa NBRC 12689 #&id., EHiHF @ NH, & NO; ZEEICBRELE,
EMLIZAT A% GC-MS THOMLERRE, WTFNoRHHFIZB N TH, "Ny & PN,0
FEB LW EXRDODONT  F- EFHB ISHMAZ . BELE (REE 0 rpm)
THED "N,OBEEL TV, IRENE 70 rpm & 140 rpm TIiX, HEBLE 6~12
BEZICEVT, "NL,ODEERRONZITL b5, 15ERE TIREEL
7o
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Fig. 5-2. Utilization of 0.1% (w/v) of '*’NH,NO; by P. aeruginosa NBRC 12689 and
generation of nitrogen gases
(A), (B), and (C): The bacterium was incubated at 30°C for 15 h with shaking in the
basal medium containing 0.1% (w/v) "NH,NO;, 1% (w/v) D-glucose, 0.1 mM Fe’*, and
0.8 nM MoO,”, and then cell growth (O), NH,” (A), NO; (W), and NO, ([J) were
measured.

(a), (b), and (c): Generation of '*N,0 (<) and "N,(#).
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3. Na’NO; #ZERFEL L-EBRICBITIRE

Fig. 5-3 IZR T £ 91T, 0.1% (w/v) Nal’NO;HEH#IZ B W\ T, HEEHE 15 BRI
WIZ P. aeruginosa NBRC 12689 HRIZEHMF O NO; 2 E2IWCBREL-, EFELEY
A% GC-MS THM LR, PNOyOBA ST, PNy & "N,O OEENRD
bivlc, LoxL., HEELS 15 FMA%Z., R84 70 rpm & 140 rpm DK, PN, 0 E
BLebiz, PNLOBERLTWiz, —F, $BIEE T, HEHEHL 15 HEE%,
PN, DAHERE LT,
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Fig. 5-3. Utilization of 0.1% (w/v) of Na'>NO; by P. aeruginosa NBRC 12689 and
generation of nitrogen gases
(A), (B), and (C): The bacterium was incubated at 30°C for 15 h with shaking in the
basal medium containing 0.1% (w/v) Na'*NOs, 3% (w/v) D-glucose, 0.1 mM Fe’*, and 0.8
nM Mo0O,”, and then cell growth (O), NH," (A), NO; (W), and NO,” ([(J) were
measured.

(a), (b), and (c): Generation of ’N,0 (<>) and "N,(4).
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4. “NH,CI2ZEHRF L LEEBRICBITIOIHE

PNH,Cl#ZEFRE LTHEB LB S, P aeruginosa NBRC 12689 BRI e & B 45 15
RERIDLANICEE T O NH, 2 &I ELE (Fig.5-4), L2 L, BEDOTTOHM
CBWT, PNy & PN O DOBERRWEER R,
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Fig. 5-4. Utilization of 0.1% (w/v) of *NH,Cl by P. aeruginosa NBRC 12689 and
generation of nitrogen gases
(A), (B), and (C): The bacterium was incubated at 30°C for 15 h with shaking in the
basal medium containing 0.1% (w/v) "*"NH,Cl, 3% (w/v) D-glucose, 0.1 mM Fe®*, and 0.8
nM MoO,”, and then cell growth (O), NH," (A), NO;” (W), and NO, ([J) were
measured.

(a), (b), and (c): Generation of °N,0O () and “N,(#).
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FES5EH EHNLEER

<EH>

P. aeruginosa NBRC 12689 k2 x DRI EFHE THEERE LI L E, NOYZE LW
gEH T, BRRE, EEEOBFICBWT, MBI UOEMBETER OEHIX
BEAER N oz, L2AL. NHS/Z2EFE2WEHEHFER LK, GDHIXIZ
CAERLNEDP TR GSHEFEWVWEEZ R LI IREROEELRATL LI A,
0.5% (w/v) NH,NO;#F#E W6, AEIZREE 100 rpm THEHMF O A 2
VEEECREL, BonERTORRA | RCEMEBEIER, BRE FH
LR EEEE TE R, GDH, GSTEMIX, 140 rpm CREDEELAKREONZE
FFOBROBEHIVEN Tz, —F, HEBEERE LR, FRE, RARAHRE
TEE. PMS2ETHER L LA EHBERREECERIT. R OBE (REK
100 8LV 140 rpm) L CHELEERFOBREELLESTEBD TEN >,

0.1% (w/v) NH,NO;, 0.1% (w/v) NaNO; # ZEZRJFE L LB, KFHIX, Zab
DEZFEOBAVIZHES> TN, E NJOEFERE L, NHLNO; Z AW 7| IRENE 70 &
140 rpm WTFNDEE D HEKAIZIEIN,O DERIIR N7, LD L, NaNO;
PHOWEE, EERAISHFERICBVLWTHL NJOOEELIRZB D LN,

<EBE>

P. aeruginosa NBRC 12689 ¥Ri%, ME— D ZEEJF % L T NaNO; 2 S Lo iF#i THE L
EEENH BFELRBRWVWIZL 00T . ®WVW GSEMEERLE, ZOMEK, NHCI
AME—OERFLTHEERBRTHERB L (ELBEKRPOGSERL Y@Lz, A
MEELEMIT—MHKIZ. GDH & GSIZL Y NH, 2R+ 5 ¥, 7rE=7THI{k
CRWT, BEEONHL BEETZIHAIEEL LT, GDHABEL, BRED
NH/BEET A1, GSHEETHZENBREShAhTWVS Y9 KFFRIZBW
T. NaNO; 2 M — D ERR L T HH M THEELEZHE AT, NOYB NH, 2B TER
BELTREELENRS Y, Z0l, NO;y22 6B EN 5 NH 1T, NH,Cl 2HE—D
ZRFELCTIREBRFONH L VERBETHLIZLERTFRIND, Lo T,
NaNO; #M— D ERR L T HOEHEMTHEEL CHLZEEFIZIE. 8\ GSEERFE
THEELEL,

P. aeruginosa NBRC 12689 #% % i\ T, NH,NO;, NaNO; ZERIFE L LB E.
BEERBLVEEPILEGTTIEEREIVOICEMLEZEZEDOESLUT TH
ST, TOREEPL, AEOEBEBRBIZBVWTRENREALTWVBE I ERNTFREN
o, ER, SEEETOHEEN OG- AETICPREHBECERELS L O
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FBETEREEEZ RV T ENTE LY, £/, GC-MS STIZ LV KE
3. NH4NO;, NaNO; #X#lT A BE TN, & NyO AT 52 & 2 L7,

NH,"°NO,. Na’NO; # ZXE L LTAWEEE. "N, & "N, 0 #EH L. PNH,CI
EFRREELTHAVEES, "Ny "NOZEB LoD T, ZNHDOH AT
NO; ICHHKT B ERbnol,

ABE# BT, NH,NO i TR & S & Lk (IREK 70 & 140 rpm) . HEH
th 612 BERZICHE VT, PN O AR R LRI b o $, 15 FERE TIEHE
HL.PN,DHEE LT, —F NaNO TR E S & L2 (REIEK 70 & 140 rpm) |
FrEEEL 1S EME N, OEFL L LIZ, NJOBREREL W, ZORENDL, NO;7D
RBEICEBNT, NHS B HETHEET TR, ABROEENRESN DD, NbODE
RO St E 2 b7, Fig. 6-1-(A, a)lZ NH, & NOy 2 FER2IRE SN IR
T, NOREELEZILETT, COBROEEBERCEFLTVWIBEREL, HEOE
HEZELTCRELEVWI ENbhol (Fig.2-5), T2bb, REIFEELTWVIDIZ
Lmb P, HERIIHESKREBICIR > TVWBEIERTFRINDE, ZOXDREHT
HHZEREBICEL, Wom AERLE NO RAFII N LE#RIND, UEDRER
0. PO NHNL, N0 2 Ny CEBRTHBRICENT, ARRREZEHRT D
LEELE, ENEINE, HMBREREE 5T N,O DA/, NOyHF#IIZ NH,”
FRMT AL THTBRIENTEDLEERD,

A%, BREBRZEESPRFITAETER Yy — T 7 AV —%2RAnT, RREK LD
REGBRZFELIBIFTLS>TETH D,
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B6E NHSBILUONOyORIKNBREIIEZDEEYOEE

EB18 F

P. aeruginosa NBRC 12689 BRIZHF K &G TICB W THM T O FS*ORE L BBIK
PRGTHLICEY. BEET05% (w/v) NHNO;##H D NH, "B L U NOs %
FERICKRETD, RSBV TEELEFICEERLEENIIFEEL TR
Tro BEARPIZIIBDICNMEATEREERZEDO IR EEL TV, BYREZRTRE
LTREFILBRENDZENTENT, ARERRBREMECHL-D. KH
DREBEOFAMETAND Z LT ALBE~EETA-OORELEBESHELRTE
TEHLTEETHD, FITARETIE, NHSBI U NOyORBERER T TR <,
NH, . EZRENO;OLZELEMIIBITIEA T OREICEZDE. FHEER.
TI/E, VUVBESOREBYRANL L L LT,
D-/Na—RAERFER, =X NVF—RELTEHMIIEMLESE, AAITERHFIZ
WL, WA A 2HRMIIBRET LI, EEORKOFITIT D-7 /= — R LS
DRFBEVBHFEET D, T T D-ZVA—ADHEET T, £FETI2HEOTA
ODEREIZOVWTHRT S,

F2H NH,BLUNO;DBREWLEZDV VBEREORE
<FH¥E>

FEEEDOY) VEBEEYET 0.1% (w/v) NHNO;E#, 0.13% (w/v) NH,Cl & £
U 0.21% (w/v) NaNO; (Table6-1. N LTORELY 2SmMICHEE) F#zr T
FRAB L., ZNIT P aeruginosa NBRC 12689 BR A fEE L 2% . 30°CIZ T 140 rpm
TIREIEEL, RENICEBZEROBE (ODg) EHPICEET 5 NO;, NOY
BIUONH,/2FE& L7, Rt L2V VEREREIZ 0 mM, 16 mM., 32 mM, 48 mM,
64 mM. 128 mM. 192 mM Th - 7=,



Table 6-1. Culture conditions

Na,HPO,-12H,0 15 g
KH,PO, 30 g
D-Glucose 30 g
NH;NO, 1.0 g
NH,CI 13 g
NaNO; 2.1 g
NaCl 0.5 g
FeSO,: 7TH,0O 0.1 mM
Na,Mo0O,:2H,0 0.8 nM
H,0 1,000 ml
pH 7.1

<FER>

1. 0.1% (w/v) NH,NO; B#iiZ8i} 5 NH/BX O NO;OREIZE X5 VEER
BEORE

0~192mM OEF 6 BEO) VEBERELZAVWTENEIToLER. U VEE
BHRMUAWE, 0O pHIZTHEBEEAIICHE, FREEXEERR LR, £,
BEEHFIZIZEZEDO NH, B L UNOyHBFEF L TV 7z (Table 6-2), — 7. 32~192 mM
DU CEEEEET 0.1% (w/v) NHNO; BE#I T, AEIZIRFIZHEE L., EHd o
NH,/ B LV NOybELRIZBREINT,
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Table 6-2. Effect of concentrations of phosphate on the removal of NO;” and NH,"
from 0.1% (w/v) NH;NO; medium by P. aeruginosa NBRC 12689
The bacterium was incubated at 30°C for 3 d with shaking at 140 rpm (5 ml/tube) in
the basal medium containing 0.1% (w/v) NH,NOs, 3% (w/v) D-glucose, 0.1 mM Fe®*, and
0.8 nM MoO,”, and then cell growth, NH,*, NO;", and NO,” were measured.

S Growth Remaining Accumulating ok
(ODsgo) NO;" NH," NO5y”

0 mM 0.4 98%  86% 0.0 mM 4.9

16 2.4 73 9 0.1 5.1
32 4.6 0.8 0 0.0 5.6
48 4.7 0.8 0 0.0 5.7
64 4.0 0.0 0 0.0 6.0
128 4.3 0.0 0 0.0 6.0
192 5.0 0.0 0 0.0 5.9

2. 0.13% (w/v) NH,CIE#IZEIT2 NH, ORECEZLD ) VBRERBEDE

Table 6-3 IZ7R T X 912, 0.13% (w/v) NH.CIEBHEBAWESE, U U BEZE
ML WE, ABEOBMAEITED TELS, £HFONH bIFLAEFA SRR o
oo —H . 32~192mM D) VEEZERNT2 L., AERBHFICHEBEL, TLAL
O NH, bBREEINL TV,
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Table 6-3. Effect of concentrations of phosphate on the removal of NH," from 0.13%
(w/v) NH,Cl medium by P. aeruginosa NBRC 12689
The bacterium was incubated at 30°C for 3 d with shaking at 140 rpm (5 ml/tube) in

the basal medium containing 0.13% (w/v) NH,CI, 3% (w/v) D-glucose, 0.1 mM Fe**, and
0.8 nM Mo0O,>, and then cell growth, NH,", NO;’, and NO,” were measured.

Growth Remaining Accumulating

DAV . ) pH

(ODge0) NH4 NO;~ NO;
0 mM 0.3 88% 0 mM 0 mM 5.1
16 2.5 47 0 0 5.5
32 4.3 7.6 0 0 5.7
48 4.2 0 0 0 5.9
64 4.5 0 0 0 5.9
128 4.4 0 0 0 6.0
192 4.6 0 0.1 0 5.9

3. 0.21% (w/v) NaNO;#Z B} 5 NOyOBRERLEZZ YV VEBERBEOCEE

0.21% (w/v) NaNO;¥EHZRAWT, VUVBEOEEBR2H-LZ A, VU BE
ERMURVE, AEOEBEIIE T, BHFIZNO,BEFE L Tz (Table 6-4),
—F. 16~192mM DY VEELEHEMT 2L, AETRFICHEEL. NO; & BRI
BrEINL TN,
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Table 6-4. Effect of concentration of phosphate on the removal of NO;" and NH,"

from 0.21% (w/v) NaNO; medium by P. aeruginosa NBRC 12689
The bacterium was incubated at 30°C for 3 d with shaking at 140 rpm (5 ml/tube) in

the basal medium containing 0.21% (w/v) NaNOs, 3% (w/v) D-glucose, 0.1 mM Fe**, and
0.8 nM Mo00O,”, and then cell growth, NH,", NOs’, and NO, were measured.

gy Growth Remaining Accumulating oH
(ODseo) NO3 NO;y NH,*

0 mM 0.4 80% 0 mM 0 mM s

16 4.1 1.2 0 0 5.5
32 43 0 0 0 5.7
48 4.4 0 0 0 5.9
64 4.1 0 0 0 5.9
128 4.5 0 0 0 6.0
192 4.7 0 0.1 0 5.9

B3I NH/ BLUNO;,ODBREILEZDIRBROEE

< FH#E>

1. 0.1% (w/v) NH,NO; H#IZEBIT 5 NH/ B X NO;DBREILE X DRBED
0.1% (w/v) NH/NO;EMIZEEZNE D-IFa—R0O0nb0il, —DREIRE
LT3% (wiv) Off (77 b—X—XKF#¥, L-T7/—X,  D-vr/—A H
yhHn—A =) h—=A—KF¥.D-F7 27 b—A D-TNI F—ZX D-VUFR—R),
R (FEBR T VU D AZ/KF#, pL-U B F U U A nkfup, 7= 8
=F NV TLAZKFY, aNTBZFT NI UL TUEVE, n-BEEET NI U A
TovArBgr I vA FURI VB vrUVBE, LA UEE LB N Y
LR, 7wNBE, TNa v, THVEE, DL-2-T X ) -n-BEBE). T I B (7
UV, L-AFF =y, LLERFUUERBE, LIV UVEBRE, L-7=AT 7=
VUL NANEIVET NI UL, L-TAXT=UER). E0E. 1% (wv) OFXK
EEE (RUNFM/ BRI, AZXX) 2808 MEth ERRE L,
¥ HIZ P aeruginosa NBRC 12689 #h# T T MEHE L. 30C T 140 rpm TR & D
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R, BEREZBRMNICH T V7 Lk, HEBROEBEE (ODg) & HH#l
FIZEET D NO;y. NOBIONHS2FEE LT,

2. 0.13% (w/v) NH,CIEH#ICEBIT 5 NHSOBREICEZD2REZEREROELE

0.1% (w/v) NH,NO; i 2 W= & L RKZ FET, 0.13% (w/v) NH,Cl 5
HIZEENDZD-INVa—R0OhbDIZ, BM—DRFBIFEEL L T3I%DOHE, Fi#EE,. 7
TB. EE. 1% (wiv) ORRERELZEOEMEZENENRAB L, &8
H1iZ P. aeruginosa NBRC 12689 #k&# € N E LA E L. 30°C T 140 rpm TR & 5 &
L7z, BEBEZRBRENICY TV T L%, ZEBEROBE (ODs) &EHTIC
BTETDHNOy, NOLBIUNH2EE LT,

3. 0.21% (w/v) NaNO;HEHIIZ R I 2 NOyOREILEXDZRBEROEE

0.1% (w/v)NHNO, 532 W - R D RBIEOKRFT L R 2 FE T, 0.21% (w/v)
NaNO; B HIIZEEN D D-F Va3 —Z2Dnb VI M—DRFRE L T3%DEE.
BB, TIJB., £ 1% (wv) OXRRBEEEZ SOtz T ThAR
Lz, &EEHIZ P aeruginosa NBRC 12689 Bk % TN FNMEHE L. 30°C T 140 rpm T
BEOEELL, BERZEBNICH LTI I L%, HEROEE (ODgo)
CREMGBIZEEFET H NOs, NO, BLUONH,/ 2 EE LT,

<HER>

1. 0.1% (w/v) NHNO;EHIZEIT S NI/ BEL U NO;DREICLEZHREBRED
BB

BEHMEEORZERZH VT, 0.1% (w/v) NHNO; ##F » NH, % £ ' NOy
DORBERELRBRL-ER L Table 6-5 1277, RRLEZD-ZAa—2%2KBR< 8ED
ErEOEMTRTICBNT, FAEOHEBIIAETHY ., NH/BLUNOTHIZE A
FlREI N2 o7,

—F . RELEISBEOFEBOTCIX.,. 7V BE. 278, . 7)) VERE,
HEBE, JvVBRE, JLaVBERZFOEMICIBWVT, KEIITRFICHEEL., 8
O NHSIBLONOy L BFICHRELE, £/, DL-U v IBE 2 & Lo # Tid,
AEOHEFIZLRARE T, T I NH, BELUNOyBEFE L, NO,OERE (1 3 mM)
b RO,

RBRLZTEOT I/ BE2EOEMTIE AL VONERNRBEEZA DN
ST, BICNH IR T I/ RIGICE AT I/ EOBEBIC KL > TEMLE, L-7 v
FIVEBEPEDEMHTIEI. NORBEEREICRE SN,
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RRLEIEEOXRAKBREDOF T . RIURF N BLUOBET X R 2 &g
T, AEERFICHEEL. NORIZIEESIKRELREZ, LrL, AT A2
BT, REOHBBERARATSTHY ., 41%DNOy7BEFL T, £77, XRAEE
HEEED NH, 2550 L e 72 3 IS C B 724 5 NH, B L 7=
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Table 6-5. Effect of carbon sources on the removal of NO;  and NH," from 0.1% (w/v)
NH4NO; medium by P. aeruginosa NBRC 12689

The bacterium was incubated at 30°C for 3 d with shaking at 140 rpm (5 ml/tube) in
the basal medium containing 0.1% (w/v) NH;NO3, 0.1 mM Fe2+, and 0.8 nM MoO,* in

the presence of 3% (w/v) sugar, organic acid, or amino acid or 1% (w/v) nutrient medium,

and then cell growth, NH,", NO;", and NO,” were measured.

Carbon source Growth Remaining  Accumulating
(OD¢so) NO;”  NH,' NO,
Sugar D-Glucose 3.0 0% 0% 0 mM
(3%) Lactose monohydrate 0.1 100 99 0
L-Arabinose 0.0 96 94 0
D-Mannose. 0.1 81 90 0.16
Saccharose 0.0 100 100 0
Maltose monohydrate 0.1 100 100 0
D-Galactose 0.1 87 100 0
D-Fructose 0.3 100 78 1.1
D-Dibose 0.6 100 78 0
Organic  Sodium acetate trihydrate 0.1 99 95 0
acid Disodium DL-malate n-hydr 1.2
B%)
uccin C
Adipic acid 0.2 82 51 -0
Sodium n-butyrate 0.2 94 97 0
Sodium propionate 0.3 86 95 0
Malonic acid 0.7 66 15 0.4
Maleric
Phthalic acid 0.2 87 50 0
DL-2-Amino-n-bytyric acid 0.3 80 52 0
Amino Glycine 0.3 95 27 0
acid L-Methionine 0.4 14 6.4 0
(3%) L-Histidine monohydrochloride 0.9 19 1540 5.1
L-Lysine hydrochloride 0.1 92 117 1.2
L-Phenylalanine 0.0 97 100 0
Sodium L-glutamate 4.3 3.2 511 0
L-Arginine monohydrochloride 0.7 45 1906 3.7
Nutrient Polypepton 5.3 0.8 538 0.1
medium  Yeast extract 4.7 3.2 339 0
(1%) Meat extract 2.1 41 248 9
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2. 0.13% (w/v) NHCIEHIZEIT 2 NH,/ODBREICEZHDREZEROEE
EEFMEREORRIE XAV T, 0.13% (w/v) NH, Cl##ih D NH, OB ES2 R
B LT-HER%Z Table 6-6 IZR"T, RBRL7ZD-JLa—X+D-TNL7 F—252K< 6
EOREZEUEM T ATIZIBWVWT, KEOHEBEIIRAETH Y, NH,'BLUNO, b

EEALBRESRR NS,

—F5. RBLE ISEERBOPCI/ = UEBE, s JBIE. /) v VEE,
HERIE, T~ VBEE, S aVBERSHEMIZBVWT, AEIZEFICHEE L.
Bt O NH/BL O NOy b RBFICHRELE, £72. DL-VU v TBES ST
T, AEOHEIIPRPARAR T, BT NH BEFELR,

RBRLELTEOT IV BEEOEH TR, AL VY0OROGLBRETIROAAR
Mmole, BIZNHAAIMT I VRIS EB2T7T I ) EOBBICL > THEML -,

RBRLEIEORAEZEREEZSOEMIRTICEVT, AHEIIBRFICHEEL -
B, RALEEBFRO NH, D EEE L -2 D BMihicEET 2 NHS B3 L
77
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Table 6-6. Effect of carbon sources on the removal of NH," from 0.13% (w/v) NH,CI

medium by P. aeruginosa NBRC 12689

The bacterium was incubated at 30°C for 3 d with shaking at 140 rpm (5 ml/tube) in
the basal medium containing 0.13% (w/v) NH4CI, 0.1 mM Fe*, and 0.8 nM MoO,> in

the presence of 3% (w/v) sugar, organic acid, or amino acid or 1% (w/v) nutrient

medium, and then cell growth, NH,", NOs", and NO, were measured.

e — Growth Remaining Accumulating
(ODgs0) NH," NO;5~ NO,”

Sugar D-Glucose 4.7 0% 0 mM 0 mM
(3%) Lactose monohydrate 0.1 98 0 0
L-Arabinose 0.1 99 0 0
D-Mannose 0.1 94 0 0
“Saccharose 0.1 98 0 0
Maltose monohydrate 0.2 96 0 0
%D-Galactose 0.1 92 0 0
D-Dibose 0.7 82 0 0
Organic  Sodium acetate trihydrate 0.1 99 0 0
acid Disodium DL-malate n-hydrate 2.1 10 0 0
(3%) h 0

L 11 C1C Oa1un 3
Adipic acid s 72 0 0
Sodium n-butyrate . 98 0 0
Sodium propionate 93 0 0
LIy CCric acla
Malonic acid 0.8 31 0 0
Maleric 0.1 53 0 0
1€ .

Phthalic acid 0.2 80 0 0
DL-2-Amino-n-bytyric acid 0.3 76 0 0
Amino Glycine 0.1 37 0 0
acid L-Methionine 0.1 24 0 0
(3%) L-Histidine monohydrochloride 4.2 1026 0 0
L-Lysine hydrochloride 0.5 124 0 0
L-Phenylalanine 0.0 99 0 0
Sodium L-glutamate 4.2 334 0 0
L-Arginine monohydrochloride 1.6 988 0 0
Nutrient Polypepton 55 422 0 0
medium  Yeast extract 5.2 373 0 0
(1%) Meat extract 2.8 263 0 0
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3. 0.21% (w/v) NaNO;EH#IZEIT 5 NOyDREIZEZDRFROZE

S M EBEOREELXZAVT, 021% (w/v) NaNO; i O NOy DEREZ R
BL7-HERE% Table 6-7 1277, RELIEZD-ZNAa— Rk SEOEZ ST EH
TRTWZBWT, AEOHEBEIIAERTHY . NOsybidt AERES RN LT,

—H RBLEISEOAEBBOT T/ VEEE, a~JBE. 7)Y VERE.
AEtE, 7TAEBE, SV aVBESEREMICBWT, KEIIRFICHEEL,
O NOs b BFICKREL, NO,OERL AN AN, £, DL-J ¥ I8
WMET VP VBEEAEDEMTIE, REOHBIIOPLARR T, BHMiPIZ NOyHERF
L. NO,OERELRONT,

KL TEOT I VBEOFRTL-EAF O UEBEL -7V I VBIEEDE
HZBWT, KERBFICHEFEL, BP0 NOybRFICEKRELLZ, Ll 7
I BEHFEO NH HEBED - DIZ NHS OERITR b,

RE L3 BEORAREREEOT T RV ANR N BILUOBRIXF A2 OEH
T, ABZBFICHEEL. NOTZEEZRICKRELEL, Lol A-ZXREE
DEMTE., AEOHEBIIRAFSTHY . NOTBRERFL TV, £, RAREE
BB NHS W EEE LTz NH OEFIZTR O T,



Table 6-7. Effect of carbon sources on the removal of NO; from 0.21% (w/v) NaNO;
medium by P. aeruginosa NBRC 12689

The bacterium was incubated at 30°C for 3 d with shaking at 140 rpm (5 ml/tube) in

the basal medium containing 0.21% (w/v) NaNOj, 0.1 mM Fe®*, and 0.8 nM MoO,> in

the presence of 3% or 1% (w/v) sugar, organic acid, or amino acid or 1% (w/v) nutrient

medium, and then cell growth, NH,", NO;", and NO, were measured.

Carbon source Growth Remaining Accumulating
(ODgs0) NO;~ NH," NO,
Sugar D-Glucose 3.6 0% 0.1 mM 0 mM
(3%) Lactose monohydrate 0.1 100 0 0
L-Arabinose 0.0 92 0 0
D-Mannose 0.0 100 0.3 0.1
Saccharose 0.2 100 0.3 0
Maltose monohydrate 0.0 100 0.4 0
D-Galactose 0.0 100 0.4 0
D-Fructose 0.2 100 0.1 2.3
D-Dibose A 0.5 84 0.1 0
Organic Sodium acetate trihydrate 0.1 100 0.2 0
acid Disodium DL-malate n-hydrate 1.2 12 1.8 3.5
(3%)
Adipic acid 1.9 66 0.2 0.7
Sodium n-butyrate 0.5 92 0.3 0
Sodium propionate ) 0.4 92 0 0
Malonic acid 0.6 54 0.4 0.7
Maleric 0.1 78 0 0
Phthalic acid 0.4 89 0 0
DL-2-Amino-n-bytyric acid 0.3 84 2.4 0
Amino Glycine 0.0 94 2.8 0
acid L-Methionine 0.0 21 0.3 0
(3%) L-Histidine monohydrochloride 3.3 27 47 6.5
L-Lysine hydrochloride 0.0 91 1.5 0
L-Phenylalanine 0.0 100 0 0
Sodium L-glutamate 4.6 0.4 12 0
L-Arginine monohydrochloride 0.5 68 52 8.5
Nutrien Polypepton 5.3 1.2 20 0
medium Yeast extract 2.9 3.6 8.6 0
(1%) Meat extract 1.7 69 6.3 11
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FA4H DI N a—RADEETCNHBLONO;OREICEZAREREOEE
< FE>

BI3H TR D-IVa— 20ROV ICHE—DORER L LTAH M BEORER
(W&, FHBE., 7 B, RREEE) 2HEMLUZEEHIZ T P aeruginosa NBRC
12689 BRIZH T 5 NHS B LU NOyDBREFREREZBRSLEZ, KB LEZEED S b
REOBEMIIBNTRIECEBILIVOEA TV OREDENEKTLE, 2T,
3% (w/v) D-Z' v a— 2% &% 0.1% (w/v) NHNO;. 0.13% (w/v) NH,CI. 0.21%
(w/v)NaNO; £ #1IZ NH, & NO;DBREE T2 -0 L 28BEOREER 1%
(Wiv) ERDEICHEMULASESERAB L (Sml), SEHICAELZEE L.
30°CTC 140 rpm TR E S HEE L, BBEREZBERAOCI TV 2 L%, BE
WOBE (ODggp) & HEHHT O NOs. NO,y. NHS 2 E& LT,

<HER>

1. D-ZNVa—XADFET T NHNO; EEH#IZEIT 5 NHS B LU NO;DEREICE 2

LRFBRDOE

B EEOREZEELAWVWT, D-FLa—XDEFETFTT0.1% (w/v) NHNO,
BEHHR O NH BLUNO,DORIBERELZHRBR LIZER %L Table 6-8 IC T . RB L=
SEOEAEDEMTNTIIBWT, D-IVa—2ADFEETT, AKEITEFICHEE
L. NH/BLXUONOy b EFIZHRESINT,

—F . DI Na—AO*BETTRRLZIBOAEEO T TIX., EifttE, n-BE
B, 7o F oBIE, DL-2-7 2/ n-BBBEFEDEHTRTICEBVW T, KEDHE
BEIIMAE SN, NHSBLUNO BIZEAEREESR o T,

RRLELTEOT I VBE2EOEH T XTIIBNT, D-F VI —XDEET T,
AEITBRFICHEEL, NOLRFIZBREESN, L2 L, L-8E XF U HEEE, L-
U UERBE, L-TAX =R ESRERTIE., 73 0 BHERD NH, HEDO - D
WFRTE NHOEIXBm L 7=,

RRLAC3BEEHEORAERELFOEM T ATIIBNT . D-FVa—RDFEET
T, AEFEFICHEBE L, NHyBIUNOTHL BEFICKREENT,



Table 6-8. Effect of two kinds of carbon sources on the removal of NO3™ and NH,"
from 0.1% (w/v) NH,;NO; medium by P. aeruginosa NBRC
The bacterium was incubated at 30°C for 3 d with shaking at 140 rpm (5 ml/tube) in
the basal medium containing 0.1% (w/v) NH4NOs, 3% (w/v) D-glucose, 0.1 mM Fe’*, and
0.8 nM MoO, in the presence of 1% (w/v) sugar, organic acid, amino acid, or nutrient

medium, and then cell growth, NH,", NO;", and NO, were measured.

3% (w/v) D-Glucose + Growth Remaining Accumulating
1% (w/v) other carbon source (ODgso) NO5;~  NH,' NO,
Control Only 3% (w/v) D-glucose 3.0 0% 0% 0 mM
Sugar Lactose monohydrate 3.1 2.4 0 0
(1%) L-Arabinose 2.0 1.6 0 0
D-Mannose 2.8 0 0 0
Saccharose 3.2 1.0 0 0
Maltose monohydrate 3.4 7.2 0 0
D-Galactose 3.0 5.6 0 0
D-Fructose 2.0 2.4 0 0
D-Dibose 2.4 6.2 0 0

Organic at !
acid Disodium DL-malate n-hydrate 5.4 19 0 0
(1%) Adipic acid 2.7 6.4 0 0

(e

Malonic acid 3.6 16 0

Maleric 3.6 4.8
Phthalic acid 2.7 12.8 0.8

Amino Glycine 9.2 0.8 764

0

acid L-Methionine 2.7 1.6 0.8 0
(1%) L-Histidine monohydrochloride 12.6 0.8 373 0
L-Lysine hydrochloride 12.8 0.8 1458 0
L-Phenylalanine ' 6.4 0.8 0 0

Sodium L-glutamate 9.3 0.8 1.5 0

L-Arginine monohydrochloride 11.8 0.8 782 0

Nutrient Polypepton 11.4 0 1.3 0
medium  Yeast extract 10.4 3.2 1.4 0
(1%) Meat extract 6.9 0.8 2.3 0
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2. D-F N A —RXADFEET T NHCIEHIZBITS NHSOREIZEZDRRIREOE
=

L EEOREZEREAAWVWT, DI AT —ZADHFEET T 0.13% (w/v) NH,CI
BRSO NH, OREFRB LB EL Table6-9 27T, RRLEZSEOELETE
T RTICBWT, D-Z NV IA—ZADHEET T, FEFEFICHEMEL, NH b BHFIC
kX,

—F DI A ADERETTRBRLZOBOERBROR TIT, BiBEE. BB
B, FuvtroiE, pL2-7 2 /) n-BEBESEOEMTTICREN T, XEROD
WETmE SN, NHS I EAEREEIN 22T,

HRLEIEOT I/ BASUDESTSTKBNT, D-Z7 L3 —2ADFEEF T, &
BITERICHEBLAEN, 7 I BERD NH ERED - DICET NH EIZEM L,

HE L IEEORAREEE P SO TINTICIBWT, D-FVa—XDFEET
T, AEIIBFICHEBE L., NH, BIZEAEBREINT,
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Table 6-9. Effect of two kinds of carbon sources on the removal of NH," from 0.13%
(w/v) NH,Cl medium by P. aeruginosa NBRC 12689
The bacterium was incubated at 30°C for 3 d with shaking at 140 rpm (5 ml/tube) in
the basal medium containing 0.13% (w/v) NH,Cl, 3% (w/v) D-glucose, 0.1 mM Fe’*, and
0.8 nM MoO,” in the presence of 1% (w/v) sugar, organic acid, amino acid, or nutrient

medium, and then cell growth, NH,*, NO3", and NO,” were measured.

3% (w/v) D-Glucose + Growth  Remaining Accumulating
1% (w/v) other carbon source (ODss0) NH," NO;5” NOy”

Control Only 3% (w/v) D-glucose 4.7 0% 0 mM 0 mM

Sugar Lactose monohydrate 4.4 0 0 0

(1%) L-Arabinose 4.6 2.3 0 0

D-Mannose 4.1 1.2 0 0

Saccharose 4.6 0 0 0

Maltose monohydrate 4.2 0 0 0

D-Galactose 3.7 0 0 0

D-Fructose 0.4 0 0

0.9 0 0

D-Dibose

Organi SO 10
acid Disodium DL-malate n-hydrate 4.5 0.4 0
(1%) ~Adipi id 0

Malonic acid 4.0 0
Maleric 4.1 1.6
Phthalic acid 2.7 0

Amino  Glycine 10.0 346

0 0

acid L-Methionine 4.1 0.4 0 0
(1%) L-Histidine 12.0 - 125 0 0
| L-Lysine hydrochloride 13.0 267 0 0
L-Phenylalanine 8.9 65 0 0

Sodium L-glutamate 11.0 155 0 0
L-Arginine monohydrochloride 11.0 526 0 0

Nutrien Polypepton 13.0 0.5 0 0
medium Yeast extract 14.0 0.8 0 0
(1%) Meat extract 9.4 0.7 0 0
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3. D-FNAa—ADHEET T NaNO; EHIZEBIT D NO;DBREILEGEZDIRIZROE

@

B 28 EHEORZFE LA NT, D-F Va2 —ZADFEET T021% (w/v) NaNO;
BT O NOyDREZHRRLULERE Table 6-10 (07T, RRLLCSBOEEZS
DEMTXATIEBVO T, D-ZVa—AD0FET T, FEZEFTEEL. NOyH R
FIZREINT,

—F . D-INaA—RAOFETTRRLZIOBOFMBEOY TIiX, BEEEE . n-BBR
., et U BE, DL-2-7T X ) n-BBEFEOEMT TIZEN T, XEDE
FEIZME S, NOybiZEAEBREEN 2D o7,

RBLETEOT I /VBA2ELEMT AT T, D-FLa—2DEFEETT,
AEIBHFICEBEL. NOybEFIZREINTE, LAL, L-AFA=0%25Kk< | fh
DCEDT I /) BEELHMTIZ, 7 /BEEKO NH, EBED 72 DICFETE NHy”
XML,

RRLEIBEORABREEZSOEMI ATV T . D-ZLVa—XDFEET
T, AEXBHFIZHEBEL., NOybRFIZBRESL,
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Table 6-8. Effect of two kinds of carbon sources on the removal of NO;™ and NH,"
from 0.21% (w/v) NaNO; medium by P. aeruginosa NBRC
The bacterium was incubated at 30°C for 3 d with shaking at 140 rpm (5 ml/tube) in
the basal medium containing 0.21% (w/v) NaNOs, 3% (w/v) D-glucose, 0.1 mM Fe®*, and
0.8 nM Mo0O,” in the presence of 1% (w/v) sugar, organic acid, amino acid, or nutrient

medium, and then cell growth, NH,", NO;3", and NO,” were measured.

3% (w/v) D-Glucose + Growth Remaining Accumulating
1% (w/v) other carbon source (ODgs0) NOj NH," NO,
Control Only 3% (w/v) D-glucose 3.6 0% 0.lmM 0mM
Sugar Lactose monohydrate 2.7 2.4 0.1 0
(1%) L-Arabinose 2.9 0.4 0.2 0
D-Mannose 3.8 2.8 0.3 0
Saccharose 3.4 1.4 0.3 0
Maltose monohydrate 2.7 2.8 0.1 0
D-Galactose 2.8 1.2 0.2 0
D-Fructose 2.0 4.8 0.2 0
D-Dibose : 3.3 7.6 0.3 0
Organic |
acid Disodium DL-malate n-hydrate 0.2
(1%) ‘Adipic acid 0
Malonic acid 0.1
Maleric
Amino Glycine 8.8 0.4 87 0
acid L-Methionine 4.1 0 0.1 0
(1%) L-Histidine monohydrochloride 13.0 0 31 0
L-Lysine hydrochloride 12.0 0.4 67 0
L-Phenylalanine - 9.5 0.8 16 0
Sodium L-glutamate 7.8 0 39 0
L-Arginine monohydrochloride 11.2 0.8 131 0
Nutrient Polypepton 11 0.4 0.4 0
medium  Yeast extract 10 0 0.2 0
(1%) Meat extract 7.3 0 0.3 0
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BSE IEEORZBREOEXEEFETFTIEBIT S NHSBLUNOyDKRE

<FiE>

3% (w/v) D-Z Va2 — X & &% 0.1% (w/v) NHNO;, 0.13% (w/v) NH,Cl. 0.21%
(w/v) NaNO; Bz ZNF i, BEEEtE, n-BEERIE. o ¥4V BEE ., 721 DL-2-
T X/ -n-BREEE RN T B &, P aeruginosa NBRC 12689 B D HEBFE I L U NO; &
NH, OBREEMHEH iz, £ZT, 3% (w/v) D-Zva—2ADEFETFTT, BiFk
RBR (NOy & NH,S OBREZRBELZKFR : 7= VEBE, a2~ JBE. 7V E
U UEBRE, ABEE., TNVBRE. SV arBE. XY UEEEEE . RAREEE)
EMzZT 01% (w/v) NHNO;, 0.13% (w/v) NH,Cl. 0.21% (w/v) NaNO; 5 #fi %
FEL., ZTHICNOsE NHSOBRELZME Lo RkBIR (BFBEE. n-BEBE, 7ot
A B DL-2-T 2/ -n-BEERE) A FENEN 0.5% (wiv) B X HICEHEMLE,
&R H1IZ P. aeruginosa NBRC 12689 BR A FEE L .30°C T 140 rpm THR & H HBE L,
BREEREREMNICT TV 7 LB, BEEEROEE (ODgo) & NO3'. NO;yB &
ONH, 2 EE LT,

<FER>

1. 3BEORBFEOXET CNHNO;EHIZE T 5 NH,S/ BLXUNOyDBREICE
Z5MERBREOEE
RELIZAOEEOEH#MO I B, NH, & NO,OREZRBELEZRFZBIR (7Y

VERYE. HBEE, T VERIE. U VEIE). A UV ORBREEZME LIZR

FR (Bt n-BEBEE. 7oA VB  DL-2-T7 I/ -n-BEERIE) 2 B0 0.1% (w/v)

NHNO; B i T R TICHB W T, AEITHEES T, o NHS B LU NOy b &

EAEBREEN Mo, LU, BEZXZAREET L L, A L LTLO 4

BREBENEFELTHLREA AV OBREIATIMEER NS, @A 4 2IEE

TEICKRE N (Table 6-11),

—F., V- UBE, aNTBE, X TAEBBRESEOLEMTIX. M LK

FIR (BB, o Ad vBE) PHFEELTLEA T ORECHTIMENITIR

LT, AA A VITIFERECKRESI N (Table 6-11),
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Table 6-11. Effect of three kinds of carbon sources on the removal of NO;” and NH,"
from 0.1% (w/v) NH;NO; medium by P. aeruginosa NBRC 12689
The bacterium was incubated at 30°C for 3 d with shaking at 140 rpm (5 ml/tube) in
the basal medium containing 0.1% (w/v) NH{NOs;, 3% (w/v) D-glucose, 0.1 mM Fe’", and
0.8 nM MoO,” in the presence of 0.5% (w/v) of repressive carbon source and 0.5% (w/v)

stimulatory carbon source, and then cell growth, NH,", NO;", and NO,  were measured.

3% (w/v) D-Glucose + Growth Remaining Accumulating
other carbon source (ODgso) NO; NH," NO;
Control Only 3% (w/v) D-glucose 3.0 0% 0% 0 mM

+ 0.5% (w/v)
tri-Sodium
citrate
dihydrate

+0.5% (W/v)

Succinic acid

disodium
salt + 0.5% (w/v) DL-2-Amino-n-bytyric acid 0.0 90 76 ) 0.02
+0.5% (wiv) * d -
Oxaloacetate
+ 0.5% (w/v) DL-2-Amino-n-bytyric acid 0.0 90 70 0.01
+0.5% (w/v). +0.5% (w/v) Sodium acetate trihydrate 7.6 0 3.2 0.0
Polypepton + 0.5% (w/v) Sodium n-butyrate 6.8 0 1.6 0.0
+ 0.5% (w/v) Sodium propionate 6.6 0 0.8 0.0
+ 0.5% (w/v) DL-2-Amino-n-bytyric acid 4.4 0.8 162 0.02

+0.5% (wlv)
Yeast extract

+0.5% (w/v) + 0.5% (w/v) Sodium acetate trihydrate 5.4 0 2.4 0.0

Meat extract + 0.5% (w/v) Sodium n-butyrate 1.5 56 98 0.75
+ 0.5% (w/v) Sodium propionate 5.9 0 0.8 0.0
+ 0.5% (w/v) DL-2-Amino-n-bytyric acid 8.4 0 2.4 0.0
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2. 3EBHEOREZEDLEFE T CNHCIEHMIZBIT 2 NH, OBREICEZDRFRD
B

RE L7 A0BEOEMD > L NH, OBRERRBELZRFZR(D-7 V7 b—X,
7 v ) UEE, LEEE. T~ VEBE. V3 VEE) . NHSORREZ IS LR
£E (FrBetE. n-BEMeiE., Yo 4 VERIE. DL-2-7 X/ -n-BEEEIR) 2 E T 0.13%
(w/v) NH,ClE#FT R TIEHBNT, AEIIEBET I, BSHFONH BT LAL
BEENAhofz, LhL, BEZXIANEET I L., MK Lo LD 4 ERE
EMALFELTH NHSOBRECHT2MHEERONA T, N, ITIZEREEICRESH
7z (Table 6-12),

— 5. sz U, anJBE, X VAVEBRES S OERTIE. ME LR
HIUE (EEfeHE . Yu B4 V) REEL TS NH BREECHT2MHEIEIR LT,
NH AT IZIEE2ICBESI R (Table 6-12),
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Table 6-12. Effect of three kinds of carbon sources on the removal of NH," from
0.13% (w/v) NH,Cl medium by P. aeruginosa NBRC 12689
The bacterium was incubated at 30°C for 3 d with shaking at 140 rpm (5 ml/tube) in
the basal medium containing 0.13% (w/v) NH4Cl, 3% (w/v) D-glucose, 0.1 mM Fe’",
and 0.8 nM MoO,” in the presence of 0.5% (w/v) of repressive carbon source and 0.5%

(w/v) stimulatory carbon source, and then cell growth, NH,*, NO;3’, and NO,  were

measured.
3% (w/v) D-Glucose + Growth Remaining Accumulating
other carbon source (ODgs0) NH," NO; NOy
Control Only 3% (w/v) D-glucose 4.7 0 mM 0mM 0 mM

+0.5% (wiv)
tri-Sodium “+0.5% (w/v
citrate

dihydrate

+0.5% (w/v)
Succinic acid

disodium

salt

+0.5% (w/v) €

Oxaloacetate + 0.5% (w/v) Sodium n-butyrate 0.0 81 0 0
+ 0.5% (w/v) DL-2-Amino-n-bytyric acid 0.6 32 0 0

+0.5% (w/v) + 0.5% (w/v) Sodium acetate trihydrate 7.6 0.8 0 0

Polypepton + 0.5% (w/v) Sodium n-butyrate 2.9 100 0 0
+ 0.5% (w/v) Sodium propionate 7.0 1.6 0 0
+ 0.5% (w/v) DL-2-Amino-n-bytyric acid 3.2 110 0 0

e

+0.5% (w/v) 0

Yeast extract

+0.5% (w/v) + 0.5% (w/v) Sodium acetate trihydrate 6.9 6.9 0 0
Meat extract + 0.5% (w/v) Sodium n-butyrate 1.2 90 0 0
+ 0.5% (w/v) Sodium propionate 6.8 4 0 0
+0.5% (w/v) DL-2-Amino-n-bytyric acid 6.5 2.4 0 0
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3. 3FEEOREFEOKLET TNaNOKEHIZBIT A NO;DBREILE X DREFRD

g

RE LT A0EEOEMD S H NO;OREXRELZRFBE (7)Y VEE,
AEetE., T B, S BE). BAFVORBREEZMA LICRER (B
BRtE . n-BAEEYE. Yo v A U EEE. DL-2-T7 3/ -n-ERERIE) 2 E10 021% (w/v)
NaNO; # i XTIt B W T, AEIIHEBEE T, BHFO NOyHIZFLALRES
nNimnot, LrL, BEIFANEET I, MG L ELEO4BRERERMLEL
FELTH NOyDREZHTIMENIZAEON T NOIXIFERELRITHRE &7 (Table

6-13),
—F .y U, a~sBE. AXVAEHBESES0EM TIE., WEH LR

FIFE (BEEEE, oA v BE) BEELTH NOyORERIXTL2MHEER o
T NOyIRIEERRICKRES N (Table 6-13).,
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Table 6-13. Effect of three kinds of carbon sources on the removal of NO; from
0.21% (w/v) NaNO; medium by P. aeruginosa NBRC 12689

The bacterium was incubated at 30°C for 3 d with shaking at 140 rpm (5 ml/tube) in the

basal medium containing 0.21% (w/v) NaNOs, 3% (w/v) D-glucose, 0.1 mM Fe?*, and

0.8 nM MoO,” in the presence of 0.5% (w/v) of repressive carbon source and 0.5%

(w/v) stimulatory carbon source, and then cell growth, NH,", NO;", and NO, were

measured.
3% (w/v) D-Glucose + Growth Remaining Accumulating
other carbon source (ODggo) NO5” NH," NOy

Control Only 3% (w/v) D-glucose : 3.6 0% 0 0 mM
+0.5% (w/v) +0.5% (w/v) So ydr: 0.
tri-Sodium + 0.5% (w/v) Sodium n-butyrate 0.0 72 0.0 0.04
citrate :
dihydrate + 0.5% (w/v) DL-2-Amino-n-bytyric acid

+0.5% (w/v)
Succinic acid + 0.5% (w/v) Sodium n-butyrate

disodium
salt + 0.5% (w/v) DL-2-Amino-n-bytyric acid 0.0 85 0.2 0.01
+ 0.5% (w/v)

Oxaloacetate + 0.5% (w/v) Sodium n-butyrate

+ 0.5% (w/v) DL-2-Amino-n-bytyric acid 0.0 94 0.1 0.01

+0.5% (w/v) +0.5% (w/v) Sodium acetate trihydrate 7.5 0.0 0.0 0.00
Polypepton + 0.5% (w/v) Sodium n-butyrate 3.2 1.6 0.0 0.02
+ 0.5% (w/v) Sodium propionate 4.7 0.0 0.1 0.03
+ 0.5% (w/v) DL-2-Amino-n-bytyric acid % 0.8 6.5 0.03

+0.5% (w/v) +0.5% (w/v) Sodium acetate trihydrate 6.1 0.0 0.1 0.0
Meat extract + 0.5% (w/v) Sodium n-butyrate 1.5 70 0.3 0.03
+ 0.5% (w/v) Sodium propionate 3.2 0.0 0.2 0.03
+ 0.5% (w/v) DL-2-Amino-n-bytyric acid 4.1 0.0 0.3 0.02
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F6H ENLEER
<EH>

P. aeruginosa NBRC 12689 % # AW C NH,/ B L U NOy DR EICE 2 5 U VBRE
BEOCEBLANLLIA, 2oMUEDO Y VEESEOCAREMICE WV THEA
O EHRBENELNE, EHIZ, AL VOREIZEZIREEOEE
KOWTHNTZE A, 7 UBE, a~JBE, 7V v CBRE, LERE. 7
v VB, SNV BESOABBIIBWVWTD-IAVa—RALEEOREDRIA
bhi-, —F. BiEetE. n-BEERME. Yo vV EEE. DL-2-7 X/ -n-BEEEHE T, D-
Fra—2LEFETAETL, AREOEEEZMAILTRY, @A 3 ORERSE
LEE ENn, 22T, ARREDENRAONTLRRE. I# T 5KERE. p-7 v
- R EBFETFTTRBLEL A BRI XA Z2EL T X TOEMIZE VT, NH,”
BLIONOyOBRECHF L THHEBN RO oT, Eio, 7T, a7 BRIE,
AV EERE LM L REIR (BFBE. e 4 UV BIE) L HFT 58 NHS
BIONOZBRFIZRET DO ENTETL,

<EE>

P. aeruginosa JB& D HE 1T HERBIEK & L C. Enter-Doudoroff pathway (2 & ¥ 7
Na—RAE T Na—R6-Y BN D 6-FRAKRD- IV T —RAERT, EAE B
¥ CRBT B Y, P aeruginosa NBRC 12689 [Z8B T, NH, 8 L V' NO; DERE
A L7 8oL, ARERBIZTSARTERY, I ra—X2RET2
Enter-Doudoroff pathway 3 & U8 TCA cycle iZ ARG & MR, R ATEE 4 D & K
RDMOMERFREBEOFEREH > TND, LENST, KEIZEL > T TCAcycle
AEEICHMEIEIEHEERRET A ENNH, BLENO,OERHLREREIZORQR
NHEEZZ DB,

AEIX. 3% (w/iv) D-Zva—RxE&EET 0.1% (w/v) NHNO; HFEHIZE W TH A
U ERBICRET AL ELICHEE 3 ARILUANICHEED ODg =3 £ TET 5, L
L.D-ZNa—REEETIETH, BFBREIAEEELAA A ORELZMHE L
7. BEEEFUEIICIE TCAcycle F O K (F =B, =278, &x ¥ oFFR) »
VE T glyoxylate cycle & L CH B TWD TCAcycle D—ERNLELRD 36,
—F. Tt rBEORBICIE. ot d =L CoA BERTAY =)L CoA & 72
D TCAcycle {C AB ", Liz3-> T, BEEE. E£721%. 7o VBRIEFET T,

Filsl 7o v BREHOEDICZ XL F—BL O TCAcycle FOFHEEZERY

STRINIERLT BEFIT TR NH BEONOOBREDER TR -7 EE

-101-



Abd, :
D-/ N A—AEELEMICT I VBEREET DL NOyEBRESN DS, NHE

L, —F., RAEZEEETHERY I b, BR=XF A, BT ¥ 2 F, NHS
PEMEETICNH BIUNO Z#BRELE, EALBOBRE TIEIIh b DXRKNE
ERCEULEZDELEETHZOT, REOZ DO L D 2MH T, hARLAEICIE W
TEDCBL EEZ BN D,
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E1E O MEAEMEEADICEL D NHSB L O NO;y D FERE

BE1E F
6EFTIRTRELZHVT.NH,BLONOyZ2FH, BRETAHZ EIZHONWTIHRR
T&7-, L2L, BRAOEHTHARER»RVSERIC2D D, BIBEHETT
L+ SHEB L TNH BIUNO ZREICBRETE AMAMBESLE L LIIE.
FOEAMEEVWEEZRD, ZTOLIRERIT. BEHRFTIIBNTHRATE D,
O THEAMERIFREREEERY FEBIUVEEREOHEFICBWTHETCEA2HEKT
H 5,

Fx ORFFEETIE, 0.1% (w/v) NHNO; & k% T & 5 T8 Bacillus licheniformis
T-7-2 %% B LT, £FZ CARETIEZ, WMEMEE B. licheniformis T-7-2 2 125
BEELHEBBIZIOVWTHEND,

F28 NH, ¢ NO;ORIBREIZGEZDERBA ATV OEE
< HHE>

1. NH,': NO;OREBRBREICEZDPEBA LT VOEE

Table 7-1 12773 0.2% (w/v) NH,NO; i A# TR L 7/7=, REBEN 0.1 mMIiZ/kd
Lo ABOLBE Y EEMICM AT, = Ui B. lickeniformis T-7-2 Bk & £ 12
NHEE L. 30C L S0CICBWVWTHRE T 140rpm TR E SK&E L7, BFEHIZ 0.7
ml DEREREZF TV T Lk, EOBELEMPICETFT S NH, . NO;'. NOy
*EELE, RE L& B A 4 2 id Fe?*. Cu’., Zn®, Co®, Ni**, Mn>"Tdh o 7z,

2. NH,& NO;OREBREILE XD FOEE

EFEMBE D Fe*, 0.8 pM Mo04>, 5% (w/v) D-Z Vv a— X ZHEM LI 0.2% (wiv)
NH,NO, (s # FE L. Z iz, B. licheniformis T-1-2 k& TN ENHE L. 50CIZ
BWTRBRZE T I140rrpm TIREDIEE L, BEMNIZ 0T ol OEEREZY 7Y
YT LEE%, TOBECEMFICEFT S NHS NOs. NOyZzEE L, REL
7= Fe™#E 1L 0. 0.01, 0.05, 0.1, 0.3, 0.5, 0.7, 1.0mM Th o7,
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Table 7-1. NH4NO; medium

Na,HPO,*12H,0 15 g
KH,PO, 30 ¢
D-Dlucose 50 g
NH4NO; 20 g
NaCl 0.5 g
Metal ion 0.1 mM
Na;MoO4-2H,0 2.0 ng
H,O : 1,000 ml
pH 7.1

<FER>

1. NH,'2 NO;,OREBREICEZZEBA T ORE

NH, & NO; D RIBREICEZDZ2EBA AV OEEBERHLEZ A, M 2 HEM
L 728, B. licheniformis T-7-2 #£1% 30°C & S0CIZB W TEFIZEFE L 722, NOy
REE LT, 0.1 mMFe” 280 L7=BF, B. licheniformis T-7-2 #&1X 30°C & 50°CIZ 8
WTEFICHEFE L, NH, & NOy b &R b B ERMICERE LR, —F ., Cu*', Zn™, Co™,
Ni*2EMT 2., AEOHEELME I, FHFPO NHSE NOybLHEVFIE
nigmhot,

2. NH & NO;ORIFREIZE XD Fe" OEE

0.2% (w/v) NH,NO; 5 #1 2 V723 & Fe™ 2RI L 722V & | B. licheniformis T-7-2
BROBIIIME S, NHE NO,OBREFHELENL -7, 0.5 mMFe " 2B MT 5
E. ABEOEIEE L LT, BH#iFO NHSE NObREWREINT (Fig. 7-1),
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Fig. 7-1. Effect of concentrations of Fe’*on the removal of 0.2%
(w/v) NH,NO; by B. licheniformis T-7-2.

The bacterium was incubated at 50°C for 72 h with shaking (140 rpm) in the basal

medium (7 ml/tube) containing 0.2% (w/v) NH/NO;, 5% (w/v) D-glucose, and 0.8 pM

MoQ,” in the presence of 0.0-1.0 mM Fe*, and then cell growth (O), NH," (A), and

NO; (M), were measured.

EIH EBECBIDIREZEEOLEL
<FE>
B. licheniformis T-71-2 % & AT, 0.1% (w/v) NHNO;#H#1iZ T 30°C & 50°CD

MIRE T, FR&EMH (REE 140 rpm) TiTo7- QE3IFHSR),
CERIBLEAH TENCLTECLVER L,

-105-



<FEER>

AEOHEBEL L O M P O NH,”. NO;'. NO,BEDZE % Fig. 7-2-(A. C)
iR, £7. Fig. 7-2-B. DI BERFOLEREZOLELETT, WTHhODIRE
ETH, HERF 4 BRICNH L NOIE#MAORERICKRESNT, £/, NOy
DEBIIRONAR NPT, 30CTIREIERELIE, BB LEBIIFETIERL
EHMOEIL, BOIMATEL2ERED 4% ThoT-, BHETICIE, EEBBREIC
METEERED 2SBBHFEL TN, —FH, S0CTIRE SR LIFE, H&EE
BILEETHIERILEMOEIX., BOIMATEEERED 24% Tho-7=, BT
Wi, EERBRIINITZEZERED 20% B FEL T,
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Fig. 7-2. Utilization of 0.1% (w/v) NH4NOj; by B. licheniformis T-7-2 at 30°C (A) and
50°C (C) and total nitrogen in the culture at 30°C (B) and 50°C (D).

The bacterium was incubated at 30°Cand 50°C for 96 h with shaking (140 rpm) in the
basal medium (70 m1/500-ml flask) containing 0.1% (w/v) NH4NO;, 3% (w/v) D-glucose,
0.5 mM Fe®*, and 0.8 pM MoO,4>" and then cell growth (O), NH," (A), NO; (H), NOy
(1), and total nitrogen in the cells (black bar) and in the cultural supernatant

(white bar) were measured.

FAHE RBEEAE DN

<FE>

0.1% (w/v) NH,"NO; $## Z R L /=% . Z NI B. licheniformis T-1-2 Bk % {8 &
L, S50CTHERE (7ml/tube) THIEE (140rpm) L7z, HEMKE 2 A%, 0.2 ml
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DAL EBEZ 25ml © 0.1% (w/v) NHUNOE#ICH L, REgEREZHAE L, 50C
TANA TIUHE (1.0 ml/10 ml vial) TH#RE 5% (140 rpm) L7z, BEEAGIZANA T
NBHRICEBOERI A EZ GC-MSIZE DG Lz, £/, BEBLUOERERFT D
NH,”. NO;’, NO, # E& L 7=,

<HER>

Fig. 7-3 IR T & 512, 0.1% (w/v) NH,"NO,#H Iz B8\ T, EBE LA 20 B
LARIZ B. licheniformis T-7-2 BRI BAFICHETE L, KR O NH, & NOy 2 BEFIC/R
HL7%, GC-MS THOHL7HER, NO2ER LI PN,O 0EFEE2RE LN,
EEE 3EME. NOCOEEENEL LT,

[
[\®]

=)
|
=
o

N- Compounds (mM)
(=)

W

Growth (ODg)
|
(=
e

I5N,0 gas (micro mole / vial)

Incubation time (h)

Fig. 7-3. Utilization of 0.1% (w/v) of NH,'°NOs; by B. licheniformis T-7-2 and
generation of nitrogen gases.
The bacterium was incubated at 50°C for 20 h with shaking (140 rpm) in the basal
medium containing 0.1% (w/v) NH,'°NO3, 3% (w/v) D-glucose, 0.5 mM Fe®*, and 0.8 pM
Mo0O,>, and then cell growth (O), NH," (A), NO5™ ([0), NO, (), and generation of

N,O (hatched bar) were measured.
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ESH ENCEE
<EH>

Mt E\ME T B. licheniformis T-71-2 81X, 0.5 mM Fe* 2 &M$ 2 &, 30C L 50CTE
FIZHEET 5 & L HiZ, 0.2% (w/v) NH,NO; B #iA 5 NH & NOy & FRE LT,
30C & SOCTHE LILFBOERET O NOy', NO;BIUNH,", 72, £2EFRE
DEAERRTZEZA, ICCTIREI>ER LK, BBELBILHFEETLIERKSE
MOBIL., MODIZMATZL2ERED 4% Thotz, EEFICIE., EEMABRICM
ATEERED 25%VHFEELTWE, —FH, SOCTIRE SEHEFELICHE, X LE
CHEETHIEZRLEDOEIT. BOICMATE2ERED 4% Thol, BHIEFIC
X, EERERINMATCL2ERED 2003 FEL TV,

0.1% (w/v) NH"NO; 2ZFRFE L LTITLRELENAATARTEAELHEREL
7B, NO, DEFEITHE - T N0 AR LT,

<EBE>

EHRWAEY TR IORECE S TIBEROR CEIMBEERETER
(Mo, Fe/S 7 7 A% —), BI{LBEHEBETER (~Nbed), —BILERBTER (~
L), FLELEMBETLER (JE~L Fe) BEMRBRICSEA L EHLEEV 7T
VhRNE LGS 630 FHEEE B. licheniformis T-7-2 BRICB W T H Fe™ B E 2 B
FTAHZLICED, NH,SE NOEHHM»LERIEBRETERLI LD, AE D NH,S
ENOyDREBHIZS Fe BRMUETHD EER L, —F. Mn™" I B. licheniformis B
DEEROINE I T —PEEERETIZENREENTNS ), L
7235 T, B licheniformis T-7-2 KRB Mo 2 M5 &, AEOHWBELRELZZ
CIXEEMICHBATE S,

0.1% (w/v) NH/"NO; #ZERRE LTI LBRELEASNTARTEARALEEL
B, NO,ODERICHE > TNOIXAERL, £72. 0.2% (w/v) NHNO; 55l THF &
THBERICEERZROLEZ DD, AEEIKRERIZE-TWVWDHEEXDLN
5o

B. licheniformis DEMITFREHET THREEAEZTT I ERBESh TRV,
L U, B. licheniformis T-7-2 BRI FK[EMHE T TNH & NOsZRIFFICEBRELZZ &
WD NHSE NOyZEDHAOLBIIBWT, MMOBREFHICBWTEH, #EAE
HETTRET TR, FREGTTHLERATESZ LEZLN D,
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" 1h

AHBXTIE, BEOHILKRERE ot X%, BELa X MNOFEEHTESHIIHE
MRLDETHEDIZ, 1 DOERBNTHAKFTO NH, & NO; 2 FAIKFICBRETE
EWEMERRTHIELEEZENE LTHELITW., RKOLS>RBEELEDLZ & H
T& 7,

MEZVRESIN TV AEKE B0 Pseudomonas B0 6 TRE D HEFKK. Proteus
Bo | BEOEK., Bacillus B D 3 FEE O HEMR . Enterobacter B D 2 FEE D E K.
Klebsiella B D 2 B DO E R, Alcaligenes B D 1 BE O E K. Achromobacter & ©
| BEOEK. Serratia BD 1| BE DO E M. Paracoccus B0 | BEOEK., &F
1I8BEOEREEKREA VW TERE T, NHNO;. NH,Cl, NaNO; Th Zh % K
—DEZRR.D-FNVaA—A5W—ORBRETHIHEHIZBIT S, TLETNDOERL
EMEROIEDIEKOREBEELR L 5 HE TITV, P fluorescens, 4 TED P.
aeruginosa, P. denitrificans, E. cloacae. K. pneumoniae D& & 8 FKR&EZ R\ 12 L7,

IhoD8HERHWEERIZL D, NHNO; 55 #1, NH,CI £ #13 X O NaNO, 55 #f
IZ8B W T P aeruginosa D 4 R ENCENETNDOERMEDERET DI LN
bhotz, BTH. P aeruginosa NBRC 12689 B EREEK TH o 7=,

P. aeruginosa NBRC 12689 th &% IV T, HBEHEERHFEZRET DI LICLV EDH
CEEDPOERECERILEMERBIIRETAIENTE L, Thbb, &
T0.5% (w/v) NH,NO; (BEEREF & LT 1,700 ppm IZF %), 0.6% (w/v) NH,CI

(ZBEZEBEFL L TI1,500ppm (IZFY), 2.0% (w/v) NaNO; (ZEFREF & L T 3,200
ppm IZFEY) EZEHMIOLREEIIRETHIIENERTE I,

0.5% (w/v) NH,NO; #ERFE & L-BE, BESETT A >N THHTOE
FILEMITIHEEL, BN EEPIZHEDIIMZITEEEZD 4% BHFEL T
7o 2.0% (w/v) NaNO; 2 EHRR L L THEELEEES, RROIERFIIEET S
ERBIBEODIIMATEEERED 14%THY, BEPIZEBEDIEMAT-E2ERED
3% BHFEEL TV,

EYRLWEDCB T, N, BEUNOy 225 NO,~DEHRBRICEHET IEBER
WIEEREEN TS5 239 P geruginosa NBRC 12689 ££ 43 . NH,NO;, NH,CI,
NaNO; EEHIZ B W T, TN b E2RBIIKRET AN FS 2 LELTI I LITAHE
BICHBATE 5,

P. aeruginosa NBRC 12689 #RiZ, ME— D ZERIJFE L L T NaNO; # S Loir i THEE L
ERENH/BPEELRZWVWCL 26T, WV GSHEEEZRLL, T DO[EIX. NHCI
PHM—OZBERF LT HERRCEELTCBZEHATO GSERLVE» o7, A
WEELEDIT—MHIC, GDH & GSICL Y NHS 2 RT3 “*9, 7 rE=7TRIL
BT, BEBREONHBFETIHBEIIELLT. GDHBEEEL, BRED
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NH, BEETHIHAIE. GSHBEET B ERHEINR TS Y, KBFEIcE W
T, NaNO; 2 M—DERFE L THHMTHEELZESIT. NOSANH 2B TCEHR
BELTRELENS T, Z0, NO;y»LBETEN S NH IS, NHCl 2H—0
ERFELTHIEEBRFTONH LV IRBETHEIZ LN FEINDG, LD T,
NaNO; 2 ¥ — D ZERF L T HHM TR L THELEERPITIE. 8V GSEELSFE
THELEEZD,

P. aeruginosa NBRC 12689 # % f\ T, NH,NO;, NaNO; # EER & L5 &.
EERBLVEAFIIRET2EZREIINOICERMLAEEZEREOESUTTH
o, ZORBRPL., KEOEREBRE] ’ﬁb\fﬂﬁgméb'ﬂ\é EBRTFRIN
7z, EE, ZBEBBRPOEE» OB MERPICEREHBECERLS L OHRRE
FEREBETHEEEL RV T 2B TE R YY), /-, GC-MSHIC LV AE
2, NH;NO3;, NaNO; ZR#HTHAB TN, E N,ORERTHZ & 2FEH LT,

NH,”NO;. Na’NO; 2 EZE L L THWEES, PNy & PN,0 #E# L. PNH,CI
PEREFRERLLTAVEEAS. "Nyt PNORERB LD 27O T, ZThbDHRiL
NOSICH¥T B EBnbhol,

AEEZAWT, NH,"NO; i CIR & S & L7k (IREI%K 70 & 140 rpm) |, 338
Bh 6~ 12 BRI ICBWVT, PNLODEMBRELNZIZ bbb T, 15 K%
THHBEEL., "NyOBREH LT, —F. Na'NO; # TR E S EE LK Bk
70 & 140 rpm)., HEEHL 1SKHEE N, OEFE L L BIZ, NNOXRERL TV, Z
DERMS. NO;TORBIIBW T, NH/DBEFTAEET T, REOHEENR
EENDH NODE/RNBME X7z & B X bz, Fig. 6-1-(A, a)iZ NH, & NOy
AREEIIRESNIZEAT, JOBREBELZILETRT, ZOROEERICETF
LTWABERD, BEO2HM2BLTELVBEN EB¥bo ol (Fig.2-5), T
bhb, BLIHITLELTVBIZL22LLT, HERRBEIHIRBIZRoTWSZ
EVTFREND, TOXIREHTHEREPEZHITEL, WoTt AERMLTZ N0
TAREIC N, WWEHBEIND, UEOER LY, PO NH X, NyOZ N, ICE#
TEHRRBICBWT, ARRRREARHBTIEEE L, FVHE LT, HKER
ItE b~ 5673 N,ODAERMN, NO;EMIZ NH, ZHMTHZ LIZL>TH#ETDLZ &
BTEDHLLEZ D,

NH, BLUNO;OBREILEZD Y VEBEREOCEZEZRIFTLELZLI A, 32mM
uxmuywﬁéﬁﬂ%%%%’ﬁvfﬁ%ﬁywﬁwwﬁ%fm%antoé
bio, ATV ORECEZDIRZEDEEIIODVWTHEA, RBLERFED
5h, YU, ansBE. YY) UERE, LEEE., T LEE, S
VBESEOFBBIIBVTD- /AL a—ALRAEOREDNRNALNI,

— 7. Enter-Doudoroff pathway {Z & 5 (2 & it L 72 W\ =2 TCA cycle H O {8 4 fd {4
EFXOBAUCHKHELTEI2REDOFEE CHRBRE. n-BBET N VLR, Tt @
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. pL-2-7 X/ -n-BEBEEIWA A COREZHAHE Lz, LArL, BERE=F X L D-
TN aA—RAEERHEMICB VT NH B LUNOyDEREICR L THHE AR O RD
S, Fl2, D-FNIT—XEELEMIZBNT, TCAcycle DFHEE s = BEIE .
anIBE, XV VEBREEME L RER (BFBE, Yo F o BE) &
BT AHRENH, & NOEZRFICRET DI N TE L, Lo TP aeruginosa NBRC
12689 #RIZ & U HIBIZ TCAcycle WEIER L TWA Z & BF R & NH, B L O
NO;D & D SR RBREIZOBRN B &R LT,

e AREBEOERETIEHE L, BEHF BN TH R AR NH, & NOy
RIEERETE AMWENMERE B. licheniformis T-12 2 AWVWT, RBEREELEHFEZRE
THZELILEYVHEDICHE T TR, BEMD S50CTS NH, & NOs&ZFEEID
BRETHZLNTERE, T¥42bb, 0.5mMFe™% 02% (w/v) NH,NO; £ #1120
TAHE, AEIFT30CE SOCTHHEL LHIZ, BH#FTONH, & NOybEEICKRSE
ahie,

0.1% (w/v) NH,"NO; 2 ZBHRF L LTI EZ LSS TALARTEAELZEEL
TEE, NO,y DERIZHE-> TN O ZAERL, 72, 0.2% (w/v) NHNO; 5 #h T &
THBRIAZEREBOLEZ LD, TT2HRARERNEZF > TNDHLEZD
nd,

B. licheniformis DEHRIIFREET CHREEAZRT I RBEE IR TRV,
L » L. B. licheniformis T-7-2 BRIZGFR[REMF T TNH, & NOy 2 ERRIZIRELLZ L
WLV, NHS & NOsESDHAKDOMBIZBWT, HOBREEIIBWVLTYH, HKE
fTTRITR, BFREGTCHHEATEZLELDND, |

KR THRE L TE P aeruginosa NBRC 12689 #i%. & & & © NH,NO;. NH,C!
BIUNaNO; 2F| A L TN b BRI IORET DI LAz, K
BERAVWAZEICEY, BE—HECERLLEMORELZTOI ZLBFARTH D, £
7=\ B. licheniformis T-7-2 i FE7Z T T <<, BEEFHETTb+4#EFE L T NH,
BLUONOZREBEICRELE, LEK-T, AEOEH T3 MFIIRBIT S
FAMEEREVEEZ D,

NH,/BELUONOyOBREICEET 28K - BEFREFHTIBET. HHTH
HLEBRFREND, HFIAEOLIIWL, AL VE2RABIIABTIESE. b
BEOAFVNERACICEETINOMBEEMRTINENHD, FROBEL
LT, ThENOREFHIBT3AEOEZERRLBLUORECE ST 558
EORBRRELZBALNICTEL LB, ThHLORAZHET 2MELERT L
NRVTEFTTDHIIETHD, TNLODHREEZ L EICLT, EHICHEV NOy & NH,”
DEBBREELZ FTEROAECEH A &V OUBEFECHENHF/TE D,
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HE

REZPHRE SN TWVWBDERE F.01Z Pseudomonas & D 6 BE D E . Proteus
B 1 EEOEK. Bacillus BD 3 BIEOHE K. Enterobacter B D 2 FBE O E k.
Klebsiella & D 2 B DE . Alcaligenes B0 1 E DHEER. Achromobacter B D 1
BEOEK., Serratia BD | ME OB, Paracoccus B0 | BEOEK., & 18
REORFEKEZ AWV TEREZIT 7, NHLNO;, NH,Cl, NaNO; T Eh % MHe—
DERR, JNVa—RAeH—ORRFETHEHICET S, ThThOEHRLE
MeBOLEELI2EROBRBERIRE DR TITo R, P fluorescens NBRC 15833,
P. denitrificans NBRC 13301, E. cloacae NBRC 13535, K. pneumoniae NBRC 3318, 4
O P aeruginosa RO EF § HRIT. 3 EEOHEHICB VTV TN LER(LEDER
FICRETDLI LN TEL, SHIZINLDSKEANT, BRECER(LEY
DEREIIEDWTH AR E T A, P aeruginosa NBRC 12689 Hiili\%%ﬁf@GCi%ﬁEL\
NH B LU NOyZRFRFICHRE L, /o, REKIE, NH, L NOs A EMIZHFET
SHBETH. ThoDEREWERELL, UBOERTIREL LT, AE %
Awnwi, (1%)

P. aeruginosa NBRC 12689 # (X 0.1 mM Fe’*, 0.8 nM MoO,> % & {12 8T,
HET0.4% (w/v) NH,NO; ZZEICRET DI LN TE, KEXAWVWT, 0.4%

(w/v) NHULNO; DB EZ 28 BA AV OEEBERARILLZA, &BA AV %
BERWVWEHTIE, EOBEIMHSh, MATbRIVERSNRI o7, Fe™
ETEF R BmMT 2BE0H REITRFICHIE L, EHbOmA 4> 2 FABEIZK
ETE7, 0.5% (w/v) NH,NO; (ZEEF L LT 1,700 ppm IZFB ) $EH#hiz 0.5
mM Fe*" & & 1o b, RE X, REL 100 rpm TR E 5 5 EBLL 4 B, NHS. NOy
ERECRELL, TOR, BEEBPICRERELEDEIFEEL WAoo,
EEPICIIBEDICMATZL2ERED 4I%BHFEEL TV, (F2#)

12689 # i 0.1 mM Fe’*, 0.8 nsM MoO 2 S E#IZB VT, &S T 0.4% (w/v)
NHCl % EICRET DI ENTEL, KEZAWVT, 0.4% (w/v) NH,Cl DR E
WWEXDERAAVOEELRANTLLEIA, EGBRAAL VEEERVEHTIE., B
DEFIT R+ T, NH' S 33%EF LT, F"2EMT 5 &, AEOHAMITREE
Sh, PO NH 2 REIZHRET DI LN TERE, 0.6% (w/v) NHCl (BEFEK
F & LT 1,500 ppm (ICHH ) BEHAS 0.5 mM Fe™* 2 & Lo, AEIX. FE% 140 rpm
TIRL D EEEA 4B NI 2 ELIRELE, OB, B LETCEETS
EFRLEVRIBDIIMATE2ERBED 17%THY . EEFIZIE BB EFEELTW
=, (&3 %)

12689 £kix 0.1 mM Fe’". 80 nM MoO, 2 & L HE#IIZB 1T, H&E T 1.8% (w/v)
NaNO; 2@ BET 52 LN Tz, ABERNT. NOyODREILEZ 548
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AF L OEBERARLIA, ERAFVEEETRVE#MTIZ. EOEBIZR+
ST.NOyH BA%FEAF Lz, Fe "2 IRMT 2L, KEOHEMITMES L, BMiF D
NO;ZEERICHRET DI LN TET,2.0% (Ww/v)NaNO; (EFEFEF & L T 3,200 ppm
ICHEY) BEHIA 0.5 mMFe” 2 & oM, AEIX., BEEK 100 rpm TEE 5 5 HBK
3H% NOsZEEWKRELL, TR, BB EEPICHEETIERLLEDITED
CMATZE2ERED 14%THY . BEFITIZ23%BFEL TV, (F4E)

AERINO; 2B ERVWEHMTHIMBERLIVEEBRETIBRZEOESLILE VRS
nNhpofc, NS5 E2\WEH T, GDHEXKIE O EV RO o722, GS
EMERIBO TEMPo Tz, HEEE LR, BRE, FAMBETER. /.
PMS #EFHEME L LTOEHMBTRAERBLBRIRLEVWEEE TR LE, (S
%)

0.1% (w/v) NH4NOs;., 0.1% (w/v) NaNO; ZEZRJRE L LTI EZ LI AAA4T
VBT 12689 BRABER L=, THOLDEREOEADITHE - T Ny N;OBEAEL
7o NH,NO;EHiZ A W E ., IRENE 70 & 140 rpm OBF, FEEBLE 15 BRI%.
N, DAEFEL T, —F NaNO, i #i Tid 55 EBE ISEHEMBE. N, OA R LT,
CO, D 100 ENEEHREZ LT NOBERE LA, NH/BEETHE, N,OD
REFMET 2 L3, FEZHALBIZERATIBE., EERBETHHLE
x5, (Bs5E)

12689 Bk Z AV T NH, & NOsDOBREICE 22 ) VEBERECDEEYR~ L
A.2mM U ED Y VEBEZESDREHICBWTEHA LT VOBMENRERENR LN
oo SHIZ, AAFTVDREBEEGZADIRBROEEIZOVWTHARLEZA, /7
VB, anoBE. J) Y VR, AEE. T LBE. SAaVBESD
EBBIIBNTD- I a— 2 L AEORENEV RO, —F. BBE. nE&
BEE,. 7oA VBEE DL-2-7 X on-BEEEEIE . D-I NV a—REEFTHRTYH,
ABROEBEEZAFMLTEY, AT ORBEHRELIF S, 22T, K
EHRVPRONTERFZR. HHTI2RFBB.D-I Va2 —RAD3ERFFEOHXFEFTT
RRLZEZA, BEIFZAZ2ELTRTOEMIZBWV T, NH, B L U NOy DR
EFic L THFIBN RO ed o, £/, TCAcycle DFEE I = VEBE, 2,7
BEtE, XYV NVEFME L IE L REBR (BEBEE. oA VEBE) LEFT S
B, NH/B LU NOy R BIFICRET B LN TE T, (5 6 %)

ASBEDOERETZ2EH, SB8EHFIZBWTHLHIATEEZ NH," & NO; % R B
BrETE BMEME B. licheniformis T-12 K2 AW T, REEELEZ2RET S Z
LIk D 30CHE T TR, S0CTH NH & NOy A ESIcRET S - LRTE T,
TbbH, 0.5mMFe™ % 0.2% (w/v) NHNO; B#UICHEMT 5 &, AEIL 30CE
SOCTHET S L EbHIT, BT O NHS & NOsZREICRELE, ZORF, BR
BRPCEGFLEEZEREBEIENEN 69% L 44% ThHh o7, (5 7E)
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Summary

I attempted to isolate heterotrophic microorganisms that utilized both NH," and
NOj™ as nitrogen sources in a medium containing NH;NOj; from 18 stock cultures, which
have been reported to denitrify and metabolize NO5™. I found that 8 strains among the 18
bacteria examined could utilize NH," and NO; simultaneously in the presence of
Fe’" with shaking. Among the 8 strains, the species of P. fluorescens, P.
aeruginosa, K. pneumoniae, and P. denitrificans were reported to have a
denitrifying activity under anaerobic conditions. Of the 8 strains screened, P.
aeruginosa NBRC 12689 utilized NH;" and NO; most rapidly.

P. aeruginosa NBRC 12689 could utilize 0.4% (w/v) of NH4NO;, 0.4% (w/v)
NH,CI, and 1.8% (w/v) NaNOs; in the presence of 0.1 mM Fel*. Among the metal ions
tested, Fe’* and Fe’* were essential for utilizing NH," and NOj;™ in the NH,NO3, NH,C]I
and NaNO; media. When Fe?* and Fe®" were omitted, most NO; remained without being
utilized in the NH,NO; and NaNO; media. Zn*" and Mn** promoted the utilization of
NH," in the NH;NO; and NH,Cl media. Co®* repressed the utilization of NH," and NO;  in
the three media tested.

I further examined the effect of Fe’" concentrations between 0 and 1.3 mM on
the cell growth of P. aeruginosa NBRC 12689 and its utilization of NH," and NOj;™ in the
NH,NO;, NH,Cl, and NaNO; media. The cell growth and utilization of NH;" and NO5’
were promoted greatest at the concentration of 0.5 mM Fe®". It could utilize the NH,"
and/or NO;” completely from the culture originally containing 0.5% (w/v) NH4;NO3, 0.6%
(w/v) NH,CI, or 2.0% (w/v) NaNOj in the presence of 0.5 mM Fe**. MoO,* did not
significantly affect the cell growth of P. aeruginosa NBRC 12689 and its utilization of
NH," and NO5".

When P. aeruginosa NBRC 12689 utilized both NH," and NO;™ completely from
the 0.5% (w/v) NH4;NO3; medium, 41% of total nitrogen originally provided was observed
in the cells, but not in the cultural supernatant. On the other hand, total nitrogen in the
culture of NaNO; medium was decreased to 21% of that originally provided on 2 d of
incubation, and was not observed in the cultural supernatant.

Nitrate and nitrite reductases did not show any activity in the absence of NO5".
Glutamate dehydrogenase (GDH) was not observed in its cells from the medium without
NH,". However, glutamine synthetase (GS) showed high activity in the cells obtained
from the same culture. Respiratory and assimilatory nitrate reductases and respiratory
nitrite reductase using PMS as an electron donor showed higher activity in the cells

obtained without shaking than in those with shaking.
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When P. aeruginosa NBRC 12689 was incubated in a vial containing the 0.1%
(w/v) NH,"°NO; or 0.1% (w/v) Nal®NO, medium, °N; and ’N,0 were generated with the
consumption of nitrogen sources. °’N;, alone was accumulated at the shaking speeds of 70
and 140 rpm on 15 h of incubation in the NH,*’NO; medium, but not ’°N,0, although the
production of '’N,O was observed between 6 and 12 h of incubation. In the Na'>NO,
medium, the bacterium accumulated marked amount of '’N,O in addition to °N, on
15hofincubation with shaking at 70 and 140 rpm. I also used ISNH4NO3 and "NH,CI
as nitrogen sources and found that no nitrogenous gases were evolved from "NH,".

1 examined the effect of phosphate concentrations between 0 and 192 mM on the
cell growth of P. aeruginosa NBRC 12689 and its utilization of NH," and NOj;™ in the
NH,NOs, NH,Cl, and NaNO; media. The cell growth and utilization of NH;" and NO3’
were promoted greatly at the concentration of 32-192 mM.

I examined the effect of 34 carbon and nitrogen sources on the cell growth of the
bacterium and its utilization of NH,;" and NO3™. Among them, citrate, succinate, glycerate,
lactate, fumarate, and gluconate promoted the cell growth and utilization of NH," and/or
NOj". On the other hand, acetate, n-butyrate, propionate, DL-2-amino-n-bytyrate |
repressed its cell growth in the presence of D-glucose. However, when yeast extract was
added to the medium containing these repressing substrates, the bacterium could grow
and utilize NH4" and NO; effectively.

B. licheniformis T-7-2 grew well in the 0.2% (w/v) NH;NO; medium and utilized
NH," and NO;™ at both 30 and 50°C in the presence of 0.5 mM Fe®". The total nitrogen in
the culture and cells was decreased to 69% and 44%, respectively, of those originally

provided. In the 0.1% (w/v) NH,°NO; medium, the strain generated N,0.

P. aeruginosa NBRC 12689 could grow in the medium containing not only 0.5%
(w/v) NH4NO3, but also 0.6% (w/v) NH4Cl and 2.0% (w/v) NaNOj; and remove NH," and
NOj" completely within 4 d with shaking. Our experimental data showed that the
bacterium would be available for one unit of a reactor for treating wastewaters
containing NH," or NO;™ alone at high concentrations, in addition to both NH," and NO5".
On the other hand, B. licheniformis T-7-2 could grow and utilize NH," and NO;y
simultaneously at both 30 and 50°C. Thus the bacterium will be useful, when it is

operated in the summer season and tropical areas.
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