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Studies on the Production of Formaldehyde and Dimethylamine
~in Arthropods, Echinoderms and Other Invertebrates

By

Katsuhiko HARADA and Kinjiro YAMADA

In the succession of studies on the production of formaldehyde and dimethylamine
from trimethylamine oxide in molluscan decapods, bivalves and gastropods!~3), the pro-
duction in arthropodous crustaceans and other invertebrates including molluscan varieties
not examined in the previous papers was observed. The results obtained are as follows:

Of the animals studied totaling 86 species, only three, ie., Alcyonium gracillinum,
Semisulcospira bensoni and Cucullaea labiata granulosa were proved to have the ability
to convert trimethylamine oxide to formaldehyde and dimethylamine. Among these
species, the most remarkable ability was demonstrated in Alcyonium gracillimum.

1. # B

BiEA A5, HEEP L UBEREIZEIT S FA & DMA OEBIZOWTIE T CIzEE LAY »
DFERIZE B &, SRESHCIXPHROEBEIC TMO » 5 FA & DMA 4R+ 2BEZ P HET 5,

¥R RFHNEEE $0835, 1972810817 =,

Contribution from the Shimonoseki University of Fisheries, No.683.

Received Oct. 17, 1972,

FRETIROESEANE, FPIAFVTIVEFH{ F, TMO; MY AFLVT Iy, TMA; ¥
AFNTFIY, DMA; RVATILFE F, FA.



230 B OB OZ -l HOGKEp KAmER 21 (2)

%@@%&@wﬁﬁ%ﬁ@%@FAeDMA@ﬁﬁﬁouf@ﬁ&@%mawf@ﬁﬁ“”ﬁ%am¢¥
B, 2055, —is FA & DMA FIEABET 5 RO LN3QRTHFINETHEY o L5,
FEIzHnTIE TMO 6 FA & DMA %ﬁz&f?é@%i?ﬁ@ﬁ?ﬁﬁfﬁff xn A p, (o EFEEC BT
B ZOBERZOEEIITATH 5,

EoT, AEHMEENS 2 OTE b o HREEWIOTEICI, EEEY, MBS XU Of
DEFHEEIZ o & FA & DMA OB AN, ZhsnEMzsiT 5 TMO » 5 FA & DMA 24T 5
%%%@ﬁ&%%#mﬁoﬁﬁ,%hﬁTTMO#BTMA%%fTé%?%ﬁE@W%@momf%ﬁﬁ
BT 720

2. ® B A &

2-1 ® B

S S CEERSE R B0 EE, TASORBITL LTER (TR MEATAF Lz, BK
DAEIET, B, KEX (KB KB, 2%, BETSISEERE) b XOERERKIE 1RCOFTY
B0TH b,

2 -2 HiEFEBLUFA LS U DMAZEEROEE

FA, DMA %X 0F KOH-7 3 v* OERIZZNFNT L FUT L bV, JFA 34— R
LU CONWAY OEFLEED 12k o7,

FA &1 DMA EpacoRZ XA oW Ik 72, T4bh 5, IO S -IXFHRIC 2RO
@k%miffbyﬁ—mﬁﬁﬁ%ylﬁ—F%ﬁ%t,Zﬂ%:éﬁ—%ﬁﬂﬁbfﬁﬁkbtoimﬁ
TE0.5mi % v v~ SEORIEIZ L D, 0.1M TMO 0.5ml, 0.001M £ F L ¥ 0.25ml H U7 =V B~
U VERETSF MY AEER (pH6.1) 3.75ml 2 EEIILY, WA RS L, Baky v
NN FERBC IR A N—=L, 0% bV 70 VEEER Sml BN 2 T OB EIT 4 5 /2o THEICD
W FA, DMA & KOH-7 3 Vv ODEBET 4 -7, 4%, WEEE LT TMO 2w /-EiEeED, ks
Bl I3 lE U,

3. ERERE L UEE

TR ENy 3778, BUKEN 20 b K O 1200 2 kiR El R B 7 M B 29FE 12 D W T B R R
BE2HRIIRT,
%2%#6%@%$’K9FA&DMA@E&%%@@E&EK%@%@%%@%(hmENHRMAKE
f%@:vsb%ﬁ(ﬁﬂﬁ%l)h&ﬁ%@@%?wuﬂmAamv:%(%ﬂ%%S) ERIATH
ﬁﬁ(ﬁﬂ%%m)Wﬁfééo%W?@%ﬁ%ﬁ%<%@%ﬂ&#9:oN:@EF%ﬁmﬁﬁﬁﬁé
FA & DMA OERELS » S HMPIRD 2 110 L IFIZE LA oy — T, ATZFBELUPR ATATAN
%T@%ﬁ%mN:WSF%ﬁKmN#&U%HOiﬂ%@%KﬁH%FA&DMA@E&%@W%KOﬁ
CENELOTH AP S, TMO #5625 FE OERABGEEIC L350, X ABELERISTET
%ﬁ%%@%ﬁn£%#ﬁﬁ@&i%$%?%%oﬁv:%ﬁ%ﬁ%FAkDMA@%@@%ﬁﬁ”&ﬁ%

SR

* AR IR Li—EOEI s CiEE TMA 2 LTHEDLT 54, ZoHbbhLUETIE
CASTELL 5 288iE+ 2 k312 TMALISMO 7 3 VA ETIRENFH S D45 KOH-T I &5,

— 38 —



B EN, HEEhE L U7 a>f&a>ﬁ%ﬁ%ﬁ@ﬁ%zmh‘é FVATLFE FEYVAF LT I VLR 231

Table 1. Description of the sarnple examined.

Sample

No Species™ Source |Season| Average size*¥

COELENTERATA
Class AnTHOZO0A
Qrder Alcyonacea
Alcyonium gracillimum - beniumitosaka’ Murotsu Aug. 82.0%( )
2 Dendronephihya habereri - birodotogetosaka” Murotsu Aug. 24.5% (1)
TENTACULATA
Class BRACHIOFODA
Order Telotremaia
Coptothyris grayi - tatesujihdzukigai’ Yoshimo | Aug. 2.0%( 1)
MovLLusca
Class POLYPLACOPHORA
Order Ischnochitonida
4 Liclophura japonica -"hizaragai’” Y oshimi Jul. 3.6% ¢ B
Class GASTROPODA
Order Mesogastropoda

(R

(2]

5 Semisulcospira bensoni - kawaning’ Yoshimi | Oct. 2.7¢ ( 60
6 Batillaria multiformis <uminina” Yoshimi Aug. 3.0° (9D
7 Doxander vittatus -'shidorogai” Murotsu Aug. 6.0°( 2
8 Neverite vesicalis - himeisumetagai” Murotsu | Jul. 2.5°(C D
9 Ficus subintermedia - biwagai” Murotsu Jul, 65°(C D
Order Neogastropods
10 Niotha clathratus - araregai’ Murotsu Aug. 42°(C B
Order Cephalaspides ‘
11 Philine argentata - kisewatagai” Murotsu | Aug. 63°C 2
Order Anaspidea
12 Aplyvsia kurodai -"amefurashi’ Murotsu Aug. 30.0* ¢ 1
Order Notaspidea
13 Pleurobranchaea novaezealondiae - umifukurd” Murotsu Aug. 9.0% ( 2)
Order Mudibranchia »
14, Plocamopherus tilesii - hikarinmiushi” Yoshime | Aug. 6.0% { 2)
15 Ceratosoma cornigerum - nishikinumiushi” Murotsu Aug. 652 ( D

Class BivaLvia
QOrder BEutaxodonta

16 Cucullaea lnbiaia granulose < nunomeakagal” Muzotsu Jul 644 ( 1

17 Glycymeris vestita ~tamakigai” Murotsu | Aug. 3349 ( 1)
Order Pteriomorphia

ig Chlamys farveri -'azumanishikigai” Yoshimo | Aug. 229 ¢ 2

19 Decatopecten striatus - kinnchakugai” Murotsu | Aug. 28%¢ 1)
Order Heterodonta

20 Vasticardivm burchardi - zarugai’ Murotsu Aug. 72%C D

Class CEPHALOPODA
Order Octopoda

21 Octopus vulgaris -“madako” Kogushi Jul. 65.0%(
22 Octopus minor - tenagadako” Yoshimi Jul. 30.0% (13
23 Octopus ocellatus - iidako” Murotsu | Jul | 102.0%( 1)

ARTHROPODA

Class X1pHOSURA
: Order Xiphosura
24 Tachypleus tridenigius - kabutogani’ Habu Sep. 36.0° ¢ D

— 39 —
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;

Table 1. — (Cont’d)

Saﬁgle Speices* Source |Season| Average size™*
Class CRUSTACEA
Order Decapoda
25 Metapenaeus monoceros - yoshiebi Murotsu | Jul. 13.6° ( 1)
26 Trachypenaeus curvirostris - saruebi’ Y oshimi Jul. 6.0° ( 3)
27 Metapenaeopsis barbata - akaebi” Yoshimi | Jul. 45 (5
28 Neocaridinag denticulata - minaminumaebi” Yasuoka | Aug. 2.4% ( 30)
29 Alpheus rapax - "oniteppoOebi” Yoshimi Jul. 9.9" (130)
30 Macrobrachium nipponense - tenagaebi” Yoshida Jul. 10.2% ( 57)
31 Procambarus clarki “amerikazarigani’ Munakata | Jul. 10.0P ( 2)
32 Diogenes edwardsi -'togetsunoyadokari’ Murotsu | Jul 8.4 ( 2)
33 Dardanus arrosor - yokosujiyadokari” Murotsu Jul. 1500 ( D)
34 Dardanus diogenes ~“akahoshiyadokari” Murotsu | Jul 13.5° (1)
35 Petalomera granulata - hiraashikamuri’ Murotsu | Aug. 3.5 ( 1
36 Conchoecetes artificiosus - hirakoukaikamuri” Murotsa | Jul 409 D
37 Dovippe dorsipes - kimengani’ Murotsu | Jul 3.39( 2
38 Arcania undecimspinosa - juichitogekobushigani” Murotsu | Jul 269 &
39 Myra fugax ~tenagakobushi’ Murotsu | Tul. 3.59 ( 2)
40 Calappa philargius -"meganekarappa’ Murotsu | Aug. 749 (1
41 Hyastenus diacanthus - tsunogai” Murotsu Jul. 42%( 1)
42 Leptomithrax edwardsi - koshimagani” Murotsu Jul. 5.6%° ( 1)
43 Lambrus validus < "hishigani’ Murotsu | Jul 410 ¢
44 Zalasius dromiaeformis - dorogai” Murotsu | Jul 360 (1
43 Jonas distincta - higegani” Murotsu | Jul. 20°C 2
46 Portunus pelagicus -"taiwangazami’ Yoshimi | Jul 1148 (D
47 Portunus glediator < ibogazami” Murotsu | Jul 809 ( D
48 Charybdis japonice - ishigani” Yoshimi | Jul 65¢C D
49 Charybdis miles - akaishigani’ Murotsu | Jul. 549 (D
50 Thalamita sima - futahabenitsukegani” Yoshimo | Jul. 459 C 2
51 Liagore rubromaculata ~benihoshimanjiigani’ Muzotsu Aug. 434 (D
52 Xantho reynaudii - vrokodgigani’ Murotsu | Jul. 444 ( 2)
53 Carcinoplax longimanus -"enkégani’ Murotsu | Jul 44% (1)
54 Ommatocarcinus mecgillivrayi -'menagaenkogani” Murotsu | Aug. 259 (1)
55 Poramon dehnani -'sawagani’ Shuhodce | Sep. 214 ( 4
56 Pachygrapsus crassipes -iwagani” Yoshimo | Jul. 360 (1)
57 Eriocheir japonicus < mokuzugani’ Yoshimi | Sep. 1774 (.
58 Hemigrapsus sanguineus -"isogani’ Yoshimi | Jul. 317 (3
59 Hemigrapsus penicillaius - "kefusaisogani” Yoshimi | Sep. 6.4% (114)
Order Stomatopoda
60 Squilla oratoria - shakd’ Yoshimi | Jul 1524 ¢ 1)
ECHINODERMATA
Class CRINOIDEA
Order Comatulida
61 Comanthus japonica - “nipponumishida’ Murotsu Jul. 10.6° ¢ 2)
Class OPHIUROIDEA
Order Phrynophiurida
62 Gorgonocephalus caryi -'okinotezurumozuru” Murotsu | Jul 15.9% ( 1)
Class ASTEROIDFA
Order Phanerozonida
63 Astropecten scoparius “momijigai Murotsu Jul, 103° ( D

_40___
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Table 1. —( Cont’d}

f)&rilnople Species* Source  |Season| Average size**
64 Astropecten polyacanthus <togemomijigai’ Murotsu | Jul 8.4°% ( 2)
65 Luidia maculate -'yatsudesunahitode” Murotsu Jul. 152¢ ( 1)
66 Stellaster equestris - hoshihitode” Murotsu Jul. 7.0 ( D
67 Certonardoa semiregularis -'akahitode” Muroisu | Aug. 5.6° (1)
Order Spinulosa
68 Asterina pectinifera - itomakihitode” Yoshimi | Jul 43° (3
Order Phorcipulata
69 Asterias amurensis - hitode’ Yoshimi | Jul 1220 ( b
Class FECHINOIDEA
Order Aulodonta
70 Digdema setosum - gangaze” Futaoi Sep. 11.6° ( 1)
Order Camarodonia
71 Temnopleurus toreumaticus - sanshouni” Murotsu Jul. 4.0° ( D)
72 Temnopleurus reevesi - harisanshéuni’ Murotsuy | Jul 3.3° (1)
73 Toxopneustes pileolus -'rappauni” Futaoi Aug. 9.9° ( 1)
74 Pseudocentrotus depressus -"akauni” Yoshimo | Jul. 37 ¢ 1)
75 Hemicentrotus pulcherrimus- bafununi” Yoshimo | Jul. 3.1 (%
76 Anthocidaris crassisping - murasakinoi” Yoshimo | Jul. 3.8 (1)
Order Clypeastroida
77 Clypeaster japonicus - takonomakura” Murotsu | Oct. 9.2°( 1)
Class HOLOTHUROIDEA
Order Aspidochirota
78 Stichopus japonicus < manamako’ Yoshimi | Aug. 15.0° ¢ 1)
Order Dendrochirota
79 Amphicyclus japonicus -"okinagumimodoki” Kogushi Oct. 62° (D
80 Pentadactyla japonica -'moguranamako” Kogushi | Oct. 8.6° (1)
PROTOCHORDATA
Class UROCHORDA
Order Pleurogona
81 Botrylloides violaceus - itaboya’ Yoshimi | Jul 2.0 (¢ D)
82 Styela plicata -'shiroboya’ Yoshimo | Aug. 150 ¢
83 Styela clava ~eboya” 1 Yoshimi | Jul 10.6% ( 3)
84 Pyura vittaia - karasuboya” Murotsu | Jul. 320 ( D
85 Pyura michaelseni -'mihaeruboya” Murotsu Jal. 53.5% ( b
86 Herdmania momus - beniboya” Murotsu | Aug. 150 ¢ D)

* Japanese name is given in quotation marks.
** Number of individuals used is given in parentheses.
a~d The letters represent the sizes of the following: a, body weight (g); b, body length (cm); ¢, shell
height (cm); d, shell length (cm); e, ambulacral radius length (cm).
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Table 2. Production of FA, DMA and KOH-amines from TMO by the mediation of organs of
arthropods, echinoderms and other inverierbrates.

Viscera Muscle
Sample Sneciest
No. peces po DMA KOH-| p, DMA KOH-
-N  amineMN, N amine N
rglml pgfml
COBLENTERATA
Class ANTHOZOA
Crder Alcyonacea
1 Alcvonium gracillimum - beniumitosaka” 147 64 16 — - —
2 Dendronephthya habereri - birddotogetosaks’ 0 g 0 - - -
TENTACULATA 0 0 ] - - -
Class BRACHIOPODA
Order Telotremata
3 Coptothyris grayi -"tatesujihdzukigai” 0 0 g - - -
MovrLusca

Class POLYPLACOPHORA
Order Ischnochitonida

4 Liolophura japonica - hizaragai’ 0 0 0 0 0 0

Class GASTROPODA
Order Mesogastropoda

5 Smisulcospira bensoni - kawanina” 8 6 3 0 0 0
6 Batilloria multiformis -"uminina” 0 0 9 - - -
7 Doxander' vitiaius - shidorogai” 0 0 0 0 0 0
8 Neverita vesicalis -"himetsumetagai” 0 0 0 0 0 ]
9 Ficus subiniermedio - biwagai’ v 0 0 0 0 0
Order Neogastiopoda
10 Niotha clathratus -"araregai” 0 0 G 0 0 0
Order Cephalaspidea
11 Philine argentata - kisewatagai” 0 0 0 0 0 0
Order Anaspidea
12 Aplysia kurodai -“amefurashi” 0 0 0 0 0 0
Order NMotaspidea
13 Pleurobranchaea novaezealondiae - vmifukurd” 0 0 0 o 0 0
Order Nudibranchia
14 Plocamopherus tilesii - hikariumivshi” 0 0 0 0 0 0
15 Ceratosoma cornigerum - nishikiuvmivshi’ 0 0 0 0 0 0
Class Bivarvia
Order Eutaxodonta
16 Cucullaea labiota granuloss “nunomeakagai” 5 3 2 0 0 0
17 Glycymeris veséita “tamakigai” 0 0 0 0 0 0
Qrder Pteriomorphia
18 Chlamys farveri - azumanishikigai’ 0 0 g 0 0 0
19 Dacatopecten siviaius - kinnchakugai’ 0 0 0 0 0 0
Order Heterodonta
20 Vasticordium burchardi - zarugai” 0 0 0 0 0 0
Class CEPHALOPODA
Order Octopoda
21 Ociopus vulgaris ~"madako” 0 ¢ 0 ¢ 0 e
22 Octopus minor -"tenagadako” ] 0 0 0 0 G
23 Octopus ocellatus - iidako” 0 0 0 0 0 g
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Table 2. — ( Cont’d )

Viscera Muscle
Sample A
No, Speciest ps DMA KOH-| o, DMA KOH-
B -N  amine N N amine N
pglmi uglml
ARTHROPODA
Class Xirnosura
Order Xiphosura
24 Tachypleus tridentatus -"kabutogani’ ¢ 0 0 0 0 0
Class CRUSTACEA
Order Decapoda
25 Metapenaeus monoceros -"yoshiebi” 0 0 o 0 ] 0
26 Trachypenaeus curvirosiris - saruebi” 0 ] 0 0 0 0
27 Metapenaeopsis barbata -"akaebi” ] 4] 0 0 0 0
28 Neocariding denticulaia -"minaminumaebi” 0 0 0 - - -
29 Alpheus rapax -"oniteppoebi’ 0 0 0 0 0 0
30 Macrobrachium nipponense -"tenagaebi’ 4] 0 0 G 0 e
31 Procambarus clorki -"amerikasarigani’ 0 0 0 0 0 0
32 Diogenes edwardsi - "togersunoyadokari” 0 0 0 0 0 0
33 Dardanus arrosor -"yokosujivadokari” 0 0 0 0 0 0
34 Dardanus diogenes -"akahoshiyadokari” 0 0 0 0 0 0
35 Petalomera granulate -"hiraashikamuri” 0 ] 0 e 0 0
36 Conchoeceres artificiosus - “hirakoukaikamuri” 0 0 0 0 0 6
37 Dorippe dorsipes -"kimengani” 0 0 0 0 0 0
38 Arcania undecimspinosa -"jnichitogekobushigani’| 0 0 0 0 0 0
39 Myra fugax -“tenagakobushi’ 0 0 0 o 0 o
40 Galboppa philargius - meganekarappa’ 0 ¢ ] 0 0 0
41 Hyastenus diacanthus -'tsunogai’ 0 0 0 o 0 0
42 Leptomithrax edwardsi - koshimagani” 0 0 0 0 0 0
43 Lambius validus - hishigani” 0 0 0 0 0 0
44 Zalasius dromiaeformis -"dorogani” 0 0 0 0 0 0
45 Jonas distincta - higegani” ] 0 0 0 0 0
46 Portunus pelagicus - taiwangazami’ 0 0 0 0 0 0
47 Portunus gladisior -'ibogazami’ 0 0 0 0 0 o
48 Charybdis japonica -"ishigani” 0 ¢ 0 0 0 0
49 Charybdis miles -"akaishigani” 0 0 0 0 0 0
50 Thalamiia sima - Totahabenitsukegani” 0 g 0 0 0 o
51 Liagore rubromacuiata - benihoshimanjigani” 0 0 0 o 0 0
52 Xantho reynaudii - urokodgigani” 0 ] 0 0 0 0
5 Carcinoplax longimanius -"enkGgani” 0 ] ] 0 0 0
54 Ommatocarcinus mecgilfivrayi -~ menagaenkdgani| 0 0 0 0 0 0
5 Potamon dehaoni -"sawagani” 0 9 g 0 0 g
5 Pachygrapsus crossipes - iwagani” 0 0 0 0 0 0
57 Eriocheir japonicus - mokuzugani” 0 0 0 o 0 0
58 Hemigrapsus penicillatus - kefusaisogani” 0 0 0 0 0 0
Order Stomatopoda
60 Squilly oratoria -"shakeo” 0 0 D 0 0
| ECHINODERMATA
Class CrRINOIDEA
Order Comatulida
61 Comanthus japonica < nipponumishida” 0 0 1 - - -
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Table 2. — ( Cont’d)

KRR 21 (2)

Viscera Muscle
Sample Species*
No. pecies ps DMA KOH-| ., DMA KOH-
-N  amine N -N  amine N
#g/mi prgfml
Class OPHIUROIDEA
Order Phrynophiurida
62 Gorgonocephalus carvi - okinotezurumozury” 0 0 0 — - -
Class ASTEROIDEA
Order Phanerozonida
63 Astropecten scoparius -"momijigai” ¢ 0 0 - - -
64 Astropecten polyacanthus -"togemomijigai’ 1 0 0 - - -
65 Luidia maculata - yatsudesunahitode” 0 0 0 — - —
66 Stellaster equesiris -"hoshihitode” 0 0 i — — -
67 Certonardoa semiregularis -"akahitode” 0 0 0 — — -
68 | Order Spinulosa
68 Astering pectinifera - itomakihitode” 0 0 0 - - -
Order Phorcipulata
69 Asterias amurensis - hitode” 0 0 0 - - -
Class ECHINOIDEA
Order Aulodonta
70 Diadema setosum -"gangaze” 0 0 0 - - -
Order Camarodonta
71 Temnopleurus toreumaticus -"sanshouni’ 0 0 1 - — -
72 Temnopleurus reevesi - hazisanshéuni’ 0 0 0 - - -
73 Toxopneustes pileolus - rappauni” 0 0 0 - - -
74 Pseudocentrotus depressus -"akauni” 0 0 0 — - -
75 Hemicentrotus pulcherrimus -"bafununi” 0 0 0 — — -
76 Anthocidaris crassisping - murasakiuni” 0 0 1 - - -
Order Clypeastroida
77 Clypeaster japonicus -'takonomakura” 0 0 0 - - -
Class HOLOTHUROIDEA
Order Dendrochirota
78 Stichopus japonicus - "manamako’ 0 0 0 ¢ 0 0
Order Dendrochirota
79 Amphicyclus japonicus -"okinagumimodoki’ 0 0 0 0 0 0
80 Pentadactyla japonica - "moguranamako” 0 0 4 0 )] 0
PROTOCHORDATA
Class UROCHORDA
Order Pleurogona
81 Botrylioides violaceus - itaboya’ 0 0 1 - - -
82 Styela plicata -"shiroboya” 0 0 3 - - -
83 Styela clava -"eboya” 0 0 1 - - -
84 Pyura vitiata -"karasuboya” 0 0 0 - - -
85 Pyura michaelseni -mihaeruboya’ 0 0 i - - -
86 Herdmania momus - beniboya’ 0 0 0 - - -

* . a . .
Japanese name is given in quotation marks.
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