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Nitroalkanes-decomposing microorganisms were screened by comparing growth in the
medium containing nitroethane as a sole nitrogen source. Of the 66 microbial straines
tested, 30 failed to grow, 11 grew slightly and moderately utilized nitroethane. Six strains
of veasts {e.g., Endomyces fibuliger), 3 fungal strains (e.g., Penicillium notalum) grew well
in the medium. The following 3 strains of yveasts and one fungal strain were most active in
assimilating nitroethane: Hansenula mrakii, H. beijerinckii, Candida uiilis and Penicillium
chrysogenwm. A nitroalkane-oxidizing enzyme was purified to homogeneity from a cell-free
extract of H. mrakii, and was shown to catalyze the following reaction.

2CH,CH(NO,)CH; + 0, — 2CH,COCH, + 2HNO,

The enzyme (2-nitropropane dioxygenase) oxidatively decomposes also l.nitropropane, nitro-
ethane, 3-nitro-2-pentanol and several other nitroalkanes, and contains FAD as a prosthetic
group. O, is generated in the reaction and participates in the oxygenation of Z.nitro.
propane. Another nitroalkane-oxidizing enzyme was purified to homogeneity from Fuse.
rium oxysporum, This enzyme (nitroalkane oxidase) catalyzes the oxidative denitrification
of l-nitropropane and several other nitroalkanes as follows.

CH.(NO;)CH.CH,; + O, + H,0 — OHCCH.CH,; -+ HNO, -+ H;0;

In addition to 1-nitropropane, 3.nitro-2.pentancl, 2-nitropropane, and nitrocyclohexane are
good substrates. The enzyme has a molecular weight of about 185, 000 and contains FAD
as a cofactor. 0, is not generated in this enzyme reaction. Various nitroalkanes are de-
composed efficiently by both the enzymes, and also are determined specifically by measuring
one of the products formed enzymatically.

The nitroalkane oxidase was immobilized by photo-crosslinking resin method, and used
to analyze nitroethane, I.nitropropane, Z-nitropropane, nitrocyclohexane and some other
nitroalkanes with success.

Several strains of actinomycetes (e.g., Mycobacterium abium, Necardia gardneri and
Streptomyces aureus) grew well on a medium containing ethylamine as a sole mnitrogen
source, and oxidatively deaminated alkylamines to the corresponding carbonyl compounds.

The cells of several bacterial strains such as Escherichia coli, Bacillus sphaericus, Bacil.
lus leicheniformis, Corynebacterium sepedonicum, Pseudomonas striata and Arthrobacter atvo-
cyaneus decomposed efficiently diethyldisulfide added to the growth medium as a sole carbon
sources.

Organic halogen-containing compounds were found to be decomposed effectively by cells
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of bacteria isolated from soil, one of which was identified as Pseudomonas sp. 2-Chloro-
propionate was dehalogenated enzymatically to lactate.

WMRBEH
BECTHELEhLBEROESC VT, EE
Bt Vi BT A OE SR L AOOBREIC
HMLTABEOEFERKOFHL 522055
CLBmoOBEThL, BEEEFELHEDS
b, FCHESREOLA R RATREE, BVA
e, SR SRR F R R RE T
2 —H, FORERCHBIEL (HEETEHEC
bhlinTi b, chbOHEBYET IO

Table 1.

EEe LTl A ik oML AABECH D, €
ORI S TEEERE LTS = 2 A F — gl
A E R RER BV,
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e O A BERIE R LS BIRMI T 2 T - T
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U R A L CEERE O SRR BTk

Microbial growth on nitroethane

Group Growth

Microorganisms

I 0

Achromobacter polymorph ICR 0880, Achromobacter liquidum IFO 3084,

Bacillus sphaericus 1IFQ 3525, Micrococous fluvus IFO 3242, Pseudomonas fragi
IFO 3458, Psendomonas marginalis IFO 3925, Pseudomonas tagtrolens IFO 3460,
Brevibacterium linens IFQ 12141, Mycobacterium phlei IFO 3158, Proleus
mirabilis IFQ 3849, Protenus morganii IFQ 3848, Saccharomyces fragilis TFO
0288, Saccharomyces logos IFQ 0278, Saccharomyces marxianus IFQ 0277,
Endemyces hordei IFQ 0140, Endomyces lindncri IFO 0106, Zygosaccharomyces
soya IFOQ 0495, Rhodotorula marina IFQ 0879, Rhodotoruln glutinis IFO 0389,
Rhodotorula texensis IFQ 0932, Lipomyces starkeyi IFO 0678, Mucor racemosus
IFO 4581, Mucor mucedo TFO 5776, Mucor fragilis IFO 6449, Rhizapus japonicus
IFQ 4758, Rhizopus usamii IFO 5440, Monascus anka IAM 8001, Monascus
purpurens IFQ 8010, Oospora viscosa IFQ 4604, Gibberella jujikurei IFO 6356

11 ~0.12
~1g

Escherichia coli ICR 0010, Sarcina aurantiaca IFO 3064
Brevibacterium protophormice IFO 12128, Serratia marcescence IFO 3046,

Flavobacterinm aquatile IFQ 3772, Bacillus subtilis IFO 3022, Hansenula suave-
olens IFQO 0992, Rhodotorule rubra IFO 0932, Aspergilius niger IFO 3304,
Penicillium purpurogenum ICR 3402, Neurospora crassa IFO 6068

1II 0.13~0.25
1.1~4.0g

Sarcina lutea IAM 1009, Corynebacterium sepedonicim IFQO 3306
Psendomonas iodinum IFQ 3558, Aerobacter aerogenes IFO 3320, Hansenula

anomala IFO 0118, Hansenula octospora IFQ 0145, Hansenula pelersoinii IFO
1337, Hansenula matritensis IFQ 0954, Rhizopus oryzae ICR 3101, Aspergillus
oryzae var. globosus ICR 3311, Aspergillus niger JFQ 4416, Fusarinm oxysporum

IFO 5942

v 0. 26~0. 40

Hansenxla miso IFQ 0146, Hansenula silvicola IFO 0BO7

4,1~6.0g Hansenula fabianii IFO 1371, Endomyces fibuliger IFO 0103, Debaryomyces
japonicus IFQ 0039, Rhodoforula lactosa TFO 1006, Rhizopus batatas ICR 3104,
Penicillium oxalicum IFO 5748, Penicillium nofaium IFO 4640
v 0.41~ Hansenula mrakii IFO 0895, Hansennla beijerinckii IFO 0891
6.1g~ Candida utilis IFQ 0396, Penicillium chrysogenum IFO 4897

Bacterial and yeast growth is shown in terms of turbidity. Endomyces fibuliger and fungal growth

is expressed as wet weight of mycelia.
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Fig. 1. Time course of growth and nitrite
formation (H. mrakii).

O, growth on nitroethane; 0, growth on
l-nitropropane; &, growth on 2-nitropro.
pane; @, nitrite formed from nitroethane
(gmotes/m! of culture fluids); M, nitrite
formed from 1-nitropropane {gmoles/ml of
culture fluids); A, nitrite formed from 2-
nitropropane (gmoles/ml of culture fluids).
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Table 2. Purification of nitrealkane-oxidizing enzyme®

Steps Total vol (ml) T()ta(t rﬁg;ww Protein (g) Sp act Yield (%)

1, Cell extract 8, 300 34, Tx10° 310 12,0 100

2. Ammonium sulfate 1,000 32.2x 108 64 56.0 92.8
fractionation (60~
90 2 saturation)

3. DEAE.cellulose 115 27.0x 10% 2.4 200 77.8
chramatography

4, Hydroxyapatite 7 21.8x 108 0.65 2, 300 63.4
chromatography

5. Bio-Gel P-150 chro- 5 7.6x10% 0.07 15, 500 21,9
matography

@  2.Nitropropane was used as a substrate.

2CH,CH{NO,)CH, + *0,—~2CH,C'*OCH,
+42HNQ, (1)
DFE DARERIS TSRO 2EFOMEL 25
TFOEREREBRCRVATRAF LYV 24 704
T2 BT R pERICY AL, 2=t
TrAVISHEFr—HEMRBRERT,
ABY#EL Table 2 R L 5kl 130
fEo R Eh, BHgERERERLA, T4R 2
BRI & - TR S his, REEEL
STRAE 40,000 o ~—Thb, HEST
BELTIR 1 A FAD 28 H LT3, D
W IT A~ b a4t 274, 370, 440 nm i WRINER-K

Table 3. Substrate specificity of 2-nitropropane

dioxygenase

Nitro compounds aRcfilgfgf)
2-Nitropropane 100
Nitroethane 88.7
3.Nitro-2-pentanol 40.6
1.Nitropropane 23.4
3.Nitro-2-butanol 13.8
3-Nitropropionate 1.7
2.Nitro.1.butanol 2.7
Nitromethane 0

) Relative activities were calculated from
the values obtained at the following optimum
pH for each substrate. 2.Nitropropane, 3-
nitro.2-pentanct, I-nitropropane, 3-nitro-2.
butanol, and 2-nitro-1-butanol (pH 8 0); 3-
nitropropionate (pH 7.5); and nitroethane (pH
7.0). When nitromethane was used, the activity
was determined at pH 7.0, 7.5, and 8.0.

%, 470 nm wRINOF LR L, &4 FAD 3
SHEETC 22t e v TRITEh
5o REEEORENRME: Table 3 wiR2hd
I 2-=reFe v =trr=xv, 1.
=t e Pt KRS Y 5T, HEREER
ERIET D AR = e BAET B,

Chbo= e Tk BRI HgCl, ©
L 57z SH TR k- CHBERD L &K,
Fryv, FFYY, VAFL/OLHILA R
AF v FAAL v, — (Table 4) R -3

Table 4. Effect of inhibitors

The standard reaction mixture was
used except that the mixture contained
an inhibitor listed. The concentration
of inhibitors was 1 mM. The reaction
was started by the addition of enzyme.

Addition I:gi‘;‘ﬂf:
None 100
Tiron 0
Oxine 17.5
EDTA 87.0
TPTZ 111.1
a, a'-Dipyridyl 128.3
(-Phenanthroline 126.9
Cysteine 0
2.Mercaptoethanol 28.2
Glutathione 0
NaHSQ, 15.1
p-Chloromercuribenzoate 63.0
N-Ethylmaleimide 62. 0
Todoacetate 92.2
HgCl, 2.2




Table 3.

Purification of nitroalkane oxidase

Total

Step Total activity Protein Yield
oo (units) (® Spact  (g)
(i) Mycelium extract 810 26, 2x 100 1.62 16.2 100
{ii) Ammonium sulfate fraction- ‘86 15.9x10% 0.30 2
ation (30-602%; saturaticn) 5.4 6.1
(iii) Diethylaminoethyl.cellulose 55 11.7x10° 0.078 149 44,7
chromatography
(iv) Hydroxyapatite chromatography 2.5 7.59x10% . 025 310 29.0
{v) Sephadex G.200 chromatography 10 5, 37x10% 0.013 460 2004

FEYFF 4 ALY —EIL L - TELVAEYS
%, NADH ® NADPH & X » ThHE% 5
v, BRRehk Oy AirhfElff e LCdhR L, HEO
SR EE e BB R R LTv5 2 EGEA
Ehis,
{(4) Hansenula mrakii DEE{LEEC L 5=
FE T AN DR

Hansenula mrakii OWHEFEGEER¥ g4k
(85, lg) #7207 3 V¥ (750mg) N, N
AFLYEARAT Y AT Y (40mg), 5% 8-~
AFAT I FRrEFV=1r0A {0.5ml), 2.5
% K;5,05 (0.5ml) & pH7.5 THREL, EEL
for ARFEF LTI 2.2 b r T rivD G
BEd P, EBEAC X A0 RRENRLEL,
PFER-EEbt, Erbsiia LR

Table 6. Substrate specificiy of nitroalkane
oxidase®

Nitroalkanes Eﬁ?\fi:’;
1-Nitropropane 100
2.Nitropropane 96,9
Nitroethane 51.8
Nitromethane 7.3
2.Nitroethanol 8.4
3.Nitro-1-butanot 15.7
3.Nitro-2-butanol 6.5
3-Nitro-2-pentanol 116
3.Nitropropicnate 0.5
Nitrocyclohexane 99.8

«)  Thereaction mixture consisted of 50gmol
of the substrates, 0.1 gmol of FAD (0,01 pmol
for 2-nitropropane), 200 pmol of Tris-hydro-
chloride buffer (pH 8.0), and enzyme in a final
volume of 1.0ml. The activity was assayed
by determining nitrite formed.

WECdH o to by, SEREEOREER: - B
HARET, 1 AMoEREATLEEOETIR

BT THY, =P eTAH vy OGERAEOIEH

BfcTREE D R E ntc,
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H-CHERER X2 = b e 7 AH vEMEEHEE R
BOES ) B L, Table 5 wiRT X5k
TH# 30 HCHR Ui, BRERCEELT,
¥4 A7 BREC Y o THMLHEB S RIS
{eERHRBME, BHRBERR 2) RoLdK 1-
= be S e Avig K REL LT A2, EH
i, BRI bREYERTAIRGYMEL, ==
FAR AR A —HEMmB IR, FEROE
kR Table 6 WRLTHHIDHKE,

CH.(NO,)CH,CH,+C.+ H.O

—+0QHCCH,CH,;+ HNO,; + H.0: (2)
l=tevyrAvEARC 2 m-2-"vE /-
A, B hRvIR~FYY, =br TRV
EECEEOEE= b e tEYERT 3. £
D4 FEITE 185,000 TR—O¥ 7 ==y b {5
Fi, 47,000) 4 EhHMREh D, MBEEL L
TILIEERIE S Oy FAD % &ir. AEEK
G R TILA — S o ¥ 5 2 A A DERIR
FiA) B,
() =tu7rhviAFyrf-HiLLH="1"7
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BOWTFherRlisc bt Thb=tr7 b v
YERT A EBTE D,
(6)-a. TEMHERC L D5k
Ef=tre7rhy (0.0-0.1 gmol), +V A
#Eiiw (pH8. 0, FAD (0.0Lgmol}, =+ w7
N vk F - (50 B w SRR
(1.0md # 37°C T 60 SR, 26% =&
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mf, 0.02% N-(1.-75F1) =F 17 i ve.

L2 T T T
1
E 2
<} ;
v Q8 3 -
=
U
(5]
h=
a
5
2 oal
L
___‘___“__,_—-X
K%
o x—* H ) 1
0 20 40 &0

Incubation time (min)

Fig. 2, Time course of formation of nitrite
from nitroalkanes. The reactions were
carried out-as described in Method A with
0.05 umol of 1-nitropropane (1, —0—), 3-
nitro-2-pentanol (2, —a—), nitrocyclo-
hexane (3, —0O—), 2-nitropropane (4,
—-@-~}, nitroethane (5, —e—), or nitro-
methane (6, —x—).
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Fig. 3. Calibration curves for l-nitropropane

with Methods A (0}, B (), and C {a).

2HCI0.2 ml ¥ U IGRE Y SR T 10 HHK
%, 530 nm DOWMFEEE LI, Fig. 2 0k
BT labaryrsy, 32 b r.2
_Rvg Sl 2t ¥iun~Fpy, 2.=tw
e AvDARREREDREELRT, =t e
=R VOB 25 SROBRELLEL L, =
hE A RO ER Y BELT D, 1=t
v 7 a2t 0.005-0. 05 ¢ mol RS W g
R UCEAMERE B R (Fig. 3-A),
(6)-b. #HAF=nOERC L DHE

6)-a. DEERFISBILHEO LBELE 0. 6ml
BFESAAERE (pH 5.0, 200 pmol), 3- 4 +1.2.
YFT Ve VI sy (Lgmol) *i0z i
R (1.0ml) % 50°C © 30 HHEE S,
310 nm OBHEEANMEST 5, Fig. 3-Bo L s
0.01-0.1 ¢ mol DHEFETEIERE & EHEEGR » &
bhi,

(6)-c. BELRFEOETC X BHE
FUOAREMETRE (PHR.0, 200 mol), FAD
(0.0l pmol), vrFAF7=9v (3.3pmol,

4.7 : 27w+ Y v (Loapmol), =it
He ¥ (20 D), = b7 viddFord—F
(50 Bfr), =br7 A vk SUEEE (1.0
mi) % 37°C T 60 HEFEE X#1#, 5656 nm
DEEEXY ET 5, TOFEE, Fig. 3-C R:
hp L3 0.01-0.1 gmol OATRLE L
BEAFELE BRI,
(6)-d. Yl E o

6)-a. DFERESE l-=tm 7 a2 w5
HeRETAWSb Ao BEELRA L
(Table 7), l-=rtwe FrivhbdgTsre
Fad v 7 AFe ¥, Cutt, Fet*, Fel /L iLihas
fER%ERT, v 7 vk HeCl, No=FaA =1
13 Filg & D74 — A FEEE IR 24 B & iR
to =, T/ OB ruv— BRI -
ArbE, FER-bribEBRBEEy Sk
Vo BFHERA ity v— PREDRMN, ki
F i — AR F A - v b EHOENTHEFR
EHELED, oL ABEYREVL= R
T v OB RENRESEC, fRoal
BEETRI L FHD =T A H v ESH

— 84—



Table 7. Effect of various compounds on
nitroalkane determination

Concen- i
Compounds tration (mM} absgg;:r:e“’
None 100
r-Alanine 5 98
1-Glutamate 5 100
L-Lysine 5 100
MgCla 5 100
NaCl 5 100
Glucose 5 100
(NH,).50, 5 98
CuS0, 5 65
FeSO, 5 37
Fe(l, 5 54
NH,NO, 5 100
Acetaldehyde 5 98
Propionaldehyde 5 63
NADH 5 100
NADPH 5 100
chlg 0.1 0
KCN 1 7
5, 5'.Dithiobis- 1 29
(2-nitrobenzoate)
p-Chloromercuri- 0.1 0
benzoate
N-Ethylmaleimide 1 4
L-Cysteine 5 100
2.Mercaptoethanol 5 100
Ethylenediamine- 5 100
tetraacetate
Pyrocatechol- 5 100
3, 5-disulfonate
Epinephrine 5 100
o-Nitrobenzoate 5 160
p-Nitrobenzoate 5 100

2} The reaction mixture (Method A) contain-
ing 0.05 gmol of l-nitropropane was incubated
in the presence of the compounds listed.

e a0 ¢, e ~oEExTh
EERE, EARBHROsrrT AR OERL T
SRR H Do
II. 73 voOREMER: NENTR

73 vkt EEo®BELs &b, LW LEE
WL ORI LS = v 7 3 R SR
e LR b, EELAEHMTH %,

(1) ¥ w7/ B-rrevpr7vyari

Je KWL BT I vOER

3 4 Ak Pseudomonas sp. F-126 A%
RuEL, FRSRELL o7 i /B-EreY

fEr A7 10— (FEBS Lett., Ti, 21
(1976), Agric. Biol. Chem,, 41, 1701 (1977))
DORISHEEFIBLTT L F AT ¢ v (3) O
LA 7AFe Fiolgia L, chex 74—
KEFFRCLD ) XD (=917 1 vOF) O
Fin L sy, NADH o@il4 340 nm HOF%
BN hBBR A F R WL L,
H,N—-CH,— (CH,),— CH,+CH,COCOOH
~+QHC—(CH,),—CH,4

+ CH,CH(NH,)COOH (33
CH,CHO+NADH+H"»CH,CH,O0H
+NAD* (4)

DX ARG AEERE E b, ) @ D
MREE—D2OFR TR - T, £H7  »EICE
FERIEOEEIMRFET S 2 2B LTS5 5O
340 nm LR AERELELr=-FLT7 I VR
WLFry bt 5L, Fig.d k5 0.1-1.0p
mol OFiE CHAESBRLII,

(2) WEE7 YBAERCLL7 s vOOR

LER

Mycobacterium abium % Streptomyces 12X
ORESEE T A7 § v ERBERCHBLTT
vE=TEEMTAAA R AR ER TS L

oozt
0015F
£
E
uw
o
3 omb
s
=
0.005 | /

: . ;
0 05 1.0 15 20 25
Ethylamine {umol)

Fig. 4. Calibration curve for ethylamine
The reaction mixture contained 20 gmol of
sodium pyruvate, 100 gmol of potassium
phosphate buffer (pH 7.5), 0.1pgmol of
NADH, 1mg of w-amino acid-pyruvate
transaminase, 0.1mg of alchol dehydro-
genase in a final volume of 1.0 ml. The
reaction was performed at 25°C.
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R L, CoBbSBRREBEEoT v L
T i vie oW IEERTRE. 50 TEEEMED
FIBC L -C7 ¢ vl FIH © & 5,
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YeRYe FFSUCERTA LI L b 0.01-
0.1 pmol DA CTEBE B LR, RERE
anE={bigt, »AR=ALRECHERT
e, o7 2 AEE EEER ST
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