
Precise Column Temperature Control Enables 
Improved Protein Identifi cations in Proteomics 
Shotgun Sequencing Applications
Xiaoyue Jiang, Yi Zhang, and Andreas FR Hühmer
Thermo Fisher Scientifi c, San Jose, CA



2 Precise Column Temperature Control Enables Improved Protein Identi� cations in Proteomics Shotgun Sequencing Applications

Precise Column Temperature Control Enables Improved Protein Identifications in Proteomics Shotgun Sequencing Applications 
Xiaoyue Jiang, Yi Zhang, Andreas FR Hühmer 
Thermo Fisher Scientific, San Jose 

Conclusion 
 Column temperature control increases experimental reproducibility and 

reliability, by generating reduced retention time variations and similar number of 
protein and peptide identifications in replicates.  

 A temperature of 40 ºC was determined to be a good compromise for a 2 hour 
single-run proteomic analysis. 

 For multiple-run proteomic experiments, a combination of identification results 
from different temperature experiments yields a significant increase in 
protein/peptide identifications. 

 Temperature control is an inexpensive and effortless solution for increasing 
protein identification reproducibility or, alternatively, protein identifications. 
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Overview 
Purpose: The effect of temperature control on protein and peptide identifications in a 
shotgun proteomics experiment is evaluated. 

Methods: A tryptic HeLa digest is analyzed using a data-dependent liquid 
chromatography-tandem mass spectrometry (LC/MS) method at multiple 
temperatures. The total number of proteins and peptides are determined by repeated 
injections at the same or variable temperatures and experimental results are 
compared. 

Results: In single bottom-up analysis, 40 ºC provides the most protein and peptide 
identifications. In replicated analyses, combining the results from experiments 
performed at multiple temperatures provides a significant increase in protein/peptide 
identifications compared to the triplicate runs at a single temperature. 

Introduction 
The effect of temperature on peptide and protein separations has been described in 
the past and it is well documented in the literature that increased column temperature 
reduces the retention of most peptides in reverse phase separations [1]. Temperature 
control is routinely used in laboratories today to control peptide elution order and 
increase separation reproducibility for complex peptide mixtures. More importantly, 
increased temperature affects the viscosity of the solvent and allows separation of 
peptides in microscale column formats, which dramatically improves the peak capacity 
for peptide separations of complex mixtures in proteomics shotgun sequencing 
applications. Here we discuss the effect of column heating on protein and peptide 
identifications and use this ability to precisely control the temperature in a microcolumn 
format to deliberately change the elution time of the peptides and therefore improve 
number of identifications in shotgun proteomics experiments. 

Methods  
Sample Preparation and Liquid Chromatography 
A HeLa cell tryptic digest or its strong cation exchange (SCX) fractions were separated 
by a Thermo Scientific™ EASY-nLC 1000 UPLC system with a Thermo Scientific™ 
EASY-Spray™ source and a 50 cm EASY-Spray column. The gradient was over      
100 min at a flow rate of 300 nL/min. Solvent A: 0.1% formic acid in H2O, Solvent B: 
0.1% formic acid in acetonitrile. 

Mass Spectrometry 
The samples were analyzed using a top 15 higher-energy C-trap dissociation (HCD) 
data-dependent tandem MS method on a Thermo Scientific™ Q Exactive™ hybrid 
quadrupole-Orbitrap™ mass spectrometer. The source temperature was set to be 
room temperature, 30 ºC,  35 ºC, 40 ºC, 45 ºC and 50 ºC. Three replicates were 
conducted for each temperature and they were queued randomly.  

Data Analysis 
Total numbers of proteins and peptides were determined by repeated injections at the 
same or variable temperatures and experimental results were compared. The LC-MS 
data were analyzed by Thermo Scientific™ Proteome Discoverer™ software version 
1.4 using the SEQUEST® search engine. Modifications: oxidation (M) and 
carbamidomethylation (C). Missed cleavages: 2. Post translational modifications 
(PTMs) were determined by Preview™ software (Protein Metrics). 

Results  
Effect of temperature control on peptide identification reproducibility  
In this investigation, the mass spectrometry source uses a 50 cm capillary column with 
integrated heater that allows the precise control of temperature for high-performance 
shotgun sequencing applications. 
 
Six different temperatures ranging from room temperature to 50 ºC were selected for 
the HeLa digest analysis. Figure 1 shows the elution time of five randomly selected 
molecules. The retention time becomes shorter at elevated temperatures, which is due 
to the lowered eluent viscosity and reduced backpressure. The peptide elution time for 
the triplicates at the same temperature are very reproducible, with a variation less than 
0.6% RSD in a 140 min experiment, strongly suggesting the benefit of column 
temperature control. 
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FIGURE 6. Numbers of protein groups and peptides identified from combined 
results performed at 40 ºC three times or at 40 ºC, 45 ºC and 50 ºC separately, 
compared to the single-run analysis. 

Temperature effect on single-run proteomics analysis 

The number of identified protein groups and peptides are demonstrated in Figure 2. At 
room temperature, there are 3,064 protein groups and 16,851 peptides (1% FDR) 
identified from 500 ng of lysate. At the optimal temperature of 40 ºC, the identification 
numbers for protein groups and peptides are 3,414 and 19,122 respectively, showing 
an increase of over 10%.  
 
Previous literature has shown that there is linear relationship between peak capacity 
and number of peptide identifications in LC-MS/MS [2], our study confirms that peak 
capacity is clearly determined by peak width, as demonstrated by Formula 1 [3]. 

FIGURE 1. Retention time reproducibility of five randomly selected peptides 
from 500 ng of HeLa sample for triplicate runs at different temperatures. 

FIGURE 2. Numbers of protein groups and peptides identified from 500 ng 
of HeLa whole-cell lysate digest for triplicates and average. 

40 ºC 45 ºC 50 ºC 

Oxidation 13.3% 14.1% 14.4% 

Deamidation 7.4% 8.3% 9.1% 

Gln to Pyro-glu 21.5% 23.2% 25.1% 

In proteomics research, multiple replicates are conducted and results are combined to 
increase proteome coverage. Column temperature control as well as UPLC generates 
optimal reproducibility.  Carefully controlled separation conditions lead to 95% overlap 
in peptide identifications between any two experiments, translating into a relatively 
small contribution of each additional replicate experiment to the total number of new 
peptide and protein identifications.  
 
As discussed earlier, peptide elution and, occasionally, peptide elution order will 
change at different column temperatures and this effect is exploited to decrease the 
overlap between experiments and increase the total number of peptide and protein 
identifications. Figure 5 presents the Venn diagrams showing the total number of 
identified protein groups and peptides by combining three experiments at variable 
temperatures. A combination of runs under three different temperatures demonstrates 
much less identification overlap, thereby increasing the total number of protein/peptide 
identified. We reason that the elution order of the peptides change under different 
temperatures, and peptides which are not selected for identification under one 
temperature can be selected for MS2 under another temperature. Combining triplicates 
performed at 40 ºC results in 3,968 protein groups and 25,774 unique peptides, 
translating into a 16% and 35% increase respectively compared to a single run  
(Figure 6). There is an additional 8% and 25% rise in identified protein groups and 
peptides when switching from triplicate runs at 40 ºC to three separate experiments 
performed at 40 ºC, 45 ºC and 50 ºC. In total, there are 4,219 protein groups and 
30,420 peptides detected using 7 hours of instrument time. This application of precise 
column temperature control is an effortless solution for proteomics users to achieve 
deep mapping of the proteome without any hardware changes to the separation 
system or optimization efforts in the mass spectrometry method. 

Formula 1. In the simplest form, the formula of peak capacity (nc) is shown 
below, where tG is the gradient time and W is the average peak width measured 
at 4ơ (13.4% of the peak height). 
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FIGURE 3. FWHM of five randomly selected peaks at various temperatures. 

To investigate the reason why 50 ºC could not offer the most identifications given its 
highest peak capacity, we extended the gradient to 3 hours for a stronger heating 
effect (Figure 4). Under this condition, the number of peptide identifications for each 
temperature are listed in the following order: 40 ºC > 45 ºC > 50 ºC. 

 
We used Preview software (Protein Metrics) to determine the effect of temperature on 
PTMs (Table 1), in particular on potential in-vitro modifications. The results indicate 
that the percentage of PTMs such as oxidation, deamidation and Gln to Pyro-Glu 
increase at elevated temperatures, suggesting accelerated peptide degradation at  
elevated column temperatures, complicating the peptide mixture even more. 
Therefore, a balance between peak capacity and potential in-vitro modifications should 
be considered for increased peptide identifications in a proteomics experiment.  
Generally, a higher temperature than room temperature would increase the peak 
capacity which can translate into more peptide identifications, but a temperature over 
45 ºC should be avoided with longer gradients (e.g. >3 hours). A temperature of 40 ºC 
under the conditions described here is most suitable for single-run proteomics 
analysis. 

FIGURE 4. Number of protein groups and peptides identified from eight SCX 
fractions of 15 µg HeLa whole-cell lysate digest at 40 ºC, 45 ºC and 50 ºC 

In addition to the performance in chromatography, temperature control also contributes 
to the reproducibility of protein and peptide identifications. Figure 2 clearly illustrates 
the deviation of the protein group and peptide identifications for triplicates, which is 
less than 6%. The fast scanning speed of the Q Exactive MS also enhances 
reproducibility. 

We compared the full width at half maximum (FWHM) of five randomly selected peaks at 
various temperatures (Figure 3). A temperature below 35 ºC leads to noticeably wider 
peaks, and therefore lower peak capacities, which leads to fewer identifications. 

Table 1. Percentage of in-vitro modifications detected at various temperatures. 

Temperature effect on multiple-run proteomics analysis 
 
 
 
 
 

       

FIGURE 5. Venn diagrams showing numbers and overlaps of identified protein 
groups and peptides . 

40 ⁰C combined 40 ⁰C, 45 ⁰C, 50 ⁰C 
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Six different temperatures ranging from room temperature to 50 ºC were selected for 
the HeLa digest analysis. Figure 1 shows the elution time of five randomly selected 
molecules. The retention time becomes shorter at elevated temperatures, which is due 
to the lowered eluent viscosity and reduced backpressure. The peptide elution time for 
the triplicates at the same temperature are very reproducible, with a variation less than 
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FIGURE 6. Numbers of protein groups and peptides identified from combined 
results performed at 40 ºC three times or at 40 ºC, 45 ºC and 50 ºC separately, 
compared to the single-run analysis. 

Temperature effect on single-run proteomics analysis 

The number of identified protein groups and peptides are demonstrated in Figure 2. At 
room temperature, there are 3,064 protein groups and 16,851 peptides (1% FDR) 
identified from 500 ng of lysate. At the optimal temperature of 40 ºC, the identification 
numbers for protein groups and peptides are 3,414 and 19,122 respectively, showing 
an increase of over 10%.  
 
Previous literature has shown that there is linear relationship between peak capacity 
and number of peptide identifications in LC-MS/MS [2], our study confirms that peak 
capacity is clearly determined by peak width, as demonstrated by Formula 1 [3]. 

FIGURE 1. Retention time reproducibility of five randomly selected peptides 
from 500 ng of HeLa sample for triplicate runs at different temperatures. 

FIGURE 2. Numbers of protein groups and peptides identified from 500 ng 
of HeLa whole-cell lysate digest for triplicates and average. 
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In proteomics research, multiple replicates are conducted and results are combined to 
increase proteome coverage. Column temperature control as well as UPLC generates 
optimal reproducibility.  Carefully controlled separation conditions lead to 95% overlap 
in peptide identifications between any two experiments, translating into a relatively 
small contribution of each additional replicate experiment to the total number of new 
peptide and protein identifications.  
 
As discussed earlier, peptide elution and, occasionally, peptide elution order will 
change at different column temperatures and this effect is exploited to decrease the 
overlap between experiments and increase the total number of peptide and protein 
identifications. Figure 5 presents the Venn diagrams showing the total number of 
identified protein groups and peptides by combining three experiments at variable 
temperatures. A combination of runs under three different temperatures demonstrates 
much less identification overlap, thereby increasing the total number of protein/peptide 
identified. We reason that the elution order of the peptides change under different 
temperatures, and peptides which are not selected for identification under one 
temperature can be selected for MS2 under another temperature. Combining triplicates 
performed at 40 ºC results in 3,968 protein groups and 25,774 unique peptides, 
translating into a 16% and 35% increase respectively compared to a single run  
(Figure 6). There is an additional 8% and 25% rise in identified protein groups and 
peptides when switching from triplicate runs at 40 ºC to three separate experiments 
performed at 40 ºC, 45 ºC and 50 ºC. In total, there are 4,219 protein groups and 
30,420 peptides detected using 7 hours of instrument time. This application of precise 
column temperature control is an effortless solution for proteomics users to achieve 
deep mapping of the proteome without any hardware changes to the separation 
system or optimization efforts in the mass spectrometry method. 
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below, where tG is the gradient time and W is the average peak width measured 
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FIGURE 3. FWHM of five randomly selected peaks at various temperatures. 

To investigate the reason why 50 ºC could not offer the most identifications given its 
highest peak capacity, we extended the gradient to 3 hours for a stronger heating 
effect (Figure 4). Under this condition, the number of peptide identifications for each 
temperature are listed in the following order: 40 ºC > 45 ºC > 50 ºC. 

 
We used Preview software (Protein Metrics) to determine the effect of temperature on 
PTMs (Table 1), in particular on potential in-vitro modifications. The results indicate 
that the percentage of PTMs such as oxidation, deamidation and Gln to Pyro-Glu 
increase at elevated temperatures, suggesting accelerated peptide degradation at  
elevated column temperatures, complicating the peptide mixture even more. 
Therefore, a balance between peak capacity and potential in-vitro modifications should 
be considered for increased peptide identifications in a proteomics experiment.  
Generally, a higher temperature than room temperature would increase the peak 
capacity which can translate into more peptide identifications, but a temperature over 
45 ºC should be avoided with longer gradients (e.g. >3 hours). A temperature of 40 ºC 
under the conditions described here is most suitable for single-run proteomics 
analysis. 

FIGURE 4. Number of protein groups and peptides identified from eight SCX 
fractions of 15 µg HeLa whole-cell lysate digest at 40 ºC, 45 ºC and 50 ºC 

In addition to the performance in chromatography, temperature control also contributes 
to the reproducibility of protein and peptide identifications. Figure 2 clearly illustrates 
the deviation of the protein group and peptide identifications for triplicates, which is 
less than 6%. The fast scanning speed of the Q Exactive MS also enhances 
reproducibility. 

We compared the full width at half maximum (FWHM) of five randomly selected peaks at 
various temperatures (Figure 3). A temperature below 35 ºC leads to noticeably wider 
peaks, and therefore lower peak capacities, which leads to fewer identifications. 

Table 1. Percentage of in-vitro modifications detected at various temperatures. 
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FIGURE 6. Numbers of protein groups and peptides identified from combined 
results performed at 40 ºC three times or at 40 ºC, 45 ºC and 50 ºC separately, 
compared to the single-run analysis. 

Temperature effect on single-run proteomics analysis 

The number of identified protein groups and peptides are demonstrated in Figure 2. At 
room temperature, there are 3,064 protein groups and 16,851 peptides (1% FDR) 
identified from 500 ng of lysate. At the optimal temperature of 40 ºC, the identification 
numbers for protein groups and peptides are 3,414 and 19,122 respectively, showing 
an increase of over 10%.  
 
Previous literature has shown that there is linear relationship between peak capacity 
and number of peptide identifications in LC-MS/MS [2], our study confirms that peak 
capacity is clearly determined by peak width, as demonstrated by Formula 1 [3]. 

FIGURE 1. Retention time reproducibility of five randomly selected peptides 
from 500 ng of HeLa sample for triplicate runs at different temperatures. 
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in peptide identifications between any two experiments, translating into a relatively 
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FIGURE 3. FWHM of five randomly selected peaks at various temperatures. 
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less than 6%. The fast scanning speed of the Q Exactive MS also enhances 
reproducibility. 

We compared the full width at half maximum (FWHM) of five randomly selected peaks at 
various temperatures (Figure 3). A temperature below 35 ºC leads to noticeably wider 
peaks, and therefore lower peak capacities, which leads to fewer identifications. 

Table 1. Percentage of in-vitro modifications detected at various temperatures. 

Temperature effect on multiple-run proteomics analysis 
 
 
 
 
 

       

FIGURE 5. Venn diagrams showing numbers and overlaps of identified protein 
groups and peptides . 

40 ⁰C combined 40 ⁰C, 45 ⁰C, 50 ⁰C 
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Precise Column Temperature Control Enables Improved Protein Identifications in Proteomics Shotgun Sequencing Applications 
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Conclusion 
 Column temperature control increases experimental reproducibility and 

reliability, by generating reduced retention time variations and similar number of 
protein and peptide identifications in replicates.  

 A temperature of 40 ºC was determined to be a good compromise for a 2 hour 
single-run proteomic analysis. 

 For multiple-run proteomic experiments, a combination of identification results 
from different temperature experiments yields a significant increase in 
protein/peptide identifications. 

 Temperature control is an inexpensive and effortless solution for increasing 
protein identification reproducibility or, alternatively, protein identifications. 
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Overview 
Purpose: The effect of temperature control on protein and peptide identifications in a 
shotgun proteomics experiment is evaluated. 

Methods: A tryptic HeLa digest is analyzed using a data-dependent liquid 
chromatography-tandem mass spectrometry (LC/MS) method at multiple 
temperatures. The total number of proteins and peptides are determined by repeated 
injections at the same or variable temperatures and experimental results are 
compared. 

Results: In single bottom-up analysis, 40 ºC provides the most protein and peptide 
identifications. In replicated analyses, combining the results from experiments 
performed at multiple temperatures provides a significant increase in protein/peptide 
identifications compared to the triplicate runs at a single temperature. 

Introduction 
The effect of temperature on peptide and protein separations has been described in 
the past and it is well documented in the literature that increased column temperature 
reduces the retention of most peptides in reverse phase separations [1]. Temperature 
control is routinely used in laboratories today to control peptide elution order and 
increase separation reproducibility for complex peptide mixtures. More importantly, 
increased temperature affects the viscosity of the solvent and allows separation of 
peptides in microscale column formats, which dramatically improves the peak capacity 
for peptide separations of complex mixtures in proteomics shotgun sequencing 
applications. Here we discuss the effect of column heating on protein and peptide 
identifications and use this ability to precisely control the temperature in a microcolumn 
format to deliberately change the elution time of the peptides and therefore improve 
number of identifications in shotgun proteomics experiments. 

Methods  
Sample Preparation and Liquid Chromatography 
A HeLa cell tryptic digest or its strong cation exchange (SCX) fractions were separated 
by a Thermo Scientific™ EASY-nLC 1000 UPLC system with a Thermo Scientific™ 
EASY-Spray™ source and a 50 cm EASY-Spray column. The gradient was over      
100 min at a flow rate of 300 nL/min. Solvent A: 0.1% formic acid in H2O, Solvent B: 
0.1% formic acid in acetonitrile. 

Mass Spectrometry 
The samples were analyzed using a top 15 higher-energy C-trap dissociation (HCD) 
data-dependent tandem MS method on a Thermo Scientific™ Q Exactive™ hybrid 
quadrupole-Orbitrap™ mass spectrometer. The source temperature was set to be 
room temperature, 30 ºC,  35 ºC, 40 ºC, 45 ºC and 50 ºC. Three replicates were 
conducted for each temperature and they were queued randomly.  

Data Analysis 
Total numbers of proteins and peptides were determined by repeated injections at the 
same or variable temperatures and experimental results were compared. The LC-MS 
data were analyzed by Thermo Scientific™ Proteome Discoverer™ software version 
1.4 using the SEQUEST® search engine. Modifications: oxidation (M) and 
carbamidomethylation (C). Missed cleavages: 2. Post translational modifications 
(PTMs) were determined by Preview™ software (Protein Metrics). 

Results  
Effect of temperature control on peptide identification reproducibility  
In this investigation, the mass spectrometry source uses a 50 cm capillary column with 
integrated heater that allows the precise control of temperature for high-performance 
shotgun sequencing applications. 
 
Six different temperatures ranging from room temperature to 50 ºC were selected for 
the HeLa digest analysis. Figure 1 shows the elution time of five randomly selected 
molecules. The retention time becomes shorter at elevated temperatures, which is due 
to the lowered eluent viscosity and reduced backpressure. The peptide elution time for 
the triplicates at the same temperature are very reproducible, with a variation less than 
0.6% RSD in a 140 min experiment, strongly suggesting the benefit of column 
temperature control. 
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FIGURE 6. Numbers of protein groups and peptides identified from combined 
results performed at 40 ºC three times or at 40 ºC, 45 ºC and 50 ºC separately, 
compared to the single-run analysis. 

Temperature effect on single-run proteomics analysis 

The number of identified protein groups and peptides are demonstrated in Figure 2. At 
room temperature, there are 3,064 protein groups and 16,851 peptides (1% FDR) 
identified from 500 ng of lysate. At the optimal temperature of 40 ºC, the identification 
numbers for protein groups and peptides are 3,414 and 19,122 respectively, showing 
an increase of over 10%.  
 
Previous literature has shown that there is linear relationship between peak capacity 
and number of peptide identifications in LC-MS/MS [2], our study confirms that peak 
capacity is clearly determined by peak width, as demonstrated by Formula 1 [3]. 

FIGURE 1. Retention time reproducibility of five randomly selected peptides 
from 500 ng of HeLa sample for triplicate runs at different temperatures. 

FIGURE 2. Numbers of protein groups and peptides identified from 500 ng 
of HeLa whole-cell lysate digest for triplicates and average. 

40 ºC 45 ºC 50 ºC 

Oxidation 13.3% 14.1% 14.4% 

Deamidation 7.4% 8.3% 9.1% 

Gln to Pyro-glu 21.5% 23.2% 25.1% 

In proteomics research, multiple replicates are conducted and results are combined to 
increase proteome coverage. Column temperature control as well as UPLC generates 
optimal reproducibility.  Carefully controlled separation conditions lead to 95% overlap 
in peptide identifications between any two experiments, translating into a relatively 
small contribution of each additional replicate experiment to the total number of new 
peptide and protein identifications.  
 
As discussed earlier, peptide elution and, occasionally, peptide elution order will 
change at different column temperatures and this effect is exploited to decrease the 
overlap between experiments and increase the total number of peptide and protein 
identifications. Figure 5 presents the Venn diagrams showing the total number of 
identified protein groups and peptides by combining three experiments at variable 
temperatures. A combination of runs under three different temperatures demonstrates 
much less identification overlap, thereby increasing the total number of protein/peptide 
identified. We reason that the elution order of the peptides change under different 
temperatures, and peptides which are not selected for identification under one 
temperature can be selected for MS2 under another temperature. Combining triplicates 
performed at 40 ºC results in 3,968 protein groups and 25,774 unique peptides, 
translating into a 16% and 35% increase respectively compared to a single run  
(Figure 6). There is an additional 8% and 25% rise in identified protein groups and 
peptides when switching from triplicate runs at 40 ºC to three separate experiments 
performed at 40 ºC, 45 ºC and 50 ºC. In total, there are 4,219 protein groups and 
30,420 peptides detected using 7 hours of instrument time. This application of precise 
column temperature control is an effortless solution for proteomics users to achieve 
deep mapping of the proteome without any hardware changes to the separation 
system or optimization efforts in the mass spectrometry method. 

Formula 1. In the simplest form, the formula of peak capacity (nc) is shown 
below, where tG is the gradient time and W is the average peak width measured 
at 4ơ (13.4% of the peak height). 

1
W
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c

FIGURE 3. FWHM of five randomly selected peaks at various temperatures. 

To investigate the reason why 50 ºC could not offer the most identifications given its 
highest peak capacity, we extended the gradient to 3 hours for a stronger heating 
effect (Figure 4). Under this condition, the number of peptide identifications for each 
temperature are listed in the following order: 40 ºC > 45 ºC > 50 ºC. 

 
We used Preview software (Protein Metrics) to determine the effect of temperature on 
PTMs (Table 1), in particular on potential in-vitro modifications. The results indicate 
that the percentage of PTMs such as oxidation, deamidation and Gln to Pyro-Glu 
increase at elevated temperatures, suggesting accelerated peptide degradation at  
elevated column temperatures, complicating the peptide mixture even more. 
Therefore, a balance between peak capacity and potential in-vitro modifications should 
be considered for increased peptide identifications in a proteomics experiment.  
Generally, a higher temperature than room temperature would increase the peak 
capacity which can translate into more peptide identifications, but a temperature over 
45 ºC should be avoided with longer gradients (e.g. >3 hours). A temperature of 40 ºC 
under the conditions described here is most suitable for single-run proteomics 
analysis. 

FIGURE 4. Number of protein groups and peptides identified from eight SCX 
fractions of 15 µg HeLa whole-cell lysate digest at 40 ºC, 45 ºC and 50 ºC 

In addition to the performance in chromatography, temperature control also contributes 
to the reproducibility of protein and peptide identifications. Figure 2 clearly illustrates 
the deviation of the protein group and peptide identifications for triplicates, which is 
less than 6%. The fast scanning speed of the Q Exactive MS also enhances 
reproducibility. 

We compared the full width at half maximum (FWHM) of five randomly selected peaks at 
various temperatures (Figure 3). A temperature below 35 ºC leads to noticeably wider 
peaks, and therefore lower peak capacities, which leads to fewer identifications. 

Table 1. Percentage of in-vitro modifications detected at various temperatures. 

Temperature effect on multiple-run proteomics analysis 
 
 
 
 
 

       

FIGURE 5. Venn diagrams showing numbers and overlaps of identified protein 
groups and peptides . 

40 ⁰C combined 40 ⁰C, 45 ⁰C, 50 ⁰C 
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reliability, by generating reduced retention time variations and similar number of 
protein and peptide identifications in replicates.  

 A temperature of 40 ºC was determined to be a good compromise for a 2 hour 
single-run proteomic analysis. 

 For multiple-run proteomic experiments, a combination of identification results 
from different temperature experiments yields a significant increase in 
protein/peptide identifications. 

 Temperature control is an inexpensive and effortless solution for increasing 
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Overview 
Purpose: The effect of temperature control on protein and peptide identifications in a 
shotgun proteomics experiment is evaluated. 

Methods: A tryptic HeLa digest is analyzed using a data-dependent liquid 
chromatography-tandem mass spectrometry (LC/MS) method at multiple 
temperatures. The total number of proteins and peptides are determined by repeated 
injections at the same or variable temperatures and experimental results are 
compared. 

Results: In single bottom-up analysis, 40 ºC provides the most protein and peptide 
identifications. In replicated analyses, combining the results from experiments 
performed at multiple temperatures provides a significant increase in protein/peptide 
identifications compared to the triplicate runs at a single temperature. 

Introduction 
The effect of temperature on peptide and protein separations has been described in 
the past and it is well documented in the literature that increased column temperature 
reduces the retention of most peptides in reverse phase separations [1]. Temperature 
control is routinely used in laboratories today to control peptide elution order and 
increase separation reproducibility for complex peptide mixtures. More importantly, 
increased temperature affects the viscosity of the solvent and allows separation of 
peptides in microscale column formats, which dramatically improves the peak capacity 
for peptide separations of complex mixtures in proteomics shotgun sequencing 
applications. Here we discuss the effect of column heating on protein and peptide 
identifications and use this ability to precisely control the temperature in a microcolumn 
format to deliberately change the elution time of the peptides and therefore improve 
number of identifications in shotgun proteomics experiments. 

Methods  
Sample Preparation and Liquid Chromatography 
A HeLa cell tryptic digest or its strong cation exchange (SCX) fractions were separated 
by a Thermo Scientific™ EASY-nLC 1000 UPLC system with a Thermo Scientific™ 
EASY-Spray™ source and a 50 cm EASY-Spray column. The gradient was over      
100 min at a flow rate of 300 nL/min. Solvent A: 0.1% formic acid in H2O, Solvent B: 
0.1% formic acid in acetonitrile. 

Mass Spectrometry 
The samples were analyzed using a top 15 higher-energy C-trap dissociation (HCD) 
data-dependent tandem MS method on a Thermo Scientific™ Q Exactive™ hybrid 
quadrupole-Orbitrap™ mass spectrometer. The source temperature was set to be 
room temperature, 30 ºC,  35 ºC, 40 ºC, 45 ºC and 50 ºC. Three replicates were 
conducted for each temperature and they were queued randomly.  

Data Analysis 
Total numbers of proteins and peptides were determined by repeated injections at the 
same or variable temperatures and experimental results were compared. The LC-MS 
data were analyzed by Thermo Scientific™ Proteome Discoverer™ software version 
1.4 using the SEQUEST® search engine. Modifications: oxidation (M) and 
carbamidomethylation (C). Missed cleavages: 2. Post translational modifications 
(PTMs) were determined by Preview™ software (Protein Metrics). 

Results  
Effect of temperature control on peptide identification reproducibility  
In this investigation, the mass spectrometry source uses a 50 cm capillary column with 
integrated heater that allows the precise control of temperature for high-performance 
shotgun sequencing applications. 
 
Six different temperatures ranging from room temperature to 50 ºC were selected for 
the HeLa digest analysis. Figure 1 shows the elution time of five randomly selected 
molecules. The retention time becomes shorter at elevated temperatures, which is due 
to the lowered eluent viscosity and reduced backpressure. The peptide elution time for 
the triplicates at the same temperature are very reproducible, with a variation less than 
0.6% RSD in a 140 min experiment, strongly suggesting the benefit of column 
temperature control. 
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FIGURE 6. Numbers of protein groups and peptides identified from combined 
results performed at 40 ºC three times or at 40 ºC, 45 ºC and 50 ºC separately, 
compared to the single-run analysis. 

Temperature effect on single-run proteomics analysis 

The number of identified protein groups and peptides are demonstrated in Figure 2. At 
room temperature, there are 3,064 protein groups and 16,851 peptides (1% FDR) 
identified from 500 ng of lysate. At the optimal temperature of 40 ºC, the identification 
numbers for protein groups and peptides are 3,414 and 19,122 respectively, showing 
an increase of over 10%.  
 
Previous literature has shown that there is linear relationship between peak capacity 
and number of peptide identifications in LC-MS/MS [2], our study confirms that peak 
capacity is clearly determined by peak width, as demonstrated by Formula 1 [3]. 

FIGURE 1. Retention time reproducibility of five randomly selected peptides 
from 500 ng of HeLa sample for triplicate runs at different temperatures. 

FIGURE 2. Numbers of protein groups and peptides identified from 500 ng 
of HeLa whole-cell lysate digest for triplicates and average. 

40 ºC 45 ºC 50 ºC 

Oxidation 13.3% 14.1% 14.4% 

Deamidation 7.4% 8.3% 9.1% 

Gln to Pyro-glu 21.5% 23.2% 25.1% 

In proteomics research, multiple replicates are conducted and results are combined to 
increase proteome coverage. Column temperature control as well as UPLC generates 
optimal reproducibility.  Carefully controlled separation conditions lead to 95% overlap 
in peptide identifications between any two experiments, translating into a relatively 
small contribution of each additional replicate experiment to the total number of new 
peptide and protein identifications.  
 
As discussed earlier, peptide elution and, occasionally, peptide elution order will 
change at different column temperatures and this effect is exploited to decrease the 
overlap between experiments and increase the total number of peptide and protein 
identifications. Figure 5 presents the Venn diagrams showing the total number of 
identified protein groups and peptides by combining three experiments at variable 
temperatures. A combination of runs under three different temperatures demonstrates 
much less identification overlap, thereby increasing the total number of protein/peptide 
identified. We reason that the elution order of the peptides change under different 
temperatures, and peptides which are not selected for identification under one 
temperature can be selected for MS2 under another temperature. Combining triplicates 
performed at 40 ºC results in 3,968 protein groups and 25,774 unique peptides, 
translating into a 16% and 35% increase respectively compared to a single run  
(Figure 6). There is an additional 8% and 25% rise in identified protein groups and 
peptides when switching from triplicate runs at 40 ºC to three separate experiments 
performed at 40 ºC, 45 ºC and 50 ºC. In total, there are 4,219 protein groups and 
30,420 peptides detected using 7 hours of instrument time. This application of precise 
column temperature control is an effortless solution for proteomics users to achieve 
deep mapping of the proteome without any hardware changes to the separation 
system or optimization efforts in the mass spectrometry method. 

Formula 1. In the simplest form, the formula of peak capacity (nc) is shown 
below, where tG is the gradient time and W is the average peak width measured 
at 4ơ (13.4% of the peak height). 
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FIGURE 3. FWHM of five randomly selected peaks at various temperatures. 

To investigate the reason why 50 ºC could not offer the most identifications given its 
highest peak capacity, we extended the gradient to 3 hours for a stronger heating 
effect (Figure 4). Under this condition, the number of peptide identifications for each 
temperature are listed in the following order: 40 ºC > 45 ºC > 50 ºC. 

 
We used Preview software (Protein Metrics) to determine the effect of temperature on 
PTMs (Table 1), in particular on potential in-vitro modifications. The results indicate 
that the percentage of PTMs such as oxidation, deamidation and Gln to Pyro-Glu 
increase at elevated temperatures, suggesting accelerated peptide degradation at  
elevated column temperatures, complicating the peptide mixture even more. 
Therefore, a balance between peak capacity and potential in-vitro modifications should 
be considered for increased peptide identifications in a proteomics experiment.  
Generally, a higher temperature than room temperature would increase the peak 
capacity which can translate into more peptide identifications, but a temperature over 
45 ºC should be avoided with longer gradients (e.g. >3 hours). A temperature of 40 ºC 
under the conditions described here is most suitable for single-run proteomics 
analysis. 

FIGURE 4. Number of protein groups and peptides identified from eight SCX 
fractions of 15 µg HeLa whole-cell lysate digest at 40 ºC, 45 ºC and 50 ºC 

In addition to the performance in chromatography, temperature control also contributes 
to the reproducibility of protein and peptide identifications. Figure 2 clearly illustrates 
the deviation of the protein group and peptide identifications for triplicates, which is 
less than 6%. The fast scanning speed of the Q Exactive MS also enhances 
reproducibility. 

We compared the full width at half maximum (FWHM) of five randomly selected peaks at 
various temperatures (Figure 3). A temperature below 35 ºC leads to noticeably wider 
peaks, and therefore lower peak capacities, which leads to fewer identifications. 

Table 1. Percentage of in-vitro modifications detected at various temperatures. 

Temperature effect on multiple-run proteomics analysis 
 
 
 
 
 

       

FIGURE 5. Venn diagrams showing numbers and overlaps of identified protein 
groups and peptides . 

40 ⁰C combined 40 ⁰C, 45 ⁰C, 50 ⁰C 
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