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The optimization of conditions for assaying activity of acetylcholinesterase from the

Italian honeybee Apis mellifera ligustica Spinola by orthogonal matrix method
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University Fuzhou 350002 China 2. Department of Entomology China Agricultural University Beijing 100094
China
Abstract The optimal conditions of assaying the activity of acetylcholinesterase AChE from the ltalian honeybee Apis
mellifera ligustica Spinola  heads were determined by orthogonal matrix method. The concentrations of
acetylcholinesterase and substrate pH and temperature of the reaction system and reaction time were optimized. Ly 5°
orthogonal matrix was adopted without considering interaction. The specific activity of AChE was determined by
colorimetric method of Ellman modified by Gorun 1978  using acetylthiocholine iodide ATCI as substrate and DTNB
5 5'-dithio-bis-2-nitrobenzoic acid as chromogen. The optical density was measured by spectrophotometric detection
at 412 nm of the increase of yellow color produced from thiocholine when reacted with 5 5'-dithio-bis-2-nitrobenzoate
ions. Protein concentrations in homogenate supernatants were determined by the method of Bradford 1976 . The results
revealed that temperature of the reaction system was the most important factor for measuring the activity of AChE from
honeybee heads and the measuring was also remarkably affected by the other four factors. The effects on the activity of
acetylcholinesterase were in the order of temperature > pH > time > concentration of AChE > concentration of substrate.
The optimal conditions were 0.2 heads/mL 0.8 mmol/L substrate pH 7.5 40°C 5 minutes.
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1997 acetylthiocholine iodide
2002 ATCI  Fluka 5 5-
700 5 5'-dithio-bis-2-nitrobenzoic acid DTNB Roth
1/10 http //www . cnzjqi. com/wto-tht/ G-250
mag/m7 . html
1.3
-84C
1994 2 /mL pH 0.1 mol/L
acetyl- 0.1% Triton X-100
cholinesterase AChE, EC3.1.1.7  Corbett et al. 4°C 15000x ¢ 20 min
1984
1.4 AChE
Gorun 1978 Ellman
1987 0.1 mL 0.1 mL ATCI
0.9
mL DTNB 412 nm
0])) e=13.6 L=1cm
2002 pmot min™" mg™' =
AOD/mg x V
ex L
1.5
Bradford 1976 G-250
BSA
1 1 mL 20 ~ 100 pg 5
ml, G-250 2 min
1.1 1 h ODsos
1.6
1.2
Hitachi Koki
- PE 40 PE !
Sartorius 2004 MP  Opton Ly 5°
1
Table 1 Experimental factors and their levels for orthogonal projects
heads/ml, mmol/L oH C min
Level Concentration of AChE Concentration of substrate Temperature Reaction time
A B C D E
1 0.2 0.6 6.0 20 5
2 0.4 0.7 6.5 25 10
3 0.6 0.8 7.0 30 15
4 0.8 0.9 7.5 35 20
5 1.0 1.0 8.0 40 25
1234 5 5 ABCD E pH

Notes Numerals I 2 3 4 and 5 represent 5 levels of factors letters A B C D and E represent factors of concentration of AChE concentration of the
substrate pH reaction temperature and reaction time respectively and the same below.
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Table 2 Application of L,; 5° orthogonal projects
. . . .. 4 E 1
in assaying the acetylcholinesterase activity from 0%C
the Italian honeybee Apis mellifera ligustica heads 5 min
Run Combination of treatment ot min ™" mg~! 3 Ly §
Specific activity of AChE Table 3 Analysis of the results from orthogonal projects with
1 A;B,C, D, E, 0.0829 + 0.0066 the method of range analysis
2 AB G DK, 0.0812+0.0155 Specific activity of AChE
3 A B3 Gy Ds Es 0.1569 + 0.0369 pmot min - mg !
4 Ay B, Cy Dy Ey 0.1942 + 0.0633 A B c D E
5 A, BsCsDs Es 0.2493 + 0.0518 K, 2.2935 1.3284 1.1914 1.2762 2.5341
6 AB, Gy D3 Ey 0.0741 + 0.0169 K, 2.1122  1.7320  1.3896 1.2751 1.8547
; Ay ByCy D, E. 0.1320 £ 0.0309 K; 1.7197  2.0863  2.0096 1.7881 1.4269
. + 0.
2T K, 1.5645 1.9423 2.2570  1.8879  1.5990
8 Ax B D5y 0.2979:£0.1136 Ks 1.3427 19436 2.1850  2.8053  1.6179
9 Ay B, CsDy E, 0.1413 £0.0312 ky 0.1529  0.0886  0.0794 0.0851 0.1689
10 AsBsC, D, E, 0.0588 + 0.0040 ks 0.1408  0.1155 0.0926  0.0850  0.1236
1 AB,C3Ds Ey 0.1767 + 0.0406 ks 0.1146  0.1391  0.1340 0.1192 0.0951
ky 0.1043  0.1295  0.1505 0.1259 0.1066
12 A;B,Cy D Ey 0.0871 = 0.0345
ks 0.0895 0.1296  0.1457 0.1870 0.1079
13 AsByGs D, Fy 0.0990 +0.0291 R 0.0634  0.0505 0.0710  0.1020  0.0738
14 A;B,Ci D3 Es 0.0622 + 0.0059 | 3 4 5 !
15 A;BsC, D, 0.1483 = 0.0294 Optimal level
16 A4B,CyD,Fs 0.0528 +0.0162 K; i i K
17 AB, G E, 0.1824 + 0.0474 Notes  K; is the sum of the specific activity of AChE of the i level of different
factors and k; represents the average of K; .
18 AyB;C Dy E, 0.0986 + 0.0050
19 A,B,C,Ds Ey 0.1166 = 0.0279 2.3
20 AyBsC3 D Ey 0.0711 £ 0.0147 )
21 AsB; CsDy By 0.0563 +0.0261
22 AsB,C;DsEy 0.0946 + 0.0054
23 AsB; G Dy Es 0.0430 + 0.0094
24 AsB,C3 D, Ey 0.1332 +0.0259 4 4 5
25 AsBsCy D5 E, 0.1204 + 0.0429 AChE
Los 5° 25
3 3 pH
+
Notes The arrangements of A B C D and E were decided by orthogonal
design for 5 factor x 25 run number every row of run number represents > pH > > >

one experimental replicate every run was replicated three times and every

replicate was measured three times. Values were mean = SD.



630 Acta Entomologica Sinica 48
Ei 00T —e— fi§ AChE
g - O J&Y) Substrate Y
£ 018 —v—pH .
R So" —~— {& ¥ Temperature I
£ g —®— #f{s] Time T
5§ ol :
g = . / \
&= 2 014 o. */ /
§ 3 S oo / : \-
5 -§ 012 | o / V‘j
i‘i :; / / \ -
& » 010 / / g
E o > !
S 008 v <~
b=
9
g 0.06 | | | | | | | | | | | | | | 1 1 1 1 1 1 1 1 1 1
? Al A2 A3 A4 AS B1B2 B3 B4 B5S C1C2 C3 C4C5 D1 D2 D3 D4 D5 El1 E2 E3 E4 ES
A% Factor
1 5
Fig. 1 Intuitive analysis of the relationship between 5 factors and the acetylcholinesterase activity from
the Italian honeybee Apis mellifera ligustica heads
4 Ly 5
Table 4 Analysis of the results from orthogonal projects with ANVOA
SS df MS F
Source of variation Sum of square Degree of freedom Mean square
A 0.0408 4 0.0102 5.0210™
B 0.0233 4 0.0058 2.8686 "
C 0.0626 4 0.0157 7.7088"
D 0.1045 4 0.0261 12.8656™
E 0.0503 4 0.0126 6.1896™
0.1097 54 0.0020
Consolidated error
P 3 W g
P<0.05 P<0.01
Notes In order to improve the accuracy of the analysis errors of replicate and bland row were consolidated into the error item” % " and' **” represent significant
difference  P<0.05 and extremely significant difference P<0.01  respectively.
5
pH 1 2
4 5
2 3 4 5
3 4 5
AChE 345 1
pH 2
pH 345 12
2.4 4 5 3 1
5 5
3 4 1 2
AChE 1

Duncan
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AChE
5 0.2 /mL 0.8 mmol/L
AChE pH 7.5 40°C 5 min
AChE
5 5 SSR
Table 5 Multiple comparison in five factors with the method of Duncan SSR test
Specific activity of AChE pmot min~" mg™!
Level
A B C D E
1 0.1529 a A 0.0886 b B 0.0794 b C 0.0851 ¢ B 0.1689 a A
2 0.1408 ab A 0.1155 ab AB 0.0926 b BC 0.0850 ¢ B 0.1236 b B
3 0.1146 be AB 0.1391 a A 0.1340 a AB 0.1192b B 0.0951 b B
4 0.1043 ¢ B 0.1295 a A 0.1505 a A 0.1259 b B 0.1066 b B
5 0.0895 ¢ B 0.1296 a A 0.1457 a A 0.1870 a A 0.1079 b B
P<
0.05 P<0.01

Notes The results of multiple comparison were arranged in columns to compare the difference of five levels of one factor. Means within a column followed by the

different small letters and capital letters are significantly different P<0.05 and extremely significantly different P<0.01  respectively.
3
AChE
AChE
pH Thompson
1999 AChE
AChE AChE
AChE AChE
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