
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Members of the 2D subfamily are critical for the metabolism of drugs in humans, but there are few reagents 
available that alter their expression profile to enable detailed substrate analyses to be performed2. SWATH 
acquisition provides for the first time the ability to discriminate between closely related isoforms (Figure 4) of 
this important group of drug metabolising enzymes and measure expression changes, more specifically the 
down regulation of specific P450s with the use of MC.  
 
Understanding how the drugs affect the system is no longer a single protein question, instead it requires 
looking at the proteins and pathways surrounding the protein. Using ontology trees, the functions can be 
identified and the relationship between proteins can be observed (Figure 5).  
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INTRODUCTION 
 
Metabolism of drugs by the Cytochrome P450 enzyme superfamily is pivotal in determining their 
disposition, safety and efficacy. Since drugs may induce expression of several isoforms of Cytochrome 
P450s, they may enhance their own turnover, increasing the risk of toxic metabolite formation or adverse 
interactions with co-ingested compounds. P450 profiling is a fundamental aspect of drug safety 
evaluation. The Cytochromes P450 enzymes share extensive sequence homology, so that antibodies are 
incapable of discriminating every isoform, and mRNA levels do not always correlate well with protein 
level changes. Thus a method for being able to discriminate against these highly homologous family 
members is important in understanding drug disposition and metabolism.  
 
SWATH® acquisition is a data-independent MS acquisition method for robust quantification which 
enables closely-related proteins to be quantified retrospectively through post-acquisition extraction of 
specific peptides and their fragment ions, and as such, is perfectly suited to P450 profiling. Because 
SWATH acquisition will facilitate even highly homologous proteins to be discriminated; it may also refine 
our understanding of enzyme function. Here we report the results from using SWATH acquisition with 
micro-LC MS/MS to increase the speed of analysis and improve the robustness of analysis while 
maintaining sensitivity.  
 
 

MATERIALS AND METHODS 
 
Sample Preparation: 
Mice (n=4) were exposed to two P450 expression inducers (phenobarbitone (PB) or 3-
methylcholanthrene (MC)), and also to a vehicle control (C). Pools of microsomal fractions were 
prepared from livers and fractionated using HPLC. These protein samples were then reduced, alkylated 
and digested.  
 
Micro LC-MS/MS Conditions: 
Micro-LC-MS/MS analysis was performed on all samples on an Eksigent® system using a micro (1-10 
μL) flow module with a TripleTOF® 6600 mass spectrometer (Sciex, USA). Samples were injected on to a 
YMC trap column (Triart C18, 5 x 0.5 mm 3 μm) at 15 μL/min for 5 minutes. A gradient of 2 to 40% 
acetonitrile + 0.1% formic acid in 45 minutes was performed at 5 μL/min on a YMC Triart C18 column 
(150 x 0.3mm, 3 μm) to elute the peptides.  A library was created from the samples using an information 
dependent method (IDA) acquiring top 30 MSMS per cycle. Individual samples were then acquired using 
variable window SWATH® acquisition consisting of 100 windows and accumulation times of 50 ms which 
were then used post acquisition for relative quantification of proteins.  
 
Data Processing: 
An extensive microsomal protein ion library was generated by processing the 2D data with ProteinPilot™ 
software. This ion library along with the individual SWATH® Acquisition datafiles were uploaded to the 
BaseSpace cloud environment (Illumina) using the CloudConnect microapp and the data was processed 
using OneOmics™ project applications (Figure 1). 
 
The ProteinPilot™ library and SWATH files are extracted using the Protein Extractor prior to processing 
using the Experiment Manager where settings can be uploaded for the sample types, number of 
biological replicates and number of technical replicates.  Data can then be pushed through Analytics to 
determine statistical information such as Area Variances, FDR metrics, Retention time metrics, Area CVs 
and Dynamic range. Data can also be pushed through the Assembler  which allows for the up and down 
regulation of the proteins to be viewed in the Browser, or through to the  iPathway guide to review 
metabolic pathways that are affected by the changes in protein expression levels. 

CONCLUSIONS 
 
• Algorithms and visualizations available in OneOmics™ project allows us to extensively evaluate our 

protein expression data, analytically and in a biological context 
• Induced and non-induced mice can be differentiated based on their overall protein expression pattern 

and the pattern of the P450 expression changes. 
• SWATH Acquisition provides quantitation of specific peptides to discriminate P450 isoforms and measure 

the induction profile of each 
• 2571 proteins were identified at 1% FDR, of these 31 P450 proteins were identified and 25 were 

quantified using a degree of confidence of 0.70 or higher.  
• Cyp2C50 and Cyp2C54 were each quantified, despite the fact that the proteins share 92% sequence 

identity, and shown to have different expression patterns 
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Figure 6. Evaluating the Pathways Perturbed by PB Treatment of Mice. A more in-depth look at the pathways 
perturbed by the drug treatment can be obtained using iPathwayGuide software. It shows in the case of P450 1A2, 
that the up-regulation of it by PB will affect pathways such as the proteoglycan pathway, retinol metabolism and 
lipid metabolism. It also show how they interact with other pathways, giving a better overall picture of the affect of 
PB on the biological system and how complex the affect of it is. Other P450s such as 2e1 are seen to share the 
same pathways as 1a2 but with a down-regulation due to PB suggesting at these particular points, 1a2 is mostly 
responsible for any enzymatic activity. 
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Figure 1. The OneOmics™ Project in BaseSpace Cloud Environment. After SWATH data is acquired, it can be uploaded 
into the cloud for data extraction and peak group scoring. Next the meta data for the study is defined. To evaluate the MS 
data quality, the Analytics application can be used. Using Assembler, the data is normalized across experimental groups and 
the protein expression differences are determined. To evaluate the protein expression results, the Browser application can 
used. iPathwayGuide allows you to evaluate the results from a biological perspective. Finally for larger datasets, NextBio 
application can be used for cohort level analysis. 

Figure 4. Differential Induction of Cytochrome P450 Enzymes by MC and PB. Again using the Browser application, we 
can view all the protein expression differences in a heat map view. Here we show some of the CYP450s that were 
quantified and the changes (up – orange and down – blue) relative to the vehicle control. The fold change and expression 
confidence are shown in each row, typically a confidence above 0.75 indicates a statistically significant change. Of 31 
P450s identified in this experiment, 25 P450s were quantified in this experiment with a degree of confidence greater than 
0.70.   

Figure 2. Evaluating Normalization Results. The normalization algorithm within Assembler uses Most-Likely-Ratio (MLR) 
normalization. Within the Browser application, the data pre- and post- normalization can be evaluated. (Top) The ratio 
histograms for each sample relative to a reference sample are shown and good alignment of the data around log0 ratio is 
achieved. (Bottom) PCA analysis of the data also shows that the normalization improves the grouping between biological 
replicates within the same experimental groups.   

Figure 5. Gene Ontology Visualization. Confidence level was set to 70% and 10 ontology connections were used as a 
filter to visualize the functions that were affected by PB. In this case, the Response to Drug ontology was one of the 
biological processes implicated as perturbed from the data and clicking on it provides the list of proteins for this ontology 
and their expression levels.  

As expected1, there was a dramatic induction of Cyp2b10 (CP2BA) expression in mouse livers exposed to 
PB (Figure 4). The induction of Cyp2c family members has been less well-characterised. By using specific 
peptides, SWATH acquisition was able to discriminate the different expression profiles of Cyp2c29 (CP2CT), 
2c50 (CY250), 2c54 (CP254) and 2c55 (CP255), despite the high levels of sequence similarity between 
these isoforms.  


