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Enzymetic synthesis and characterization of a carnosine
analogue in non-aqueous solvent

Xiaohua Zhoul, Xiali Su', and Yao Lu?

1 College of Chemistry and Chemical Engineering, Chongging University, Chongging 400030, China
2 Department of Materials, Sichuan Arts and Science University, Zigong 643000, China

Abstract: Carnosine (B-Ala-L-His) has high antioxidant activity, and it is widely used in biology, chemical engineering, medicine
and other fields. Its analogue syntheised in non-aqueous solvent and catalyzed by enzymes is high-effective but low-price, so it has
great prospect. Here, we synthesized a carnosine analogue imidazole 4(5)-alanylamide-5(4)-carboxylic acid with imidazole-4,5-
dicarboxylic acid and L-Alanine as substrates, a-chymotrypsin as catalyst in tetrahydrofuran (THF) solvent. Based on the orthogonal
experiments, the optimized synthetic conditions are 4,5-dicarboxylic acid : L-alanine = 1:3 (m/m), a-chymotrypsin : substrates
(4,5-dicarboxyl acid and L-alanine )=1:200 (m/m), pH 8 phosphate buffer:THF = 1.6:10 (V/V), reaction temperature 35°C, time 1.5 h.
We separated the product with silica gel G60 thin-layer chromatography (TLC), and a new spot appeared at Rf (ratio to front) = 0.81;
then the new spot was purified and characterized with UV spectra, high performance liquid chromatogram (HPLC) and '*C NMR
(**C nuclear magnetic resonance). The UV spectra shows a new absorption peak at 310 nm, and the peak in 253 nm is largely
strengthened; HPLC reserve times are all 4.5 min at 253 nm, 310 nm, 330 nm; 13C NMR shows 8 carbons. Combing with the
catalytic mechanism of a-chymotrypsin, structure of the analogue is confirmed, i.e. imidazole 4(5)-alanylamide-5(4)-carboxylic acid.

Keywords: carnosine analogue, imidazole 4(5)-alanylamide-5(4)-carboxylic acid, a-chymotrypsin, non-aqueous solvent, synthesis
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Table 1 Results analysis of the orthogonal of the synthesized simulacrum

No. Factors Yield (%)
A B C D E F
1 30(1) 0.5(1) 6.0(1) 1(1) 0(1) 1/1(1) 0.071
2 30 1.0(2) 7.0(2) 2(2) 0.4(2) 1/3(2) 10.206
3 30 1.5(3) 8.0(3) 3(3) 0.8(3) 1/9(3) 22.037
4 30 2.0(4) 9.0(4) 4(4) 1.2(4) 3/1(4) 2.828
5 30 2.5(5) H,0(5) 5(5) 1.6(5) 9/1(5) 50.084
6 35(2) 0.5 8.0 4 0.4 9/1 32.565
7 35 1.0 9.0 5 0.8 1/1 2.515
8 35 1.5 H,O 1 1.2 1/3 63.404
9 35 2.0 6.0 2 1.6 1/9 19.477
10 35 2.5 7.0 3 0 3/1 0.018
11 40(3) 0.5 H,O0 2 0.8 3/1 10.092
12 40 1.0 6.0 3 1.2 9/1 0.945
13 40 1.5 7.0 4 1.6 1/1 12.720
14 40 2.0 8.0 5 0 1/3 0.053
15 40 2.5 9.0 1 0.4 1/9 4.105
16 45(4) 0.5 7.0 5 1.2 1/9 3.152
17 45 1.0 8.0 1 1.6 31 2.568
18 45 1.5 9.0 2 0 9/1 0.018
19 45 2.0 H,O 3 0.4 1/1 10.297
20 45 2.5 6.0 4 0.8 1/9 0.907
21 50(5) 0.5 9.0 3 1.6 1/3 0.157
22 50 1.0 H,O 4 0 1/9 0.036
23 50 1.5 6.0 5 0.4 31 0.121
24 50 2.0 7.0 1 0.8 9/1 0.116
25 50 2.5 8.0 2 1.2 1/1 0.311
1 17.045 9.207 4.304 14.053 0.039 5.183
I 23.596 3.254 5.242 8.021 11.459 18.455
il 5.583 19.660 11.507 6.691 7.133 8.286
v 3.388 6.554 1.925 9.811 14.128 3.125
\4 0.148 11.085 26.783 11.185 17.001 16.746
Range R 23.448 16.406 24.858 7.362 16.962 15.330
%2 EXRREREFENN
Table 2 Results analysis of variance of the orthogonal test
Factors Variance Free degree F Fo.10 Significance
Temperature 1973.751 4 12.064 4.110 *E
Time 762.458 4 4.660 4.110 *
Water content 878.044 4 5.367 4.110 *
pH value 2021.018 4 12.353 4.110 **
Enzyme dosage 163.608 4 1.000 4.110
Substrates ratio 883.368 4 5.399 4.110 *
Error term 163.61 4

**: significant; *: less significant.
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Fig. 1 UV spectrum of imidazole 4,5-dicarboxylic acid (A) and carnosine analogue (B).
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Fig. 2 Structure of imidazole 4(5)-alanylamide-5(4)-carboxylic acid.
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2 Imimdazole-4, 5-dicarboxylic acid
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Fig. 3 Schematic diagram of L-Ala, imidazole-4,5-dicarboxylic
acid and supernatant.
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Fig. 4 HPLC of imidazole 4-carboxylic acid-5-ananylamide at 253 nm, 310 nm, 330 nm.
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Fig. 6 Mechanism of the carnosine analogue synthesis catalyzed by a-Chymotrypsin.
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