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A preliminary study on enzymatic mechanism of
endogenous formaldehyde in Harpadon nehereus
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ABSTRACT Influence of different bombayduck Harpadon nehereus organs on the formalde-
hyde content of muscle was studied. Kidney was proved to have the highest formaldehyde pro-
ducing activity among the organs. An extract was obtained from the kidney. Trimethylamine-N-
oxide can be decomposed to formaldehyde and dimethylamine by the extract. The optimum cata-
lyzing conditions of the extract were found to be 50°C, pH =7 using the responding surface
method (RSM), and it can be inactivated by the trichloroacetic acid to lose the ability of decom-
posing trimethylamine-N-oxide. The extract showed typical enzyme properties at different tem-
perature and pH value. There was a stable ratio between formaldehyde and dimethylamine
which ranged between 1. 6~1. 8. The findings in this study partially explained why there was

formaldehyde in the bombayduck and proved that some formaldehyde was endogenous.
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HEE(FAFER a8 TAS AL # Y Bt . B S5 R A7 Mk An #E N'Y5073-2001¢ TE A 3 £ fh 7K 77 dh A 3
A EY B X FA 224 B RUE S “ NS 7 AE R A o E ELAAR A S5t 1 R 3 B ), 5 R T — 2 e i
AR, HE R AL T AT . SRR R AR T bR T R S I AT IR B — SE K i ] H B A FAL AT
B BRI B FA R A 0 A 2R T A 2 Bk = B R R . MR O A A LB O A Y
Wy o o B A W ER 45 i AL = K (Trimethylamine-N-oxide, TMAQO) ™2 24E T =K 7= Bt (Yancey et al.
1982) . ¥ [# Ah SCHk i) 1. TMAO g 9% 78 4 1k = H % i B %5 i ( Trimethylamine-N-oxide demethylase.,
TMAOase) (IVEFH T 43 % 7 — W iz (DMA) #1 FA (Amona et al. 1963; Amona et al. 1965; Harada
1975) . SR W] B BK 7= S & 09 FA 2 AN AR J& A B = A2 10, Bl A 428 76 J51 W 3 1 T AT A — 3 M
A, LS RRE H B AR FA MK SRR HAR 2 an BT B (% 2 RS £ B LR ) B R Y e Sk SR AR X
KPS AR S E R E R TMAO(Kelly ez al. 19995 X|EFREE 2006), Wk Harpadon ne-
hereus WA FR KU UM, J@ B B fa 40 AT S8t H SRRt e Sk 0| e B o A 78 VLA AR A R R
LRI A, EEAE T ORRE AR GOK I B F I O KB R S /N 028, R DU/ 2 R e 2R
& (Whitehead  1984) , B3¢ & B, 4 3K 5 (9 06 3k fa 2EHERR AN R BN 9 7T REVE 2 )5 . P85 RN FA & &k
15 Bt YRR HSF () £ 385 0 d5z 5 P 3A 500 mg/ kg, T EE AT LIGAE] 2 000 mg/ kg (B EIE4FE 2006) , TMAOase
BN RS K S R FA AR R R X A O B Ah O A A L BN AL T s R R M SR ()
RS 2004 RPFBHAE 2007) IR ARG FA 77 A WL BF R TAEFF ARG E D . AR SCAK = i A% FA 7~
AR TR T 5 FA FP2A SR R L DU I B K 7= 5= A48 FA PR UL, DLER 3K 7= 5 AR
I FA FUAJE FA T R 7K P2 i FA o 19 1 2 42 48 10 B A4 4l

1 BT

1.1 ##R5iKH

i e 8L UL R LI S B0 K BB IE %90 50 % 4 s TMAO. Fluka 24 7 s Trisbase. Biosharp 24 i s
Triton X100, Solarbio 23 &) ; H AR 57 24 R 0 #r 4l

1.2 UE5EE

DELTA 320 pH i1, Mettler-Toldedo; Sigma 3k15 & # ¥ 7 & Oyl , Sigma; LD5-10 {3 B0 AL, BEHI /K
T23A 4G EE T, BIERE B R AR AT IR A B s SHA-B /K B 1H Il 72 3% 5 - & In kG 5 (U AR il & [ T18 basic &
HAIHHLLIKA,

1.3 A&

1.3.1 Rk&EHmi

W e St 2 3 K B /NG B IR kB P9I 75 G 5 [m] B 20 S0 B ol Sk £ I il TR 2 R R S LAY R4S
%, T —80°CLRm A .

1.3.2 Rk&FRRRYH &

Je Skt B ERE G T 4TCURA AR VR 2 ho LU 1 2 5 e A8 Ui (20 mmol/L Trisbase-fi 2, 0. 1 mol/L
NaCl,0. 1% Triton X-100,pH=7. 0), [ # 2] K ALBE 1 min (BRI AL 10 $).4°CZAF T 20 000 g B0 1 h,
Bl UL BITE 4°C &N EAE.

1.3.3 R EHkA
%% Kimura 25 (2000) R WK % 4. 5 ml JZ W ) (20mmol/L TMAQO,100 mmol/L Trisbase-EEfg ,pH=
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7.0 HA 0.5 ml B AEEE B R G RN - B 5 L 1 ml 10% =402 (TCA) 1 1 )R R .4 000 g 45444 F B0 30
min, 73 B 1 ml B3I E FA i DMA &,
1.3.4 BERRA BARZ T FA fo DMA &Z6al 2

FA iR FH Sk R 032500 %2 o 1 ml 52 13 W DA 2R AR /K 4R 55 2 10 ml, in A 1 ml 2 Bk P9 R 2 5, 3
KV A 10 min, JK R HETE 413 nm K FMlE FA & &,

DMA & 5 4% Dyer 55 (1945) @37 09 5 B 2 L Bg AT 208 . 1 ml S F I PAZE R /K AR 552 5 ml, il A 1 ml 4
S5 A 10 ml 590 Z B ARk H R I, 40~50 CKIE 5 min, IHEIR A 4IRS 5 min, #& 5 min, JIA 1ml 10 0/
PR VAT, W e 72 1 22 TR ORJZ T IUFR R 2 LUJC K B RR B T8 5 7 440 nm P F il DMA &,

1.3.5 KE&¥ FAAF0nE
AT\ AR E SC/T3025-2006 7K 7 fh it FA 0 5 47 .

2 HRE545Hm

2.1 EL&BINAFMAREKRBE TMAOase & £

B AP SCHR R A K P S TMAO A= AR J5 B i TMA Oase 322455 78 K 72 5 1 I IE 28 B b . Reh-
bein %5 (1984) i TMAOase K FB4 42 7E T 15 E A1 8 1, Rey-Mansilla 25 (2001) % B RR I & B 15 FiE S0 LA op
(9 DMA & 5 B 58 55 T Ho A f7 8 69 LA s Harada (1975) K 75 83 JIF I th 3 4> 44k T TMAOase; Kimura %
(2000) 2 38 I BT 37 57 2 65 L P rh 3640 4646 T TMAOase, AR50 508 3 FhAS [6] 9 0 L JEE L 4 ) o 48 A5
HELL 1+ 50 Beas m s ALE b AATSRBLETHRIR 5 . 75 — 20°Cfifi s 30 d LAWEEE FA & &2 {k, 45 R anisl 1.,

ME T AT LLFE 4 DI
7 d N FA P A A I R
ARE FAZEARE RS A 300¢
30 d Z A LI H LE 250}
JIE 1 2 % 7 B R FA 72 R B Ol i

350

ED 200}
L LR @ LA T FA 9 2
fewr LA S NA P B R E < 130t —o— WL J Muscle

—=— JI} ) Liver
—A— B4 |'] & 5 Pyloric Caeca
—— ' B Kidney

TMAOase {f . AT LA R 78 100}
Je Sk faodr, AH X ok UL EOBE P
TMAOase 1 ¥ 5w 7T LIAE K
TMAOase $& B EFE % 5 10 15 20 25 30 35
i [ Time (d)
BEL A ik R b oA (8] e Sk fo R o R RS & i 1y AR 4k

o B ﬂ}j‘fﬁij’g TMAOQase $H Fig.1 Variations of FA content in different
(L LR HE 1.3, 2 [ 77 e A H. nehereus samples during storage
B e 47 PR FE R 5 . Benjakul 4
(2003) WA £8 Saurida tumbil ¥ IEH 73 5 H — B0 2> 20 4L i) TMAOase, 3790 % H il pH o 7. 0,3 )&
9 50°C . AR 40 il E E pH="7 FE B A 50°C e P22 000 I AS R B2 A pH 4544 DMA Fil FA j= A i
MAE4E, DL & DMA 5 FA 8 Z R R 450 i 2,

L 2-a AT LA 17 pH A iSRSk 0 B I3 ) 108 355 e Bt o IR O A B KR BE W 8 3y L 7 50°C
2T A S B P b T P KL 50°C B s N T M R R L 50°C Z SR TR TR N BE . AT 2-c T LA L FEIR R 50°C
B B TR B (T T B 25 pH AR AL T A8 Ak 7E pH =7 Bh I Ve f e+ 336 9 20 1 2 00 28 300 T A AT T Ak e vk

[ 4 SCHkHE  TMAQOase e 4L 1 mol TMAO 4 i 1 mol DMA H1 1 mol FA(Castell etal. 1971;
Hebard et al. 19823 Mackie ez al. 1974),8).(CH3),NO—(CH,),NH+HCHO, 4 DMA 5 FA

50+

2.2 BARKARE
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PRI B LB 1.5, 5 JE B RN AR AR v by B IO B T A TR — E B A B FA BB S A
B BN E B FA & &R AR T DMA/FA {0 & o X PIALER A RIL8 h  DMA/FA B8 1.6~1. 8 Z
], &l 2-b & 2-d frzs BB DMA/FA B9 AR FEA T & BISHEW . 7K™ iob ACH Sy FA 715 & & 42
i K T B DMA R H ] ¢ R I il 3 987 BB FA 5 DMA B F ] 5 2, Pt T LAEAS I FA Y [+)
W E DMA B & & B H Z [ 5C & L FRAT HIWT K™ P i) FA 25 A9 8.
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a:pH=7 [, FA Fl DMA %5 5 R B E YR sb:DMA 5 FA &5 W5 2 MR BERICR
c:JEBEHN S0CHY . FA Ml DMA & & 5 W pH fM5CFK ;d:DMA 5 FA & & [WH 5 W pH A EHR

a:Relationship between FA and DMA concentration and temperature when pH=7; b:Relationship between DMA/FA and temperature;

c:Relationship between FA and DMA concentration and pH value in 50°C ; d:Relationship between DMA/FA and pH value

2 R pH & DMA Fl FA 7 ik 10725
Fig. 2 Relationship between FA, DMA concentration and pH, temperature
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SR HETT T W00 4 W e Sk R AR b R O B 0 e
AR B FAC0.500.1 000 mg/kg) , il 52 DMA/ il
FA.Z5RIE 3., £
WIS TTLA o ATV FA B9 BPERE SR IE 2 ||
DMA/FA ¥J/NF 1.5, HFEE O ik B i3 38 1 s 1}
i 25 FIA BRZHFE 0 ) DMA/FA ¥R T 15,868, o5

(25 ot IR EE Ak 5 3. 56, 5 R fy T 78 41 40 5%
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— RS H BN IR R R 4 = BT B
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Fig. 3 DMA/FA of samples with different

concentration of artificially-added FA
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Ko IR BN R E SR T BN FA S BAEEEAE R & L DMA/FA B/, Bl DMA/FA R 3t 5
SEM AR NN BN FA HA b g L.

2.3 REEFERREFHNHEE

AR H B DR 2R S 4 2R AR SO I T E L pHL R B R I ] 3 A4S AR LA Design Expert 7. 1 8 fF it 1
Box-Behnken Design P & J 3k £ 1 E 4@ HOW) 04 ol BB 25 45 o et L7 A= 9 FA 35 4 iy o 17 i A0 7 T
BRI, H A JE O 20~80°C . pH JE IO 5~ 9 S W 8] 29 20~ 60 min, 4138 1 Pron . AR5 g o3t fr 2
SRAIKE 26 0F 2 I 2 T FA Bma i (E . WLk 2.

F1 MEEERIET
Table 1 RSM design

AR Hf —1 k¥ +1 Kk

Variable Unit —1 level +1 level
A pH 5 9
B VR Temperature C 20 80
C iffE] Time min 20 60

F2 BLABHENKBRER

Table 2 Results of response surface design test

Ak B 20 ol pinyEy iy 1] P JOBLIES N ol i i 1] P
Treatment Temperature (*C)  Time (min)  FA(pg/mbD || Treatment Temperature (C)  Time (min)  FA(pg/mD

1 9 80 40 30. 40 10 6 80 40 40,92
2 7 20 60 34. 31 11 6 50 60 67.76
3 7 50 40 89.75 12 9 50 20 55.68
4 7 50 40 86. 31 13 7 80 60 26.06
5 9 20 40 23.01 14 7 50 40 90. 05
6 6 50 20 62. 84 15 9 50 60 64,74
7 7 50 40 79.08 16 7 80 20 26.62
8 7 50 40 87. 28 17 6 20 40 46. 60
9 7 20 20 24. 38

2.4 R EEE S A S I

K H Design Expert 7. 1 #4753 87, 15 5] FA g5 pHA) JEJE (B) (B[R] (O) 4748 8 2 8] 19 B BUE R

FA=-+86.49—1.05A—1.10B+2. 72C+4. 53AB—+1. 55AC—2. 62BC—12. 66A> —43. 09B> —15. 56"

MW 3FLLE W, bR F {54 51.39, P<<0.000 1,3k 5 # & % K7, i kL B0 F 5K 1. 25,
P=0.40>>0. 05, AN & , Ul I 2B AU AT A vy ) T AR BE

ST 5 AR A AR SN B ] 5 7E 40 min, J&EE Ry 49. 5°C  pH=6. 9 B, FA =4 5 f5 i, RS RS2 B
S5 g 3 P e e TNAE g 86. 53 pg/ml,iX 5 9CBR{H 88. 83 pg/ml AL XTI 2EAUA 2. 6 20 B2 A Y LA fz bt
TR cpH [ ] =& Z R0 R BLE R,
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F3 WEFENSN
Table 3 ANOVA for response surface quadratic model

5 5K FIA fr i o F i P
Source of variation Sum of squares Df Mean square F value P value
Model 10 110. 72 9 1123.413 51.390 79 <0.000 1 % Significant
A-pH 1.894 8 1 1.894 8 0.086 678 0.777 0
B-Temp 9.266 535 1 9.266 535 0.423 9 0.535 8
C-Time 56.434 75 1 56.434 75 2.581 621 0.152 1
AB 48. 816 44 1 48.816 44 2.233 12 0.178 7
AC 5.705 938 1 5.705 938 0.261 019 0.625 1
BC 27.510 03 1 27.510 03 1.258 453 0.298 9
A? 159.343 9 1 159.343 9 7.289 227 0.030 6
B? 7 816.798 1 7 816.798 357.581 3 <20.000 1
C? 1 020.015 1 1 020.015 46. 660 85 0.000 2
7% 2% Residual 153.021 4 7 21.860 2
Jeql Lack of fit 74.155 67 3 24,718 56 1.253 703 0.401 8 K i 2 Not significant
4% 2% Pure error 78.865 72 4 19. 716 43 51.390 79 <20.000 1
JBE 5+ Total variation 10 263.74 16 1123.413 0.086 678 0.777 0

R H 52 56 i 75 85 9 1 Design Expert 7. 1 45 21 4 i 137 1 455 %1 UL P& 4,

g ! 95]

E — 91
g 74 '.":1 L1 O0
g
g 57
g
: :
o 40
=
m

6.00 6.75 7.50 8.25 9.00
B ¥ Temperature  35-00

P4 O A 2R v FRE 7 Ak B Y R

Fig. 4 Response surface of FA production in reaction system

2.5 Z=ZSZE(TCA) X FIKIE

Jo 3k fo B RS U 10 %0 TCA M J5 A TMAO R R & o pH=7, L 50°C , )i 40 min, 55X 1
AL A FA FI DMA =4 (] 5) .

M H TCA AbBE > J5 B ISR B 2% 25 7 20t TMAO 4 5 FA A1 DMA (9 8E 47, Ui B 76 15 10 32 B b
B HE AT B Y 0 T 8 B, AR R DR K S LA % B e i A% A S THT Y S T LA A AR B v
AR E AL TMAO 23 fift i i 5 3% 5 2 .



42 wwolk B 3 R %31 %

120 =DMA
3 & i = £ 100
£% s
T 9o i o B B TMAOnse i HERE G, LU BE M SE ) 25 —r
THI: AE RSP BURLR R o e S RE R O AR R RS 2 DMA _DMA
0 o EFA =FA,

IN ~ S s / > T 27
TMAO 73 FA F DMA 38 323 0 [ 18 53 A1 » 2 303% 3 U i spr REM R RE
N B3 2 50°C ,pH="7, Jx N B [A] Sk 40 min; H $2 B 05 B Blank TMAO K TCA+TMAO

Extract+ Extract+  Extract+

TCA JE M2 K o0t TMAO RS . i3 B 7EAS [8] 19 38 B TMAO  Water TCA+TMAO
1 pH ZF T 2 0BG 0 FEPE 43 ) DMA I FA 1) & 1 L) B 5 TCA %Ki J5 B W 42 5
KRZFE  DMA/FA {R¥FLE 1. 6~1. 8 Z ] .l i (B /Y K /N AT X Ak = R R R

FIWT K= b FA A S4B A KR, FRSILER,  Fig.5 The effects of TCA inactivated kidney
ek b ) FA BT LU o B2 HLEE B B =4 extracts on the TMAQO system
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