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Influence of fluoride on activity of carboxylesterase and esterase in hemolymph of

Bombyx mori

MI Zhi, RUAN Chenglong, LI Jiaorong, FU Qiaojuan, DU Wenhua, LI Guannan, LONG Yaohang, ZHU Yong"~
College of Biotechnology, Southwest University, Chongqing 400716, China

Abstract: We explored the metabolic mechanism of silkworm ( Bombyx mori) to NaF by using the fluoride-tolerant silkworm
variety named T6 and the fluoride-sensitive variety named 734 as materials. We fed the silkworm larvae from the first day of
fifth instar with mulberry leaves soaked in 50, 100, 200 and 400 mg/kg NaF solutions respectively. Then we examined the
activities of CarE and esterase in hemolymph. Results showed that the activity of CarE was 73% to 88% in 734 strain and
72% 10 81% in T6 strain compared with control groups, respectively. The CarE activity of two low concentration NaF-
treated 734 groups showed extremely significant differences( P<0.01) with control group and two high concentration NaF-
treated groups, while the differences among T6's all treatment groups were not significant. The esterase activity of NaF-
treated groups was 89% to 97% in 734 strain and 73% to 92% in T6 strain compared with control groups, respectively.
The esterase activity among all treatment groups in 734 strain show no significant differences. The esterase activity of the
highest concentrations NaF-treated group showed extremely significant differences ( P<0.01) compared with control group.

These results suggest that the fluoride has certain inhibition to the activity of CarE and esterase in hemolymph of silkworm.

Key Words:; Bombyx mori; fluoride; hemolymph; carboxylesterase; esterase
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Yok IR ATG G T SRR PR G T MO B . SR 2 — 28 LR B 0], AT 5 R B, Ak ) i 5% -
A AR BBT AT B R ARE S AL |30 2ok T A0 A LT, 76 R 2Uh 53 R 4s &, Rl AE R &2,
B P EEAEIR o P R BRI E AR R G, NI R G S0 VA IR R A P A O G
AR

i il B o A P — i 2 AR i T KAl , LA 2 BRI & — . — T TR AR SR P il O A
IR, 55— R A T o e % AR EA T AR . JRBRTR I ( Carboxylesterase , CarE, EC3.1.1) j&— 7k
fRR K REG . RENS S HE AR AR Y A HUBE A ORISR 45 G, 1 % e 7)o B0 38 B AR AR FH A7 8 22 117 BHL B 5 %
i, WA A R0 B 0 B 5 (B e A v 0 CarE BESSAEAL TS S AR 2R AL & WK it | 1610 2535 5 114
bt AR EEAEH PR o, CarE (PR AGHR ) 32 R  JE DR B A R A (AR ) Bk
MEALECRIE R (R sl mg " R4y vk B i B FE R Y se e 3K GRS M 45 | SRR 9% 3 IR 7
MR Bh B

AR 1 BF S R AR NaF J5 L% - 2 EREEFN CarkE BTG PEAS L , S AR 33 A Ak K S~ 8 B 52 7 5k 98
AL S
1 MPEFEZE
1.1 R R

FA T Fan Bl To UL 734 |l b BB F Be gl i 58 Tl | DU R AR R 2 B K it B
P A7, HeBRE BT PR3] 5 # AR i, X IR A BV /KR 11 min J5 FARBT BB i S0t X086 40 43
H1 50,100,200 400 mg/kg NaF IR 11 min J& AARBEFRISEIRZET G 8 h IvE 1 Ik, BRIFE 3
W, RER AT RO, Bl 3 ANEE . NS WRESE 1—7 KA K5 HIHCE 4140 H i MR &
1.2 A MBI 5

W AR R ZE KB e 3, O WK AREEE T, (6 A A 25 i, FH JC B 5 70 5 MR A2 L 1l i AT /D1
FIEBRIR T B0 L 7E 0—4°C ,5000r/min B0 15min, BU_E 3 0. 04mol/L pH7. 0 () PBS Hii B 50 175
VB R B, T T =70°C VKA N 45
1.3 WE
1.3.1  RFRWREERE £ Al /F

W7 AT RS R AR YO S A 1x10“ mol/L a-Z515 0.0.2.0.4.0.8.1.2.1.6.2. 0 mL, %F i fin
0. 04mol/L. pH7. 0 BEFRZE i 6.0.5.8.5.6.5.2 4.8 4.4 4.0mL, SRJ5 0 BIINA B A (1% FE 5 B £5 (7 ik
JEURAE) F1 5% SDS 4% 2:5 1A, SECELH ) ImL, #257J5 30°C /KA FTE 30 min, 7E 600 nm 403 OD A, HA
3 UK, LA OD600 - F-SAE A YAEHR , - ZE T A VR BE AR AR, I bR fE i 26 . FIrfS )7 24 .y = 30. 994-0. 008,
R*=0.999
1.3.2 G I VRFR TR TR Tt 0 1

Z:H8 Van Aspern' 7 17 B8 MEWUR ST, BRE S B A E 3 YK, 2500pL 3x107* mol/L ) o-fiti iR 2%
BEVA T (75 1x107 mol/L 4 J 56K ) A1 500 pL TAEMF (20 wL B A1 480 pl 0. 04mol/L pH 7.0 PBS) iR &,
TE 30°C /KA O 30min 5, LA 500 pL B @505, #55), # B 15min, FI I8 BURR E 1Y #5685, 1140060k
BETHAE 600nm 401 OD fE . ARHE 30min PIA BLHY o R 2% 193 1) 222 BB /R B/ I ) 1 1 ( umol/mL o- 28197 )
1.3.3  FRATIMME AT RS PR E

IFi) 22 R TR TR 2 77 AR — A, FURTE oI R 28 A T R A N 2 b W2 BV
1.4 Hdugiit

R EHE T Excel FAFXT Cark F14: g il 15 VAR 815387 5 32 FH SPSS17. 0 #AFXT Carkl 142 i i (1)
15 MK Duncan T 2 8 L, LW B /KR P=0.01,
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2 HEREHH
2.1 FALY R A& MM Cark GHEA 0
2.1.1  AHIEFRER U EE T A )80 6 &R

AR FSRE 734 T6 £ NaF AbFRZH A RT 3d Cark 16 PEHRIRE-F4, 734 (1) 400mg/kg NaF AbFHLH 755 2
KEEEYE LT IR AR, A W AL A £ 58 2 KA LT T6 ) 100mg/kg NaF AbHRZHAESS 2 K& -
THig# AR WREA P TES 2 R R T EEH, TE/5 4d N 734 ZVRJE NaF PR 1Y Cark T5 MRS 1L G
R H 4 ROYBEE Y TR0 3d 1Y, ELXFIRZH (100 . 400mg/kg NaF AbFRLH 34 H BE T 08(H ;55 5 K1 50mg/kg
NaF b PR (S PEATS T, 200me/ kg NaF Ab BEZH (9 15 PR I 22 T R R 3, LR &5 A T BR IR 40K B 2d
P, % RZH 200 400mg/kg NaF AbFHZH 5 | Fh#4#,50mg/kg NaF AbBRLLLESS 6 K TR, 45 7 K BT, 100mg/kg
NaF ZbPRAH B2 1) R REEH T6 £ AP ) CarE 151E5 734 #H L EFAR X BRZHAESS 6 K CarE 151 d%
&, 35 12pmol/mL, HAXFE] B /N T 8 umol/mLL;50mg/ kg NaF ZLBRZHAE 4—-6d P& T RE#aH 55 7 Kkt
Tt 100mg/kg NaF ZEBRLHTES 4 KiGPE A, fe)n 3d T PEIREF4, £ 3 umol/mL ;200mg/ kg NaF 4b B4 7E
4—S5d BTG HEROERR , 7E 6—7d I EEE P BT, Hak e K AE ;400mg/ kg NaF ZbFRALTE 4—7d N CarE 36 PE—
HARFE , #E 2—5Sumol/mL Z [8) 5l
2.1.2  [F)—FREE I I] P ARk BE SO0 O R

WNHEALPE 1d J5,734 B N BE 3N, CarE 16 22 e R85 THRFRE I A bt 3 1 T6 52 7k 5 TH
P UM IR 2d J5, 734 Cark 15 PR BEE U8 380K BE B3 I 2 55 IS T34, T6 19 100me/ kg NaF AZbFHAT (Y35 1
i i T HA AL BRA , A A AL 036 PE Y AR ARG S AL BE 3d J5 ,734 1) 400mg/kg NaF AbFRZ Y Cark 76 PE
FART HAb AL BEZH | HA A A A TS PEAR A2 T6 Y 50mg/ kg NaF Ab B ZH AR T HAfth 45 4b BRAH ; AR IRAL B 4d ),
734 25 A FRZH AR AR BRI 52 W B T6 19 2 A e U RE A SR Y IS AR T AR 3 A R AR SR AL 3
5d J5,734 FACPRL AR AR AR R, S M7 &L H 50mg/ kg NaF A0 BRZH A B PR i e, T6 1S JR0ZH 14 Bl % PRI T

XfREZH ,100mg/kg Nak &b $H 20 19 i I5 1 551K WS SRAL 3 6d 5, 734 S BLSERE 5 FH PR #a 35, H 400mg/ kg
NaF Ab B2 0 175 P B I, T6 A FU2H 1Y) I 1 Jod 5 A0 T % PR s R AL 3L 7 S5, 734 F T6 5 9RUZH 1Y A2 Ak 3
FEAR—F,734 X HRZH il 5 1 A v, T T6 Xof R ZH 1) il T Pk Fe A1

50

240l mSongte

T 100mg/kg

Z 30 - m 200mg/ke

| = 400mg/kg

g; 20

=)

s 10

8] 0

1 2 3 4 5 6 7
8 ErNaF iy I i)
Days of feeding fluoride/d

El1 734 895 B4 HHFE NaF [FMi% CarE iF T

Fig.1 Variations of CarE activity of hemolymph in 5th instar larvae of Bombyx mori 734 after treatment with NaF

2.2 BRI G i 4 TR Bl T )5 )
2.2.1 AH[RIFR VR EE R AR )R 56 2R

X HAZE 734 ABREEHGTERT 2d SRR 5 Sd S PR AR AL AR R g = TR 2d, T6 Bl 7R JRUR a] Y
HEANEEE PR T, HAES 4 7 KR051H BLIEAE ;50mg/ kg NaF AbBRZH 734 A 4d B 0cF&)5 THR & Ja
3d FEETE RS20 R S To R 2 FIHEH TES 2 4.7 RIIIE(E ;100 mg/kg NaF AbFRZ 734 T
3d BEVRA TR G 4d PR, T6 i 3d 2 BREEE MEEe AL, 5 4 KB —4 L FHAYIEAE , )5 3d
5 TR 200 mg/kg NaF ZbFELH 734 76 S0 ARG M SLA ML, ALAESE 1 4 Rug s T el &, T6 1
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m 0mg/kg ™ 100 mg/kg 400 mg/kg
M 50 mg/kg ™ 200 mg/kg

—_ = =

U(CarE)/(umol-L™'-mL™")
S N B N O NS

T - NaF iy I ]
Days of feeding fluoride/d

El2 Té 5 %) HiFE NaF G CarE &892k

Fig.2 Variations of CarE activity of hemolymph in 5th instar larvae of Bombyx mori T6 after treatment with NaF

3d FTEHAREAR 56 4 RERG MR & )5 3d BTG PER T 355400 mg/kg NaF 4bFHZH 734 27 6 K 2= [g il
TP AR T A 18] A Ay 6d MBS PETE 62—64wmol/mL Z (8] 3, T6 (44 Ma i #& 4 2 FFa i) b T+
R
2.2.2  [F)— R ERISF ] PN AR 50 O 2R

WAL IE 1d J5,734 19 50mg/ kg NaF AbFRAT A9 BETE 1 B A, 205 Bl A S 90 BE 86 hn , g0 14 77, 12 400
mg/kg NaF AbFHZH A GG MK T 200 mg/kg NaF AbFHZ | T6 4%k & 22 [a] 1 B 15 4 JLF 9 — H 28,50 mg/kg
NaF 4b BRI WAL I T AL 100 mg/kg NaF AbFELWE = T ILALL ; AR IALBE 2d 5,734 XFHRALAT 50 mg/kg
NaF b FRLH 1 4 BRAGEE 5 52 T RS, 2 )5 Bl TR 8 1) 8 n e 355 4 184 0, T6 45V T3 %) il 1% 1k 249 — Lk, 50
mg/kg NaF AbFHZH BE PEmS i T H B 41,200 mg/kg NaF AbFRZHBAR T Hog 4 IR AL BE 3d )5, 734 2 BRREHY
AR R AL B 2d J5 AL, T6 £ Ab BEAL BTG P LT e — B, 2 FEAE N R IR AL 4d )5 ,734 X IR
ZH PRV B 4 22 T R 95,200 mg/kg NaF AbPRZIWE Tt 177 400 mg/kg NaF AbBEZH T [, T6 X &2 Al
AR O BTG PR AR 2 (EE T AN e e B AL PR 35 M 5 TR AL B S d ), 734 A ME AR L TR AL BE 4d
Ji5 , T6 Fifi s e 5 B4 5 R WA IR R B 6d S5, 734 Xof B ZH 0 AN I e 85 A B 4 174 T M2 Ak s A T
PR e 2L ) T 1 22 R B R 34 T6 T Tl 7% P (M) VR SRUAL B 5 d 5 78k i 35 TR LA 38 7 )5, 734 2R TG
TEPEARACBOTAR L5 — R, 1T T6 Xof REZH 1) il 176 74 5 55,50 ,100 1 200mg/ kg NaF Ab PHZH il 1 AR VA2,
400mg/ kg NaF Ab P 2H G MR R |

m Omg/kg ™ 100mg/kg ™ 400mg/kg

T: 80 — W 50mg/kg m 200mg/kg

g

:4 60

E

g 0

g 20

¥

° 1 2 3 4 5 6 7
VA NaF i I ]

Days of feeding fluoride/d

3 734 B9 5 W4 IR E NaF FKR S EEEEEEHNIL

Fig.3 Variations of esterase activity of hemolymph in 5th instar larvae of Bombyx mori 734 after treatment with NaF

2.3 AR EE AL B SR AL S AN R KAL) Cark 5 122 5 20 A

734 B WA R BE S S ZEL AN (U R LT L5 PP e e B8 A S 4L 2 [ ) 22 S P i A 2 (L X B 4 g g e
FEUS AL 22 6] (4 25 5 AN 355 5 T T6 A5 AL B 22 [] (9 22 S R 38, 2 Bl TRIFE A5 S SR B 1 22 S
HERD,

734 1) CarE {EVELEIRUS 4.6 7d 5 AR 18] 53 22 S0 2 3%, 1T EL2E 7 XS5 AT 6d A S P 22 5 i B
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1138 ZSO O ¢ 3 &
T e = Omg/kg
g 50 - ™ 50mg/kg
T = 100mg/kg
Z 40 - m 200mg/kg
:EL 30 ™ 400mg/kg
=
2 20
Jung
g
20
1 2 3 4 5 6 7
% B NaF iy I ]

Days of feeding fluoride/d

4 T6 K5 #r4 MR NaF G & LEREEEMIL

Fig.4 Variations of esterase activity of hemolymph in 5th instar larvae of Bombyx mori T6 after treatment with NaF

#,T6 LERBALBLS 7d WAY Cark FEPEZEF PR 2 WA ERIRUG 1d 1 3d 22528 3%, HAR A5 I [R] i 22
SR E (K 2) .

®1 734 5Te HAEFRKRERANYE CaE MEEHEFESELLR

Table 1 Multiple comparison on activity variations of CarE and esterase between 734 and T6 after treatment with different sodium fluoride

Cark %122 S B 51k LR P28 5

Significant difference of Significant difference of

S, AN E NaF i/ (mg/ke)

The strain and concentration of NaF

CarE activity esterase activity

743 CK C C
T6, CK A B
743, 50 B C
T6, 50 A AB
743, 100 B C
T6, 100 A AB
743, 200 C C
T6, 200 A AB
743, 400 C C
T6, 400 A A

FRPARFIR S FhEF R 4 8] He i 22 54 835 (P<0. 01)

£2 734 5 T6 FR NaF FEREM AR CarE M EEEEEE S BILE

Tabel 2  Multiple comparison on activity variations of CarE and esterase at different time between 734 and T6 after treatment with
sodium fluoride

SRR VR NaF KE/d

The strain and the days

after treating with NaF

Cark {122 5 B 3 1k

Significant difference

LBRAEHTG P22 5 W
Significant difference

of CarE activity of esterase activity

743 1 ABC DE
T6, 1 ABC A
743, 2 BC D
T6, 2 A A
743, 3 ABC DE
T6, 3 A A
743 4 D E
T6, 4 AB B
7435 C E
T6, 5 A B
743, 6 D DE
16,6 ABC B
743, 7 E E
T6, 7 ABC C
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2.4 SV R JRAR ) B TRUA A Ak B AR TR R B 4 B T M 22 5 40

734 25 AL PRLH Z 0] () 25 S R I 25 T6 X B2 55 v vk B VAR ORUZH 2 S A I 2 I (] — S VAR B T 7Y
ZEWREERLD,

T34 FERFIGH 2 K% 457 REFWEE, T6 IRH A 1—3d 4—6d M 7d =4, = Z %R
W& HNERARE 2 SAPTERFALELS 19 & IR B 2E el B (K 2)

3 iTig

Cark JEZUIRER G , Wl A7 16 T sh¥) A9 B AUmGE b e A (259 R 5 BURYSS)
AR (5 B R MM 2 & FE s P A A CarE KA 5 SR ARG | I I AR 196 45 ik
A2 I, 1 25 RO AN R HUAR i 75 1 & P SR B AOAE Y BN ( Tetranychus urticae ) X 7% i
FRHOEE 7 SR M EE 0 (BRI 2 D RE AL 7R e H K S-55 A2 ) YR b A 3G, tho v B A AN Ak
BT . Van Leeuwen 2552 T H [A) 247 — B WEER BTG | & BRI EE b (0 T 6 M SRR R o
Achaleke 25 & BB B2 TG A A 4% SR G BTG 1 2 TR &R . IR Z 2R ISR R LS i Rl BE AR s T
CarE 15 J7 5 UIB% B 45 R FIA HLBE BT L EAR G, 73 2E W2 58 O 20 0E 52, TR il 036 14k 0 5 2 R T I il 45
FSEIR B4 120 AR SR K A VEAT U NaF , B H i P Y CarE 361, #5381 5 HAH S B9 2538, JRIA
AT RESZ BRI E FH A LR e A 2= 250 A R o DX 1), A% Bl itk AR i N s 4 T S il AE R 1 A
FRTIfE , Ve TRl 28 BB T bh 2% F i)™ A 35 20 B0 AT T, MRk T BE R I ), B T
it T3 P TP A e B - RS R R, WIS CarE 223K M MEAEALE W Bl R 2H 215 Sy 670 734
£ 1—3d B, A0 PRAL (400 mg/kg NaF ZbHLH BRI ) B CarE {6 AR AL F-A2, HLIS S A9 16 MR T X RE 4, A
AR B S RE 2R S8 0T LAAE I (] RSP EE W 04 8 5, 45 i 5 A 1 A G 1% il 7 L ] e G AH I 1 R
FHPY ABAE 4—7d B A IR AL BRLEL () CarE 36 P HY 0GR IE E 19284k , It H: 400 mg/ kg NaF AbHHZ | 7
FEA ST A B30 BBl K, VR S NaF Ab 3N BE 51 K A (A Ja o) fm) w2, 0 1 5 3 A AR ARl R e 358L , U nT
DA 7 2, 7E A T ALAG RS TRl ™) 734 Al 9 MG e S22 V8 S 4 B0 375 P AS ORI R B 2L i L 5
A T 1 BE TR 2 =22 1) 1 22 S . 35 ( P<0. 01 ) . T6 4% b FRAH il 1 11 25 oA W 3%

s B R ) — P SR TR R, n DOl K R ER S L A Y O BR A, BS E IR B LS
Wigh G, BEARHA RO R FRACA B S W s e, R, BRESAE B HO s L B o rpole %5 22
BIFEFY  T6 il 734 USED NaF Jo 2 BEREAF- Y0 AR R B IR A S ULRH NaF X 5% 4 I % 4 T B )
TR B VE . 734 59 50 me/kg TRILLAE 1—3d AYBENG AL T I 1% , 400 AT fE Sk 5 A NaF 766
391 P9 X SURK A D R A AT I ) AT VR AR A, 1T e MR BE NaF i A 1A B SRtk A 45 00 57 40 7 45 i, ot 6 5% 5] 7™
HPFE , T6 PN = M LN IALAE 2—7d P 0 2R Bt % 1 — AR T LA A B2, 7 6—7d doe i Wk B VR SR AL 1)
GG B A I T A AR B | ) B8 £ v TR BE R A ), 27 S 410 o) A A 4 R il 1 3 2, R A (A E R AR
KET , LT, KL To £ PR B 2R EHE A 4—7d (3G 1285 T80 3d 1936 M, BE& BRI 34 m
AR R AR B B 75 | OB L 0o 5 o ik B T 11 305 2 45 A i ) R ME B . T6 5 734
VA R ) 2 P Tl R[] o 3% 1 2 S ¥ I 3 (P<0. 01 )

ARSLIRZERF AN Cark I8 JE TR, 734 WOBETE 22 KT T6 , il BE 2 MUK M FI7E NaF /EHF, i
AT A P10 A 7 i I 1 R S BT R A QI e/ T NaF, 17 i 980 b L 2 AR AR B X6 NaF (A el b BE
FIAR A MOH ARG AR TG Rl 300 5 A LY P Y CarE N4 1 BTG 7 15 A 1A ) i S0V AT — /8 RO AH G
PE X 2 il £ 5 2 X SR AL A it R v A FE LA, A i — 205
Bigt BV B R A MR A B B AR SR AR
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