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Nitrite Forming Bacteria in Yamahaimoto

(V) A Specific Activation of Nitrate Reducing System of the
Pseudomonas sp. strain 37330-0 in the Presence of Rice-koji

Yasuo Konishi and Hideshi Yonetsu

(Shinsenshuzo Co., Ltd., Sakai City, Osaka)

Nitrate reducing activity of diluted cell suspension or cell-free extract of Pseudomonas
sp. (strain 37330-0) isolated from ‘“‘yamahaimoto” was increased in the presence of rice-
koji or koji-extract. It was found that the nitrate reducing activity was specifically increased
in the presence of L-malic acid or fumaric acid in koji~extract and that L-malic acid was
the most effective substance so far tested. It was also found that koji-extract served as
an electron donor in the reduction of NADP but not in the reduction of NAD by cell
suspension or sonicate. Only L-malic acid and fumaric acid in koji-extract were found to
be effective in the reduction of NADP and it has been observed that no other compounds
so far studied could serve as electron in the reduction of nitrate so effectively as r-malic
acid. It was concluded that the specific activation of nitrate reducing system of this strain
by rice-koji or koji-extract was mainly due to the presence of L-malic acid in koji acting
as an electron donor to NADP.

A possible model for the nitrate reducing system of this strain was presented, in which
electron was transferred as the following sequence : L-malic acid - NADP — menadione

— cyt. ¢ — nitrate reductase.
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1. Pseudomonas sp. 37330-0 #DrrE BiIER»
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Difco ) 1%, KNO; 1%% 4 A 725EH, PN-1-G-3
R 213 PN-1 SEuc I 3% 7 FoBisas L
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3. WEREIEX (Na-R) Fi LU HREBECH
# (Ni-R) EHONE  WIh LA OHEICHE
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4. BRHEEOEEBR B SR UFHRICE 1.
5. NADP B LU NAD BrE#loRiE
FREEMERE CITHRyYa v ERE) BXU
ZDOBEFEBRE (LUT =7~ E8E) ZH,
AREDT FUkE-6-) VERBKKRBERERE (E.C.1.1.
1.49) OREDH AL THIE Lic. 3720 520.0
pmole/ml Y VEEEE M (pH 8.0), 2.0 4 mole/ml
@ NAD (Baehringer Mannheim %, 0.1 N NaOH
Trh#) F 7212 NADP (Baehringer Mannheim #,
2Na 1), 2.0pmole/ml @ 7 Fu¥E-6-Y VE Ba
¥ (LI'FG-6-P X BgEd, Baehringer Mannheim #)
WHRRY D5 vEBZNRY =4 — b2RM, VAT
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DD T 10.0 pmole/m] %HnZ 7=,
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10. #HbBEGD G-6-P OFE g 60. 0 pmole/ml
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SOy, 0.2 pgmole/ml ® NADP,  huicigiitig= -
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C.1.1.1.49, Baehringer Mannheim S DRiEHKE 1
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Fig. 1. Effect of additional of koji on the NO,~

accumulation by the Na-R system of
cells suspension of Pseudomonas sp. 37330
-0. Reaction mixture contained 100 ug/ml
of streptomycin, 306 pg/ml of NO;~ and
0.45 mg/ml (as protein) of cell suspension.
Reaction temperature was 20°C.
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Y IC—EHE Lo AR BEREO BlEE B L
Ni-R EMOERSEEEZ®TH 208, T DOERE
R SRR ZEORMAII N ICR 32 B # $30°C
EBERICH~NTHOC &85, Ni-R FEiER Y =
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Fig. 2. Comparative effect of koji and koji
extract on NO,~ accumulation.
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Fig. 3. Effect of koji-extract on Na~R and Ni-
R activities in diluted cell suspension. Re-
action mixture contained 12.0 gmole/ml of
Tris-HCl (pH 8.0) buffer, 0, 395~0. 408
mg/ml (as protein) of cells suspension, 2.5
pg/ml of NO:;” or NO;~, and 50pg/ml of
chloramphenicol.
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BET 5.

9. Na-R FE(cxis 3 SHEHEO XE  fb
HOBRYIBIEER MUK ERATFELTHEST,
COMERKE CO Bic L7 v/9— 54 b IRA-
410 Bifsh 7 2AZ TR IR D LERICkbN S, 1
HE i Ufe IR-120 #ifgh 5 2 THE LT HBEIEA
BIBLASEBETLEDL > . - THMKEPORA &
VRS, BEBESOEMELTRE O, KER
W E Ui fib#ho A E8EAER Table 1 ITRL
72, T PN-1-G-3 Bic30°CHER L Ic AR Y
Yav (BAEE 0.18mg/ml) ZRAVT SEHBRE
BMOEBAKRE L. MRE UTKE 6.25mg/ml
EZRMUIKS, BXU< VA VEBEROE. AR

Table 1. "Organic acid components in koji-extract
detected by silicic acid column chromatography.

mg/ml pmole/ml
Propionic acid 1.67 22.6
Acetic acid 6.36 106.0
Pyruvic acid 1.21 13.8
Fumaric acid 4.93 42.5
Succinic acid 1.20 10.18
Lactic acid 1.70 18.8
Glycolic acid 4.18 55.0
Malic acid 9.74 83.0
Citric acid 35.30 168.0

BORMEER Na L LT0.5%Ths. Fig. 4 1C
R Uk S ICEEKE E I RE R AR I -
)y oL TN Th 1. BB, a~TBRIChT
HPRBHESZD ONE. YRRV I a VOEREBE
10.88~2.47 mg/ml Q& TEAFig. 5-LT/RLIcL D
K RIRIEIERAETRT 1~ VI8 BXU 7w v
DEEEEE T 20.0~40.0 pmole/ml DRJICH - 7. R
iz Fig.5-2ic v =4—F (10K, 2053 18) D 24,600
xg, 30RELEHE (Su LBEE) ZHEALTHEULL
EBBRNMOEELR L. KISEHRORABERRK
10.0 mg/ml, NOs~ {325.0 pmole/ml, X JE#F 539045
Mths. FBRIILEEYHTH 7. FH—-Na-R R
oW TIiE E. coli iTBOTEETYBRONG. T
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K-12 ¥kic B80T ¥8H—>Na-R Fds Na-R FiEoE
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Fig. 4. Effects of koji and various organic acids
on the NO;™ accumulation by very diluted
cell suspension.
Reaction mixture contained 25 mg/ml of koji
or 0.05% of organic acid-Na salt, 0.018 mg
/ml (as protein) of cell suspension, 306 mg/
ml of NOs~, and 50 pg/ml of streptomycin.
Reaction temperature was 12°C.
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Fig. 5-1. Effect of organic acids on Na-R activity.

Reaction mixture contained 12. 0 gmole/ml of
Tris-HCl buffer (pH 8.0), 0~200 gmole/
ml of organic acid, 10.0p mole/ml of NOs~,
10.88~2.47 mg/m!(as protein)of cell suspen-
sion. Na-R activity was expressed as NOs~
consumed (pmole/m}) for 20 min or 10 min
in case of 10.88 mg/ml protein at 30°C.
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Fig. 5-2. Effect of organic acids on Na-R activity
in cell free extract.
Reaction mixture contained 12.0 gmole/ml
of Tris-HCl buffer (pH 8.0), 0~200
p#mole/ml of organic acid, 25.0 pmole/ml
of NOs~, 9.3~10.22 mg/ml (as protein) of
cell-free extract. Na-R activity was expr-
essed as NOs;~ consumed (zmole/ml) for
90 min at 30°C. .

EHEOHBEEZR L TOA, e v EiT phosphoro-
clastic ‘LBHRICL » TFRICELLTH S L LTV
4. Hori?® |3ftE": Micrococcus sp. Tl ¥ B—Na
R BDERERT HBTLERLTVA. HIEEE
Na-R % & OBIRIC DO TIREIL Pichinoty 520 |3
Enterobacteriaceae WX E LTRON ABEDB
BT AT T VB, KEHKICEBD Pseudomonas
aeruginosa ° Pseudomonas stutzeri \ITEIA 4 A
TWELLTWS., CORUMDKSE FEE—->Na-R %
& OBBMEII R BBRETIZ 12V d8 Pseudomonas sp.
ICBWTHIZIT Pseudomonas denitrificans Ti3®
FE#—Na-R F%hs TEE (20 Na-R FiHIT Bk
X UTAREE) THHC LT EREKRTIE ¥~
Na-R REBELELLVSDOEEL SN, KE#D Na
R BB R iC UTHRER ¢ & L3iT Pseudomo-
nas PICBOTH ST L —D20BRRA TR L%
RUTVS., {hOR:ESE, TRbLET FUBOEE,
ERBEEORES FHAICEOTHREUKEESE I .
& 5 Na-R FFHEIC LT =) v I, 7<=BD
WFNBL O EHTH 2 IOV THRF L. Fig. 6
R UIcE Hie NOy BENEHEE 1mg 40 4.11
pmole/ml & FHNEUHTTHELUIZES ) v Il
DHHE O BEERREFRER L. v
A o —4 RN FDH EHER Y 2~V Y g v
BLU Su HIZFRAEEZD SN - 7.
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Fig. 6. Comparative effect of L-malate and fuma-

rate on Na-R activity.

Reaction mixture contained 12.0 gmole/ml

of Tris-HCI buffer (pH 8.0), 12.14 mg/ml

of cell suspension, 40.0 pmole/(as protein)

ml of organic acid and 50.0 gmole/ml of

NO;™.

3. Na-R Ft0 BFmERIC BT 385 D
EHIW L-Y) VI BXU 7= Na-R EHER
EIERI L1-Y YT #->Na-R &, H303 7wk
—>Na-R R& LTE2DOBKEMHIICK-T, $id7
< 7—¥EHEEED SDLRIC K-> TEFHREEKDHR
HEHL (PARY Iz vy =/r—BXU Suid
LY YIBp o T vBEE ERT B, FloHRRY
Va3 vitk b NADP Brofa, RISEARHICF
AT VBAVERMTSE L-) YV THBOSN EF
HERE LTE L), 2%/ V%2 A LT Cyth
~NBFEEELTVWEEEEL NS, TABEET
CETMEY P YRy VA F FO Na-READEE §
HLonTBD™L), HEgEEL Cyt by 9 Cyt ¢ &
O, FRBFEOERKE LTHSIVTVEELE
ZoN3.F + /7 o— A0SO TiZ Radcliffe &
Nicholas*® |3 Pseudomonas denitrificans(Z OBERED
Na-R 7EHERBRICK UTREE, BfEAY) T Cyt
c ORERDIIVEHELTHBY Cyt b>Na-R T %
RLUTWA. —F Lam& Nicholas®® iz X 113 Pseudo-
monas aeruginosa {3 Cyt ¢ 245 A1 Na-R T2
D& L, %/ Sadana 52 LTS L1 Achro-
mobacter fisheri @ Na-R RIZ CHF /7 u—4d
BRZRTE LTS, F/ Hori®® 3t Mic-
rococcus sp. DERELYE Na-R RiZBOT TR
CHF t 7 a— BB FHEEREL -TNE L
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EERLTVAS, RBICBOTHET I TETDH 555,
ABRD Sas T 12137 D50% a1 FEICIZISBO
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VW3 Cytc &L T3, Na YF4 44 bk
> TET L ZF D@2 NOs oRinick - THEDL
a3 ns. E. coli L2871 - T Pseudomonas sp.
TiIEHP D NOs™ BENEOEEEA Cyt ¢ OF
BRG0P LY
VO =) v I BRBKERER BB Y YR
JVAF Pt FVF Va2t F U4 v BEE~Cyt
c—Na-R BT REZEZL (X F VA VOB
DWTHRHETRLE), BB L)Yy LEFF
DBEBITONTHE L.
TTRIGBEPROZEHEEHLHK 0.13 mg/ml DLHEIT
BOTHRRy I3 vBXUOY=4r—ticks NAD
PH XU NADH B biEM%E#Et U, Fig 710K
L& VK REEOH4A NADH B/biEH IR
515 DT NADPH B{ELIEHIIFAA & R SNILL.
CORERRBBRDY RV Y a v BIUY = — b
XZMEY Yy LA F FERIRBOTEMNES
LU 1-) Y TEIZ NADP 5L LCOAEDR
BFHMEERELTHOSCEER—RBFBELTHA.
U U Fig. 8 iR L7z &< VKs BSFTE LIz B4
Tk NADPH B tiEHd RELTkRS ¢ &, F1z
NADH k0 #Eiiic NOs OFEICIIEE N
RN &1 & 5 NADH 23K D Na-R {Eiiciic
BEIRWICAS LTWBE LR EZ SN, TE VKs
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Fig. 7. Comparison of oxidation NADH and Na-
DPH by the sonicated cell suspension.
Reaction mixture contained 20.0 gmole/ml
of phosphate buffer (pH 8.0), 0.05 gmole/
ml of NADH or NADPH, 100 gmole/ml of
NOs7, 0.5 pmole/ml of 2-methyl-1, 4-na-
phthoquinone, and 0.13 mg/ml (as protein)
of sonicated (4 min) cell suspension.

i Fig. 8 iR L7k D ICBMT Na-R 7EHEiTxS LUER
ERREFEREZRL, FORBEERYR VY3V
EH 1mg M4 0.0013 pmole/ml THYH L-) v
BOBAICHRTREDICENEETHS.
PEnESicey vrvrs vt F FoBLE Na-R
TN & ORICEENZBRIE OIS > 7208, KIE
BERARFDBILBIEC ) YU R I VA F FOEED 1.0p
mole/ml & MBS EEBEICE 5 & 5 ICiin LT Na-R
EMLE STIC Ni-R BT T 2 B BA RS U7, &
Hi3 Table 2 iC/R L., WETEECY DUy s A
F FHIC Ni-R B LT 75 v+ ) ¥—0D
BOZHETTRBEAEERH LY. —F Na-R i
HIC LTREEERZSZ 1208, DWFhore) oV
XTI VEF FBXDEYTHDE0ICDNTIERERE
EECENCY AR AG i AR
RIEHZRY Y g VBIOEY=r— MCXBHEY
TURJ VAT FEUICHT A HMECERBOET
fEkE LTOREERICSOTER LY. ZORESE
Fig. 9 TR L7, OB HOKRIICER LB
L 253K NADP BRoER L ft5k s 1T
55 NAD BricH U TRIZEASEHTHS. L-
VIR, TevBRbHER SN LE S X ERL
fo. MBI T UBLHtSK LS 22, Fig 10 IR L
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Fig. 8. Effect of addition of menadione on Na-R
activity in the presence of L-malic acid.
Reaction mixture contained 12.0 gpmole/ml
of Tris-HCI buffer (pH 8.0), 20.0 pmole/
ml of L-malate Na, 50. 0 zmole/m] of NO;~,
5.0 pmole/ml of MgSOq, and 12. 18 mg/ml
(as protein) of cell suspension.

Each concentration of VKj; solution was
prepared in 0.1 ml of ethanol.
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Table 2. Effect of NADH on Na-R and Ni-R
activities. 10k
Na-R Ni-R Na L-malate
. ) E o8l
Residual NOs™ or NO.~ in mixture 5 :
(pmole/ml) N
Reaction time (min) ; 06f
BT
60 120 60 120 é Na pyruvate
— 04k “ /
H.0 2.41 2.07 1.63 0.98 3 Na fumgrate
NADPH 1.21  0.68 1.51  0.77 & _ " Nacitrate |
NADH 134 0.60 1.47  0.73 O2=—pn= Teanto
Reaction mixture contained 6.0 gmole/ml of Tris- , ,
HCI1 buffer (pH 8.0), 1.0 pmole/m! of NADPH or 10 20 . 30
Incubation time (min)

NADH, 2.5 gmole/ml of NO; or NO:~, 0.539 mg/

ml (as protein) of cell suspension.
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Reduction of NAD and NADP by using va-

rious organic acids, G-6-P and koji extract

as electron donor.

- -~ 3 NAD, ; NADP.

Reaction mixture contained 20.0 gmole/ml

of pyrophosphate buffer (pH 8.0), 10.0

pmole/ml of organic acid~-Na salt or 2.0

pmole/ml of G-6-P Na salt, 0.1 gmole/ml

of NAD or NADP, 1.5 gmole/ml of Mg**,

and 0. 287 mg/ml (as protein) of cell suspen-

sion.

Fig. 9.

Fig. 10. Effect of organic acid on reduction of
NADP concentration by diluted preparation.
Reaction mixture contained 204 mole/ml
of pyrophosphate buffer, 0.1 gmole/ml of
NADP, 10.0 gmole/ml of organic acid
Na-salt, 1.5 gmole/ml of Mg, 0.051 mg/
ml (as protein) of cell suspension.
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Fig. 12. Changes of Na-R activity by adding of
NADP, L-malate and Menadione.
Reaction mixture contained 12.0 gmole/
ml of Tris-HCl buffer (pH 8.0), 20.0
pmole/ml of L-malate Na, 5.0 pmole/ml
of MgSQO,, 50.0 pmole/ml of NOs-, 0.2
pmole/ml of 2-methyl -1, 4-naphth-
oquinone, 1.0 gmole/ml of NADP2Na,
and 13.54 mg/ml (as protein) of cell
suspension.

EEICHT 2 EEER L. Fig 12 ITRLES

I NADP Bl Ti7EM ERBFRA LR SN h - 1.

4. Na-R FIC3T3h0 ERHOEE AF
YRRz D Na-R FEC LT L-Y » o8
DD ICHETEFHREERLILDE S hoBEHICD
WT VKs ERMOEKGT CHRE U7z, #5523 Table
BITR L7, RKINESKPOEARE 10.22mg/ml T
3 L-) YIMELETER 1mg %40 30 4R NOs,
1.59 pM/ml Z7% Uichs, TOfEA 100& UM%t
ETRLUT.

VERED Na-R Rl & Ml & O B8
FEICOWNT EBE 715V, 20 Na-R Tt L-Y
VI~ ¥V OBBKEEE > NADP - £ + V%
Yo Rx F VAV BiuEER—-Cyt ¢»Na-R RThH2C
EEWE LI, B A+ VULV Na-R RicBEE L
T3 Z &iIE DWW TiE Wainwright? i £ - TRE 1
TWa. IIEBESHICHRTIHBETEE LTE
FHOHEEN MEINT V3 53313, Enterobacter
% Micrococcus /CB3 % & OIIWBMERORBRICIT
FH—>Na-R ZEFRBELTEEIEIONB T E D
S, RS, BMETNIERRS & AEBNICHE
FESEERIDROEEI OIS, COALLRTH
Pseudomonas® & 5 TS & FiEBEEE L HE S

Table 3. Relative activity of Na-R in the presence
of various organic compounds.

Relative activity (%)

Control 31.8
L-Malate Na 100
Ethy! alcohol 0
L-Homoserine 0
2, 3-Butyleneglycol 0
Acetoin 16.8
Glycerol 0
p-Xylitol 0
a-Glycerophosphate Na 0
D-Glucurono-y-lactone 36.4
Uridine-5’-diphosphateglucose Na 24.5
Quinate Na 0
Shikimate Na 0
D, L-Glycerate Na 0
p-3-Hydroxybutyrate Na 0
D, L-Isocitrate Na 0
6-Phospho-p-gluconate Na 21.9
L-Arabinose 18.6
B-D-Glucose 19.4
p-Galactose 0
D-Glucose-6-phosphate Na 29.5
Allyl alcohol 0
Pyridoxine HCI 19.4
D-Mannitol 0
1, 2-Propanediol 0
5-Keto-p-gluconate Na 7.8
a-Ketoglutarate Na 0
D-Gluconate Na 20.9
Acetaldehyde 0
Benzaldehyde 0
L-Alanine 18.5
L-Glutamate Na 19.4
p, L-Glyceraldehyde-3-phosphate 32.1
L-Proline 29.4
D-Glucose-1-phosphate K 43.4
p-Fructose 20.2
D-Fructose-6-phosphate Ba 3.1
D-Fructose-1, 6-diphosphate K 12.9

Relative activity is expressed as a percentage of
L-malate addition (in this case 1.59 gmole/ml of
NOs was exhausted for 30 min at 30°C per mg of
protein), which is taken as 100%. Reaction mix-
ture contained 60.0 gmole/ml of Tris-HCl buffer
(pH 8.0), 50.0 pmole/ml of NO;~, 5.0 gmole/ml
of Mg**, 0.05 gmole/ml of FADNa, 11.76 mg/ml}
(as protein) of cell suspension and 20.0 gmole/ml of
organic compounds unless otherwise specified. UDPG
was added to 10.0 pmole/ml, shikimate Na was
added to 4.5 pmole/ml, glyceraldehyde-3-phosphate
was added to 10. 48 pmole/ml, and 6-phosphogluco-
nate was added to 3.72 gmole/ml.
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