The Journal of the Shimonoseki University of Fisheries 23( 3)163 —241(1975)

BNEICBITAFRNVALAT VT R
TAFNT I Vel d 28R
BE-4 AR5

|\ B E

|

Studies on Enzyme Catalyzing the Formation of Formaldehyde and
Dimethylamine in Tissues of Fishes and Shells
By
Katsuhiko HARADA

=] R
b T 165
S ]

E1E ANATAUFE FEsTIZVAFNLT I Y OME
EIE ARV ATILFE RO oo 167
F|2EH VAFNT I DR H e 169
7N L L L PRI R TR 170

H2E MYAFANTIVEFNA FOSA
B1E MR BERIH eeereeeereee e 171
BOW TR AR EEH oo 172
WOE BREN JERAH ceerereerrnreneneesestnsnenn, 174
EAE RO, WEEWE K CRRE e 176
SO H MBI B eeeeeereer oo s 178
IS < O P SPRTPR 181

*REERERATTER 7365, 19754 1 H208 2H.
Contribution from the Shimonoseki University of Fisheries, No. 736.
Received Jan. 20, 1975.

AT AN ARF IR L LA RBXTH B0



164

BIE PUAFITIVAXHAL FASENLT VTR
EUAFILT I VOER

S TRIREI BEIREE - oeereereremreovieneieisnne s
% BRREI AR erveeeerrereireeeenniensnnesennnes
WIE WEE BEEMH e errree o e s e
WAE EEIM, BEREME L UEREDY

B5H FHEY

HAE RIVATNFEREYXAFIT I

DL B

'5:{1';] 1 ’ﬁﬁ E%%OM%E%«% ...................................................
%Z’E_ﬁ %ﬁﬁb%@%%&&%@ ....................................
% 3 E’ﬁ ﬁ%%%gg@%@ ..........................................
s = PPN
FEOE ARNVLTNTEFETAFNT I v OEBHEE
E1EH BERIBIIET SBERIIMH s 208
B2 BEETIVICEDEE - EEMERGIZ B S
7 216
E6E
&
a

APPENAIx -vreerererireertete st et 232
SUIIAT Y -+ +verersnrnsiererrunnensenerersnsisesssmsrmsrormssessonnses 236

Zusammenfag;sung ........................................................ 239



] E ]

SRR EE FUMTRMEICE T AR VLT LT F (FA) 2VAFLT 3 Y (DMA) OBFFIZOW
Tk, #NANECEEY 213 UDH 2 OMEROEE? D95 5, Lo L 2h5OM%ED £ < 12FAL DMA
DBEEERELIEZLEDTEH B,

19175, GH @A -HERTOFAZ Y Loy BREEOH S L L THEERL 2, 2085, 20
GEEPUFADEENAIEAAS L - 28582 12,0006) | op e i R b b OV
5 b FAL éhﬂxélm 10,12,15,15,18~20,23.24) = 1 ¢ RO FAOK L, £ & U TRk & K3
FEBE REERGL B> LT FADRER f“zrﬂ”\f'%)@T%é/r 13,69, 121315, 20) - pngh s k
2 MR o R R @FAir\z@b%ﬂ#Iﬂ“lS F /2, Tankarp 535 X UREAYIS 3, mpyrp
CHEET S PYAF VT 3y (TMA) 5EUDMAOERLIZ L > TFAPSER T A58 1E 2488 L T v 3,
IO, B, EHEMECETATAOBRERBINTEREI10HL 5, 19614, K50, Jt
RS LHE~ ¥ 9 » 5 FA R formol dimedone & L T4 HE L 72, ZHICEY, ERMEMEIZLFA 2 5E
TAHRZ ML DTHLEPE R -2,

=77, BRABEHEFICDMADPER T 22 E LA L & - 7DiE, 19838F A 51M0EIZ M FTHI LT
b2, 19384, BEATTY® X RFEES 5T DMA OER &30 /207 DB, REAYE BEATTY & Fl—fET
SHEWANS) 3\ Ry 7125 W T DMADEAE # &L TV D, EBAAEIZ 51 2 DMADTFEIZ DN T ju
LoER I B EMOEREN H 20D s h 2 BRI AR, TR, TR B S OHEE100
L EIIERATVWSE, 2035, MELAIIDMAOTEEAED S -BEIE, 5 78 s LU HICEGD
RIEETH 0L e BERES A BV CODMASTERET 5 2 L F B 5 Al E LT 54648
W, LAaL, tOBMAIZOWTIEMES 2TV,

BB AZINLWIMET 5h b, FALDMADE BB, HtF Lo fbEr ©5 <,
BREELOVBE» S BEELRBERTH 5. )

FAR»Z O EBHOZHETHY, Z0ORICEVRL 50, FRIZAS & O, WE s & OIEERziEE
525, 20BRIENZER, B LUBZETRAZ520, IV THE W, AEFRE, HuhAiss
ZUTHEBAEE % 55,

—%, DMAZOBERIEIIET 2 v b &2 ABTH B, TVELTOBELNFuE WP, Ly
U, DMAL FREBBOFEE Iz L D ERT 5V A F L= o 3 VIR BRENICERT 3FE0E 0
H VB TH 5540, EnvEr 57 3FBEOBIEE L -6 T HB- Y Y EBHOBRME 2 BEL, 20U
BAVAFNZ OFI Vv ThHBEI AWML R2II LTS,

ZOEREE LY 5 3FALDMASERBEANET L Y A FVT I VA4 F54 F(TMO) » 5 BERG
LEDELAZEEMDTHELIZLADRRE - ILH SO TH 2070 | 196342 51965F 12715 T,
KE - UHSE 8T, AT 7855804V 74 FXOERBETFAY 20, BEI2DMAL £ 7
ZNZ L RO, FALDMA: O4RIIBELBBRI S22 LE2ERL-, X512, BUBEBOHRC, IF
BB SEMMEOTILEEN, WIEOERAE LICBEERICL2 I EHELY, ZOEDZY
Mok 2 DBROMFIT L > THADAPH, $72, EEBEITMOTH S22 &6 210 LAESS) | 20
%, CasTELLS V%) ks FHICE VT H, FOBBRICFAZ 5 CIZDMARE R+ 5 2 & 2R L
2o INSEDMMEE TP R S L7 & 7B H 1T 2FALDMAGERKIE, BEKECERLs h 2%
DIERIZ LB &0 I EH S 59700

¥, ZOMICTMOREIIET 2BRRIEE LT, MEEEIC L 2TMOL» 5 TMADAE R, AN
EERIZE 3 TMAD S TMODER A H 0, 250G, BREOBEIZ OV TIE S 5BEOHENES N TV %,
Tarr®) |2 TMO 5 TMADERIZ S+ 2B EEN R:=N=00—KX2b > TLFLT7 I -

*TMOA» 5FA L DMA R4 T AR AR D 12 FA-DMAERIESEY Z51F, TMO-ase L1 3B B5F 4,



166

FEFA REERET 2225, COBEL I TIVAFIF—~LEGHRL TV S, ZOBROBISHE
oW TREIRS 2 pnifER?™™ b0, KERSHIZO L TIEWATSON® 2 Do g~ 7~
Bk 5. %72, BEBRIOBEIZ> 0 TIETARRE 2 DMOWES LD 4k 2

BB 5513 3 TMA S 5 TMODAE AR iz D W T IEBILINSKT B & UZ DIORY S 5, BiiNski8)
34 LA I OB TMALRE S 2 2,20 MCHATMOIZ L DIAE N B Z L #HEL T 5, Bakers 54 8)
2775y /A (dogfish) DIFAE Y = & —  # FHOWTMAD 5TMO% £ &K ¥+ 5 IGIZRIE T 28R
AR Y L CNADPE ML T 32 2 45212, ZOBEBONBEMHBIZ ST 20HEH T 5,

TR T, BAEII BT 3 TMO SFALDMAR AR T 2 IGEEIC D W TR A THTHY, Z0
RIS % g4 2 TMO-ase DB IV THIELAETESTEbRTWE VL, ko7, BABEICHITS
TMO-ase DA, % DEEZEOREHL 5 I OBEEIPEEST 2 KEEORPIZET L L,

AR AL 513 2 TMO-2se DD TN 3 72 D2 IZERFAL DMAR I T 5 FiEPNETH 5, FA
L DMADEE, HUEIZEL TR EMOME S H 5 551819, 21~29,51~55,42~45,47, 49, 8B~8) = 5 OWED K
B av b 574 — 12k FAS S VIZDMAS 8, BT 2 HEZAVTW S, mWE 2 REEIC
SEE BT B ES B S 6V, 227, FAIZOWTIRKE S, DMAIZD VTR 5 ¥ 2 ¥
Braw T4 —Z0WTHREL, IR 5 FIWE & B ICEN L ST OO8E b+ 2 FEEEMELL 72,

D E12TMO-ase DEZETH AEMEHIZH T 5 TMOD S & T2 BAHIZ 51 3 TMODFEEIZDNWT
EPIhE b1z h 7 ) OB 2 30 3~38,44~47,51, 59,60, 77,89 ~131) 1 on | SMEFEAKEEMNC D W TR SE
¥ BRI SEVIT L LA T WSS, AREKEIICO TIERET - 2FE P2 v, 20
T ORI HRERNHEII BT 2 TMOD ST & H s,

AAMEIZ BT A TMO-ase DHMIZOWTE, K - ILEH 5 B r otz oo 70 »5, ¥
FRE LUFOEROBBIIEET AL B3 2TH B, UL, ThELUSMOKENNIZEHT 5TMO-
ase IZDW TS 2 TL WV, —F, ¥ IR ORANET 2h oA AHICLFASLVWIIDMAN EZET 3
LTI, Z0ZER S, OBMEIZE TMO-ase A REET S HEEELI S 5, ZDd, i
B EE300FEE < 12D W T TMO-ase DR EIT % - 770 S DFEE, TMO-ase (24 FELIINMI L2 PRHEDH
NEIHEET A EPRAL DL Lo, BIZRETAREOTFAPRD SNV HIT s THEEER, BR
EEPR LS, BEUETI SV L),

ZOIVEED T L fEER W T TMO-ase ORERE A 72, Ba OREFEERETL, 3EOEHH
BEEFEGE ) A2 IR L 2, COBRESEAVERERE R JUHBBRTF L ICHBEL, 2EFLD
MELZFERCELDAMAEBI LD TE L,

TMOA 5 FAE DMADEFERIZ OV TS FATH 5, LA L, BRMERISIZ BT 3 RIS
WCIHEED R A F L U ESVRETH D, BFEORIGEM T CFALDMADE R EBA R IIETVTH
BB B =y p s T B, T, BB TR ZME L LTIV AsEY®RZ 0l 20 1397150
Bh b, TMOASFALDMAR T ARBIZHEWTIIRHMREME LTIV AFLMT I/ AFO—VEED
B2 EITIEHETH B OB gy, TMOR 5 2 0 AF 0 — VAR S 1 2 KRS 2 BT %
i, BEB L UIEBEEMEIC 51T A MEEEEZ TN, bbETY I 2b—Ya v (simulation) #1T% -
oo ZOFEE, ETUEMEEEE S o NI —REBIERE (pH10~1D) AMEEEIcFE T2 2 &5, RSB
—JxHHEL (general base) ARHAST3LDEHH L2, 2O LIZH ETVWTTMOD 5 FAY DMADAE R
B LTOEOEMRGREHE L,

s ool CH, HyC
H ™~
H3C-N-0 —— |HyC-N-01") |&==="H;C-N-Q | — N-CH,0(™
! 5 i /
CH, CH, cH, H,C



167

H,C HyC
" N-CH,0H |e— NH + HCHO

H,C H,C

I, LREOTHIIET I ERE LURERLTERL 2D TH 5,

FB1E FRIVATVFERESTIEIAFILT I DEE

BABICE N BEREN VE L EONEE, HbEE LT, = —suaw b 7574 —178)
HSLrAT ST @Eoav 574 —BBR) Frouvw sy —BR0B) gy
N5 DFHEDRRZ A0 o 2 oo HiEBY g5 2

—77, BB AERMET 3 v OSEE, BEFHEE LT, = —suv b r 57 =% 55
sUT L TG7 4 =D BT RO 7T 4 B0 gig o

HHIZEMBEANHII B AFALDMADE K 4 N3 BT, BB 7US 757 4 — 12 L BERRMES L
RNV LEE 7 3 v OB SR EES BRI L 72,

FIEH FILLFTILTEFOEH
TARMSERER O “BRIEINISEOREEE" (BEBEREIT05, BHIME) OF 1 HA TEE—HROK
DIRFE N BT AFAORIERIE,) Y B & 72 IMBEBET ORI ZEENAEE L, 2 0WEEIZOWTFAD
BEHEIGEFANZLOTH S, ZOFETHE, BETOMERICL2MEERSOSBIZ L > TFAZEL 28N
&, FALSNOMBI k> T O BREERTBE20 5259 ) cory, BHEEATFAREL, 2h
#2,4- V- b T2 RSV Y (2,4-DNP-v FIV )L LTHEBZ7OY 757 4 -2k V58, B
Y 2 FEEMETL 72,

E B F &

MAROFAR M5 g 10K 2ml # M4, KBLODT L Y S —THETV 2 F4 AT 5, Bohizkey
x A= M0giz20% ) 7 U VEEEEIOm] B IA THREBEHT b, EWSm/ 50— MZE D, ZhiZe-~F
F10ml EMATIRE S L, BERKBEREEHBRE BT, chickfafiz, -V = o722 be P9 Y
YEEImIE M THE SRFTEHMMET 2, 0%, HooHo— B L, BERT—F L 5mlz il
ZTHEEI L, 2,4-DNP-¥ FIV Y 2 Gz —F VBIRITE 43, CORMIT—7 Viz k2% 3 E
R, AMT—FVEERERL, Zhs PVIV20u 2B UBREE LT,

BE/OTNIS 74— EHEZUAZNVGOrOTh - TL— b (EX0.25m) 2R L->D, 20k
W20 ul Z ARy b L, BHE& T -7, 2k, AELZHEICT S0, WkEFERICEEFAL 7L
TIUTE FD2,4-DNP-¥ K35/ Y DEHEE AR b L7,

E I
MEHEHOBRE EOMBROFEREF CHETT THRS g ICFAZRML, 2,4-DNP- F7 V' v 2 H
W —F I CLI~BEHEE L2z 2O F36onmOE R CHEL, BURELRD 2, Z0OR, 3EOM



168

HT#0%OFAFRIN E N D 2 e bh o7, ZITHEBL AT FHRIZOWTIER L » TFACKRE AT
old, FOFEIRDENLE o, Bk, 7FHRICFARNZ ZBAORMREEEROZER, 1
2Ry 10.3p8, TbbENlgh 00 1pg FAOENEL hiz,

BEEO®RE EAMEEICEEE L LT TR FTAFR RATRET 5P I9B~ 823 - ope - FAL
S, MET 20T 2 RS ROEME S ETERT 520, BHFAL T LM VY FO 2,4-DNP
S RSV U EREE LTIRBOBEANII DV TR EITE » 2,2 NS BANT D & WA O oiERe & 3
FAERSES, noAFY Y-y S = VIBHE(90 0 10) e n D knl kdhh ok, D EIZZOREICH LIS
BORELM2 2 RS BOBRABIZOVCTHEEROBRI 21T 2 72 20HR, ~¥ Y v-2s /- VB
BREWE (90:10: 3) ARE LWHEERE AR T 2 & b o 2,

ENECBTBFAOBE -~ v-Ty/—V-FEREEEE WA L LAY, BAE (1688) DFFRIC
SWTFAOME AT L 572 EIRIRT L2112, 7THALRETNTIFAPHFEET S b h o/,

Table 1. Identification of formaldehyde in the muscle of fish and other aquatic animals by
thin-layer chromatography.

Freshness

Species score’® Formaldehyde
Cephalopoda
Madako 1
Surumeika i +
Sodeika 1
Gastropoda and bivalvia
Sazae 1
Asari 1
Hamaguri 1
Crustacea
Gazami 2 +
Janomegazami 1 +
Elasmobranchii
Hoshizame 2 +
Akaei 2
Teleostomi
Masaba 2 +
Maaji 2 +
Hirame 2 +
Mahata 2 +
Maiwashi 2 +
Funa 1
* 1, Still alive; 2, Pre-rigor or during rigor.
& =
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Table 2. Identification of dimethylamine in the muscle of fish and other aquatic animals
by thin-layer chromatography.

Freshness

score® Dimethylamine

Species

Cephalopoda
Madako
Surumeika
Surumeika
Yariika

B0 W N W
+

Yariika
Crustacea

Kurumaebi 4 -

Tarabagani 3 -
Elasmobranchii

Dochizame 3 -

w
i

Hirataei
Teleostomi

Urumeiwashi

Ginanago

Sanma

Masaba

Maaji

Mahata

Kawahagi

Madara

W W W W W W W W
i

* ), Prerigor or during rigor; 3, Early stage of post rigor; 4, Latter stage of post rigor.
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Table 3. Trimethylamine oxide content in the species of Decapodan and Octopodan Mollusca.

Species Mantle Arm Mid-gut gland
(mg N/100g)
Cephalopoda
Decapoda
Kaminariika 143 82 5.7
Koika 145 89 6.2
Hyomonkoika 150 111 19
Himekoika 89 41 4.7
Shishiika 113 47 7.6
Shiriyakeika 205 44 4.4
Dangoika 105 76 i7
Aoriika 263 112 6.6
Yariika 347 251 10
Mehikariika 286 197 9.9
Budoika 152 86 36
Jindoika 127 111 66
Surumeika 310 165 8.3
Sodeika - 285 208 2.8
Octopoda
Madako 38.0 30.0 2.0%
Tenagadako 184 14.4 6.2%
Tlidako 9.2 7.4 6.0%
*  Viscera.
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BAE (54 WBM) 1IZEFTTEL 2.
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Table 4. Trimethylamine oxide content in the species of Bivalvian Mollusca.

Species Adductor Foot and mantle Viscera

(mg N/100g)

Bivalvia

Eutaxodonta
Kariganeegai 0.0 0.0 - 01
Akagai 0.3 0.2 0.3
Kumasarubo 0.5 0.1 0.1
Sarubo 0.2 04 0.3

Pteriomorphia
Murasakiinkogai 0.2 0.0 0.1
Murasakiigai 0.5 0.0 0.4
Igai 0.7 0.3 0.2
Akoyagai 1.5 0.1 0.2
Ttayagai 50.2 15.3 2.3
twagaki 0.2 0.7 0.3
Magaki 0.3 0.1 0.5

Heterodonta
Yamatoshijimi 0.0 0.0 0.0
Awajishijimi — 0.0 0.0
Hamaguri 0.0 0.4 0.5
Shinahamaguri 0.6 0.9 0.6
Asari 0.6 0.1 0.3
Oniasari 0.0 0.0 0.0
Kuchibagai 0.0 0.0 0.0
Kagamigai 0.0 0.0 0.0
Bakagai 1.0 0.4 0.1
Shiofukigai 0.2 0.2 0.1
Mirukui 0.0 0.0 0.6
Mategai 1.3 14 0.8
Akamategai 2.8 0.2 0.9
Zarugai 55.6 20.4 16.4

Adapedonta
Onogai 0.0 0.0 0.0

—%, Pz 513 2 TMOEBIEHREIZIER U A, $23 2K 0BVEmER L, 1 7 v M B&T
FUFTLCEATE, RECET 3TMO-NEEGREEOZhLDEVETH - 7%,
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Table 5. Trimethylamine oxide content in the species of Gastropodan Mollusca.

Species Muscle  Viscera Species Muscle  Viscera
(mg N/100g) (mg N/100g)
Gastropoda Futahenatarigai 0.2 0.0
Archaeogastropoda Tsumetagai 0.3 0.3
Tokobushi 0.1 0.1 Biwagai 5.2 3.6
Kuroawabi 0.1 0.3 Neogastropoda
Madakaawabi 0.3 0.0 Onisazae 0.3 0.1
Mekaiawabi 0.1 0.0 Akanishi 0.2 0.2
Betsukég;asagai 0.1 0.4 Reishigai 0.2 0.2
Yomegakasagai 0.1 0.1 Ibonishi 0.5 0.0
Matsubagai 0.1 0.5 Bai 0.8 0.1
Ebisugai 30.2 8.4 Isonina 0.2 0.8
Kubirekurotsukegai 0.0 0.4 Mushirogai 0.2 0.6
Ishidatamigai 0.3 0.2 Tengunishi 0.5 0.7
Kubogai 0.1 0.2 Konaganishi 0.7 0.4
Koshitakagangara 0.7 0.7 Tsunomatagai 1.2 0.4
Ookoshitakagangara 0.1 0.2 Touito 1.3 1.1
Sazae 0.3 0.1 Cephalaspidea
Sugai 6.9 0.2 Kisewatagai 0.0 20
Amagai 0.1 0.0 Anaspidea
Mesogastropoda Amefurashi 0.5 0.1
Marutanishi 6.1 0.3 Nudibranchia
Tamakigai 0.0 0.1 Madaraumiushi 0.0*
Oohebigai 0.1 0.2 Basommatophora
Uminina 0.0 0.0 Monoaragai 0.1 0.1
Kawanina 0.0 0.2 Stylommatophora
Henatarigai 0.8 0.1 Usukawamaimai 0.0 0.1

*  Combined.

EEIEE B Archacogastropodas I A Bcig 7 a7 v 2y ¢® srUwsyAT Y pln -
SWTOIFER b2, 2035, v ¥ A7 TEDTMO-NEIBENIZES, BHF X ZORO4FEII>WT
BAZA, TMORTEAEL ZVd, 2B bTATholz, w5 A 778 pENTMOSEIR, ZOEMH
R E I ABRMOMERICE S0 ELEZLN S, VI /NFTABBEP=Z Y FIATAF (B5 FHD
XY ATHTFHADPEAATL AT VA I EFTOEBH) CRBFEORENF EVOTHETELZ Y, TEX
HA EFNE LT, EEDOERLS—RIZZOBBOTMOEEIIDVTE, 2 344 BERERREEL 2V,
FAELTATHEEEL NS, LA OFmWTMOGER, BREREI6THEZELELT, =
WEEOA 504 5L UFNTAL LER, BEEHRIIEA30EEZ5N02, Va7 Y IETHE, &
FLEZOWTEARSO BLUEALTS n@ENS B, BEEXIFLBLURF A D20 THE~NE
A, FOTMO-NBIZE b IZImgBLITTH e FHTIZOVTHEKS DIWEILLETMOERE (20me%) &
EEOELGELOMIZBELVWENRLNS, LAL, EEFZOBOTMOEENEHMNEL & AL
R EHTH | FFZOTMO-N BlE—H2I12 1mg% U FEMFETE 3,



176

g2 HMesogasiropoda ® ¥ = Y AICIz v L ¥ =38 cont@ESH D, 2ODTMOEE (1.3meg%)
IFEHOFER (0~0.4mg%) (ZHARTRPE O, *7’7‘, ZOB® Y v E CH A B Littoring silchana®),
£ 5w H 4 BHzow T i Polinices heras®V ToOR&EFE 3, LA L, WL L TMODEAEI RGOS NT
W, FEFSITFENABD S X IO TRENZFERICLS &, HRTETMODFENED5NL
oA, PRRTHh T PICFENRD Shiz,

i8R HNeogastropoda D7 7 % # 4 BHI-D w T 1d Thais lamellose™ | 2/ 734 FHI D Tld e X T VR
T COMEN S L, WBE LTMODTFEI RO SNTVE Y, L L, EEHFZOAD 5B
THENZEZH, TRXTCOFRIIHTHITH LY, TMONFEEZRD 2,

HENEH Anaspidea D7 X 7 7 YRl Anisodoris nobilis® 1ZoWTOEESFH Y, TMODFHILE
ENTWEWL, LAL, EENTAT75 L IOV THENAER, A L UNES &I TMODOEE ST
SRR (VA

HARE Basommatophora ¥ J UMHAR H Stylommatophora 120 W TIIBIFNREF R L 5 2w, EFHIR
BB T 3WARET ) 7504 CTMODTHFE# RO, RE BT IREIA AT <4 ~{ BATETMOA
TFELEVWZERHDT, '

F4E HEEY, BEEBYELIUREDY
RABREDYIO 5 5, KEBOEZE, “HEED L TR 51 5 TMOSAIZ D W TIEELER,
W2 ik LU S ET A AETCHUE B, B EY S L BRI OV CHANLERERET 5,

B FHF &
BWAEOREE BMBEORMIFIHEFECHETITE > HEMLIIMEE KURETH 5,
TMODEEZ FI1EEE U HFEIZEL -7,

X B OB R

IR EVI23TE, MR IO L L U EEMEOTMOGEL AN AHBEIE6ED L 5V TH 5,

HRI T, 228 b TrLk0, BRSZCERBBICOWTHNEITE 2 2 WBEI S - 20
BTN EBRN T RTOFEICTMODFEE RS N BETIIFHFAOTMOE "‘li‘“iﬂx IEh T
—7F, WAGETI I, 7XUAF) T KEE S U TERREMIIEWTMOE NIV

R T, HiE, —FHARIC OB TTMOEE R~ é:%)(_TMO#ﬁ»ELCM\i»i EEhTrT
&H o,

ERETIINE I OWTHENES, TMOERIZHTHTEH -7,

HREMIOTMOZEIZDWT £ OREH H 515990895104 11416, 129) - 1783112 LA TV S, —
. REEBINCOWTOIREED % B> UL @*@J%c:mmﬁi%ﬁ%%e:cm

g el B Xiphosura ICEL, HAIZEHIT 3 LR IO T P I oNTOWERIIRY S
B BHIEZOLDIZDWTEN, E??rf:]fsotwﬂﬂﬁﬁ&%c:TMomﬂ%éﬂwb&#oto 5288 H Thoracia
WHEWTEE LN A %io*ctv‘ﬁ T 7YY EIZOWTENEA, A X TR E D OBEOTMOSEET
B EEBD, THIL, 707 VYRRBOTMOEEBIEI LT A TH -7 Norris 5% 137 VYR
uomf#&@%wmmaﬁ(M~%M%)#ﬁﬁbfwéoZWWE@%W%&K*%EwQ%ELQ
WAk 5% 0w, Norris 5137 VY REEMLIZD &5 FEITE->Cwb, +HHEDecapoda # & UHHHE Sto-
matopoda [ZDWTHE, ZNFNI8EE 218 N2y 7 A2, $IH =, Ty AXZ, AVHZBLT
TAhATHZEBRCEEBETRES X OBEDHRIZE T A2 TMO-NEI1310mg% L) _EEB46meg %TH -7 o




177

Table 6. Trimethylamine oxide content in the species of arthropods, echinoderms and

protochords.
Species Muscle  Viscera Species Muscle  Viscera
(mg N/100g) (mg N/100g)
Arthropoda Stomatopoda
Xiphosura Shako 523 —
Kabutogani 0.0 0.0 Sesujishako 62.9 —
Thoracica Echinodermata
Kamenote 31.0 — Spinulosa
Kurofujitsubo — 4.2 Itomakihitode — 0.0
Decapoda Hitode — 0.0
Koudakakudahigeebi 17.4 8.2 Aulodonta
Akaebi 58.0 16.3 Gangaze — 0.9
Oniteppoebi 77.0 5.4 Camarodonta
Tenagaebi 8.1 e Sanshouni —— 0.1
Amerikazarigani 31.5 0.0 Rappauni- — 0.0
Honyadokari — i2.2 Akauni — 0.0
Koshimagani 22.6 4.8 Bafununi — 0.3
Janomegazami 66.7 — Murasakiuni — 0.4
Ishigani 15.2 6.7 Aspidochirota
Futahoshiishigani 44.4 7.8 Fujinamako G.1 0.1
Akaishigani 83.0 15.8 Aomanamako 0.1 0.5
Benihoshimanjugani 56.9 6.4 Akamanamako 0.0 0.0
Sawagani 0.4 0.0 Protochordata
Mokuzugani 5.3 0.1 Pleurogona
fwagani 39.8 3.7 Shiroboya — 1.2
Isogani 4.4 34 Eboya — 0.6
Kefusagani 21.1 2.1
Alkategani 5.1 0.9

FEATC LR XA E L IZEKRETH B, NS EKESHIOTMOEBIGBETHOL LD —
BE IR A, RICIEKETH 27 74 AP0 NBOTMOEEA T Wz, —F, 4 v 7 2 3EHF,
FHFH BRI TH B, LaL, Thodll, EREIMOFSATMOSBAIEEE & 42 v L #iE
MEOFNEDEGE VI AL, ZnHDE, FUEREEMO A > 7 = HRIC15mg% O TMO- N4 & %
MTWimL, Norris 5% &I LA W USRS G & & 4 & 15 Pagurus sp. & & U Hemigrapsus mudus T
PHEDODBOTMONHEEEZRBDTVEINETH D, FNBRKETHIRET AV AF VT2 L U772
D2HBThHo7e 2055, F7HZHANTMOR BIXFE UWKEFIEA V= e 0 2 AlFT, Ske-
wan OO 2EMF 2, SeEwan 10 &3 &, BAEFBREOTMOERIIE, $2EHFETILLTH
2 OEEEEORCHOERUTTCA2E VD, —F, T AUAFUAZHROTMOFEIES* @
ZRENEL, BREETHEIEGAOTHERIE P - o BKEIPIZIZIZEALTMONPFEL 20L&
RTVWEHE, ZOTAYIFYFTDEEOTMOFESHIZELEEZS NS, LLEOERS»S, FEH
PO VEEFEEI R 2V DBOTMOREHF T 5 LIERTE 5,
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Table 7. Trimethylamine oxide content in the species of fish.
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Species Muscle Viscera Species Muscle  Viscera
(mg N/100g) {mg N/100g)
Chondrichthyes Ishidai 71.2 0.5
Rajida Himeji 57.3 6.1
Shibireei 162.0 6.7 Ittenakatachi 86.4 —
Uchiwazame 88.5 56.2 Tenjikudai 78.6 5.5
Tobakasube 147.5 — Kinnguchi 62.8 9.3
Ostheichthyes Ishimochi 71.0 —
Clupeida Kisu 50.0 2.5
Konoshiro 12.8 0.7 Kuromejina 72.0 2.2
Maiwashi 5.6 0.1 Isuzumi 33.6 3.6
Ayu* 1.8 1.1 Kurodai 46.4 ——
Myctophida Madai 65.2 12.3
Hoshinoeso 32.5 0.8 Tobinumeri 38.8 2.9
Ckieso 26.7 0.1 Yomegochi 28.2 1.8
Maeso 48.9 33 Shimaitachiuo 78.1 9.8
Cyprinida Akahaze 584 3.4
Oikawa™ 0.4 0.0 Tetraodontida
Funa® 0.1 0.8 Umazurahagi 13.7 0.2
Dojo™* 0.7 0.0 Mafugu 25.5 3.4
Namazu™ 0.9 0.3 Kusafugu™®* 41.0 —
Gonzui 0.1 0.0 Sabafugu 34.3 0.7
Anguillida Cottida
Unagi** 0.0 0.0 Kasago 81.5 —
Maanago 72.6 — Haokoze 43.7 4.3
Mongaradoshi 40.7 10.8 Ainame 71.8 3.9
Susoumihebi 457 — Onigochi 43.5 5.2
Dainanumihebi 44.5 — Megochi 62.0 10.0
Amiutsubo 75.1 — Kanagashira 26.7 12.0
Cyprinodontida Pleuronectida
Medaka™ 0.6%"* Hirame 67.0 —
Zeida Tamaganzobirame 37.8 —
Matodai 61.0 0.8 Meitagarei 22.7 0.8
Percida Makogarei 32.0 —
Bora™* 6.4 0.3 Sasaushinoshita 53.6 7.9
Masaba 33.0 8.0 Tobisasaushinoshita 65.6 12.3
Tachiuo 70.0 10.0 Kuroushinoshita 52.6 —
Kaiwari 40.5 1.0 Genko 42.4 ——
Hiiragi 45.0 — Lophiida
Ishigakidai 29.8 4.4 Kianko 46.1 2.3
*  Treshwater fishes, ** Euryhaline fishes, *** Entire animal.
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Table 8. Statistical comparison between ordinal average contents or trimethylamine oxide in
the muscle of saltwater fishes shown in Table 7.

N

A

Rojida
Clupeida
Myctophida
Anguillida
Percida
Tetraodontida
Cottida
Pleuronectida

o+
+
o+
+
+

Rajida (133.7%)
Clupeida (9.2%) — e Bl e
Myctophida (36.0%) -
Anguillida (67.9%) -
Percida (56.4™)
Tetraodontida (29.7%) -
Cottida (54.9%) -
Pieuronectida (53.0%)

ER TS I I R
+
+

* Average trimethylamine oxide onctent (TMO-N mg%).
The sign plus indicates that trimethylamine oxide content of A is significantly higher than

that of B.
The sign minus indicates that trimethylamine oxide coutent of A is significantly lower than

that of B.
The blank indicates that trimethylamine oxide content of A is equal to that of B.

Table 9. Statistical comparison between ordinal average contents of trimethylamine oxide in
the muscle of saltwater fishes recorded in literature.

£ 3
\ B < o % § o]
= T T g P om S g
S8 8 ET I 9w g
A 22 52888 2% 4
SeoRLEESAES 3
Selachii (193.2%) B Il et s
Rajida (99.0%) TIN LT il
Clupeida (31.0%) . N
Belonida (19.1%) . ol et S W
Percida (28.3%) 1 * B R
Tetraodontida (22.6%) i B
Cottida (54.4%) O =
Pleuronectida (46.8%) - + + -
Gadida (82.8%) ol T Bl ol Tl
Lophiida (47.0%) - *

Signs, legend as Table 8.
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Fig. 1. Changes in amount of FA, DMA, KOH-amine and TMO in the manile
homogenate of a squid, Stenoteuthis bartrami at refrigerating tempera-
tures (0 — 1°C).

The symptom of spoilage in odor was noticed after seven days’ storage.
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Fig. 2. Changes in amount of FA, DMA, KOH-amine and TMO in the mid-gut
gland homogenate of a squid, Stenoteuthis bartrami at refrigerating
temperatures (0 — 1°Cy.

The symptom of spoilage in order was noticed after seven days’ storage.
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Fig. 3. Changes in amount of FA, DMA, KOH-amine and TMO in the mid-gut
gland homogenate of a squid, Todarodes pacificus,
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Fig. 4. Changes in amount of FA, DMA, KOH-amine and TMO in the mid-gut
gland homogenate of a squid, Todarodes pacificus added with anti-
septics.
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Fig. 5. Changes in amount of FA, DMA, KOH-amine and TMO in the mid-gut
gland homogenate of a squid, Todarodes pacificus added with anti-
septics and TMO.
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Fig. 6. Salting-out of the enzyme participating in the formation of FA and
DMA from TMO in the mid-gut gland homogenate of a cuttlefish, Sepia
esculenta.
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Table 10. Individual differences of the formation of FA and DMA from TMO in the
species of Decapodan Moliusca™.

Species #FTHB%}IX%I Species —FEI—OHB?\}X“N—
(ng/ml) (n#g/ml)
Order Sepioidea Surumeika 43 0.0
Kaminariika 00 00 Surumeika 0.0 0.0
Koika 46.6 173 Surumeika 0.0 0.0
Koika 00 0.0 Surumeika 0.0 0.0
Koika 0.7 1.0 Surumeika 0.0 0.0
Koika 92 1.2 ) Surumeika 0.0 0.0
Koika 0.0 0.0 Surumeika 0.0 0.0
Hyomonkoika 0.0 0.0 Surumeika 0.0 0.0
Himekoika 6.0 0.0 Surumeika 0.6 0.0
Shishiika 00 0.0 Surumeika 6.0 0.0
Shiriyakeika 0.0 0.0 Surumeika 20.3 5.5
Dangoika 006 0.0 Surumeika 0.0 0.0
Aoriika 00 0.0 Surumeika 0.0 0.0
Otder Teuthodea Surumeika 0.0 0.0
Yariika 00 0.0 Surumeika 0.0 0.0
Mehikariika 0.0 0.0 Surumeika 0.0 0.0
Budoika 0.0 0.0 Sodeika 70.4 32.6
Budoika 0.0 00 Sodeika 74 6.1
Budoika 0.0 00 Order Octopoda
Budoika 0.0 0.0 Madako 0.0 0.0
Jindoika 0.0 0.0 Tenagakado 0.0 0.0
Tidako 0.0 0.0
*  Mid-gut gland examined.
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7 IVOEREE U CEAL ZConwayMELEESTMALAM O HRE 7 3 Y 2 b MET 2 2 L 2 &
LathiEeszwv, bbb, TMADORIEDE PNTMOLAMNCE B 20 E 9 », RIFROKERS T TILH
5M TR,

BEMEARE Y = 4 — MIBHIFAFALDMAD SR & - KT, BEANELZ L ZWwRT V4t —
FADEE, KOH-7 3 v A"EERBE S 5 10BRE oM & SOREMLIR TRET 2, ZORWEHPTMO, 5, £
IO BTERIAE & 5 DTMADERIZEH R T 2089 2, 8 & FBOBHATHSL »Th WV,

7 SIRfIE R V- ERRIc L B &, BRI 2 MA THFALDMAOE R PRD 5h, £/, &512TMO

2l 4 HBEICEITAFALDMADER Y ¥ 7 R OBRERICEAZ 2R L TWA, Ly



187

L, BHICE AFALDMAEREBEO LA BRI E 2, 4 ZHBIRTIETMOase # % J3HWTIIE
OHED L LIBLEWERT v T = ABRECER SN,

7 FIBIZBNT, WEFTCEANABRETIE, BIPEEMIIFALDMAE R RD 5150, 4 AHOH
BRLENESAD SN WRAEFZW, 20281, [ AEHFTMO-ase DIFERME L THLTLW T
LERTLEDTH 5, 4 #EETFALDMAE BEEAMEEMN T WHBIITHTH 5,

EoE BHEY —HBEE
1MTHEERIIBITAFALDMADER IV TENE, $4bb, 4 AHIZEWTIE, ¥ 7HELFEE,
TMO-ase WEHET A LA ML, UL, ZOBEOFEIEFENTLZL, TMO-ase 23
BMe LA #HETELETH 5,

Bl USRS T 5 5 4 EIZ B 1T AFALDMAD EFEIZ DV TIE, WSO hDWENH 5, K55 &
IREFRBEIHNTERL LARA2SFAZBE L TWaA, - 2 REETL S IEFAZBRHEL TWEL,
7, WAL 3wy, BESORPREEUEMIFANZNFNGEEL AV L& WELT WV 5,

—%, DMAGGEEIDVTRERSD, SEY s LU OMREN S 5, BAS 34 4 ¥ THRITE £ Ay,
FOE T ATAY VT T 4 —TCERANT VO T I VA EN, LIIDMAFTEEL LI & 2HELD
Twnd, FAERIELT VIS4 FCG502AWTT 3 VHEOSEES T2, EEET7 5 ICIEDMASTEEL S
WA, BRI ) IIDMAATRET 3 EMEL TWaE,

LALadS, LEOBFETIITMO-ase DFEEIIMA TV AV, £oT, ZHEH2EIIDOVWTFA
EDMASEREER TN, AT ARIHFAL, RIATHTA, L5HEL VAN BEULTHFA HAITEK
BEATFHET LI HEEL 1,

x B F E
PWFER SWHELELHERCHETITE - 7%,
FALZSUICDMALRBEDRIE FH1IHLAUHEIIE -7,

KRERPLIUEE

TABIR29FESHMEII D WT N RIIEIIED E D TH 5, MBI EEHD 5 5, FAL:DMA
LR HENZDIEA VT REITA, RS ATHHA, L5FFL AT ELTHFATADLTETSH
5,

AU HAZHA PEOFA L DMAL FAEE & SHMPIED 2 h® kownd RANE L, [ HETIBIROD 7
NEDKREV, ZOERBERIBEERILZL0TH 54, NEBREOESEZ - L30h, /-0
ERICEET AMEDBERIZLL02HL L2 TRV, ZOBRITANTOEBRE, SHHishiz, 202k
i, AVT AT L WS TMO-ase # A EME LT HHAATELSZLERLTWSE, LA2L, 1#
FILBESMEFEDNIED SO YOO T, #UTFAZAL TRTOMWEES, ZOBRLEC L EMETE L
Vo BE, DUTALFAIZEITBFAR L UICDMADARIE 7 78S 5 LU #HICHT 2 LA, AF
OB -TREESNS, 202 LE, ARNEOFAS K UDMALRKIZS 2FOBLETEGCHEE LT
WADTHSHIZEHRLTWVSE,

HIH HEEM BREE
P AEE | B[ HECTMO-ase PFAET 52 L 2#MEAII LA, CR5OEMEECTRE 24
NOBOTMO2 BET 2RKEMWTH S (FE2EEIHBR), —FH, _HEABEOHIAAZHTA, R/ AT A
HA, 5F3FFL val4BETLIFFA T IRIEEAETMOREE v (HB2EFE2HBMA), 2hi2d D
Ah5F, INS5NEIZETMO-ase DFEAENRD 5 b REE2HRR), £ AT, BEREOKIY



183

Table 11. Formation of FA, DMA and KOH-amine from TMO by the visceral homogenate of
Bivalvian Mollusca.

In the presence of In the absence of
Species Methylene blue Methylene biue
FA DMA-N KOH-amine N FA DMA-N KOH-amine N
(#g/ml) (#g/ml)
Order Eutaxodonta
Kariganeegai 60 42 7 26 14 3
Kariganeegai 133 36 11 35 10 4
Kariganeegai 87 27 i1 33 9 4
Kariganeegai 93 25 13 30 8 4
Kariganeegai 82 26 8 29 8 3
Kariganeegai 84 23 10 30 8 4
Kariganeegai 119 34 i1 4 0 0
Kariganeegai 54 20 7 3 1 1
Kariganeegai 93 35 12 9 2 i
Akagai 0 0 0 0 0 0
Kumasarubd 0 0 0 0 0 0
Sarubd 0 0 0 0 0 0
Nunomeakagai 5 3 1 2 0 0
Tamakigai 0 0 0 0 0 0
Order Pteriomorphia
Murasakiinkogai 39 14 5 17 5 2
Murasakiinkogai 37 8 5 1 0 0
Murasakiinkogai 36 10 4 2 1 0
Murasakiinkogai 33 5 4 i 0 0
Murasakiinkogai 12 § 2 3 0 0
Murasakiinkogai 21 7 2 7 3 1
Murasakiinkogai 22 3 2 12 3 1
Murasakiigai 4 1 0 0 0 0
Igai 0 0 0 0 0 0
Azumanishikigai 0 0 0 0 0 0
Kinchakugai 0 0 0 0 0 0
Akoyagai 0 0 0 0 0 0
{tayagai 0 0 0 0 0 0
Iwagaki 0 0 0 0 0 0
Magaki 0 0 0 0 0 0
Order Heterodonta
Yamatoshijimi 0 0 0 Y 0 0
Yamatoshijimi 0 0 0 0 0 0
Awajishijimi 0 0 4] 0 0 0
Hamaguri 0 0 0 0 0 0
Shinahamaguri 0 O 0 0 0 0
Asari 0 0 0 0 0 0
Asari 0 ] 0 0 0 0
Oniasari 0 0 0 0 0 0
Kuchibagai 0 0 0 0 0 0
Bakagai 0 0 0 0 0 0
Shiofukigai 0 0 0 0 0 0
Mirukui 0 o 0 0 0 0
Mategai 0 0 0 0 0 0
Akamategai 0 0 0 0 0 0
Zarugai 0 0 0 0 0 0
Order Adapedonta
Onogai 0 0 0 0 0 0
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Table 12. Relation between formation of FA and DMA in vitro and their occurrence during
storage of visceral organs of gastropod.

Occurrence during storage(days)

Formation

FA DMAN L DMA

0 2 4 0 2 4

Species

(zg/ml)
Order Ischnochitonida
Hizaragai 0 0 + o+ o+ - _
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Table 12. - (Cont’d).

Occurrence during storage(days)

Species _ Formation M DMA
FA DMAN 0 2 4 0 2 4
(pg/ml)

Tengunishi 0 0 + o+ o+ o

Konaganishi 0 4] + o+ 4+ - - —

Tsunoratagai 1 0.5 + + * - -

Touito 0 0 + o+ o+ -
Order Cephalaspidea

Kisewatagai 0 0 + o+ o+ - - _
Order Anaspidea

Amefurashi 0 0 + o+ o+ - - -
Order Notaspidea

Umifukuro 0 0 + o+ o+ _ -
Order Nudibranchia

Hikariumiushi 0 0 + o+ o+ _ -

Nishikiumiushi 0 0 + o+ o+ - - =

Madaraumiushi 0 0 + o+ o+ - -

Order Basommatophora
Monoaragai 0 0 L - - -
Order Stylommatophora

H
=
+
|
|
|

Usukawamaimai 0 0
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Table 13. Formation of FA, DMA and KOH-amine from TMQ by the mediation of organs
of arthropods, echinoderms and protochords.

Viscera Muscle

Specie
opecies FA DMA-N KOH-amine N FA DMA-N KOH-amine N

(pg/ml) (#g/ml)
COELE NTERATA
QOrder Alcyonacea
Beniumitosaka 146 64 16 — — —
Birodotogetosaka 0 0 0 — e —
ANNELIDA
Order Errantia
Isogokai 0¥ 0* 0¥ — — -
Sugokaiisome 0" 0* 0" - — —
Iwamushi o* 0* o — — —
Order Sedentaria
Chinchirofusagokai 0" 0" 0" — — —
TENTACULATA
Order Tolotremata
Tatesujihozukigai 0 0 0 — — —
Order Cheilostomata
Fusakokemushi 0* o* 0* — — —
ARTHROPODA
Order Xiphosura
Kabutogani 0 0 0 — — —
Order Thoracica
Kamenote 0 0 0 — — —
Kurofujitsubo 0 0 0 — — —
Order Sopoda
Funamushi 0 0" 0* — — —
Order Decapoda
Koudakakudahigeebi
Yoshiebi
Saruebi
Akaebi
Minaminumaebi
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Table 13. - (Cont’d).

Species Viscera : Muscle i
FA DMA-N KOH-amine N FA DMA-N KOH-amine N
{pg/mi) (pgfml)

Kimengani 0 0 0 0 0 0
Juichitogekobushigani 0 0 0 0 0 0
Tenagakobushi 0 0 0 0 0 0
Meganekarappa 0 0 0 0 0 0
Tsunogai 0 0 0 0 0 0
Koshimagani 0 0 0 0 0 0
Hishigani 0 0 0 1] 0 0
Dorogani 0 0 0 a 0 0
Higegani 0 0 0 0 0 0
Taiwangazami 0 0 0 0 0 0
Ibogazami 0 0 0 0 0 0
Janomegazami 0 0 0 0 0 0
Ishigani 0 0 0 0 0 0
Akaishigani 0 0 0 0 0 0
Futahoshiishigani 0 0 0 0 0 0
Futahabenitsukegani 0 0 0 0 0 0
Benihoshimanjiigani 0 1] 0 4] 0 0
Urokoogigani 0 0 0 0 0 0
Enkogani 0 0 0 0 0 0
Menagaenkogani ] 0 0 0 0 0
Sawagani 0 0 0 0 0 0
Iwagani 0 0 0 0 0 0
Mokuzugani 6 0 0 0 0 0
Isogani G 0 0 0 0 0
Kefusaisogani 0 0 0 0 0 0
Akategani 0 0 0 0 0 0

Order Stomatopoda
Shako 0 0
Sesujishako 0 0 0 0 ] 0

ECHINODERMATA

Order Comatulida
Nipponumishida 0 0 1 — — —

Order Phrynophiurida
Okinctezurumozuru 0 0 0 — —

QOrder Phanerozonida

Momijigai 0 i} 0 — —_ —
Togemonmijigai i 0 0 —_— — —
Yatsudesunahitode 0 0 0 — — _
Hoshihitode 0 0 1 — _ __
Akahitode 0 0 0 — — _
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Table 13. - (Cont’d).

Species Viscera . i Muscle .
FA DMA-N KOH-amine N FA DMA-N KOH-amine N
(pg/mD) (pg/ml)
Order Spinulosa
Itomakihitode 0 0 0 J— _ —
Order Phorcipulata
Hitode 0 0 0 — _ —
Order Aulodonta
Gangaze 0 0 0 —_— — .
Order Camarodonta
Sunshouni 0 0 1 — —_ —
Harisanshouni 0 0 0 S _ —
Rappauni 0 0 0 — — _
Akauni 0 0 0 - — _
Bafununi 0 0 0 — I _
Murasakiuni 0 0 1 — J— .
Order Clypeastroida
Takonomakura 0 0 0 — — —
Order Aspidochirota
Manamako 0 0 0 0 0 0
Order Dendrochirota
QOkinagumimodoki 0 0 0 0 0 0
Moguranamako 0 0 4 0 o 0
PROTOCHORDATA
Order Pleurogona
[taboya 0 0 1 —_ — —
Shiroboya 0 0 1 — _ —
Eboya 0 0 1 — — _
Karasuboya 0 0 0 — - _
Mihaeruboya 0 0 1 — — i
Beniboya 0 0 0 — — —

* Entire animal.

EBE BHEY BE

:{EF*&@]WJ ) 43 FA & DMA® ﬁ?{; 1zonTit g}i&@;E%S,G 12,13, 17,19, 23, 32, 34~41, 43, 44, 46, 47, 51~53, 56, 58, 59)
M0 EFEEOESESS SFAL DMAS R T F 2 138 B S AT 331223,30,52,51~36,38~41, 46,47, 5155, 56,
8,59 UaL, #i#EE VT TMO» 5FAL DMADERSE & FALTFKE D4, bThy IHETINLM
WIE DR AR 5T 5174 & 4058 59 '

ko, HHEoOBEIZOWTHN, FEZ 2 ENEOTMO, 5 FAX DMAOERKEE L -, Zh 58C
BT ETMO-ase TENDAT ) — 2 v Tk iTh 7, £/, b TTMOL» 5KOH-7 3 ¥ 2 EWMT 2EE
RREEOREEMEIZ >V T HRETL 7,
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Table 14. Formation of FA, DMA and KOH-amine from TMO by the mediation of organs

of fishes.
) . Liver Muscle™ ™
Species FA DMA-N KOH-amine N FA DMA-N KOH-amine N
(pg/ml) (1g/ml)
Order Selachii
Shirozame 0¥ o* 2% 0 0 1
Order Rajida
Shibireei 0" 0F 0* 0 0 0
Sakatazame o* 0* 0* 0 0 0
Uchiwazame 0 0 0 0 0 0
Dobukasube 0 0 0 0 0 0
Hirataei 0 0 0 0 0 0
Tobiei 0 0 0 0 0 0
Order Clupeida
Konoshiro 0 0 0 0 0
Maiwashi o*  o* 0" 0 0
Katakuchiiwashi 0* 0* 0* — — —
Yamabe 0 1 1 0 1 0
Nijimasu 0 i 0 0 0 1
Ayu 0 0 0 0 0 0
Order Myctophida
Hoshinoeso 44* 20" 14 4 7 2
Okieso 128 64 12 3 1
Maeso 120 66 14 6 3 1
Wanieso 110 60 i6 3 2 1
Order Cyprinida
Zenitanago 0* ¥ 1" 0 1 1
Kamatsuka 0* 0" 0" 0 0 0
Oikawa 0" 0¥ 0" 0 0 0
Kawamutsu 0* 0" 0* 0 0 0
Koi 0 4 2 0 4 3
Funa 0" 0" 0" 0 0 0
Dojd 0¥ 0* 0* 0 0 0
Namazu 0 0 0 0 0 0
Gonzui 0" 0* 0* 0 0 0
Gigi o* 0* o* 0 0 0
Order Anguillida
Unagi 0 1 2 0 0 a
Maanago o* o* 2" — — -—
Mongaraddshi 0" o* o* 0 0 0
Susoumihebi 0 0 0 0 0 0
Dainanumihebi 0 0 0 0 0 0
Amiutsubo 0 0 0 ] 0 0




196

Table 14. - (Cont’d).

Species

Liver

Muscle®*

FA  DMA-N

KOH-amine N

FA

DMA-N  KOH-amine

N

Order Cyprinodontida
Medaka

Order Belonida
Datsu

Order Berycida
Matsukasauo
Gusokudai

Order Zeida
Matodai

QOrder Percida
Bora
Masaba
Tachiuo
Maaji
Kaiwari
Okihiiragi
Hiiragi
Ishigakidai
Ishidai
Himeji
Akatachi
Ittenakatachi
Kinnguchi
Tenjikudai
Teppoishimochi
Nenbutsudai
Mutsu
Ara
Mahata
Ishimochi
Kisu
Kuromejina
Mejina
Isuzumi
Isaki
Madai
Kurodai
Kurakakegisu
Toragisu
Wah.igisu
Mishimaokoze
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Table 14. (Cont’d).

' Liver Muscle®*
Species FA DMA-N KOH-amineN FA DMA-N KOH-amine N
(zg/ml) (#g/ml)
Nezuppo o* o* 0" 0 0 0
Yomegochi 0* 0* 0" 0 0 0
Nezumigochi 0 0 0 0 0 0
Tobinumeri 0 0 0 0 0 0
Shimaitachiuo 0 0 0 0 0 0
Yoroiitachiuo 0 0 0 0 0 0
Ttohikihaze o*  0F 0" 0 0 0
Chagara o* o* 0* 0 0 0
Akahaze 0¥ ¥ 0" 0 ] 0
Sasanohabera 1] 0 1] 0 0 0
Kytisen - 0F 0" 0" 0 0 0
Honbera 0" g* 0* 0 0 0
Nishikibera 0" 0" 0* 0 0 0
Order Tetraodontida
Umazurahagi 0 0 4] 0 0 0
Hakofugu 0 0 0 0 0 0
Sabafugu 0¥ 0¥ o* 0 0 0
Kusafugu 0 0 1 0 0 0
Mafugu 0¥ 0" 0* 0 0 0
Komonfugu 0* 0 o* 0 0 0
Higanfugu 0 0 0 0 0 0
Order Cottida
Usumebaru 0 0 0 0 0 0
Kasago 0 0 0 0 0 0
Hachi 0 0 0 0 0 0
Himeokoze 0 0 0 0 0 0
Oniokoze 0¥ 0* 1* 1 0 0
Darumaokoze 0¥ 0* 0" 0 0 0
Haokoze 0* a* o* 6 1] 0
Kujime 0" 0" o* 0 0 0
Ainame 4] 0 0 0 0 0
Onigochi 0¥ 0* 0¥ 0 0 0
Megochi 0" 0* 0* 0 0 0
Asahianahaze 0¥ 0* o* 0 0 0
Hobo 0 0 0 0 0 0
Kanagashira 0 0 0 0 0 0
Order Pleuronectida
Hirame o* 0¥ o* 0 0
Tamaganzdbirame 0* o* 0% 0 0 0
Meitagarei 0" 0 * 0 0 0
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Table 14. - (Cont’d).

Species Liver Muscle™* .
® FA DMA-N KOH-amine N FA DMA-N KOH-amine N
(pg/ml) (pgfmly
Makogarei o* 0* 0* 0 0 0
Sasaushinoshita 0¥ 0* 0* 0 0 0
Tobisasaushinoshita 0* 0" o* 0 0 0
Kuroushinoshita 0¥ o* 0" 0 0 0
Genko 0 0 0 0 0 0
QOrder Lophiida
Kianko 0 0 0
Ankd o* o* 0* 0 0 0
Hanaokoze 0" 0" 0 0 0 0
&

All visceral ozgans with the alimentary contents; o QOrdinary muscle.

X B F &

SIFE SRAFEREEIHEBEUCHETITE 27,

FAGR SUICDMAERBEDEIE HAHmEEUAHEIzZE» 70

ERERBIUES

EIEILB IOV TR E LU E 7~ B OFAL DMAL &K UKOH- 7 3 » O MEEE - RIEE
UBRIZRTEBNTH 3,

SUELIEHLHIZEB0, BELICFALDMAOE HAESShAREIAY /2y, #F 1Y, v1v,
JoIT e NS ADEBTH B,

TVRIZ B AFALDMAL MEEII A L VT E Z13RETRE W, ZOBEEZY IHIIBET SIS
MOTALDMAR BEF RS0 p g2, W TOMEICLL L, §IRBLUINICE
FOBBTNTHATINEDERREE o b HESNZYH®, Lhrl, svEizsnTid, ZvH4AEL»H#
NTWEVDT, ¥ 7EERLIEPIVEBIIDVTL VR BLEPSDE ZAMETE LV, £/2, T
FTABIZOWTHRELZED VR B,

IVMBLUY N4 RhE, BN AETNTIZKOH-7 I VOEBAROEN ol VBB L
U= F 44 OKOH-7 3 v OAHKIZTMATCH {DMAEZ 2 5N 3B, L THENEL2EY 6B
i, TMO# 5 TMAR & W 2EERIEHAL 40 LS h 3,

R il

IKEETI28OTRIZ D L TIPS & KR E 72 A & v 72RO TMO» 5 FAL DMA & & #), TMO
~ase DR E TR o7, ZOER, TMO-ase 3BEDBNEUTFET 2L PHL» L7 T DS,
RIREEEE I VT, ANVAL A, I94 hBEUY T4 HDIFBIIFAODMADE MR %0 /=,
E TIN5 A4 HHEOTMO-ase FEEMICHEELZWI E W52 L 2, HEME L EHERESTICEY
AOMBAEELCERBIIEOTIE, FNFRDUTAINA, X/ATHTL, 554F 3L LA
SHFAATADABELCLE AN, BT 2F L D3FEIZFALDMADE KRR D 720

MEBEM I BN TIE, N2y 3 s 1THEICTMO-ase O 2R 7,

LR EN, SUEEN, BRI LU Z OhoEERIHII oW, #N» EYFALDMAK MR
BOZ o7z,
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—7F, BHEEWEBR IO WL, Ry, 1y 4F2y, vV TV VEEL YR S{ D5
1ZTMO~ase DIEEZ R -,

BEL4E FINLFILFERE
CAFIWNT IR T BEORREEE

HEIC BN TARNEHEICTMO-ase FAHEETI2 L 2B L. LA L, AEZISE0RMNMEICEE
TAHEMENLZEBRIIRL A THV, ZOENELOMBELEHET 5720 CFABEOLENEE, B
HEERHSMITARENS S, coDIzIE, BREOMELEZD T, Lol E %:%@t&aﬁm%:&
PEETH S,

ARETIE, TMO-ase DEHFEDOME % 65 MBS N BERERIZ SO TOMBRF b L OCBEEAEIC
DNTHRNFERE TR T 5,

EiE BROBH
BAEIZ 51T 5 TMO-ase DAFENZEET AMBIXR LS L v, D0, e OREFEE BRI L, 4B
%m%” RRBS, FORE, ML BEELABAIZEFTCEL 1D, 3ERT AL EEREM],
O LU EEST 2 Z L0 72,
T, Ih6ER, BUESDT2PL0L L AREFERISDVWTOREOFIEEFERELELT 5,

£ B H &

$EEE 7 =1 Sowrida tumbil JFIEIC 2 FBOKEMZT, REV 2 FA ALze ZOFRET 24— b
BES-ETIAL 2, BONREEMERE L TRV,

DHFHE FA DMABLUEABOERBEZNFN, TETF VT b W | Y54 H 054 — 1
S8R B L OF oLin @310 12 ko /2,

BEERORE UH S0 FEIcEI LA T2 D 50.2u TMO 0.5ml, 0.001M 4 F ' > F0. 25m/,0. 1 M
JITVEE-0.2M") YEEKRET S M Y LREEE (pHS.0) 3.75miE Y RN SEOEEIZAN, 0. Sml
AEIEIAND, COMBEEREL, BREFTTOCIZIONHEAL, v Fax— Lnb, BHI220% MY
7O VEERE Smihk ANIERT B, EHIZOWTFALDMAR EEL 2o BICRRICOWTEAEEE KD
Tro HISHERBEAEHEME (ng) H7-0 OERFAR (#g) TRL/,

T R OB R

BEES TOFEN SBELZSATORLSEE (12,000X 8, 2058) L, EEHEZE/-. D&, $HioH
L2V A EOHEEII O TIREL 2CUTTIZY, BLOFEETNTR—FA T T2 -7, %%6 i
IR A 30%BER CpHA. 012 L, 0CIZ2 B - /0, ZOBERNUIE L /- RER A MA T CE-LoHEL
B FEHEIOmIS -0, B L4 v 1 g & AK, 05MIEERL, THEAZE 2 4 1 _ﬂ&%?é%
T, BUELAEEL, Bohs BERABEERT LA, COES I OERLHBEZEOMETH D,
EHEOIZRIIA% TH 720 L L, ZOBEESRENRL »200BENEL2EA TV, ThoHEE
DOBFELEEISRIIRT,

BRESTOFES HEBRLELAL, EBRIIN 7023 22T, E@L k. EIIIER
DOEEEEA NS 7 L8 MA, BEEL0.1ME L, IBEBE L 205EL5HL 2, 55 i kiEEE2 80T

IZ2ARERIEME L 2O LA L, BUBRLOSEEL 2, 20 L% pH6 SICHEE L, X510 1 EEMEER, &
DBEEL 72, BN BB W TERES IoEMIZ A AN 1) VB EIT2 W, BEOHEEL 72,
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Table 15. Steps in purification
Saurida tumbil.

process of enzyme preparation I from the liver of lizardfish

FA Protein Specific :
Step Volume formaiion content activity Vield
(ml) (ug) (mg) (FAerg/mg)y (%)
After homogenization 980 130000 11600 16 160
(crude enzyme)
Supernatant from 750 119000 5950 20 66
centrifugation
After adjustment to 650 82500 250 330 46
pH 4.0
After treatment with 620 72600 154 471 40
kaolin
Bohs FEREBEELETE L, Z0EROLIEEZ200E, EEOIERIIE0%TH - 2. BEWE L
BEES L LN ThrE0 D Eh 7, ZhSEHOBRLEIERIIRT,

Table 16. Steps in purification process of enzyme preparation I from the liver of lizardfish

Saurida tumbil,

FA Protein Specific

Step Volume formation content activity Yield
{mi} (rg) (mg) FTApgmg (%)
After homogenization 480 118000 9600 i2 100
(crude enzyme)
Supernatant from 400 112000 8000 14 95
centrifugation
After treatment with 350 50000 4500 20 80
calcium acetate
After freezing(-80°C) 320 85000 2000 40 75
After adjustment to 300 30000 800 100 68
pH 6.5
After treatment with 250 70600 300 233 59
kaolin
BEERIOES HBELEOSHL, Bohs HEIICHEOBERA VY 7 L2 IZ, #FBEE0. 1M
& UTAKER(ESF B A TpHB. QIZHHET L, OCICHE L —EAR I IL—EE L DL, BOSEEL
DE BRSO WTHRBOEES LUIEEOBELITE 72 CORBREEITRIIRT BITRLSHEDR

Table 17. Effect of the time of incubation on activity and removal of turbidity in the enzyme
preparation added with calcium acetate.

Days of incubation 1 2 3 4 5 6

Activity (FA ug/ml) 175 165 168 165 160 156
Protein (mg) 18 16 14 12 16 8
Turbidity Ry +4++ e ++ + —
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D&z, AMOBECEREDE XGRES N, EBEOETIHILACEDSNEZ W, k-7, BEELD
OIEBTIXBEB A VY 7 LB E 6 AT 72D BLHEET 228 L L,

DX, BeNs BRI OWTHBEEAL # MAEE S vEROME L BD 3 HEI OV THRITRIT
Lo, Thbb, EEELZNCHSI0CTEEH0C E TORMEIZE SMMEL 7, L~ HBHLE
WLADBELHEEL, Bon BEROEEEEQAEEE RO, ZOMBEETHIIRTEFVTH B,
BT A560CHOMBATIHEEAE T, WMiEEIERTZ2EPHESITH D, LT, BREIZDOME
B bW TIIBEEE A VY 7 LB 2 60T 125 S RAMEL L T2WMTE, BLOVEET A28 & L,

T T L] 14 T T v

200¢ 410

160 |- 48
E z
— 1204 46
< R
Iz 3
<
il
sok 14 M

40 42

0 0
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Temperature (C)

Fig. 7. Relation between FA formation and protein content of the supernatant
from enzyme preparation treated with calcium acetate.

Table 18. Steps in purification process of enzyme preparation I from the liver of lizardfish
Saurida tumbil.

Step volime g PRin momtent amiy Yield

(mf) (#g) (ing) (FApg/mg) (%)

After homogenization 2000 310000 42000 7 100

{crude enzyme)

After treatment with 1400 250000 25000 10 81

calcium acetate

After heating (60°C, 5 min.) 1300 210000 4200 50 67

After adjustment to 130 105000 30 3500 34

pH 10 and pH 4

After treatment with 125 62000 15 4100 20

charcoal

After adjustinent to 12 24500 5 4900 8

pH 10 and pH 4
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Fig. 9. Gelfiltration of enzyme preparation II.

Twenty ml of enzyme preparation I was applied on the column fitted
with Sephadex G-50 Fine, and then eluted with water at a flow rate
of 2mi/min.

140+

120+

801

40+

FA and DMA-N ( ug/ml)

30 4b

Fraction No.

Fig. 10. Flution pattern of enzyme preparation II with respect to the ability
forming FA and DMA from TMO.
0—0 and ®—®, Formation of FA and DMA from TMO respectively by
the mediation of mixture containing effluent and cofactor.
o-0and @--@, Formation of FA and DMA from TMO respectively by
the mediation of effluent. =~ Cofactor was obtained by heating crude
enzyme preparation at 100 C for 10 min.
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AABTTT Y a NelO~30ZER L 2o TNHSDEREARO EOES ABREE L RT2AERS 22T
b7, BESOFEC. Sml ()5 & CRIBO AL IC100°C, 105 RIS L 7 B FE50. 5miz TN L
BEENFNERIEE LT, BREESFNS, 20EBEEI0EIIRT, K2 5HE 25 &I,
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Fig. 11. Elution pattern of cofactor contained in enzyme preparation I
0—0 and ®—e, Formation of FA and DMA from TMO respectively by
the mediation of mixture containing effluent and enzyme fraction.
Enzyme fraction was obtained by the elution of enzyme preparation Ii
(cf. Fig. 10.).
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Table Distribution of cofactor in liver or mid-gut gland of 9 species of marine animals.

Specics Formation
FA DMA-N
(pg/mD)
Mollusca
Budoika 149 90
Koika 102 69
Gastropoda and Bivalvia
Sazae 80 48
Asari 68 38
Teleostomi
Ainame i1 60
Umazurahagi 135 77
Maaji 81 48
Sabafugu 115 65

Hamachi 157 93
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Fig. 12. Further chromatographic separation of cofactor.

Ten m/ of cofactor was applied on the column fitted with Dowex
50-X4, and then eluted with buffer solutions of citrate—phosphate
at pH 5.0 and pH 7.0, and sodium carbonate—borax at pH 9.2, in
that order, at a flow rate of 0.3mi/min.

o—o and @-—, Formation of FA and DMA from TMO respectively by
the mediation of mixture containing efftuent and enzyme fraction.
Enzyme fraction was obtained by the elution of enzyme preparation II
(cf. Fig. 10.).
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Table 20. Enzymic activity of the supernatani, and precipitate obtained by fractionation of
enzyme preparation II with alkaline treatment.

Protein Formation
content FA DMA-N
(mg/ml) (pg/ml}
Enzyme preparation Il 4.0 105 61
Supernatant 3.0 21 16
Precipitate 0.3 0 0
Supernatant + Precipitate — 110 73
Supernatant + Precipitate heated — 19 i6
Supernatant heated + Precipitate — 0 0

PR L BN TH B, FESLUEBESOOTRLEALEEEATYAZ WS 2 TH D, BREMER
RS T OBERER L RT AL DAE L, —HUBES TIHEEF & CRD 5Nk, Ll 2
g,pﬂb@E“* bﬁék,%%é@im@%?@ LD FNLIIFRIREICEET 32 &b B
ORI B L 2 FORSEMz 2 s 212 b EREFRIE K0 L s LIZLACFALT, £<EEL
v, TMO-ase I2M 5+ 2B RFEWEBMETH 525, 1RO XS CMBR S %2 B HOBREE
AR L 2 VIR B s L TR0 BR S I E S N ABRREREOREETH L EL LN S,
BEREREOSEE L CICBHREE %Lfi@%&@ﬁﬂ[ couf%ﬂ%h7n%L%ﬁQo%

BHEOEAEAREBINCRT. BBHICH 5L LD 1, WERSORAKIE LERSORAK
Nb%$<%ﬁvao
SR, REES P UBK S OFAT A TMO-ase L5 T s BREAETH 3L L) hEANI LD, &

19519 u@ﬁm}%%'buztﬂfmﬁﬁi T PN, BiEE LTEARL (KBRS 777 Y 3 v Nlb
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W, BUETE LTRASSE2HTEAT 57 a3 YN39P545ETNT 777 ¥ a v OBEHER G,
EEEEMEL, ERE ], EAETL0BYRTZNFN0.5m, ERE T/ FEABICHBRTZ M2
FEE QD Lom, BEABI, DEMBRFOER (1:1:1) Lomlz 2w T#~NL, ChoNERES
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Fig. 13. Gelfiltration of the supernatant and precipitate obtained by fractiona-
tion of enzyme preparation I with alkaline treatment.

Table 21. Enzymic activity of the proteinous effluent obtained from the supernatant and
and precipitate by gelfiliration (cf. Fig. 13).

Protein Formation

content FA DMA-N

(mg/ml) (rg/ml)
Protein I 1.6 7 3
Protein I 0.2 4 2
Cofactor 0 0 0
Protein I + Cofactor — 7 3
Protein II + Cofactor _— 4 2
Protein I + Protein I — 25 14
Protein 1 + Protein II + Cofactor e 62 35

20IFIRT, BAE ] pLUEAEIHEME 2 XHEORATCLBRREIF VI b/, —F, &
HEI63 0 EEAETCHPERTZFML 2HETEL, Wil A, BEREERREL 22>k, Ly
LaAs, =&T4bb, MEALCHPRTPNET AN TOLR, BRIEEFEEL 2, LED
FEBEED» S, TMO-ase DEREAZ IV A &6 2BHETHET S LEETE 3,

i ¥

TMO-ase DFEH LT 2V, BFoh-BRER U OVWTHIR T LUBREAEONEE, SEAT5W,
WINE OB & F AT,

TV R E A OB ST, SHROBEEG SRR 2, BETEBRBMOBRERRLE L TR
FL. BRES] T IEEME IR IIRETCE L o7 L L, BREESTIIFEEIIERT, WG
EARIOEOEERL, P2 0HEOSVERESOMEEICEIIL 2.

BRERTIIOWTHMEF 2 6 CICBEEQEONE, SHEEITE 2/, FVIES & - THBIETF %
FEEL 2, CORTIMESTFHETCHEETH - /20 512, ZOMBRFIZO VT4 v XiErav b7
T4 —2TRG, B—OERDTENZEEM5 I 72,
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Fig. 14. Equimolecular changes of TMO, DMA and FA in different conditions.
The signs of 0—O, ®—® and A Aindicate the amounts of FA formed,
DMA formed and TMO decreased respectively.
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Fig. 15. Effect of concentrations of substrate and enzyme
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Signs, legend as Fig. 14.
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Fig. 16. Effect of additional amount of FA and DMA on the formation of FA and DMA.

Signs, legend as Fig. 14.
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Table 22. Effect of dyes on the enzymic activity.

Dyes Formation
FA DMA-N
( pmole)
Methyl viologen 0.6 0.4
Neutral red 0 0
Janus green 0.8 0.7
Indigo carmine 0 0
Nile blue 0 0
Toluidine blue 6.5 6.6
Methylene blue 6.5 6.5
Toluylene blue 1.3 1.3
2,6-Dichlorophenol indophenol 0 0
Triphenyl tetrazolium 0 0

Table 23. Effect of oxidized and reduced methylene blue on the enzymic activity.

Methvl bl Formation
ethylene blue A DVAN
(xmole)
Oxidized form 3.6 3.6
Reduced form 5.7 5.5

Table 24. Effect of oxidized and reduced methylene blue on the enzymic activity of super-
natant and precipitate.

Medium Formation
FA DMA-N

(pmole)
Methylene blue + Supernatant 0.5 0.5
Methylene blue + Precipitate 0.5 0.5
Methylene blue + Supernatant + Precipitate 4.1 4.0
Methylene blue® + Supernatant 0.7 0.7
Methylene blue™ + Precipitate 4.1 4.0

Reduced form.

TIEEEL 720 E23BL6ME LD L1, BEBED LR A T L v B2 RV HPBREE &Y, 2
OBERIBEREECES T 2HIATH 5 WEBREAEO PRI, BLEPT0EEL IS PHEET S
heEZIENS,

INEFELD B D, 10mIEERIES I 30% BBV KEE0. Im/ & M2, 100 MO0 C BB LTELBRIIDE,
b 5 BTN A F L VB T OOBREESEE Lz, ZOMREEITRIIR T, HITHA» 5,
BRLEAFL VEFOEE T COABEREEIRET 220 b 5,

—F, BRESN 7 Vvh JEL TE2 BB LBX S (F4BE3H2R) ofRsc#tMs LU
BEEAFL VELZMNATEDEFIIBERIEE RO NI 2T, BRPBURIIRT, F2E»5
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Fig. 17. Effect of reduced methylene blue on activity of
enzyme treated with hydrogen peroxide.
Signs, legend as Fig. 14.
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Fig. 18. Effect of oxidized and reduced methylene blue on enzymic activity in conditions varing pH
values and reaction temperatures.
I and I, Reduced methylene blue under light; I and I, Oxidized methylene blue under
light; Il and II’, Oxidized methylene blue.
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EhOEIICELHAFL v FERBE SIS 2B RIEE 2L 2. &5615, ZOUMBXSIZ>0T,
BB 7L v ERANSE, B F L v EFEOL L TREBFH L ABEPLIUETUEA 7L V&R
FEDLETHEBHUABEIIFI S ZNFNOBERERIIGT20HA 2V ITREOHE L 2, 704
REBIBNIT T, HI8H A SBLE A F LV EFRADSE, BRERILEHLD TRV, LoRHIzL-
THLZDIEEIEET E32 7 bhb, LALANS, BEHEATFLVEREOL & TREBRHL 2B
BLBWEEERL 7,

BREEECSLETHNRERES LUCEMERORE BEES N2y VIERE T4 - TIH - ERE

Table 25. Effect of cofactors on the enzymic activity of protein obtained from enzyme
preparation [ by gel-filiration.

Methylene blue
Cofactor None Added
FA DMA-N FA DMA-N
(#mole/ml) (pmole/mi)
{Cofactor)
NAD 0 0 0 0
NADH, 0 0 0.7 0.6
NADP 0 0 0 0
NADPH, 0 0 0.7 0.6
Lipoic acid 0 ] 0 0
Vitamin B, 0 0 0 0
Vitamin Bg 0 0 0 0
Vitamin By, 0 0 0 ]
Vitamin C (reduced) 0 [ 0.4 0.4
Glutathion (oxidized) 0 0 0 4]
Glutathion (reduced) 0 0 0 0
Cytochrome C (oxidized) 0 0 0 0
RF 0 0 6 1]
RFHE 0.5 0.4 0.5 0.5
FMN 0 0 0 0
FMNH, * 0.6 0.5 0.5 0.5
FAD 0 0 0 0
FADH,* 0.5 0.4 0.5 0.5
Coenzyme Q; 0 0 0 0
(Metal)

MndIID) 0 0 0 0
Fe (I 0 0 0.5 0.5
Fe (IID 0 0 0 0
Co (i) 0 0 0 0
Mg (I} 0 0 0 0
Zn (I 6 0 0 0
Cu @ 0 1] 0 0
Cu (I 0 0 0 0
Mo (VD 0 0 0 0

A

Prepared by irradiation or treatment with NADH,.
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0 E 4 [ & ] ]
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Fig. 19. Formation of FA and DMA with an increase in
incubation time in the presence of FTMNH,.
Signs, legend as Fig. 14.

Table 26. Assumed schemes of enzymic reaction for simulation.

Ey ky
1-1, E+S ES FA + DMA
kz
ky ks
1-2, E+§ ————— E§ ————— FA +DMA
FAR | ~FA ks
ks ko
EFA*
ky ks
1-3, E+8 = = E§ —————>FA +DMA
ky AN g\ //_78
I/
k«i ]( k7
ky ESS ks
1-4, E+S ES ———— FA + DMA
ky SN 7S
FAs " FA I/
ks ky kg | k.,

* Inactive substancs.
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Zhb, VR7I7€y (RFH2), 75E€vE/ 227 L4FF (FMNH2) LU 7580y 77=v I
45 8 (FADH2) OBFAET CEBREEEEZRTIE b b, —F, A F LUy ERMOBEIIETRE 7 5
EYROER, =235V 7IFRT7FyY27L4FF (NADHz), =3 F Vv 73IF7F=vyxoLas
FAZ7z—1F (NADPHz2), ¥ 3 vChHIUSKIDOEFET CHEEELAR L/, &512, FMNHz 12
DWTERENE RIS 2 E 2 TN IR T & 910, FMNHz EEBEEOGEIcEL > 2 &

Table 27. Rate constants for presented schemes of enzymic reaction.

Scheme 1-1 1-2 1-3 1-4
By (M7 secT)X 10 0.167 0.167 0.167 0.167
k, (  sec’h) 0.167 0.167 0.167 0.167
by ( sec Hy x 107" 0.167 0.167 0.167 0.167
by M7' secHyx 107! — 0.167 — 0.167
ks ( sec VY x 107% — 0.167 — 0.167
ke (M sec”hyx107 — — 0.500 0.500
1.0 T : . ; . - 1.0 . T «
a Scheme 1-1 8 Scheme 1-2
£ 0.8} i1 £ 0.3
= 0.6 I =
] St
N 1 =
© / ]
E // E
0.2+ / M
= e
0 | e,
0 10 20 30
Time {min.) Time (min.)
1.0 T : 1.0 T : .
P Scheme 1-3 2 Scheme 1-4
2 08 g 0.8}
=
> B
§ 0.6F i 0.6¢
£ 0.4} %
: ;{;—i_mim k=
= 0.2t == L
= //% =
e ; . ;
0 9 10 20 30
Time(min.) Tine (min.)

Fig. 20. Simulated time course for presented schemes in different TMO concentrations.
The signs of I, II and Il indicate 1, 0.5 and 0.1M TMO respectively.
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Fig. 21. Caialytic formation of FA and DMA from TMO in
aluminum irichloride and boron irifluoride solutions.
Signs, legend as Fig. 14.
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Fig. 22. Catalytic formation of FA and DMA from TMO in specific
acid and base solutions.
Signs, legend as Fig. 14.

#mole

Fig. 23. Catalytic formation of FA and DMA from TMO in buffer solutions.

Sorensen buffer

(1) Glycine—sodium chloride—hydrochloric acid (pH 1.1 — 3.0)

(2) Sodium citrate—hydrochloric acid (pH1.1 — 4.0)

(3) Sodium phosphate, dibasic—potassium phosphate, monobasic (pH 5.0 — 8.0)
(4) Glycine—sodium chloride—sodium hydroxide (pH 9.0 — 12.0)

Walpole buffer

(5) Hydrochloric acid —sodium acetate (pH 1.0 — 5.0)

MclLvaine buffer

{6) Citric acid—sodium phosphate, dibasic (pH 2.2 — 8.0)

Tristhydroxymethyl) aminomethane buffer

(7) Tris¢thydroxymethyl)aminomethane—hydrochloric acid (pH 7.0 — 9.0)

(8) TristhydroxymethyDaminomethane—maleic acid—sodium hydroxide (pH 5.0 — 8.0)
Ringer buffer

(9) Sodium hydroxide—sodium phosphate, dibasic (pH 11.0 — 12.0)

Signs, legend as Fig. 14.



pmole

Fig. 24. Catalytic formation of FA and DMA in tristhydroxymethyl)amino-

pmole

40

30

20

10

methane—maleic acid--sodium hydroxide solution.

Signs, legend as Fig. 14.

Solid line, Tris(hydroxymethyl)aminomethane —maleic acid—sodium
hydroxide; Dotted line, Tris(thydroxymethyl)aminomethane—sodium
hydroxide.

o B £3
5 6

Fig. 25. Effect of dibasic acids on the catalytic formation of FA and DMA

in tris¢thydroxymethylaminomethane-sodium hydroxide solution.
(1) Malonic acid; (2) Azelaic acid; (3) Succinic acid; (4) Oxalic acid.
Signs, legend as Fig. 14.
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NN ieer
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Fig. 26. Relationship between formation of FA and DMA in tristhydroxy-
methyDaminomethane-—malonic acid—-sodium hydroxide solution and in-
cubation time.

I, 0.5M tris(hydroxymethyhaminomethane—0.5M malonic acid—0.5M
sodium hydroxide; II, 0.3M tristhydroxymethyl)aminomethane—0.3M
malonic acid—0.3M sodium hydroxide; I, 0.1M tristhydroxymethyl)-
aminomethane—0,1M malonic acid—0.1M sodium hydroxide,

Signs, legend as Fig. 14,

60

401

30F

20+

Fig.

Time of incubation(hrs) Time of incubation (hrs)

27. Relationship between formation of FA and DMA in 0.5M tristhydroxymethyDamino-
methane—0.5M malonic acid—0.5M sodium hydroxide solution and TMO concentra-
tion. The concentrations of TMO of I, H, 1, IV, V and VI are 2, 1, 0.5, 0.2, 0.1
and 0.05M respectively.

Signs, legend as Fig. 14.
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Table 28. Assumed scheme of non-enzymic reaction for simulation.

TMO ——=X-1

2 (Tris hydroxymethyl) »

< (Malonic aciwty aminomethane)//

ky \ ks [9) ks
L X2 X3 ——Ax4 —| FA + DMA

Malonic acid kg

X-5

—
<

<
(o]
¥

(=)
(@3]

b

<
e
T

<
oo
T

FA in arbitrary units

Catalyst

10 20 30 40 50

Time (hrs)
Lo T™O
2 I
= 0.8t
=
>
5 0.6f
=}
=
5 o0.4) ]
= m
< 0.2+ /“‘f
£ 3 / m/
o‘mﬁM e i T
0 2 4 6 8 10 12
Time (hrs)

Fig. 28. Simulated time course for presented scheme in Table 28.
The sings of I, I and HI indicate 0.5M, 0.3M and 0.1M of tristhydroxymethyl)
aminomethane—malonic acid—sodium hydroxide solution respectively.
The sings of I, II” and M indicate 2.0M, 1.0M and 0.05M TMO concentration

respectively.
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Table 29. Rate constants for presented scheme in Table 28.

Catalyst TMO
ky( secyx 107 0.417 0.417
E,M sectyx 107 0.417 0.417
ks( sectyx 1072 0.417 0.417
kMt secyx 107 0.417 0.417
ks( sech) x 107 0.417 0.417
kM sec™yx 107 0.417 0.417

% =

SEREEMME IS 515 2 TMOD S REERE 2 2 20l s T AR IR S (T 5 5 gl Ay
136,135) g5 b UEEAKEERE O BT v g 3, B3 20 & EBIICEE - 12D W T TMOD 5 FAL DMADE %
RET ZMEOMEZITE > 7, Z MR, b)) A ZHEEB-KBILS MY Y LRATR (pH10~11)12& b
EEROBN D L 2EBB 1, COZ X, ZORISOMEEEOREIZET I/ EUHNARF Y VE
PUETHY, BERGIPCTHEEAEORTREPEECHHI L ETBT 5, L L, JRERRAME
E OGOV TIE 2 OERAFAS pTHEVY, PUALFET I FUX SOREET EbL, 4%
Y7ot v HEELEE 5:%'%&0 LEZ LN,

. SRR I B AFA L DMAD A B 1S TUCHIIACIRIEET VRIRTH 9, BE SRR SRS 12

B AERE—TL, FAA:DMA#JI: SRETEL 22 L IBHEETH B, KEST (3moKcBEER 2 it LT
v, FAXDMAE OBMBMGEEEANT VLAY, ZOBRUEBELATEVE LTV S, FEHEOERT S L
BH (552610) TR = & AED SR, CAUSARFASEESZ 5 vu IR EUBL T, HHE
KRTVLLDEELLBNS, TOWEORZEEL Y I 2L -2 s VORREPSLHIL A TH S0

Ll RO IEEE R O EERRE R H 5, —AYEE (general base) T &b b, BEFHEMEATMON, 5 FAZ DMA
DERIZRALDZE iﬂﬂb#T%éo —7 BRI 51 B ERTIETL ”%%E%%f;c 5 I LANS TMO
-ase OEMLICETSZIELS D, *ﬂx%ﬁsk%lé);c‘:/}‘?.‘i 3, ZNHEDT EAE, TMORLFAL
DMAD LRI > ED & 5 RIS & 3 EHETE 5o

CHy CHS ) CH,
! | o~ LA H;C o (=)
H,C~N—0 ——== | H,C—N-0 () |===|H, C—NZ0 N—CH, 0
| I\ | | Ve
CH, CHy CH; H3C
I jii
H,C H,C
N ~N
N-CH,0H | === NH + HCHO (1)
Ve s
H,C H,C

H]/ 3



223
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Appendix 1. Comparative list of Japanese and scientific names of the aquatic animals described.
Japanese Scientific Japanese Scientific
Name name Name name
COELENTERATA  COELENTERATA Murasakiigai Mytilus edulis
Beniumitosaka Alcyonivm gracillimum Igai Mytilus corusus
Birodotogetosaka Dendronephihya habereri | Azumanishikigai Chlamys farreri
Kinchakugai Decatopecten striatus
ANNELIDA ANNELIDA Akoyagai Pinctada fucata
Isogokai Perinereis brevicirris Itayagai Pecten albicans
Sugokaiisome Diopatra sugokai Iwagaki Crassostrea nippona
Iwamushi Marphysa sanguinea Magaki Crassostrea gigas
Chinchirofusagokai  Loimia medusa Vamatoshijimi Corbicula joponica
Awajishijimi Corbicula leana awajiensis
TENTACULATA TENTACULATA Hamaguri Meretrix lussoria
Tatesujihd zukigai Coptotlyris grayi Shinahamaguri Meretrix petechialis
Fusakokemushi Bugula neritina Asari Tapes philippinarum
Oniasari Protothaca jedoensis
MOLLUSCA MOLLUSCA Kuchibagai Caecella chinensis
Kaminariika Sepia Lycidas Kagamigai Phacosoma japonica
Koika Sepia esculenta Bakagai Mactra chinensis
Hydmonkdika Sepia pardalis Shiofukigai Mactra veneriformis
Himekdika Sepia kobiensis Mirukuil Tresus keenae
Shishiika Sepia peterseni Mategai Solen strictus
Shiriyakeika Sepiella japonica Akamategai Solen gordonis
Dangoika Sepiola birostrata Zarugai Vasticardium burchardi
Aoriika Sepioteuthis lessoniana Onogai Mya arenaria oonogai
Yariika Doryteuthis bleekeri
Mehikariika Loligo edulis Hizaragai Liolophuva japonica
Budbika Loligo budo Tokobushi Sulculus diversicolor
Jindoika Loligo japonica aquatilis
Surumeika Todarodes pacificus Kuroawabi Nordotis discus
Sodeika Thysanoteuthis rhombus Madakaawabi Novdotis gigantea
Madako Octopus vulgaris Mekaiawabi Nordotis gigantea sieboldii
Tenagadado Octopus minor Beisukogasagai Cellana grata
lidako Octopus ocellatus Yomegakasagal Cellana foreuma
» Matsubagai Cellana nigrolineata
Kariganeegai Barbatia virescens Ebisugai Tristichotrochus uncus
Akagai Secapharca broughtonii Kubirekurotsukegai ~ Monodonia perplexa
Kumasarubd Scapharca globsa ursus Ishidatamigat Monodonta labio
Sarubd Scapharca subcrenata Kubogai Ch lorési'oma arygyrostoma
Nunomeakagai Cucullaea labiata granulosa i lishket . .
- . . o ° Koshitakagangara Omphalius rustica
Tamakigai Clycymeris vestiia . . r s
" . . , Ookoshitakagangara  Omphalius pfeifferi carpenteri
Murasakiinkogai Septifer virgatus




Appendix 1. - (Cont’d)

Japanese Scientific Japanese Scientific
name name name name
Sazae Batillus cornutus Funamushi Ligia exotica
Sugai Lunella coronata Koudakakudahigeebi Solenocera alticarinata
Amagai Heminerita japonica Yoshiebi Metapenaneus monoceros
Marutanishi Cipangopaludina chinensis Saruebi Trachypenaeus curvirostris
malleata Akaebi Metapenaeopsis barbata
Tamakibigai Littotina brevicula Minaminumaebi Neocaridina denticulaia
Qohebigai Serpulorbis imbricatus Oniteppoebi Alpheus rapax
Uminina Batillaria multiformis Tenagaebi Macrobrachium nipponense
Kawanina Semisulcospira bensoni Amerikazarigani Procambarus clarki
Henatarigai Cerithidecopsila cingulata Honyadokari Pagurus samuelis
Futahenatarigai Cerithidae thizophorarum Togetsuhoyadokari Diogenes edwardsi
Shidorogai Doxander vittaius Yokosujiyadokari Dardanus arrosor
Tsumetagai Neverita didyma Akahoshiyadokari Dardanus diogenes
Himetsumetagai Neverita vesicalis Hiraashikamuri Petalomera granulata
Biwagai Ficus subintermedia Hirakoukaikamuri Conchoecetes artificiosus
Onisazae Chicoreus asianus Kimengani Dorippe dotsipes
Akanishi Rapana thomasiana Juichitogekobushigani  Arcamia undecimspinosa
Reishigai Thais bronni Tenagakobushi Myra fugax
HOO.HIShlgal Thais clavigera Meganekarappa Calappa philargius
Fal Babylonia japonica Tsunogai Hyastenus diacanthus
{sonina Japeuthria ferra Koshimagani Leptomithrax edwardsi
Mushirogai Niotha livescens Hishigani Lambrus validus
Araregai Niotha clathratus Dorogani Zalasius dromiaeformis
Tengunishi Hewmifusus ternatanus Higegani Jonas distincta
Konaganishi Fusi erplexus mi . .
& . pstrus perplexus minor Gazami Portunus trituberculatus
Tsunomatagai Fusinus nigrostratus . . .
. ® Taiwangazami Portunus pelagicus
Touito Siphownalia fusoides . .
. . h Ibogazami Portunus gladiator
Kisewatagai Philine argentata . .
~ . Janomegazami Portunus sanguinolentus
Amefurashi Aplysia kurodai L . s .
X _ . Ishigani Charybdis japonica
Umifukuré Pleurobranchaea e L
novaezealandiae Akaishigani Charybdis miles
Hikariumiushi Plocamopherus tilesi Futahoshiishigani Charybdis bimuaculata
Nishikiumiushi Ceratosoma cornigerum Futahabenitsukegani Thalamita sima
Madaranmiushi Dendrodoris rubra Benihoshimanjiigani Liagore rubromaculata
nigromaculata Urokoogigani Xantho reynaudii
Monoaragai Radix auricularisu japonicus Enkogani Carcinoplax longimanus
Usukawamaimai Acusta despecta Menagaenkdgani Ommatocarcinus mecgillivrayi
Sawagani Potamon dehaani
ARTHROPODA ARTHROPODA Iwagani Pachygrapsus crassipes
Kabutogani Tachypleus tridentatus Mokuzugani Eriocheir japonicus
Kamernote Mitella mitella Isogani Hemigrapsus sanguineus
Kurofujitsubo Tetraclita squamosa Kefusaisogani Hemigrapsus penicillatus

Japonica
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Appendix 1. - (Cont’d)

Japanese Scientific Japanese Scientific
name name name name
Akategani Sesarma haemalocheir Shibireei Narke japonica
Tarabagani Paralithodes camtschaticus | Sakatazame Rhinobatos schlegeli
Shako Squilla oratoria Uchiwazame Platyrhina sinensis
Sesujishako Squilla costata Dobukasube Breviraja smirnovi
Hirataei Urolophus aurantiacus
ECHINODERMATA ECHINODERMATA Tobiei Holorhinus tobijei
Nipponumishida Comanthus japaonica
Okinotezurumozuru  Gorgonocephalus caryi Konoshiro Konosirus punctatus
Momijigai Astropecter scoparius Maiwashi Sardinops melanosticta
Togemoinijigai Astropecten polyacantus Katakuchiiwashi Engraulis japonica
Yatsudesunahitode  Luidia maculata Yamabe Onchorhynchus masou vart.
Hoshihitode Stellaster equestris ) ishikawae
Akahitode Certonardoa semiregularis Nijimasu Salmo gairduerii irideus
Itomakihitode Asterina pectinifera Ayu Pleucoglossus altivelis
Hitode Asterias amurensis Urumeiwashi Etrumeus micropus
Gangaze Diadema setosum Sanm.a Cololabis saira
Sunshouni Temnopleurus tolewmaticus Hofv‘hmoeso Synodus hoshinonis
Harisanshouni Temnopleurus reevesi Oldeso Trachinocephaliss myops
Rappauni Toxopneustes pileolus Mae%o Saurida undosquamis
Akauni Pseudocentrotus depressus Wan-IGSO‘ Saurida tumbil
Bafununi Hemicentrotus pulcherrimus Zenitanago Pseudoperilampus typus
Murasakiuni Anthocidaris crassispina K'amatsuka Pseudogobio esocinus
Takonomakura Clypeaster japonicus Oikawa Zacco platypus
Fujinamako Ho Z‘.o shuria monacaria Ka‘fvamutsu Zacco temminckii
Manamako Stichopus japonicus Koi Cyprin'us carpio.
Okinagumimodoki  Amphicyclus japonicus Furll-a Carassius carassius
Moguranamako Pentadactyla japonica Dojo Misgurnus anguillicaudatus
Namazu Parasilurus asotus
PROTOCHORDATA PROTOCHORDATA Gonzui Plotosus anguillaris
Itaboya Botrylloides violaceus Gigi . Pelteobagrus nudiceps
Shiroboya Styela plicata Unagt Anguilla japonica
Eboya Styela clava Maanago . Conger myriaster
Karasuboya Pyura vittata Mongaradc‘)s}.u Microdonophis erabo
Mihaeruboya Pyura michaelseni Susoumihebi Ophichthus urolophus
Beniboya Herdmania momus Dainanumihebi Ophisurus macrorhynchus
Amiutsubo Gymnothorax reticularis
VERTEBRATA ~ VERTEBRATA Ginanago Rhynchocymba nystrom
Dochizame Triakis scyllia Medaka Oryzias latipes
Hoshizame Mustelus manazo Datsu Belone anastomella
Akaei Dasyatis akajei Matsukasauo Monocentris japonicus
Shirozame Mustelus griseus Gusokudai Ostichthys japonicus
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Japanese Scientific Japanese Scientific
name name name name
Matodai Zeus japonicus Akahaze Chaeturichthys hexanema
Bora Mugil cephalus Sasanohabera Pseudolabrus japonicus
Masaba Scomber japonicus Kyusen Halichoeres poecilopterus
Tachino Trichivrus lepturus Honbera Halichoeres tenuispinis
Maaji Trachurus japonicus Nishikibera Thalassoma cupido
Kaiwari Kaiwarinus equula Umazurahagi Navodon modestus
Okihiiragi Leiognathus rivulata Hakofugu Ostracion tuberculatus
Hiiragi Leiognathus nuchalis Sabafugu Lagocephalus lunaris
Ishigakidai Oplegnathus punciatus spadiceus
Ishidai Oplegnathus fasciatus Kusafugu Fugu niphobles
Himeji Upeneus bensasi Mafugu Fugu vermiculare porphyreum
Alkatachi Acanthocepola krusensterni Kawahagi Stephanolepis cirrhifer
Titenakatachi Acanthocepola limbata Komonfugu Fugu poécilonotum
Kinnguchi Pseudasciaena manchurica | Thganfugu Fugu pardale
Tenjikudai Apogon lineatus madara Gadus macrocephalus
Teppoishimochi Apogon kiensis Usumebarn Sebastes thompsoni
Nenbutsudai A_pogon semilineatus Kasago Sebastiscus marmoratus
Mutsu Scombrops boops Hachi Apistus carinatus
Asa Niphon spinosus Himeokoze Minous monodactylus
Mahata Epinephelus Oniokoze [nimicus japonicus
“septemifasciatus Darumaockoze Erosa erosa
Ishimochi Argyrosomus argentatus Haokoze Hypodytes rubripinnis
Kisu Sillago sihama Kujime Agrammus agrammus
Kuromejina Cirella melanichthys Ainame Hexagrammos otakii
Mejina Cirella punctatus i Onigochi Onigocia spinosa
Isuzumi Kyphosus lembus Megochi Suggrundus meerdervoorti
Isaki Parapristipoma trilineatum . Asahianahaze Pseudoblennius cottoides
Madai Pagrus major i HGobd Chelidonichthys kumu
Kurodai Acanthopagrus schlegelii Kanagashira Lepidotrigla microptera
Kurakakegisu Neopercis sexfasciata Hirame Paralichthys olivaceus
Toragisu Cilias pulchella Tamaganzobirame Pseudorhombus
Wanigisu Champsodon snyderi pentophihalmus
Mishimaokoze Uranoscopus japonicus Meitagarei Pleuronichthys cornutus
Nezuppo Callionymus lunatas Makogarei Limanda yokohamae
Yomegochi Callionymus japonicus Sasaushinoshita Heterowmycteris japonicus
Nezumigochi Callionymus punctatus Tobisasaushinoshita Aseraggodes kobensis
Tobinumeri Callionymus beniteguri Kuroushinoshita Paraplagusia japonica
Shimaitachiuo Neobythites fasciatus Genko Cynoglossus interruptus
Yoroiitachiuo Hoplobrotula armata Kianko Lophius litubon
Ttohikihaze Cryptocentrus filifer Anko Lophiomus setigerus
Hanaokoze Histrio histrio

Chagara

Pterogobius zonoleucus
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Studies on Enzyme Catalyzing the Formation of Formaldehyde and
Dimethylamine in Tissues of Fishes and Shells

By
Katsuhiko HARADA

SUMMARY

Numerous researchers have investigated the bacterial reduction of trimethylamine
oxide (TMO) to trimethylamine in fishes and shells to find an adequate method of
evaluating spoilage of these organisms. Apart from these investigations, it has been
demonstrated that small amounts of dimethylamine (DMA} are produced also from TMO
in the muscle of some species of fish during the storage at refrigerated temperature. In
this kind of work it was never obviously established whether DMA was formed as the
result of bacterial activity or by an enzyme native to the tissue. In recent years it has
been clarified that in some tissues of gadoid and akin fishes there is an enzyme, TMO-ase,
which catalyzes the breakdown of TMO into formaldehyde (FA) and DMA. The
elucidation of chemical properties of this enzyme and the reaction mechanism of the
breakdown will be of great value not only from the viewpoint of biochernistry of marine
organisms, but also from the standpoint of food hygiene.

In this connection, the author first atiempted to make clear the distribution of
TMO-ase in aquatic animals, and found that the tissues of lizardfish, as well as gadoid
species, are suitable as the materials for the preparation of this enzyme. The enzyme was
partially purified and its some chemical properties were examined. Furthermore the
formation of FA and DMA in non-enzymic catalysts was investigated. Based on the
findings brought out, the enzymic reaction mechanism on the formation of FA and DMA
from TMO was foliowed up by the methods of electronic theory of valence and simulation.

The results obtained from these experiments are summarized as follows;
Identification of formaldehyde and dimethylamine in tissues

Two different convenient methods based on thin-layer chromatography were developed
to identify FA and DMA which circumstantially occur in the tissues of aquatic animals.

In the identification of FA, alkanals in muscle were converted to 2,4-dinitrophenyl-
hydrazones. The hydrazones thus obtained were applied on silica gel G plates and
developed with the solvent consisting of n-hexane-ethanol-acetic acid (90:10:3). The
confirmatory evidence of FA in the tissue was successfully obtained from the parallel
experiments conducied with authentic hydrazones. From the results, it was found that
FA exists in quite small amounis in all of the tissue so far as examined except in the
tissue of cyprinid, Carassius awratus. The minimum detectable amount of FA in muscle
was 0.3ug/g.
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With respect to the identification of DMA, the volatile amines in tissues were applied
on silica gel G plates, and developed with the mixture of ethanol-hydrochloric acid
(10:1). The amines developed were detected with Dragendorff reagent. DMA was
identified by compariosn with the experiment performed with an authentic sample.

Of the species examined, only three, ie., cod, Gadus macrocephalus, squids, Todarodes
pacificus and Doryteuthis bleekeri, were proved to contain DMA in their tissues. The
minimum detectable amount of DMA in muscle was 1.0ug/g.

Distribution of trimethylamine oxide in aquatic animals

In order to examine systematically the disiribution of TMO in fish and shells inhabit-
ing in Japanese waters, the samples covering roughly 180 species were analyzed.

The molluscan decapods showed, as a rule, high TMO contents in the mantle muscle,
which were comparable to that of elasmobranchs, irrespective lower contents of the same
tissue of molluscan octopods. The contents of TMO in different tissues of decapods
varied in the following order.

Mantle muscle > arm muscle > mid-gut gland

Of the shelis examined, two of bivalvs, Pecten albicans and Vasticardium burchardi,
and one of gastropods, Tristichotrochus unicus were proved to contain an appreciable
amount of TMO, but it was found that the others contained either a little amount of
TMO or not any.

Of the arthropods examined, crayfish, Procambarus clarki contained TMO in a con-
siderable amount in spite of its inhabitancy in freshwater.

Regarding fishes, i.e., teleosts and elasmobranchs, the determination of TMOC in nearly
60 species is demonsirated. The conient of TMO in the muscle of saltwater fishes was
highest in Rajida, lowest in Clupeida and Tetraodontida, being intermediate in Anguillida,
Percida, Cottida and Pleuronectida. In the muscle of freshwater fishes, TMO content
was nearly undefectable.

Distribution of TMQ-ase im aquatic animals

The screening test of TMO-ase distribution in the aquatic animals totaling about 300
species was done for their muscle, liver and viscera. Lizardfish, Saurida tumbil was the
only kind of fish demonstrating the high ability to produce FA and DMA from TMO in
its tissues.

Somewhat lower ability was found in Japanese John Dory, Zeus japonicus, in addition
to some organisms belonging to the phylum of Mollusca.

Purification and properties of TMO-ase

The partial purification and some of the properties of TMO-ase were examined. Since
the liver of lizardfish was shown to exhibit the activity, it was selected for use in the
purification of the enzyme. The enzyme was partially purified in terms of preparation
I, I and . In the preparation I, no suspended materials were included in contrast
with the turbid preparation 1 and 1.

Two fractions of enzyme-protein and cofactor were eluted with water from the
column fitted with Sephadex G-50 fine on which the preparation Il had been applied.
From the furiher chromatographic separation of the cofactor fraction, it was found that
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the cofactor is not single substance, but consists of at least two. The cofactor is of
heat-tolerant nature, and distribuied in the liver and mid-gut gland of various species of
marine animals. The enzyme-protein fraction was divided into two components, ie.,
supernatant and precipitate by alkaline treatment. The enzymic activity of supernatant
and precipitate was inconsiderable, while that of the mixture comprised of both com-
ponents enhanced to the same extent as that of the preparation II. It is, therefore,
conceivable that the formation of FA and DMA {rom TMO is due to the activities of
multi-enzyme.
Mechanisia of the formation of formaldehyde and dimethylamine in tissues

At various experimental conditions, the substrate decreased and increase of the
products bare an equimolecular relation to each other. It was aiso found that leuco-
methylene blue and flavins increased the formation of the products in distinguishable
extents. The investigations of various non-enzymic catalysts resulted in discovering the
intensive activity of tris(hydroxymethyl)aminomethane-dibasic acid-sodium hydroxide in
the formation of FA and DMA from TMO.

Adopting the electronic theory of valence and the simulation with computer to the
results described above, the following reaction formula is presented:

CHs ¢ ont CH, H,C
i ™~ \.
H,C-N-O — |H;C-N-0{7) |&===={H;C-N-Q | — N-CH,0("!
! t i /7
CH, CH; CH, |, H,C
H,C ) H,C
3 3
~ N
N-CH,0H |== NE  + HCHO
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H,C H,C



239

Untersuchungen itber das die Bildung von Formaldehyd und Dimethylamin
Katalysierende Enzym in Geweben von Fischen und Muscheln

Von
Katsuhiko HARADA

Zusammenfassung

Viele Forscher haben die bakterielle Reduktion von Trimethylaminoxyd (TMO) zu
Trimethylamin in Fischen und Muscheln studiert, um eine adiquaie Methode zur Ein-
schitzung der Zersetzung dieser Lebewesen zu finden. Neben diesen Forschungen wurde
schon bewiesen, daf kleine Mengen von Dimethylamin (DMA) auch aus TMO im Muskel
mancher Spezies von Fischen wihrend der Aufbewahrung bei Kihltemperaturen gebildet
werden. Jedoch in dieser Art von Referaten wurde niemals deutlich, ob DMA als
Resultat bakterieller Aktivitit oder durch ein natiirlichen Enzym der Gewebe entsteht.
In den letzten Jahren hat man nun geklirt, daf in Geweben der Dorsche und ahnlicher
Fische ein Enzym vorhanden ist, die TMQO-ase, welche die Spaltung des TMO zu Formal-
dehyd (FA) und DMA Kkatalysiert. Die Aufdeckung der chemischen Eigenschaften und
des Reaktionsmechanismuses wiirde von grofem Wert sein, nicht nur unter dem Aspekt
der Biochemie mariner Organismen sondern auch vom Standpunkt der Lebensmittel-
hygiene aus.

In diesem Zusammenhang versuchte der Verfasser zuerst, die Verteilung der TMO-ase
in aquatischen Tieren zu klidren, wobei sich das Gewebe des Eidechsenfishes ebenso wie
das von Dorsch Spezies als geeignet zur Enzymgewinnung erwies. Das Enzym wurde
teilweise gereinigt, und einige seiner chemischen Eigenschaften wurden gepriift. Zudem
erforschte man die Bildung von FA und DMA mit nicht-enzymatischen Katalysatoren.
Auf dieser Basis wurde der enzymatische Reaktionsmechanismus bei der Bildung von FA
und DMA aus TMO durch die Anwendung der Elecironentheorie der Valenz und durch
Computersimulation verfolgt.

Die Ergebnisse dieser Experimente werden im folgenden zusammengefaft.

Nachweis von Formaldehyd und Dimethylamin in Geweben

Zwei bequeme Methoden auf Basis Der Dunn-Schicht-Chromatographie wurden
entwickelt, um FA und DMA in Geweben aquatischer Tieren zu identifizieren.

Beim Nachweis vort FA wurden die Alkanale im Muskel zu 2,4-Dinitrophenylhydrazonen
umgewandelt. Die so gewonnenen Hydrazone wurden auf Silika-Gel-G Platten aufgetragen
und mit n-Hexan-Athanol-Essigsiure(90:10:3) als Losungsmittel entwickelt. Der Nachweis
von FA im Gewebe wurde aus parallelen Experimenten mit reinen Hydrazonen gewonnen.
Die Resultate zeigten, daff FA in sehr Kleinen Mengen in allen, soweit untersuchten
Geweben aufer dem von Carassius auratus(Karausche) vorhanden ist. Die minimale
nachweisbare Menge von FA im Muskel betrug 0.3 ug/g.
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Zur Identifikation von DMA wurden die fliichtigen Amine der Geweve auf Silika-
Gel-G Platten aufgetragen und mit einer Mischung von Athanol-Salzsiure(10:1) entwickelt.
Die entwickelten Amine wurden mit Dragendorff-Reagenz nachgewiesen. Die DMA
wurde durch Vergleich mit Experimenten an authentischen Mustern identifiziert. Bei
den untersuchten Spezies wiesen nur drei, d.h., Gadus macrocephalus(Kabeljau), Todarodes
pacificus und Dorytheuthis bleckeri(Tintenfische), DMA in ihren Gweeben auf. Die
minimale nachweisbare Menge von DMA im Muskel betrug 1.0 pg/s.

Verbreitung von Trimethylaminoxyd in aquatischen Tieren

Um die Verbreitung von TMO in Fischen und Muscheln der japanischen Gewéisser
systematisch zu untersuchen, wurden Proben von ungefdhr 180 Spezies analysiert.

Die Mollusken-Decapoden wiesen in der Regel einen hohen TMO-Gehalt im Mantel-
muskel auf, welcher vergleichbar mit dem der Elasmobranchien war, aber niedriger als
bei Mollusken-Okiopoden. Der Gehali an TMO in verschiedenden Geweben von Dekapoden
variierte in folgender Reihenfolge:

Mantelmuskel > Armmuskel > Mittel-Darmdrise

Bei den untersuchten Muscheln konnte gezeigt werden, daff zwei der Mollusken-Bivalven,
Pecten albicans und Vasticardium burchardi, und eine der Moltusken-Gastropoden,
Tristichofrochus umicus, eine annehmbare Menge von TMO enthalten, der Resi aber ent-
weder nur kleinste Mengen oder iberhaupt nichts aufwies.

Unter den untersuchten Arthropoden, hatte Procambarus clarki(Bachkrebs), obwohl
diese Spezies im Siifwasser lebi, eine betrichiliche Menge TMO.

In bezug auf Fishe, besonders Teleosten und Elasmobranchien, wurde das Vorhanden-
sein von TMO in beinahe 60 Spezies demonstriert. Der Gehalt von TMO im Muskel von
Salzwasserfischen war in Rajida am hochsien, am niedrigsten in Clupeida und Tetracdontida;
Anguillida, Percida, Cottida und Pleuronectida lagen dazwischen. Im Muskel von
Stipwasserfischen konnte TMO fast nicht nachgewiesen werden.

Verbreitung von TMO-ase in aquatischen Tieren

Die Bestimmung der TMO-ase Verbreitung wurde bei etwa 300 Spezies aquatischer
Tiere in Muskel, Leber und Eigeweiden durchgefithet. Seurida rumbil(Eidechsenfisch)
war die einzige Art von Fischen, die eine grofle Fihigkeit hatte, FA und DMA aus TMO
im Gewebe zu bilden. Bine etwas geringere Fihigkeit wurde bei Zeus japonicus(Iapanischer
John Dory) vorgefunden, auferdem bie einigen Organismen die zur Klasse der Mollusken
gehdrten.

Reinigung und Eigenschaften der TMO-ase

Eine pariielle Reinigung wurde vorgenommen und die manche FEigenschafien von
TMO-ase wurden gepriift. Weil die Leber von Sauride tumbil(Eidechsenfisch) eine hohe
Aktivitit zeigie, wurde sie zur Reindarstellung des Enzyms ausgewdhlt. Die Enzym
Priparationen wurden partiell auf drei Weisen, I, T und I durchgefihit. In der Pripa-
ration II wurden keine suspendierten Materialien eingeschlossen, im Gegensatz Zu den
getritbten Priparationen! und .

Aus einer mit Sephadex G-50(fein) gefiiilten Siule, auf die die Priparation I aufgetragen
worden war, konnten zwei Fraktionen von Enzym-Eiweif und Kofaktor gewonnen werden.
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Die weitere chromatographische Trennung der Kofakior-Fraktion bewies, daf der Kofakior
nicht eine einzige Substanz ist, sondern mindestens aus zweien besteht. Der Kofaktor
ist hitzbestindig, und in Leber und Mittel-Darmdriise von verschieden Spezies mariner
Tiere verbreitet. Die Enzym-Protein Fraktion wurde bei alkalischer Behandlung in zwei
Komponenten getrennt, d.h., in Supermitant und Prizipitat. Die Aktivitdt von Supernitant
und Prézipitat fiir sich war unbedeutend, die einer beide Bestandteile enthaltenden
Mischung jedoch erhéht, und zwar im gleichen Maf wie die der Priparation Il.  Somit
ist ersichtlich, daf die Bildung von FA und DMA aus TMO der Akiivitdt von Multi-
Enzymen zugeschrichen werden kann.,
Mechanismus der Bildung von Formaldehyd wnd Dimethylamin in Geweben

In den verschieden experimentellen Bedingungen sichen die Abnahme an Substrat
und die Zunahme an Produkten in einer dquimolekularen Relation zueinander. Es zeigte
sich, daf Leuko-Methylenblau und Flavine die Bildung von FA und DMA in verschiedenem
Ausmafi katalysieren.  Die Erforschung eciniger nucht-enzymatischer Katalysatoren
resultierte in der Entdeckung einer intensiven Aktivitdt von TristhydroxymethyDamino-
methan-dibasisch Sdure-Natriumhydrat bei der Bildung von FA und DMA aus TMO.

Durch Anwendung des Elektronentheorie der Valenz und durch Computersimulation
auf die oben beschriebenen Resultate kann forgender Reaktionsmechanismus festgesetzt
werden:
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