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Some Properties of a Formaldehyde and Dimethylamine-forming Enzyme
Obtained from Barbatia virescens
BY
Katsuhiko HARADA and Kinjiro YAMADA

In the course of studies on the production of formaldehyde and dimethylamine in
species of Bivalvian Mollusca, the production was demonstrated in Barbatia virescens,
i.e., the both substances were produced from trimethylamine oxide by the mediation of
the visceral homogenate in the presence of methylene blue as an activator!. The mediating
activity was assumed as the catalytic function of an enzyme system involved in tissues
of this species.

For this reason, the possible mediation of an enzyme system and some of biochemical
properties of this system have been examined. The results obtained are as follows:

1) The production by the visceral homogenate was confirmed to result from the reaction
catalyzed by an enzyme system similar to that of gadoid-akin fishes and Cephalopoda
species?~%. However, the participation of co-factor was not recognized in this reaction,
as opposed to the case of a gadoid-like species®).

2) The production was always attended with the development of trimethylamine, but
the development was confirmed to be an apparent event on the basis of a thin-layer

chromatographic separation of produced amines.
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Fig. 1. Salting-out of the visceral homogenate R 0.25ml & LU MCILVAINE _\U /&%ﬁﬁﬁw(p}l
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Fig. 2. Production of FA, DMA and TMA by
salted-out crude enzyme with or without
supernatant, Fig. 3. Production of FA, DMA and TMA by
System, anaerobic, incubation at 26°C dialyzed crude enzyme.
for 120 minutes, 0.5 ml of the salted-out System, anaerobic, incubation at 26°C
crude enzyme (a fraction precipitated at for 120 minutes, 0.5 ml of the dialyzed
26~39 per cent saturation of ammonium crude enzyme (in the control sample,
sulfate), 0.5 ml of the supernatant replaced with the crude enzyme not
(replaced with distilled water in the dialyzed and stored for the same time-
control sample), 0.5 ml of 0.1 M TMO, intervals as the dialyzation), 0.5 ml of
0.25 ml of 0.001 M methylene blue, 0.1 M TMO, 0.25 ml of 0.001 M
phosphate buffer (pH 6.1) to 5.0 m!. methylene blue, phosphate buffer (pH
O, A and [, in the reaction mixture 6.1) to 5.0 ml.
containing the salted-out crude enzyme O, & and 0, in the mixture containing
and the supernatant. @, 4 and @&, in the the dialysate, @, & and &, in the control
control sample. sample.

A b5 EHE LT co-factor WM EEL LEWI ENALSL E L /-4, EHILEKIZLD co-factor
DIFEEEI DI,



98

$F, BIMBEGICoWT FA, DMA %5 05 TMA OEREEZ T, T4bb, HERE 2nik
Z2hFn 8l u—Z2F 12— 7 (Visking Co., size 8/32)12&2 0, %m0 b0 41H1% 500 m{ DHK

it

A

H & K E

ARKFFER 19 (2 + 3)

Table 1. Production of FA, DMA and TMA by dialyzed crude enzyme with or without

diffusate.
Production of
FA DMA-N TMA-N
rg/ ml
Dialysate 37 14 4
Dialysate -+ Diffusate * 36 14 4
Dialysate 41 11 5
Dialysate + Diffusate ** 38 10 5

*Concentrated at 100°C.
**Concentrated at the temperatures below 2°C.
System, anaerobic, incubation at 26°C for 120 minutes, 0.5 ml of the dialysate, 0.5 mi
of the diffusate (replaced with distilled water in the control sample), 0.5 ml of 0.1 M TMO,
0.25 ml of 0.001 M methylene blue, phosphate buffer (pH 6.1) to 5.0 ml.
(2°C) hor s LA BERLOD, 2, 5, 10 bhU 248sMKkIC L VL, EMEEBERERO=-MED
EREEA TN, kd, WAkE2, 5, 10 LU ITEMBEIZED» 27k, 04O VO —2F 2 =T
22CTF0EERBLCHBOMKE Lk, BRIEIHOLEY TH S, ZOM» 5, ENIC LD HE
EOEEPETT 35, 20ETOESILER LS vl & IEABRE T co-factor DEEFZD SN
ZEBbh b,
KUz, 24BRRIENT L -HEERWEIC, 100C OBEIREE 2130 2°C ORI & - TRHE L7285
BEMz, ZOBRAEOSHWEEREELZ LB LD OFRIZLAD > TN, BI1RIIALEERP O
5 X350z, BHIMNERINC L - TEEIEFHIIEAL LS, 5 720T, co-factor ODTEEILIRD 5h kv,

2 -4 EMRLE _
B A RLH L OEEERI co-factor PUBBETHE VI L& & 5ITHEN D S 720, IEIERIZ L B co-factor
DREER Y177 - 720 T STADTMAN @ CoA WREik) (TR L=, +4b b, HERWAWHT

Table 2. Effect of charcoal treatment of crude enzyme on the production of FA, DMA and

TMA.
Production of
Treatment
FA DMA-N TMA-N
rg/ ml
Nene 148 32 17
Charcoal (10mg/ml) 145 31 16
” (30mg /ml ) 145 32 18
” (40mg / ml ) 145 31 17

System, 0.5 m! of the crude enzyme treated with charcoal (replaced with untreated
enzyme in the control sample), 0.5 ml of 0.1 M TMO, 0.25 ml of 0.001 M methylene
blue, phosphate buffer (pH 6.1) to 5.0 ml.

16, 000 * g’@SO%E’zﬁﬁ'D LTSN LB S ml IZERUEE L /- 1B %50, 150 % 7-13 200mg & 402,

CUHEL» 2 FERBSGAOLELSESITE Y, B5N- LEHIZ> & FA, DMA & TMA DR
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Fig. 5. Effect of pH on the production of
FA, DMA and TMA by crude enzyme.
System, anaerobic, incubation at 45°C
for 120 minutes, 0.5 ml of the crude
enzyme, 0.5 mi of 0.1 M TMO, 0.25 ml
of 0.001 M methylene blue, phosphate
buffer with different pH values from 2.2
to 8.0 to 5.0 ml.
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Fig. 4. Effect of temperature on the pro-
duction of FA, DMA and TMA by crude
enzyme.

System, anaerobic, incubation at
different temperatures from 12 to 55°C
for 120 minutes, 0.5 ml of the crude
enzyme, 0.5 ml of 0.1 M TMO, 0.25 ml
of 0.001 M methylene blue, phosphate
buffer (pH 6.1) to 5.0 ml.
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Fig. 6. Production of FA, DMA and TMA by
crude enzyme at favorable condition.
System, anaerobic, incubation at 45°C
for different intervals from 20 to 180
minutes, 0.5 mi of the crude enzyme,
0.5 ml of 0.1 M TMO, 0.25 m! of 0.001
M methylene blue, phosphate buffer
(pH 5.0) to 5.0 ml.
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Fig. 8. Inhibiting effect of riboflavin on the
production of FA, DMA and TMA by
crude enzyme.

System, anaerobic, incubation at 45°C
for 90 minutes, 0.5 ml of the crude
enzyme, 0.5 ml of riboflavin (10-1~10-5 M},
0.5 ml of 0.1 M TMO, 0.25 ml! of 0.001
M methylene blue, phosphate buffer (pH
5.0) to 5.0 ml.

H 4 K B KRKEFER 19 (2 - 3)
100
= O FA
= o
E 80p
-
<3 eof .
e 2
“62
5 <
S E
©
o &

Time of storage (days)

Fig. 7. Stability of salted-out crude enzyme
at refrigerating temperature (2°C).
System, anaerobic, incubation at 45°C
for 90 minutes, 0.5 ml of the salted-out
crude enzyme, 0.5 ml of 0.1 M TMO,
0.25 ml of 0.001 M methylene blue,
phosphate buffer (pH 5.0) to 5.0 ml.
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Fig. 9. Inhibiting effect of oxaloacetate on
the production of FA, DMA and TMA
by crude enzyme.

System, anaerobic, incubation at 45°C
for 90 minutes, 0.5 ml of the crude
enzyme, 0.5 ml of oxaloacetate (1~1075
M), 0.5 ml of 0.1 M TMO, 0.25 ml of
0.001 M methylene blue, phosphate
buffer (pH 5.0) to 5.0 ml.

107°M) 0.5ml, 0.1M TMO 0.5mi, 0.001M X FL & 0.25ml ¥ £ U MCILVAINE V) » BREZH#W3 .25
mlk YAV SEIZ LY, KIiE, FA, DMAB KO TMA EREEZRE L2, ZO/KE, VE75EY0D
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Fig. 10. Inhibiting effect of azide on the Fig. 11. Thin-layer chromatogram of volatile
production of FA, DMA and TMA by amines produced.
crude enzyme. System, anaerobic, incubation at 45°C
System, anaerobic, incubation at 45°C for 90 minutes, 0.5 ml of the crude
for 90 minutes, 0.5 ml of the crude enzyme, 0.5 ml of 0.1 M TMO (replaced
enzyme, 0.5 ml of sodium azide (1~10-5 with distilled water in the control sample),
M), 0.5 ml of 0.1 M TMO, 0.25 ml of 0.25 ml of 0.001 M methylene blue,
0.001 M methylene blue, phosphate phosphate buffer (pH 5.0) to 5.0 ml.
buffer (pH 5.0) to 5.0 ml. s=authentic specimen (a, trimethyl
amine; b, dimethylamine; ¢, monomethyl-
amine).
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