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Escherichia coli |7 3. A
Trimethylamine Oxide DBICIT DO T

(e N = N & S N N 24

I. & B

trimethylamine oxide OMAEMIZ L 2BITIZOWVWTIE, COLD2E8H T2 AKROEREE
HUTERE D ZEOIN S SN TS, R OBITLICHET 2H4% triamine-oxidase?
JiZE13 trimethylamine oxide reductase IZ#H SN T, BEEEHMSHOMRIER LT X,
FHIL E. coli ZFRNT IO DOBITCT OV TR 2427208, HlZ & OFFSEERH AERE D
AECIOTIFEIN A CEA L, COMERFHREE TSSO H O 45 & B L T
Uto

II. £ 8 ¥ &

FHAITHARR E. coli FFEO W No. 6 H3 trimethylamine oxide MBI IWNTHRE 3 &
NTVBLE2EMOIZDT, TNRHBMMEREE Uiz, BIRE? 12 E. coli O resting cell % Fi»
TRERFR 2 REMCZBR U, 0BT X DT T OfEES cellfree 12851 % LML T
W Do HAHIIMEROEEFEIZHED T resting cell 1Tk 28m2 H~, %12 living cell 12k 2.
BRI OV TORBRZIATUTHIT LIS

(0 living cell X 7F resting cell

Tikka® D72 medium 123500 T lactose % glucose 124t T glucose-inorganic salt
medium & U, THUZ trimethylamine oxide % 0.2%* /&AhE % 4 D% basel medium** &
UTZo living cell 12 X %38T013 T OEHMIT 35°, 48 BHANER LI, B EEDO—IEzONT
trimethylamine % %8 L THEt L 72, resting cell 13 R30I L 12 Bk 2 B EHK T
2 PR OSBEL C, —Z 50 M/5 phosphate buffer (pH 7.4) 128 L -, cell suspension
@ bacterial N {29 0.2 mg/ml TH—>12,

(2) resting cell T L % trimethylamine oxide 370

M/10 trimethylamine oxide 1ml; M/10 glucose 1 ml; M/5 phosphate buffer, pH 7.4
1ml; yeast extract (pressed yeast % 5 4%EM7KizTHI 90° 1= 20 43 m#h i By 3 L&
#) 0.25ml; KX cell suspension 1 ml & b7z % 3kBage %, 37° iz —sEiE kg% trimethyl-
amine 2ERU I, COREET X THRBIGMETITOE 12, Thunberg % Fiuv THERHY
WKATHE TS BITFRBOFER> 5 412,

FE * EEBOZERZ I hE Me;NO OFRINE 0.5% T E. coli 3HEFHHS)D 5, 0.62 Tl
BEHLU,
** glucose 12;, K;HPQ, 0.6, MgSQ,-7H,0 0.04, NaCl 0.1, (NH,),SO, 0.15, Me;NO 0. 2.
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(8) trimethylamine DER

PERZBDFHEED S h#F Dyer® 13 Na-picrate % Fu 2Bk 24REL TV 50, FHD
RERIZ X NIE C OBARIEVEMTH HOT, BIRROMIE HE R B2RA LI WLEFHRIC
35% formalin 0.5ml, 30% KOH 0.5~2ml %}inz T 45° iz 15 SmRdER T 50 WHT 5
trimethylamine % BIREI: 2% BERICTRILE U D TV 503, EEDOERD LLURME2Z R OT
=203 N/100 HC1 % Fvy, N/100 NaOH 2D TE4A O HCl ZiEmz U trimethylamine &%
MATEELT

@ NaNO: 0E=Z

SO BERS uranium & ER 2 M A THRER, BHEL THEBT 5. i Griess-Romi-
fin OBEHG 0.1gm MU TEERLY, 30 SHESRSHREDUEILEE filter S (2T
BREEL I,

72 3FER I 12 trimethylamine oxide [ Z3EFH ORBREBICISWTAERK U 12203, mp. 96° O
B S TR 2 5 F 0 b OICHH L, picrate @ mp. & 189° Tabh, XWEEuc—
9 %o

ITl. FEFERBRUBER

(1) living cell Tk 53T
1) #EEEO pH 2 A THEEUVIISAEOETLEG Fig. 1 ITRTLEDTH D,
ii) trimethylamine oxide 73 N H& UTHBEIN AT 23 5728, basal medium

. DR BRRPEZ TIEELIFERL Table 1 ©
Fig. 1 The pH value of the medium

and the reduction of trimethylamine WML ThbHo
ide. e e e N .
oxide i) BEiEi% IS EORFIANEEE trime-
gz thylamine oxide D ITLE: .U BEHEZE & OBIR
o0k .

/\\ %L bR Fig. 2 125
trimethylamine oxide #»* N 5 - U THIH

85}

Table 1 The content of ammonium sulphate
in the medium and the reduction of

RATE OF REDUCTION

S0+ \,\\ trimethylamine oxide.
No. o1 2 L3 | 4
85 '_ H 2 f ‘: :
Content of | %9 ) !
(NH, .80, \‘ 0 | 0.05 0.1 0.15
—
. \ : ! P Rate of e | ; !
80 6I|O %0 50 a0 reduction 0* % 87.6 90.6 | 91.8
pH * non growth was observed

=k * #§7if% 89 gm, sulphanilic acid 10 gm, e-naphthylamine 1 gm PRGN THGIERES T 50
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g Z"L BNV CEITHEHLDLTH Fig. 2 The relationship of the
. _ incubation time to the reduction of
b EFEORR LN B tnme trimethylamine cxide and the re-

thylamine oxide 755’%‘{7&031%5‘15 sidual glucose in the medium.
EFATUTETINS & %208

LT %o BIREVHKELSD 7 @
@)
{;‘/g@ medium @ pH i1 E. ’5 § Residual
coli EB DR pH & —FH LT R 3 glucose.
o Rate of
JEY, IR EHAREARDHE z g reduction
0 of trime-
FELSE L L I8 h & FRiT trime- . % thylamine
thylamine oxide DB TTH &k § ~ oxide.

ITHES T EMSEED 5N B,

(2) Nitrate iz ; A%

NaNO; o & 13 Taylor®
DIAD TRV TRSRRDERTE &
BRELU THIEIN T I 2R AR A HT AR B M AIMWTHHICEL, CObOW
trimethylamine oxide OMEICL 2B ZBFCRIZSADTHA D EINTV3.P FEHEDE
BRiCHWTE, NFELT NHNOs 2 FOIERTHEL (IKFLUT, NHNOs OiFnbsih
ADTHEMER T2 C EDED 6N, T DA medium i NHF OBMOEE» 31}
5728, NaNOs 27U T3 &L ARSHEEERZ 2L, NOy k2 ETHHT EHER
5N %o NaNOs Zzh ot 30, 40 &7¥ 50 mg %8/ U 72 basal medium 100 ml iZ#EB&L,
48 it trimethylamine 22 & U TR, 5 0ICC OB LN 5 Efk% resting cell & L
TERICH G2 1ThE 1245512 Table 2 R* Fig. 3 IWRT EB D Th b,

Castell X Snow® Z¥FEDE D unwashed cell suspension 12 k % @IGIT 35U T, nitrate
BITE T nitrate 10X 2PREVHFU , JERTGE TRIHEVFRAL, T 03B L RN E %
R, D nitrite IOV TEREL FBZCEDBED LN B E LTS, T L b2k Watson?

& Achromobacter (> cell suspension %

1
e /0 20 30 4o s0

TIME (hrs.)

Table 2 The influence of sodium nitrate
against the reduction of trimethyl-

FWWT trimethylamine oxide B3 ¥

amine oxide by living cell. %W, nitrate % 72/3 methylen blue 35t

No. 1 2 3 4 F£91d trimethylamine oxide DT 2 H

NaNO, added glg » 30 4'0 7;07‘ #U, fthb fumarate (IREERYTNC &
to medium* - .

) PRHBUIZ, 2L TTOC &I, potential

Rate of 100 | 13.9 | 10.9 | 9.6  series [251C methylen blue %X nitrate

A3 trimethylamine oxide X b & <{ fumarate
PEAPLTHD EBANEHETEBEL

* basal medium 100 ml
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Fig. 3 The reduct.on of trime-
thylamine oxide by resting cell
grown in nitrate-added medium.
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0 ¢ & /2 /6 20

TIME (hrs.)
cells grown in NaNOj-added medium
O—0O 50 mg added, x—x 40 mg added,
@®—@ non added.

TWab,

THOEBRIZIBWTIL, nitrate 2RI
U 7z medium (24:F U 125 % resting cell
EUTETLEE2TORIZOTHDOT, L

DA O B S#IC I nitrate (T HAEL S0
U%» 31T nitrate %ML T2 medium
HEFUZEERL, U5 E 55 DICHNRT
RIS E UL BLNH T WD LN
770 B LIEEOERICEH T 0% 3 Watson
DEZIFIZIDOTHRTHEUTY, rest
ing cell & U284 (D nitrate OREEBR
Y, CAUZX O TIEEHTERV. B
K% trimethylamine oxide DEJLILA:
EINITWMEEERIC I >TEINs 0D
T 5o FEROFERICOVT B IFER I
475 % nitrate D ERICHFED LK 2HEL,

ZM12H T resting cell & U T, nitrate DAL SWEHE TS ET Y, #1212 trimethyl-

amine oxide
(3) casein hyKAT R DIRM
Bilien!® (3 E. coli 1Z¥IT5

hydrogenase, formic hydrogenlyase XU,

formic

hydrogenase O#ER%, 72 ®MIZ nitrate 12X
5T S SEFEEDIE & casein IR &
OERICOWTHEL T 5, FHHI
thylamine oxide EITEESROEAITIZAMAS
AR EZ B0 RBRTT A0, KDL DB
PR R 4T D12, casein /KSR FERR 2 DL
T 48 FEAEPSMEL T2 3 0%, Ba(OH): 1T
TraFnsiEE L, BaSO,s 12 Xk 2Tk EZEEL T
¥ 102 OMKBIER E 78 Bnd KemA, —
EREEDUTHERUIS

i) basal medium 100 ml iZ %} U casein jinzk
SffE 20ml Z2ERMUTIE/EL 12 ERE,
resting cell & UTETEGER? LI UDTEER

trime-

CRT ABEH 2 IN LT TELVHEE LSV EDEBAL LN Do

Fig. 4 The effect of casein hydrclyzate
upon the reduction of trimethylamine oxide
by resting cell.
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cells grown in casein hydrolyzate-
added medium
O—0O 20ml added, @—@ non added.
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Table 3 The effect of casein hydrolyzate against Fig. 5 The effect of case'n hy-

the inhibition with sodium nitrate dljolyzatq against the inhibition
‘ Cliving cell) with scdium nitrate (resting celD.

-

- %
No. 1| 2 f 3 4
e ‘ il ‘ 601~
Casein hydrolyzate | i \ ‘
added to medium* | 0 | 10 | 30 ! 50 Z ]
F e e B B
| MeNO | 1271 | 247 | 545 530 9
Rate of | | | o A 9O
reduction | U Zo 1 g
- NaNO; | 524 | 27.0 | 18.4 S los L
1 i 1 . )
* basal medium (100 ml> with 50 mg NaNQ, 82 2o+
«
. . 4
i3 Fig. 4 \TRT EBHTH B, i
ii) NaNOs; 50 mg %% 7z basal medium 100 m] o .
RS % casein MK FRED S 25 7, N ZThi¥g TIME (hrs.)
EUIZFED trimethylamine 2% &, RS DSBS cells grown in casein hydro]yz‘;ite-
) s pe e o added medium .
% resting cell 12X 2TCH GO % Table 3 Kok ®—® 30ml added,
. _ X—x 10 ml added,
Fig. 5 12574 O—QO non added.

casein DMK AR % RML 12 medium (Z4F U 12 g5k, ISMD Z T~ T LE
TLRUS%2 78T CAd casein 43 f#idhs trimethylamine oxide IBTUHESED AR I IF 8 % B 7.
T2 5TH5 5, medium (T nitrate Highggd BIAITIBLT Y, casein SRR DTN X o
T nitrate ([ X ZMHEHNEES N, 35 (CIINEE B TUSTHE DS 2 BD B 1L By —
7% trimethylamine oxide DYETEH RIS % K, nitrate DEITHIA L TV 3 EBEEI N
%o casein SRS nitrate OETLITHE R RITTHT )% B2 7- ¥, trimethylamine ox de
DO 1z NaNOs % 0. 122 7#mU 72 basal medium iz T, casein TR DOIRMBE» 22 T
EL, NaNO: 2B 124558 (Table 4) #5A EEEORER y Gz & B OI, o
C trimethylamine oxide JE7¥3 & nitrate ¥EEEE & DO OFE A D 2 & E2ilb
N2,

WD N FDOA 2 E AR, BEDERD L VRS TH 2120 trimethylamine oxide
DETCHEPHIX N % %5, casein G PR NS USTHIE O A R  CR R R & 22 b, LA

‘ i N -3
Table 4 The influence of casein hydrolyzate upon nitrate DIETLY WA D DT b5
the reduction of nitrate (living cell). 5,
No. 1 2 3 | 4 @ ¥EEY nitrate 2 iRINT A6
Casein hydrolyzate Oml 10 ‘f 20 . 30 WerRizd Z_,i;}g@[Sﬁ_%Z@;[jim

added to medium*

gl ‘ [ e basal medium 100 ml |z cassin
i . .3 | .2 51.4 R

Rate of reduction 53.9 49. 3 | 53 ; ')Jﬂ?Kﬁ‘f%iﬁ 10 ml A T L0, &

* basel medium (100 ml) without Me;NO MA IR DITEEL, AL
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# 0, 5, 10, 15 pEfic £ e NaNOs 50 mg 5% B 2 T RIML 2o 48 SRR T B S B
L/T:%%%: Table 50r% )"C‘Z‘) Ao

Takle 5 The relation between the time of addition cof nitrate and
the reducticn by living cell.

Age of culture when mtrate* was added

l \
Rate of |
Tedium [ o -
i reduction 3 gr. 5 10 15 non added
— ‘ —s e _.»—~3 ——— S— ! —_—
[ MeNO | 11 28.1 £9.8 89.8 93.3
Basal medxum R —— —l T T T e T
& NaNO, 681z 67.3 ., 65.9 38.9 —
Basal medium | MeNO | 23.27% 323 88.6 8.2 9.6 o
\Vith casein ‘ T T T e - T T - o
hydrolyzate** 1 NaNO; | 62.722 56. 3 57. 4 ‘ 32.8 —

# 50 mg to 100 ml medium, ** 10ml to 100 ml medium

casein JHEACR RINL TIREL 2B OEIA%, cell suspension & U TEILLSZITODET
Fig. 6 Oins#5R214570

= 72 2O cell suspension (2 J % nitrate ORTLZHETT 272D, trimethylamine oxide @
£ b1z M/10 NaNOs 1 mi. % Fioviiisax <R U < U@ 2 ED, 8 Rtk NaNO: 2r&.
L1z, NaNOs @itz & LT Table 6 (Z7Rd

RS04 & E% 35 A0 WHTIR ML IC nitrate 14 caszin 43 MR HDIEREL THHEUVVEE ERL,
trimethylamine oxide YEJCH¥HAERDOFHELLN [CIAMIE 1172 nitrate A3 nitrate BICEESED &AL

Fig. 6 The relation between the e, BEILE nitrate ([CDOVWTOHEH & L

time of addition of nitrate and ho FER !]1@_[,,(% G ANEE AT trimethylamine oxide
the reduction of trimethylamine . .
oxide by resting cell. BICEESED B R S 1, 0 2 ORTMERVBHLEA T
% %1z, nitrate 12 AENA BNV, TOHEIT
80+
z 3BT trimethylamine oxide 353547 U 250> resting
A L
5 60 cell O Fi&i:T1%, nitrate OETCIZTMU IR
2} WA NPT R OBILENRENS L &3 Table
E 40+ ICBH & 9T o % o resting cell 12 X % trimethylamine:
1
Z I oxide OBTEOHA1Z14 (Fig. 6), JEH SRV DS
- 20
&ﬁ Table 6 The reduction of nitrate by resting
. cell (after 8 hrs.).
0 /2 ‘
o No. 1 \ 2 | 3 | 4
TIME (hrs. T — T T 1 -
(hrs.) Age of culture when 1 5hrs. \ 10 ‘ 15 [ non
age of culture when nitrate nitrate was added | \ E ‘ added
was added ' : e e 01‘ s - # =
‘ 2 i
‘ 72.5 ; 73.1 " 47. 4

®—® 15hrs.,, A—A 10hrs,, Rate of reduction } 64.i
x—x 5hrs, (O—) flon added. ‘
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DTS, HEERI :.‘nltrate BIRMI NTZEERTIE B JC ZFD K <{, trimethylamine
oxide FETUELIED 4 M3 Bﬂ%? NizyoELBbh s,

FH# X cell-free OERIZ OV TOERZITNBLSLOTIN S, FHROEBEEEICIZERE
(SHLDRE B R DR L T mboTnwa T L A BN Do b#bfi:bi‘ 5 trimethylamine
oxide DEILAHS nitrate 121 b Bﬂfg_é N AMiL, nitrate PE ZHERE VU TERL TS
cvﬁﬂm\nMﬂe@ﬁﬁ*iof%h&eﬁﬁﬁ?ﬁéméﬂ,%ﬁ%mtmmmﬂwmw
oxide BICEEED A IHISI N 5 D> 6'1'00 h, IBEOFRMBICIOTEZDOHCEHBE58 b
DT, TS TR MRS IR B SRR A L TV 3 C RO hTh S

Iv. =¥ #

E. coli ® livirig cell % 7F resting cell % Fi», trimethylamine oxide DEITCIZ DWW TEE
BLU TR ZERITIERONML TH B

(1) living cell (2 X % trimethylamine oxide MDEILIZEAOBFNCEHFI L THEMT 0

(2) nitrate % medium 1ZiFIN TN IE trimethylamine oxide OETitfHE%E 3 1, T 77 nitrate
ZESMU T medium (AT UIZEEKRTIE, EIRINO T H~XT, resting cell & U TG
BUSHF UL BN THBAIN %0 MLIBRPETHEOLRDILE SN T2, nitrate O
H AL L 7o resting cell O FREAFICI WV T trimethylamine oxide 12543 % T B ii %
:22.‘3“7:0 LJL‘\#)%LZ)O

(8) casein DNZKA R 2 IFEFICREMT NS trimethylamine oxide @ICEFED &k » L
W %,

@ @%m®MK%%ﬁ%ﬁM?5C&KibIMm&K;5m$NE@§ﬂW%Knmae
OBTEEMAT 555, nitrate OBTLZ D b DI casein MKSHOEMTIZFAA EHES T
£ )i 5, trimethylamine oxide JETTEFRODARHIEHME S 1 2 k5 FAA PO nitrate (T 5
TSRS N D EEA BN D,

(5) IFBEOFNPIC nitrate 2T HIL, trimethylamine oxide JETELSEIZE L < A » A
= ‘é‘ IAHDY, BEEDEOIRMIPE 25 420,

] X S
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RESUME

On the Reduction of Trimethylamine Oxide
by Escherichia coli

Kotaro Nis"HipA and Akira KOBAYASHI

In the reduction of trimethylamine oxide by living and resting cell of E. coli No. 6
-the following results were obtained : ’

1) The reduction of trimethylamine oxide by living cell increased with the pro-
liferation of cell.

2) Addition of nitrate to the medium inhibited the reduction of trimethylamine
.oxide. The resting cell grown in the nitrate-added medium, in comparison with that
in the nitrate-free medium, required markedly prolonged lag period, which was con-
sidered to be necessary because nitrate had inhibited the adaptation to trimethylamine
oxide during the incubation.

3) Addition of casein hydrolyzate to the medium promoted the formation of
trimethylamine oxide reductase.

4) The inhibition with nitrate was recovered by addition of casein hydrolyzate
and at the same time the reduction of nitrate was decreassd. Since the hydrolyzate
was not inhibitive to the reduction of nitrate, it is considered that the cells were not
adapted to nitrate in consequence of competitive formation of trimethylamine oxide
reductase.

5) The addition of nitrate to the young culture fairly inhibited the formation of
trimethlamine oxide reductase, while scarecely any influence was observed when nitrate
was added afterwards middle stage of incubation.

Other enzyme systems or the growth of the cell may have some influences on the
above results without examination on the cell-free enzyme. Nevertheless, it is no doubt
that nitrate does not inhibit the reduction of trimethylamine oxide as a simple inhibitor
itself, but premotes the formation of nitrate reductzse, and that the formatiori{ of
trimethylamifie oxide reductase is consequently suprressed. In another cultural éon-
dition quite reverse results were obtained and so the above results should be explained
from the relative superiority or inferiority of these two adaptive enzymes.



