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Keywords  
1x HXMS undeuterated HXMS buffer, prepared from 100x HXMS buffer by diluting 100x into H2O  

1x HXMS+ deuterated HXMS buffer, prepared from 100x HXMS buffer by diluting 100x into D2O 

100x HXMS 100x concentrated HXMS buffer, prepared in H2O 

Q0, Q1, etc. different types of quench buffers, used to stop the deuterium labeling reaction  

 

General Preparations  
 Calibrate pH-meter 

 Prepare protein stocks, measure pH  

 Prepare HXMS+ (deuterated) and HXMS buffer (undeuterated) and check pH  

 Prepare quench buffer @ pH 2.3, and check that a mixture of 1:1 of 1xHXMS buffer and quench 

buffer gives a solution with pH 2.5  

 Get ice from the room 18.01.012 in the basement of building 18  

 H2O always refers to milliQ H2O!  

 Prior to a local HDX-MS experiment, the intact mass of a protein should be checked & determined 

 All buffers to be injected on the instruments should be spinned at 15.000g for 5min before use. Do 

only use the supernatant!  

 

Preparation of HXMS Buffers and Protein Stocks  
 Unfiltered QO is stored in the +4°C refrigerator (room 18.4.405). Pour from this bottle to avoid 

contamination (do not insert your pipette!)  

 Aliquots of Q1, Q4, Q5, Q8 and Q9 are stored in the -80C freezer.  

 Descriptions of other quench buffers can be found in the protocol SP_01_Buffers and Solvents  

 

Practical Considerations for the HXMS buffer 

As a rule of thumb, the HXMS buffer should be composed according to the formulation of the protein; e.g. 

if the protein is formulated in 20mM TRIS, the HXMS buffer should contain the same amount of TRIS. The 

100x HXMS buffer will then contain 2M TRIS, and is prepared in H2O, and then diluted 100x in either D2O or 

H2O to give 1x HXMS+ or 1x HXMS buffer. The pH of the 100x HXMS buffer should be adjusted such that 

dilution with H2O or D2O to 1x results in the desired pH. The accuracy of the pH should be checked after 

dilution in both D2O and H2O. Be aware, that the measured pH (pDread) of the HXMS+ buffer is 0.2-0.4 pH 

(theoretically 0.4) units higher than the pH of the HXMS buffer because of the solvent isotope effect.  

If the protein you work with requires cofactors, substrates, detergents etc. to function, these should be 

added to the 100x HXMS buffer. An overview of reagents that can be used in the HXMS buffer is given in 

Table 1.  
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Example of preparation of HXMS and HXMS+ buffer  

 

1x HXMS buffer: 20mM Tris pH 7.4, 150mM NaCl  

10μL of 100x HXMS buffer (2M TRIS pH 7.32) is mixed with 990μL H2O in an Eppendorf tube containing a 

dry aliquot of 8.766mg NaCl.  

 

1x HXMS+ buffer: 20mM Tris pH 7.4, 150mM NaCl  

10μL of 100x HXMS buffer (2M TRIS pH 7.32) is mixed with 990μL D2O in an Eppendorf tube containing a 

dry aliquot of 8.766mg NaCl.  

 

Only open the flask containing D2O inside the +4° refrigerator to reduce contamination of H2O in the air.  

 

Table 1 Buffer reagents compatible with HXMS experiments.  

Reagent Example Function Typical concentration 
in 1x HXMS 

Max concentration 
in 1x HXMS 

Salt NaCl, KCl Stabilization/solubilisation 
of the protein 

  

Detergent  Stabilization/solubilisation 
of the protein 

  

Cofactors Ascorbate, 
Metal ions 

Stabilization of the protein 100μM (ascorbate), 
5μM (iron) 

 

Buffer HEPES, 
TRIS 

 12.5mM (HEPES), 
20mM (TRIS) 

 

 

Considerations for sample preparation 
 Avoid taking volumes of less than 1L from the protein stock when preparing the equilibrating 

solution to reduce the risk of losing protein that sticks to the pipette tip 

 When performing series or multiple time points, prepare the labeling solution with 10% excess to 

assure having enough solution for the last aliquot (55L of labeling solution for each injection) 

 Check in advance the relative calibration of the pipettes you are using (i.e. p200 vs p200 or p200 vs 

p1000).  

 

Quench buffer test 
To test which of the quench buffers give the best sequence coverage for peptide mapping, the protein 
should be quenched with different quench buffers (SP_01_Buffers and Solvents). For each of the quench 
buffers tested, you should run: 

 1 MSonly+IMS 

 1 short DDA 

 1 long DDA 
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For each quench buffer tested, there will be 3 injections. To test 4 different quench buffers, it will be a total 
of 12 injections (+10% excess) as in the example below:  
 
For testing 4 different quench buffers: 

Equilibrating x L protein (66l in HXMS)  No incubation needed 

“Labeling” 66l equilibrating + 594l 1x HXMS No incubation needed (no labelling) 

Quenching 50l “labeling” + 50l quench buffer Quickly mix, snap-freeze at -80C 
 
In the quench buffer test, we are only interested in the peptide mapping and not in the labeling, so the 
“labeling” solution is prepared with 1x HXMS buffer.  
 

Organize quench samples in the ice container and label them properly  
When performing an experiment with several different proteins or states, a proper labeling is important to 

maintain the overview when the clock is ticking. Figure 1 shows an example of labelling the tubes correctly. 

Remember to both label the side and the lid of the Eppendorf tube.  

 

Before starting a labeling experiment, you should label all tubes required for the experiment:  

 Tubes for equilibration prior to labeling (e.g. with and without ligand)  

 Tubes containing quench buffer (after different times of labeling, for different conditions): for 5 

times points and two conditions, these will be 10 tubes  

 Tubes for the deuterated HXMS+ buffer and undeuterated HXMS buffer  

 

The tubes containing the quench buffer should be submerged in ice-water to reach a temperature as close 

to 0C as possible; they should be on ice for at least 30min prior to quenching.  

 

 
Figure 1 The letter is an abbreviation of the protein in the sample (here NGF). The first number refers to this 

samples’ number in a series of replicates and the last number in brackets refers to the sample number in a 

time series. So, this is a sample containing NGF, replicate 1, time point 1.  
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Multi-state HDX-MS Analysis  
If the effect of ligand binding on a protein should be investigated by HDX-MS, the HDX of the protein will be 

determined in two different states; in the presence and absence of ligand. The ligand should be used in an 

excess to ensure sufficient occupancy of the protein with the ligand. Prior to the labeling reaction, the 

protein should be equilibrated with the ligand to allow target engagement at equilibrium (typically 30min 

at room temperature). The amount of ligand that has to be used in the equilibrating step to ensure 

sufficient target engagement during the labeling reaction can be calculated using an Excel spreadsheet 

available from Kasper.  

 

Important points:  

 Preparation of the ligand solution: in 1x HXMS buffer, the pH should be checked and be identical to 

that of pure 1x HXMS buffer  

 The protein solution should be centrifuged prior to use for 5-10min at max. speed to remove 

aggregates; if the centrifuge is too warm, the rotor can be placed in the -80°C freezer for 5min prior 

to centrifugation  

 The protein should be equilibrated with  

a) HXMS buffer as a control (state 1)  

b) Ligand solution in HXMS buffer (state 2)  

both samples should be treated identically, for practicality, their equilibration times can e.g. be 

spaced by 5min to allow sufficient time between the different quench time points.  

 

In a typical multi-state protein-ligand HDX-MS experiment, the volumes used in the different steps are as 

follows: 

 

For 1 time point:  

Equilibration 

Labeling 

Quenching 

x μL protein + y μL ligand (where x+y = 5μL) 

5μL equilibration sample + 45μL 1x HXMS+ 

50μL labeling sample + 50μL quench buffer 

Incubate 30min at RT 

Incubate for z min 

Quickly mix, snap-freeze at -80°C 

 

For 5 time points:  

Equilibration 

Labeling 

Quenching 

x μL protein + y μL ligand (where x+y = 25μL) 

25μL equilibration sample + 225μL 1x HXMS+ 

50μL labeling sample + 50μL quench buffer 

Incubate 30min at RT 

Incubate for e.g. 15sec/1min/etc. 

Quickly mix, snap-freeze at -80°C 

 

When performing a series, increase the volume of the labeling solution with 10% to ensure having enough 

sample for all time points.  

 

  



 6 

Protein amounts for global and local HXMS Analysis on the G2si  
The amount of protein needed to obtain sufficient MS signal intensity should be checked before starting 

the labeling reaction. Remember that deuteration will decrease the intensity somewhat (2-3 fold) so take 

that into consideration when determining the amount of needed protein.  

 

The typical amounts needed is: 

 

In a global HDXMS experiment, e.g. 20pmol of protein are loaded onto the system per injection. 

 

In a local HDXMS (MSe) experiment, e.g. 20pmol of protein are loaded onto the system per injection. 

 

In a local HDXMS (MS only) experiment, e.g. 10pmol of protein are loaded onto the system per injection.  

 

Table 2 Protein Concentrations in the different steps. 

 Protein amount 

per injection 

Concentration of 

protein in 

labelling solution 

(V=5μL) 

Concentration of 

protein in 

labelling solution 

(V=50μL) 

Concentration of 

protein after 

quench 

(Vtotal=100μL) 

Global 20pmol 4μM 0.4μM 0.2μM 

Local (MSe) 25pmol 5μM 0.5μM 0.25μM 

Local (MS only) 10pmol 2μM 0.2μM 0.1μM 

 

The dilution upon labeling is normally 1:10 or higher; meaning that 5μL equilibrating solution are diluted 

into 45μL 1x HXMS+ buffer.  

 

The quench step dilutes the sample 1:1; meaning that 50μL labeling solution are quenched by the addition 

of 50μL quench buffer.  
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Performing the experiment  
The first time point (15sec) is the most difficult one to perform correctly. Before you start, have the 

following equipment ready in front of you:  

 

200-1000μL pipette (p1000) with a fresh pipette tip  

20-200μL pipette (p200) set on 50μL with a fresh pipette tip  

HX sample stock 

1x HXMS+ buffer 

Timer  

 

  
Figure 2 Example of the essential equipment for performing an HDX experiment. 

 

Start the watch and wait one minute before diluting the HX sample stock 10 times with HXMS+ buffer. In 

the meantime, open the correct Eppendorf tube in the ice bath containing quench buffer.  

 

At 45sec suck the required volume of 1x HXMS+ buffer up into a pipette. At 1min 00sec dilute the HXMS 

protein stock 10 times with 1x HXMS+ buffer and quickly mix the solution by pumping 3 times (not too 

rough as you might spill) with the pipette (labeling solution). Place the labeling solution into the rack in 

front of you while you fetch a pre-set pipette of 50μL. Draw out 50μL of the labeling solution and place the 

pipette tip on the top of the Eppendorf tube containing quench buffer from the ice bath. This state should 

be reached around 1min 10sec. Wait until 1min and 15sec and pour the pipettes content into the quench 

buffer. Quickly in one continuous movement: close the lid, swirl on the mixer and place in the -80C 

freezer.  
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Figure 3 Waiting position before emptying the pipette into the quench buffer. 

 

For the following timepoints: 10sec in advance pull out 50μL of the HX sample stock and fetch the correct 

Eppendorf tube containing quench buffer in the ice bath. When the time point is reached release the 

pipettes contents into the Eppendorf tube. Quickly in one continuous movement: close the lid, swirl on the 

mixer and place in the -80C freezer. 

 

Maximum-labeled control (MX control) 
To control the back-exchange of your protein and HDX-MS system and help understand the HDX behaviour 

of your protein, a maximally-deuterated sample should be prepared and run on the system. The back-

exchange can then be calculated by calculating the %deuteration of several peptides: It is assumed that all 

peptides are fully deuterated; meaning that each amino acid can exchange one deuterium – except for the 

N-terminal residue, and proline residues. For the peptide sequence MVTGQSGPL this would mean a 

maximum deuterium uptake of 7 deuteriums. From the mass spectrum of the fully deuterated peptide, the 

experimental deuterium uptake can be determined, and the two numbers can be divided to give the 

%back-exchange. This should be done for several peptides (at least 10), and the %back-exchange should be 

averaged. Average back-exchange rates are between 25-45%. See Masson…Rand. Nat. Methods. 2019 for 

more details.  

 

To prepare fully deuterated samples, the protein is incubated with 1x HXMS+ buffer in the presence of 6M 

deuterated guanidine (to assist unfolding of the protein and facilitate full deuteration) for 24hours at room 

temperature or 37°C. Aliquots of deuterated freeze-dried guanidine can be found in the -80C freezer.  

 

Shown below is the volumes required for triplicate of the maximum labeled control: 

 

Maximum-labelled control (x3): 

Equilibrating x l protein (to 20l in HXMS)  No incubation needed 

Labelling 20l equilibrating + 180l 1x HXMS+ (6M Gu) Incubate for 24h 

Quenching 50l labelling + 50l quench buffer Quickly mix, snap-freeze at -80C 
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Reference/Undeuterated Control (0% control) 
As a reference, at least one sample of the undeuterated protein should be run and checked for carry-over 

from deuterated samples. Shown below is the volumes required for a single reference sample: 

 

Reference/undeuterated control (x1): 

Equilibrating x L protein (to 5L in HXMS)  No incubation needed 

“Labelling” 5L equilibrating + 45L 1x HXMS No incubation needed (no labeling) 

Quenching 50L labelling + 50L quench buffer Quickly mix, snap-freeze at -80C 

 

Before running the samples on the Synapt G2si  
 Connect the correct pepsin, analytical, guard and trap columns  

 Make sure there are no leaks  

 Load the correct MS method (MS tune page)  

 Run NaI calibration  

 Do a spec test  

 Check the chromatographic system by running a blank for carry-over from previous runs AT LEAST a 

single MSe control (undeuterated protein)  

 

While running the samples on the Synapt G2si  
 Undeuterated samples (0% controls) are run with MSe methods (CID fragmentation), while 

deuterated samples (labeled) are run with MSonly methods (no fragmentation) 

upon deuterating a protein/peptide, its isotopic distribution gets wider, and the signal intensity 

drops – by excluding the MS/MS fragmentation step, the loss in S/N in the deuterated samples is 

compensated somewhat by only recording data in MS mode (MSonly gives approx.. x2 higher S/N 

than MSe) 

 Check occasionally for leaks. During the runs, monitor pressure and performance of pumps in the 

BSM and ASM window – note any abnormities  

 Always run X washes between all samples (except for MSe runs)  

 Run a blank between the MSe and MSonly samples and check for carry-over and determine the  

number of washes needed – IMPORTANT: the blank buffer injection should be a true blank and 

thus contain the exact buffer composition as an actual HDX-MS sample only without protein. 

 After the first deuterated sample is analysed, run the determined number of washes and a blank to  

check for increased carry-over when injecting deuterated samples 

 Run a blank after running a few deuterated samples to validate acceptable carry-over levels 

 Carry-over between runs should be checked for individual peptides at different retention times and 

should be determined from the signal intensities obtained from the EICs, it should be less than 10%  
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How to perform triplicate analysis  
 Triplicate analysis is performed from different dilutions into the labelling buffer, but the same 

equilibrating solution  

 Run the different time points back-to-back 

 

e.g. if you have triplicates of 15sec HDX of two different states:  

 

Run all 15sec time points with the states alternating  

15sec state 1, replicate 1 

15sec state 2, replicate 1 

15sec state 1, replicate 2  

15sec state 2, replicate 2  

etc.  

 

Ideally, all time points of all states should be run on one day, if that is not possible, please follow the above 

described routine! If you run on two consecutive days, it is not necessary to calibrate the system on the 

second day, but you should run an MSe sample to check that the performance of the system is the same.  

 

Protocol Log:  

 

Date Version Comments/Changes Responsible 

2014-12-16 1.0 New Protocol PSM 

2016-09-01 1.1 Updating to new building and the G2si ET 

2019-03-18 1.2 A few additions LG 

    

    

 

 


