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(a): The first principal component; (b): The second principal component; (¢): The third principal component
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(a); The first principal component; (b): The second principal component; (c¢): The third principal component
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1 FLE2 (lactate) 1. 33(d)

2 Z T (acetate) 1.92(s)

3 - M- LR (AOPA) 2. 14($)2. 86(dd) 3. 01(dd)

4 IR (malate) 2.38(dd)2. 69(dd)

5 P 5 R citrate) 2.55(dd)2. 68(dd)

6 JIE B (choline) 3.20(s)3.52(m)4. 06(m)

7 AR 3 o) 03 58043, 68(5)5. 68(m)3. 73(dd)
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8 aFFL B (o Gal) 5.27(d)4. 07

9 T B (sucrose) 5.42(d)4. 22(d)3. 89(m) 3. 84(m)

10 NI-HJEAHER (NMNA) 4. 44(s)8.08(dd)8. 83(d)

11 #i B R (valine) 0.99(d) 1. 04(d)2. 26(m)

12 ol % TR (- KG) 2.45(0)3.02(1)

13 % (Trp) 3.30(dd)3. 47(dd)4. 05(dd)7. 19(V 7. 28(1)
14 RN R (Phe) 7.32(m)7.36(m)7. 42(m)

15 WL (inosine) 8.26(s)8.35(s)

16 O-F 3% LE (OMSD 3. 14(03. 34(1)3. 36(dd) 3. 61(s)
17 B AR I3, (PC) 3.22($)3. 60(m)4. 17(m)

18 a F A (o Gle) 5.25(d)
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Analysis of Metabolism During Mung Bean Germination by 'H-NMR
Combining With MCR-ALS With Selectivity Constraint

LI Xiang, LI Zhong-feng, GAO Jun, WANG Xia, ZHANG Xin* , ZHANG Zhuo-yong”
Department of Chemistry, Capital Normal University, Beijing 100048, China

Abstract The research of the Seed germination progress could provide important scientific information and corresponding
database for food crops. As one of the primary agricultural products, mung bean is nutrients-rich and can be eaten directly,
manufactured as products or cultured to bean sprouts. In order to study the changes of metabolites in plants during the process of
metabolism, we extracted the metabolites from the germination samples of mung bean seeds at 24 h, 36 h and 48 h, and analyzed
the changes of metabolites in mung bean seeds by ' H-NMR. Except for its non-destructive and stable characteristics, ' H-NMR
still has some shortcomings of low sensitivity and low resolution in the spectrum. In complex systems, there is overlap in spec-
trum bands for different compounds, which makes it difficult to give enough information on metabolites. Therefore, chemomet-
ric methods are needed to interpret the information in NMR spectroscopy. In this paper, multivariate curve resolution-alternating
least squares (MCR-ALS) was used for data processing and analysis of the metabolite data based on NMR. MCR is a bilinear
model, which can decompose the given data matrix to the pure spectra and their corresponding relative concentration. MCR can
provide physical and chemical meaningful results, which facilitate the analysis of metabolites based on the corresponding spectral
library and provide their concentration changes. In this paper, besides the non-negative constraints, selectivity constraint was
also used in MCR iteration to reduce the rotation ambiguity in MCR modeling. The changes of metabolites and differential me-
tabolites in mung bean at different germination stages were analyzed. In the determination of samples without certain metabo-
lites, the ' H-NMR spectra are constrained to zero. From the MCR results, we can find that acetate and choline exist in the pre-
germination stage of mung bean, and increasing in the late stage of germination. Sucrose, valine, a-ketoglutarate tryptophan,
and phenylalanine inosine do not exist in the pre-germination stage, while they gradually increased during the seed germination of
the samples. OMSI, phosphorylcholine and a-glucose exist before the germination and increases in the pre-germination stage.
Until the late stage of germination, they were consumed and the content decreased. Lactate, 2-amino-4-oxopentanoic acid, Malic
acid, citric acid, choline, stachyose, a-galactose, N1-methylnicotinic acid always exist during the germination of mung bean, and

there is no significant change.
Keywords Multivariate curve resolution-alternating least squares; Seed germination; Nuclear magnetic resonance spectroscopy
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