
代谢组分析是一种全面分析内源性代谢物（例如，氨基
酸、有机酸、脂肪酸和糖）的方法，近年来广泛用于生命科学
领域。探针电喷雾电离技术（PESI）是一种直接电离方法，使
用超细微创探针进行采样。向探针尖端施加高电压可以使样品
电离，因此无需色谱仪即可分析成分。PESI 与质谱串联，即
DPiMS-8060探针电喷雾电离串联质谱仪（图 1），可直接分
析生物样本的代谢组。

由于脑部存在许多脂类物质，其对分析造成干扰，因此对
脑样品的代谢组分析需要预处理。但是，使用 DPiMS-8060可
在未做任何预处理的情况下成功地对脑部样品的代谢物进行直
接快速的分析。

本文介绍利用探针电喷雾电离质谱仪分析脑部代谢物的方
法。

T. Murata

探针电喷雾电离质谱仪

利用 DPiMSTM-8060直接分析小鼠脑部
代谢组
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Metabolome analysis is a method for comprehensively 
analyzing endogenous metabolites such as amino acids, 
organic acids, fatty acids, and sugars, and in recent years 
has come to be widely used in the field of life science. 
Probe electrospray ionization (PESI) is a direct ionization 
method in which an ultrafine and minimally invasive 
probe is used for sampling. Acquired samples are ionized 
by applying a high voltage to the probe tip and therefore 
components can be analyzed without a chromatograph. 
By using the DPiMS-8060 probe electrospray ionization 
tandem mass spectrometer (Fig. 1), which combines PESI 
with tandem mass spectrometry, direct analysis of the 
metabolome of a biospecimen is possible. 
Generally, pretreatment is indispensable for the metabolome 
analysis of a brain sample since there are many lipids in the 
brain which cause interference in analysis. However, by 
using the DPiMS-8060, we succeeded in a direct and rapid 
analysis of metabolites in a brain sample without any 
pretreatment. 
This article introduces a method for analyzing brain 
metabolites using a PESI tandem mass spectrometer. 

T. Murata 
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 Analysis of the Mouse Brain Metabolome 
This research attempted direct analysis of brain 
metabolites without any complex pretreatment by using 
the newly developed DPiMS-8060 mass spectrometer 
which combines probe electrospray ionization (PESI), a 
novel ionization method that uses an ultrafine probe, with 
tandem mass spectrometry. 
Standard metabolite samples including amino acids, 
organic acids, and sugars (25 metabolites) were prepared 
by diluting them with 50 % ethanol solution and dripping 
10 μL of each sample into sample plates for liquid samples. 
We then selected the MRM transitions for each compound 
and optimized the mass spectrometer conditions such as 
collision energy (CE). The resulting values are listed in 
Table 1. 
 

MRM Transitions of 25 Metabolites 

Name Polarity Transition (m/z) Collision  
Energy (V) 

3-hydroxybutyrate ( ) 103.1>59.0 35 
Citric acid/isocitric acid ( ) 191.3>111.2 20 

D-glucose ( ) 179.0>89.1 20 
Glucose-6-phosphate ( ) 259.1>96.9 20 

Glutaric acid ( ) 131.0>87.3 20 
Glycine ( ) 74.2>74.2 20 

L-asparatic acid ( ) 131.9>88.1 20 
L-glutamic acid ( ) 146.0>102.1 20 

L-lactic acid ( ) 89.0>43.2 20 
L-malic acid ( ) 133.0>114.9 20 

L-serine ( ) 103.9>74.2 20 
N-acetyl-L-asparate ( ) 174.0>88.2 20 

Pyruvic acid ( ) 87.1>43.1 20 
Succinic acid ( ) 117.1>73.0 20 

Uracil ( ) 111.0>41.8 20 
α-ketoglutaric acid ( ) 144.6>100.8 20 

L-histidine ( ) 154.0>93.1 20 
L-methionine ( ) 147.9>46.9 20 

L-phenylalanine ( ) 164.2>147.0 20 
L-threonine ( ) 118.1>74.1 20 

L-tryptophan ( ) 203.3>116.0 20 
2-aminobutyric acid (+) 104.1>58.1 35 

GABA (+) 104.2>45.0 20 
L-glutamine (+) 147.1>84.2 20 

L-leucine/L-isoleucine (+) 132.1>86.2 20 
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■小鼠脑部代谢组分析
本研究尝试在不做任何复杂预处理的情况下，使用新开发

的 DPiMS-8060质谱仪直接分析脑部代谢物，该质谱仪结合了
探针电喷雾电离技术（PESI），使用超细微创探针和质谱串联
的新型电离方法。

标准代谢物样品包括氨基酸、有机酸和糖（25种代谢物），
制备方法为用 50%乙醇溶液分别进行稀释，得到样品溶液，
分别取 10 μL样品溶液滴到样板中。选择各化合物MRM通道，
优化碰撞能量（CE）等质谱条件。MRM参数见表 1。
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表 1  25种代谢物的 MRM参数

名称 模式 离子对（m/z） CE（V）
3-羟基丁酸脂 (-) 103.1>59.0 35

柠檬酸 /异柠檬酸 (-) 191.3>111.2 20

D-葡萄糖 (-) 179.0>89.1 20

葡萄糖 -6-磷酸 (-) 259.1>96.9 20

戊二酸 (-) 131.0>87.3 20

甘氨酸 (-) 74.2>74.2 20

L-天冬氨酸 (-) 131.9>88.1 20

L-谷氨酸 (-) 146.0>102.1 20

L-乳酸 (-) 89.0>43.2 20

L-苹果酸 (-) 133.0>114.9 20

L-丝氨酸 (-) 103.9>74.2 20

N-乙酰基 -L-天冬氨酸 (-) 174.0>88.2 20

丙酮酸 (-) 87.1>43.1 20

琥珀酸 (-) 117.1>73.0 20

尿嘧啶 (-) 111.0>41.8 20

α-酮戊二酸 (-) 144.6>100.8 20

L-组氨酸 (-) 154.0>93.1 20

L-蛋氨酸 (-) 147.9>46.9 20

L-苯丙氨酸 (-) 164.2>147.0 20

L-苏氨酸 (-) 118.1>74.1 20

L-色氨酸 (-) 203.3>116.0 20

2-氨基丁酸 (+) 104.1>58.1 35

γ-氨基丁酸（GABA） (+) 104.2>45.0 20

L-谷氨酰胺 (+) 147.1>84.2 20

L-亮氨酸 /L-异亮氨酸 (+) 132.1>86.2 20
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Next, we rapidly analyzed brain metabolites (0.2 min per 
analysis) without any pretreatment. The metabolites in the 
frontal cortex of a model group of mice administered a drug 
to disrupt energy metabolism in the brain (AM-2201) and a 
control group of mice were analyzed by DPiMS/MS. 
Multivariate analysis (PLS-DA) results are shown in Fig. 2. 
Since the metabolome of the model group and the control 
group is clearly separated as shown in Fig. 2 (a), we can see 
that the metabolome profile differs between the groups. 
Using the loading plot shown in Fig. 2 (b), it is possible to 
identify the metabolites that differ greatly between the two 
groups. In this case, we can see that metabolites such as 
glutamic acid and succinic acid differ greatly. These results 
match well with the metabolome analysis results using a 
GC/MS/MS system introduced previously, indicating that 
the DPiMS-8060 is capable of obtaining metabolome 
analysis results of the same level as with existing methods 
even without any pretreatment. 

 

Results of Multivariate Analysis of Frontal Cortex 
Metabolites of the Control Group and the Model Group 

 

Since the probe used for sampling and ionization is ultrafine 
with a tip diameter of about 700 nm, the DPiMS-8060 may 
be applicable to distribution analysis of extremely minute 
areas. We next therefore analyzed the metabolites in the 
frontal cortex and the hippocampus using the DPiMS-8060. 
The results are shown in Fig. 3. As indicated by the results, 
direct analysis of the difference in the local distribution of 
frontal cortex and hippocampus metabolites was successful 
without pretreatment. Upon evaluating matrix effects 
regarding the frontal cortex and hippocampus using 
glutamic acid labeled with a stable isotope, no significant 
difference was observed between the two (Fig. 4). 

 

Results of Multivariate Analysis of Metabolites 
in the Frontal Cortex and Hippocampus 

 

 

A Comparison of Matrix Effects Regarding 
the Frontal Cortex and Hippocampus 

 

 Conclusion 
We confirmed that brain metabolites can be detected very 
easily and rapidly without any complex pretreatment by 
using the new DPiMS-8060 mass spectrometer, even for 
brain samples with high lipid content. 
In addition, by taking advantage of the fact that an 
ultrafine probe is used, local analysis of brain metabolites 
is also possible. 
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■结论
使用新型 DPiMS-8060质谱仪可在不进行任何复杂预处理的

情况下快速轻松地检测脑部代谢物以及含高脂类的脑部样品。
另外，使用超细微创探针，也可对脑部代谢物进行局部分析。

由于采用了尖端直径约 700 nm的超细微创探针用作采样和
电离，因此 DPiMS-8060适用于分析超微区域的分布。接着，我
们使用 DPiMS-8060分析了额叶皮质和海马体中的代谢物，结果
见图 3。如图 3和图 4所示，在没有预处理的情况下成功地直接
分析了额叶皮质和海马体代谢物中的局部分布差异。在使用标记
有稳定同位素的谷氨酸评估关于额叶皮质和海马体的基质效应
时，未发现两组间有显著差异（图 4）。

在没有任何预处理的情况下快速分析了脑部代谢物（分析时
间 0.2min）。使用 DPiMS/MS分别对模型组中小鼠（给药以扰乱
脑中的能量代谢）（AM-2201）和对照组中小鼠的额叶皮质代谢
物进行分析。图 2所示为多元分析（PLS-DA）结果。如图 2(a)所
示，模型组和对照组中的代谢组明显分离，可以看出两组之间的
代谢组特征是不同的。图 2(b)所示的载荷图可以确定两组之间的
代谢物差异很大。在此示例中，我们可以看到谷氨酸和琥珀酸等
代谢物差异很大。这些结果与使用前期推出的 GC/MS/MS系统所
获得的代谢组分析结果高度吻合，因此表明 DPiMS-8060可在不
进行任何预处理的情况下获得与现有方法同等级别的代谢组分析
结果。
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图 3 额叶皮质和海马体中代谢物的多元分析结果

图 4 比较额叶皮质和海马体的基质效应
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In addition, by taking advantage of the fact that an 
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is also possible. 
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Next, we rapidly analyzed brain metabolites (0.2 min per 
analysis) without any pretreatment. The metabolites in the 
frontal cortex of a model group of mice administered a drug 
to disrupt energy metabolism in the brain (AM-2201) and a 
control group of mice were analyzed by DPiMS/MS. 
Multivariate analysis (PLS-DA) results are shown in Fig. 2. 
Since the metabolome of the model group and the control 
group is clearly separated as shown in Fig. 2 (a), we can see 
that the metabolome profile differs between the groups. 
Using the loading plot shown in Fig. 2 (b), it is possible to 
identify the metabolites that differ greatly between the two 
groups. In this case, we can see that metabolites such as 
glutamic acid and succinic acid differ greatly. These results 
match well with the metabolome analysis results using a 
GC/MS/MS system introduced previously, indicating that 
the DPiMS-8060 is capable of obtaining metabolome 
analysis results of the same level as with existing methods 
even without any pretreatment. 
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Since the probe used for sampling and ionization is ultrafine 
with a tip diameter of about 700 nm, the DPiMS-8060 may 
be applicable to distribution analysis of extremely minute 
areas. We next therefore analyzed the metabolites in the 
frontal cortex and the hippocampus using the DPiMS-8060. 
The results are shown in Fig. 3. As indicated by the results, 
direct analysis of the difference in the local distribution of 
frontal cortex and hippocampus metabolites was successful 
without pretreatment. Upon evaluating matrix effects 
regarding the frontal cortex and hippocampus using 
glutamic acid labeled with a stable isotope, no significant 
difference was observed between the two (Fig. 4). 

 

Results of Multivariate Analysis of Metabolites 
in the Frontal Cortex and Hippocampus 

 

 

A Comparison of Matrix Effects Regarding 
the Frontal Cortex and Hippocampus 

 

 Conclusion 
We confirmed that brain metabolites can be detected very 
easily and rapidly without any complex pretreatment by 
using the new DPiMS-8060 mass spectrometer, even for 
brain samples with high lipid content. 
In addition, by taking advantage of the fact that an 
ultrafine probe is used, local analysis of brain metabolites 
is also possible. 
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Next, we rapidly analyzed brain metabolites (0.2 min per 
analysis) without any pretreatment. The metabolites in the 
frontal cortex of a model group of mice administered a drug 
to disrupt energy metabolism in the brain (AM-2201) and a 
control group of mice were analyzed by DPiMS/MS. 
Multivariate analysis (PLS-DA) results are shown in Fig. 2. 
Since the metabolome of the model group and the control 
group is clearly separated as shown in Fig. 2 (a), we can see 
that the metabolome profile differs between the groups. 
Using the loading plot shown in Fig. 2 (b), it is possible to 
identify the metabolites that differ greatly between the two 
groups. In this case, we can see that metabolites such as 
glutamic acid and succinic acid differ greatly. These results 
match well with the metabolome analysis results using a 
GC/MS/MS system introduced previously, indicating that 
the DPiMS-8060 is capable of obtaining metabolome 
analysis results of the same level as with existing methods 
even without any pretreatment. 

 

Results of Multivariate Analysis of Frontal Cortex 
Metabolites of the Control Group and the Model Group 

 

Since the probe used for sampling and ionization is ultrafine 
with a tip diameter of about 700 nm, the DPiMS-8060 may 
be applicable to distribution analysis of extremely minute 
areas. We next therefore analyzed the metabolites in the 
frontal cortex and the hippocampus using the DPiMS-8060. 
The results are shown in Fig. 3. As indicated by the results, 
direct analysis of the difference in the local distribution of 
frontal cortex and hippocampus metabolites was successful 
without pretreatment. Upon evaluating matrix effects 
regarding the frontal cortex and hippocampus using 
glutamic acid labeled with a stable isotope, no significant 
difference was observed between the two (Fig. 4). 
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 Conclusion 
We confirmed that brain metabolites can be detected very 
easily and rapidly without any complex pretreatment by 
using the new DPiMS-8060 mass spectrometer, even for 
brain samples with high lipid content. 
In addition, by taking advantage of the fact that an 
ultrafine probe is used, local analysis of brain metabolites 
is also possible. 
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Next, we rapidly analyzed brain metabolites (0.2 min per 
analysis) without any pretreatment. The metabolites in the 
frontal cortex of a model group of mice administered a drug 
to disrupt energy metabolism in the brain (AM-2201) and a 
control group of mice were analyzed by DPiMS/MS. 
Multivariate analysis (PLS-DA) results are shown in Fig. 2. 
Since the metabolome of the model group and the control 
group is clearly separated as shown in Fig. 2 (a), we can see 
that the metabolome profile differs between the groups. 
Using the loading plot shown in Fig. 2 (b), it is possible to 
identify the metabolites that differ greatly between the two 
groups. In this case, we can see that metabolites such as 
glutamic acid and succinic acid differ greatly. These results 
match well with the metabolome analysis results using a 
GC/MS/MS system introduced previously, indicating that 
the DPiMS-8060 is capable of obtaining metabolome 
analysis results of the same level as with existing methods 
even without any pretreatment. 

 

Results of Multivariate Analysis of Frontal Cortex 
Metabolites of the Control Group and the Model Group 

 

Since the probe used for sampling and ionization is ultrafine 
with a tip diameter of about 700 nm, the DPiMS-8060 may 
be applicable to distribution analysis of extremely minute 
areas. We next therefore analyzed the metabolites in the 
frontal cortex and the hippocampus using the DPiMS-8060. 
The results are shown in Fig. 3. As indicated by the results, 
direct analysis of the difference in the local distribution of 
frontal cortex and hippocampus metabolites was successful 
without pretreatment. Upon evaluating matrix effects 
regarding the frontal cortex and hippocampus using 
glutamic acid labeled with a stable isotope, no significant 
difference was observed between the two (Fig. 4). 
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 Conclusion 
We confirmed that brain metabolites can be detected very 
easily and rapidly without any complex pretreatment by 
using the new DPiMS-8060 mass spectrometer, even for 
brain samples with high lipid content. 
In addition, by taking advantage of the fact that an 
ultrafine probe is used, local analysis of brain metabolites 
is also possible. 
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Next, we rapidly analyzed brain metabolites (0.2 min per 
analysis) without any pretreatment. The metabolites in the 
frontal cortex of a model group of mice administered a drug 
to disrupt energy metabolism in the brain (AM-2201) and a 
control group of mice were analyzed by DPiMS/MS. 
Multivariate analysis (PLS-DA) results are shown in Fig. 2. 
Since the metabolome of the model group and the control 
group is clearly separated as shown in Fig. 2 (a), we can see 
that the metabolome profile differs between the groups. 
Using the loading plot shown in Fig. 2 (b), it is possible to 
identify the metabolites that differ greatly between the two 
groups. In this case, we can see that metabolites such as 
glutamic acid and succinic acid differ greatly. These results 
match well with the metabolome analysis results using a 
GC/MS/MS system introduced previously, indicating that 
the DPiMS-8060 is capable of obtaining metabolome 
analysis results of the same level as with existing methods 
even without any pretreatment. 

 

Results of Multivariate Analysis of Frontal Cortex 
Metabolites of the Control Group and the Model Group 

 

Since the probe used for sampling and ionization is ultrafine 
with a tip diameter of about 700 nm, the DPiMS-8060 may 
be applicable to distribution analysis of extremely minute 
areas. We next therefore analyzed the metabolites in the 
frontal cortex and the hippocampus using the DPiMS-8060. 
The results are shown in Fig. 3. As indicated by the results, 
direct analysis of the difference in the local distribution of 
frontal cortex and hippocampus metabolites was successful 
without pretreatment. Upon evaluating matrix effects 
regarding the frontal cortex and hippocampus using 
glutamic acid labeled with a stable isotope, no significant 
difference was observed between the two (Fig. 4). 
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 Conclusion 
We confirmed that brain metabolites can be detected very 
easily and rapidly without any complex pretreatment by 
using the new DPiMS-8060 mass spectrometer, even for 
brain samples with high lipid content. 
In addition, by taking advantage of the fact that an 
ultrafine probe is used, local analysis of brain metabolites 
is also possible. 
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