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BEIL.ZES,ZAE
(B WA AL BRA , i AM 310024)

W LRK £ B8 ( Colossoma brachypomum) Fp Hid 3T &, FH AR AL 60 d, FARKBKR(26.510.5)
T. EMFEREEAAP(RESE) R 41.03% , BN iRk F(RESE 458 0.0.1% 0.2% 0.4% .
0.6%f0.8%, ARERE, BN 24 h BENE, &R0 SHHEWMHARAKTTRETRER(P>0.05),
HEATBRELABE BP0 60 HEMARANESEE 11.89% (P <0.05) ; & RE A KA TR, 0. 1%,
0.6% 1 0. 8% FSEWA SF BIFEAE 1. 29% (P < 0.05).1.42% (P <0.05) #12.45% (P <0.01) , NRH By B
B.0. 4% BRI 3.19% (P <0.05) ; iFFIERE S B H.0.2% 0.4% 0.6% Hi0. 8% 44 S 1. 04% |
0.74% 0. 75% F1 0. 87% (4 #1 P <0.01) ; EbEOTH M 2 2 #1735 L FUATAE S RNA A TNA &4t RNA 5 DNA
ERHENEERAFEFHER-FERERP AL B RR g s RBAR RS L. ZARER
F B ATIE BHMT 0 3-CYST R0LE IBHE T 4k 5 B B4tk S iR F s =0 @ ETRE RN P Befb =4

(o0 1) SR, A R S0 FA R AT AR

SO ELRR AN K A R A AR A
o B4 3B . 5963, 731 TRRIRE: A

FH3ERE ( Betaine) L2 HEAMHEM, E —#F
BRE R B A . XE. 286
Tl R R4 Y, 20 {4 40 FRLK,
M EEREH LR ANEmMAERR S,
KRENHGRATEASA B ENERARE
AT 20 R0 70 SRR, R 2B R R T AR
P REAERMEEAR, R THERE LM
ek = AR A B AR T A B AR
TKPEFRFE A LARE . 9T 4R 3R, K36 — i [ R A K
EEREPHT T RBNTIR, EL TRHXM2
SR R EE R T R, & SRR R
B, EE RS ER, NEREAR EFNESY
2. B R AR A AT S Y
BRI ELBRR T EU R ERBRFE

W ER 2002 -09 -27;  #{TEHHE:2003 -01 -02.

EEDE HTE B S WO H (9520234)

fEEW A g IL(1962 - ) &0, R TRRIT, WL, AR ER @
EFRWR.

HERE 1005 8737 - (2003)03 - 0216 - 06

S =AM = S o e S L E W g
BERTEFEHLERERES ™ B4R
K A= sh Y % PRI R B A A AW EY
E{EEE RL R BB

AR RHEM SRR B (¥ RERE
AB8E , Colossoma brachypomum ) MBS H B A EH
BG BREn T B, A AR E R K O 8B
BHEAL AR ELF Y C 05 AR 2K
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1 BT

1.1 #¥

111 EEESTHIEW mfiIed K2 mps
FRTIRAL B 297%

1.1.2 dBs AT FYREREFTHRKA
#EEFD, K E (83,14 +£15.36) g.

L1.3 B RBfige M, S5 ER
BEKF(RRAE) H41.03% (LgaR R EE
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EERE) MERERN P EMERHEERE O,
0.1% .0.2% .0.4% 0.6% .0.8% (FESH) .
1.2 RBFH*
1.2.1 HARR RALT19974£ 104208 ~12
H 26 BT NE R H KT K B4 (100 em x 50
em x50 em) AT, BRI TER (B3 A,
BRNSRKERAaR 11 B i1 198 &,

KEARBRATRRABREE VR AKK E
R AR AR T R, AR R K
(26,5 +0.5) C HMAS.5~7.5 mg/L.pH(7.0
+0.1) .COD 9.37 ~ 13. 72 mg/L.NH,-N 0. 025 ~
0.375 mg/L, #5445 8 H NaHCO, 1 NaCl &
FIEAT | YUK, B RE B2 WIRYE K, %
KEBREH /3,

EMAEDISE N 2 F. SR, R ARk E
Fl NaHCO, %1 NaCl &%, ABME, S48
3AEESRMARER R EREL 3% H#E A &E
BOKER BREAGE, REUETELAE)  §X
EF9:00, T4 4:00 47 2 MR, WG 1 b BER
i, HTIERE, & 10 XFE 1 KBEE, X0
FERHER FEHE, WEAE, AEHRA. LR
K60 d,
1.22 BRSHH EFRABEEG. 24,

MEREREAES TR 0.0.1%.0.2% .
0.4% .0.6% 0.8% % 6 T K PHKEEE PR
HLAhEL 9 ke, 4§40 27 B, k162 Bf, ik iTIRE R
iR HARERHBAGIA,

s NRMAFEREEERRSUERA
GB6432 ~ 6439 - 86" kb k47 B A ZWME
Bio

JYF A S - 2 bk 0 8% P K 5% B B ( BHMT)
6 FL AL TR F B TE W 5E £ Ericson'™ " ) Skiba''™
JE B B-5 RS (RB-CYST) & AbBE RBHE
WESL% Kraus' T FiE,

HLA AR A AR ORI 4 B R N R
FROEMA S FERFM BRI,

1.3 WiRnE

KRG 544 {H R SAS 6.03 Kfi{ SAS Institu-

te Inc,1988) .

2 5R

2.1 #g¥REMES DA ks EER
SRHEI

BRI A LA TR A ER S
BHEWRF T L

1 HEHEE%E NS FEASERASERNEN
Table 1 Effects of betaine hydrochloride on moisture and crude protein contents of whole fish,muscle and liver

X+5D,%
Er A 3 Betaine hydrochloride content
W H Item

0( Contral } 0.1% 0.2% 0.4% 0. 6% 0.8%

% 1 7K 4+ Moisture of whole fish 6530174  62.97+1.04 64.10+1.15 64082248 62.45+95.20 64.70:2.25
BAEMERS " Crude protein of whole fish  51.82+1.802 54.52+1.25a 55.5240.89a 55.18:1.56a 57.98+3.72b 56.76:x1.Ma
AL ASY Moisture of muscle 77.42 +0). 552 76.42 +0.69b 76.92+0.382 76.84 £0.37a 76.32£0.83b 75.52:z1. ¢
MNHEEES " Crude protein of musele 84.08+3.33a 84.52+1.28a 86.2121.0le 86.76x1.67h 82.03+1.58a B86.18 =3.32a
FFEEE R " Cmde protein of muscle 67.61 £0.25a 67.86+0.08a 68.3120.29c 68.11 £0.15¢c 68.12 +0.05¢ 68.20 =0. lic

EOHEOTRETERT2) S RARREEE P RTEREE(P<0.05) " RIAERREFE(F<0.01),
Note; 1) The crude protein content is on dry hasis. 2} “a’ means unsignificant difference; b’ means significem difference (P <0.05); ¢’ means

very significant difference( P <0.01).

HELARL SRBERESKE S EEM
ETHRAE HERTEE SEASER LT#
# o He 0. 6% thMEHEMART 11.89% (P <
0.05) ; AN [l BE (4 £ B8 #H W29 K R A 0 I
TENNSKER(PRSTTYESR), X¥
0.1% 0. 6% f01 0. 8% h Bf & £ 4 A 2 9] M 1%

1.29% (P <0.05) .1.42% (P <0.05) #1 2. 45% (P
<0.01) , HEHEBFENAMFEASTERER,O.
4% EERRFSEMALIR T 3. 19% (P <0.05) s 3hn g
e aFEEEOISEAR.0.2%.0.4%,
0.6% 0. 8% HAHIEE 1.04% 0. 74% 0. 5%
F0.87% (4 H P <0.01),
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2.2 EEFHNEW AR AR PR R A SRR AT R S0 5 2 e E R A
B BHMT) MBHAE -4 AUBR (B-CYST) ARy REER(BHMT) MBLHIAX B-G A B-CYST) {& tEHY
Xim BmaFTE2.3,

X2 WEWMIITEMER-HLHARHEREREHEN

Table 2  Effects of betaine hydrochloride on betaine-homocysteine S-methyltransferase in fish liver X +5D
LR Ff 9 Betaine hydrochloride content
W 8 lem
0( Control) 0. 1% 0.2% 0, 4% 0.6% 0.8%
BiEAH/(ur g™") Total activity 1.53 0. 16a 1.98 =0.13b  2.10x0.33c 2,08 z0.16¢c 1.97+0.12b 1.72£0.63a
EH/{mg - g ') Enzyme protein 6.31 £0.02 6.30£0.02 6.31 £0.02 6.31 +G.02 6.30+0.04 6.30+£0.03
H.i% 1/ {u + mg ™" ) Specific activity 0.24 £0.03a 0.32£0,02¢  0.3320.02¢ 0.33:0.03¢ 0.3120.02¢ 0.31:0.02¢

E " BRERARE "W RRERBEH(P<0.05) " " RRERBBE (P <0.01),

Note:*a’ means unsignificant difference; ‘b’ means significant difference{ P <0.05) ; ‘' means very significant difference( # <0.01).

%2 85, M E AR B EEH BHMT M8
EHFEEF.0.2% .0.4% 0.1% #1 0. 6% 41, BH-
MT &35 514 B3 E 37.25% (P <0.01).35.95%
(P<0.01).29.41% (P <0.05) 1 28. 76% (P <

0.05)30.2% .0. 4% .0.1% .0. 6% 0 0. 8% #1 .3
F5 B 37.50% ,37.50% ,33.33% ,29. 17% Fl
29.17% (HHA P <0.01), MEMMBEO TR
AR

#3 BEWTFFRRLRE 8-S MR TR R

Tahle 3 Effects of betaine hydrachloride on cysiathionine f-Synthase in fish liver X +SD
My # %k Betaine hydrochloride content
WE lem
0¢ Control} 0.1% 0.2% 0.4% 0.6% 0.8%
Bi&EA/(a - g ") Total activity 1.62+0.24a 1.8610.22a  2,10+0.09¢ 2.04+0.31e 1.83+0.12a 1.62+0.22a
EE/(mg+ g ) Enzyme protein 5.2340.10  5.19:0.11  5.1420.02 5.33+0.11 5.2420.13  5.16+0.09
& /. mg")Speciﬁc activily 0.31+0.04a 0.36+0.04b 0.41 £0.02¢ 0.38 +0.05¢ 0.34+0.02a .32 20.4a

" R ERARE, D HAEREE(P<0.05), " RRERBR X (P <0.01).

Mote; *a” means unsignificant difference; ‘b’ means significant difference( P <0.05} ;¢ means very significant difference( P <0.01).

MF3 AT, IR b i PR AH SR T T A
B-CYST B8 75 7 AT L7 777 4 A TRl BE e v, 3
H,0. 2% LK BT A LG IR ) 4 B4R 29. 63% A
32.26% (P <0.01) ;0. 4% 4 B Fo 3% S RIUBIE 1 5%
B R 25. 93% F1 22. 58% (P <0.01);0. 1% i

P& 4R% 16, 13% (P <0.05) . shEERRMXT B
EASBAAREZW(P>0.05),
2.3 shEeaHEm AN BN EZE S ROKRA

T RRER W VLA U R S B AR R
4.5,

F4 shl el xf i H & A R
Table 4 Effects of betaine hydrochloride on contents of nucleic acids in fish muscle

X +8D, /e
wHE L EOF S Betaine hydrochloride content
Teem 0 Control ) 0.1% 0,2% 0.4% 0.6% 0.8%
RNA 350.00+41.99a 543.93£30.0%¢ 551.37 £35.45¢ 540.13 £37.94c 562.58 £26.21c 503.38 33.69¢
DNA 14510 412,05 146,95+ 3.70 148.02= 6.52 143.35+ 6.46 146.28x 6.97 145.53 % 6.95
TRA 495,12454, 132 690,88 +30.74c 699.38 £39.23¢ GE3.48 £42.4lc 708.87 £29.84c 648,92 £40. 00c
RNA/DNA 241+ 0.100  3.70% 0.2lc  3.73+ B.20¢  3.78+ 0.18c  3.85% 0.20c  3.46% D.07c

" RRERFEE D RTERBE(P <0.05); " RRERMBE(P <0.01),

Note: “a’ means unsignificant difference; “ b’ means significant difference({ P <0.05) ;' ¢’ means very significant difference( P <0.01).
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FABWER, ERHEEREFRG T IR
1 RNA I TNA %8 % RNA 5 DNA &#& k., H
#,0.1% .0.2% .0. 4% 0. 6% 1 0. 8% #1 RNA &
B BE B RE 55. 41% .57, 53% .54, 32%
60.74% F143.82% (&4 P <0.01) ;TNA &5

B 39, 54% . 41. 25% . 38. 04% . 43. 17% H
31.06% (554 P <0.01) ;RNA 5 DNA & & b4 51
WE T 53. 53% .54, 77% . 56. 85% . 59. 75% H)
43.57% (%40 P <0.01), Xt DNA S BXBEE
",

%5 BERITEMNTHEZRSENER

Table 5 Effects of betaine hydrochloride on contents of mucleic acids in fish liver X 5D, e/
WH £ A HIHE M Betaine hydrochloride content
Hem 0( Control) 0.1% 0.2% 0.4% 0.6% 0.8%
DNA 523.97 =68.90 592.92 +56.12 582,82 £93.99 388.58 =47. T 537.97 £67.61 594,87 £43.82
RNA 606.82 £67.31a 812.75 +89.28c  768.63 £102,12¢ B80L.57 +55.52¢  676.87 £45.93a  770.07 £90. 32¢
TNA 1130.78 £131.60a  1405.67 +99. 11c  1355.95 £179.41¢c 1390, 15 £95.27c  1214.83 £108. 582 1365.57 £128.49¢
RNA/DNA 1.16 £0.07a 1.38 £0.24¢ 1.33 +0. 16b 1.36 £0.08h 1.27 £0.10a 1.29 £0,09a

" BTERARE D HAEREE(F <0.05); " RARRBBE(P <0.01),

Note: 'a’ means unsignificant difference; ' b’ means significant difference{ P <0.05) ; ‘¢’ means very significant difference(F <9.01).

#5 B8, IRINERREEISE S FT A DNA BB &
0, {3 RNA  TNA il RNA/DNA B ERE, K,
0.1% 0.2% .0.4% # 0. 8% 4 RNA S B3I ®
33.94% 26.67% .32.09% H1 27.01% (P <0.01);
TNA &84 B85 24. 31% . 19. 91% . 22. 94% F:
20.76% (P <0.01);0. 1% .0. 2% .0. 4% H K RNA
5DNA SBHSEEE18.97% (P <0.01),
14.66% (P <0.05)f1 17.24% ( P <0.05)

3 it

3.1 M R RTHY
HLAR RS & (0B AN, i R R AR . PO
B LREER RNA M DNA S REBTERE, W
sk B & A fE & R, 0 AT SR 4
Finkelstein i i A Uizl 5 HE W7 1 52 0 = HAEAFAE &
EEREEAER , MW - LR R
HAE (BHMT) LSS5 o R SO 5
M T RE RS, B- LS ( B-CYST) AR{L R ¥ BE
Mo ER A FUNE, B X 2 M ERERR
EERZATREH AR
ARRAC T A PR SR AU X
EH R, AR T EMEEM 0. 1% ~0.8% B
E R APAE BHMT S0 ST ATHEEE 0 AR R B A
B-CYST &3 AR LT WA AR AR , (iR
ERREHIRMT LU A B 2 UE S 5 Akl
.
e i B R R SR X AR o ) R = (0K

BER)MERWEEH.0 1% .0.2%.0. 4% H
0.8% FHHEMAA A AT RNA 71 TNA SRR B H R
2 0.1% .0.2% F10. 4% £ RNA 5 DNA SR8
ETHE. RNA/DNA M{ER - th 4k RNA Z R
B AR K £ 3 BT B AR I8 B R FR T RNA/
DNA $f&i 71 , o] L3S IFAE & DNA 2] RNA 8%
At RIS Fak , M IR & AL AL, R
K.
3.2 HEMESEARKE

FRERBRER 7 AR PN — B FHE
MR IR R (B K ) R &
R R BRI R A i A AR
EHEREFEAMNEHEMENEL, BEaA
M iR AR T R 0. 20 M EHEATE
H B HB R AR

REalA FRAREaERRSITERE
. REANASKETHR HESSR L
IR EAS R LA BAa KRR, HER
SER . e, AknEoEARE LA,
REREETR; 5 FFEEMINAH RNA S &
8% FF,RNA/DNA thR B EF &, KUIEEMREE
et EfaEE0Tam. &4
A AL mRNA R (mRNA R (e B
TEEF R H DNA), (RNA N5 -7E tRNA & 5 F

DGR L, 27, £ R SEREANAORE RANE. B
RE.
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MBI, b mRNA RNA RBERREE () B8%.T 5% %5 ASRIBRNKEEEAL
AR BT, B BB IR IR S FMBRLI] TR A8 5 5L
WIREE R 1B, A A R e, (8] T&A GEWH, LEE S K=HBELIRORRARL]

L) =] a
. FEAFERE,2002,903) 265 - 268.

WSRRR AR RA R APEATREETE (o) vimen®, Jonnid M, Soivio-A. Effects of food containing beta-

?{: q} Emﬁg , ﬁﬁ&{ﬁé;@,@ﬂﬂ $§ ’ Mﬂﬁﬁ DNA E‘J ine/amino acid additive on the osmotic adaptation of young Atlan-

ﬁi*ﬂﬁﬁfiﬁﬂﬂgﬁ’ mRNA 7 rRNA H{]%ﬁiiﬁiﬂ] . tic salmone, Salms salar L{J]. Aqu,198% 831 -2 109 - 122,

Llﬁj&ﬁ EE E‘{Jf‘t%’%ﬂto [10] Duston-J. Effects of diefary hetaine and sodium chloride on seaws-

ter adaptation in Atlantic salmon parr { Seémo salar L)[ 1], Com-

4 g parative-Biochemisiry-and-Physiology. -A , -Comparative- Physialo-

gy. 1993105 4,673 — 677.
(1 )H@ﬂ%ﬁﬁg ﬁﬁﬁ =] g%%ﬁ » %Zk {11]  Tatsuzawa-H,Takizawa-E. Changes in lipid and fatty acid corapo-

%—F% : ﬁmﬁ@*i—ﬁ‘% ,ﬁﬁegﬁﬂ-go tion of Pavlova lutheri[ J1. Phylochemistry, 1995,40(2):397 -
TR A e S

@@E%ﬁﬁﬁ%ﬁﬁ B'%ﬁimﬁﬁ #EEZ /I\ [12] f/hs BER, TS, 5 EEX ARG X Ea 8

. N BESE[ 1] Rl 1952,8.39.

TERFIEFOAR A R =) (0. 88 ) R R B E 1Y SR S].

1]{] . jtuﬂﬂ,ﬂf] *ﬁ%ﬁﬂﬂﬁo [14] Ericson L E, Wiliams ] N, ¥lvehjem C A. Studies on partially pu-
S AL ARSI RAAPHFAEABAATAS rified betaine-homocysteine trasmethylase of liver [ J]. ] Biol

B, A ! Chem, 1955 212,537 - 544,

[15] Ericson L E,Harper A E. Effects of diet on the hetaine-homocys-

#%Iﬁ H teine transmethylese activity of rat liver[ J]. | Biol Chem, 1956,

[L] Finkelstein J D, Mudd S H. Tra Huraticn in ls ; the me- 219. 49 -38.
hionine-sparing effect of cysteine[ J. Biclo Chem, 1965 242 873 [16] Skibs W E. Methods in enzymologe [ M ]. New York: Academie

_8%0, Press, INC. 1987,

(2] Seunderson L €, Mackinlsy J. Changes in boby weight, composi- [17] Kraus ] P. Methods in enzymologe[ M]. New York: Academic
tion, and hepalic enzyme activities in response to dietarymethi- Press, INC. 1987.
onine , betaine, and choline levels, in growing chiks[ J 3. British J (18] k@ HAF. 2K, % LWRFFLRTHEIM]. K
Nutr, 199063330 —349. # AR, 1991. 202 -206.

[3] Uowry K R, Roscbrough N J,Farr A L, et al. Efficiency of betaine (18] ikl BT 3K 280, 3. A RNA/DNA 1 3R P52 M
relative. to choline as a dietary methyl donor[ J]. Poultry Sci, 1987, KRR FERRRFDHLI]. P74, 1994,18(4) 257
66135 - 140. - 264.

[4] Cera X R, Schincksl A P. Carcass and petforance responses to (207 B L 204 FEL, SO AR A EL KR
feeding betairis in pigs[ J]. Anim Sci 1995, 73 ( Suppl. 1) :82 AfkmERER R R ]]. WIS ERER( HRR
( Abstr. ). K 2001, 20 ) 1130 - 136.

[5] Smith ] W,Nolsen J L, Goodband R D, et al. The sffect of supple- [21] SR, AR W LRSS ]. Bl
mentation growing-finishing swine diets with betaine and { or) cha- %m.@.12(4) 209 -212.
line on growth and earcass characteristics[ J]. J Anim Sei, 1995 ,73 (2] &AW, WHE W RBURRTHE KNS BIWNRT
(Suppl. 1) :83( Abatr. }. [1]. hEE Hae5,2000,36(5) .8 - 10

[23} o K, A% HEEaERETFEE BN EmER

[6] A#HFE HEWHEABRRERATRI]. EH I, 1996
{11} .8 -9,

SRRBONRIR[T]. b ERHEE 2001,37(3) 8 - 10,
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Effects of betaine on methyl transfer function and protein
synthesis of Colossoma brachypomum

LU Qing-er, LI Zhong-quan, LI Xing-xian
{ Hangzhou Institute of Aquatic Science Research, Hangzhou 310024, China)

Abstract; This research was conducted to investigate methyl transfer function and protein synthesis mechanism of
betaine hydrochloride in Colossoma brachypomum fingerlings (initial body weight 83. 14 - 15.36 g) from October to
December 1997. One hundred and ninety eight individuals were divided into six groups, each of which included
three replicates. The fish were fed with the same basal diet (crude protein content 41.03% ) supplemented with 0
( control group) , 0.2% , 0.4% , 0.6% and 0.8% betaine hydrochloride, respectively ( test groups). The test pe-
riod was 60 days under the conditions of circulation, filtration and controlled temperature. The results show that ad-
ditive betaine hydrochloride can decrease the moisture and increase the content of crude protein in whole fish. In
the 0. 6% betaine hydrochloride group the erude protein content of whole fish increased by 11.89% compared with
the control (P <0.05), and in the groups of 0.1% , 0.6% and 0.8% betaine hydrochloride, the moisture in fish
rauscle decreased by 1.29% (P <0.05), 1.42% (P <0.05), and 2.45% (P <0.01 ), respectively. In 0. 4%
betaine hydrochloride group the crude protein content in fish muscle increased by 3. 19% (P <0. 05). In the
groups of 0.2% , 0.4% , 0.6 and 0.8% betaine hydrochloride, the content of crude protein in fish live increased
by 1.04% (P <0.01), 0.74% (P <0.01), 0.75% (£ <0.01} and 0.87% (P <0.01). Also, betaine hydro-
chloride can increase the contents of RNA, TNA and ratio of RNA content to DNA content in fish muscle and liver
significantly, and can increase the total and specific activities of betaine-homocystein S-methyltransferase and cysta-
thionine B-synthase, respectively. All these imply that betaine hydrochloride can act as the methyl group donator to
participate the metabolism of organism under the double regulation of BHMT and B-CYST =o that it can increase
methylic products in fish liver and muscle (e. g. nucleic acids) and the protein synthesis is prompted.

Key words: hetaine hydrochloride; Colossma brachypomum; methyl group denater; protein synthesis
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