SUPPORTING INFORMATION
Description of file formats for data processing by Deuteros
[bookmark: _Hlk27484941]Two .xls files are included with this manuscript: “State_Data_for_Deuteros” and “Difference_Data_for_Deuteros.” These files show the exact format which is needed for analyzing HDX difference data with Deuteros.1  If generated directly with the specific HDX-processing software used in this protocol, the files will be correctly read by Deuteros.  Otherwise, the user will have to manually generate .xls files using the file structure shown in the supporting files.  A description of the required fields for Deuteros input file is provided below.
“Difference_Data_for_Deuteros” file
· Column A: the peptide amino acid sequence
· Columns B-C: the residue numbering for the start and stop of the peptide
· Column D: Any peptide modification that is present (oxidation, etc.)
· Columns E-H: the deuterium exchange time points included in the analysis.  For this experiment, time points of 0.5, 5, 30, and 240 min were used.  The data in columns E-H represent HDX difference values calculated by subtracting the deuterium uptake of biochemical state 1 from biochemical state 2.
“State_Data_for_Deuteros” file
· Column A: the accession number of the protein (in this case, HalM2)
· Column B-C: the residue numbering for the start and stop of the peptide
· Column D: the amino acid sequence of the peptide
· Column E: lists any peptide modification that might be present
· Column F: The “fragment” column will not be populated with data if the HDX data are collected as described in this protocol.  The column should still be included to ensure that the text file is properly read by Deuteros.
· Column G: the maximum number of deuteria that can be taken up by the peptide.  This value equals the number of peptide bonds – 1 for each Pro resiude (Pro residues do not have a solvent exchangeable amide).
· Column H: The exact (monoisotopic) mass of the molecular ion.
· Column I: the biochemical state as defined in the HDX processing software (protocol step 6.1.1.).  In the sample data show, the biochemical states are the HalM2 enzyme complexed to AMP-PNP, and the HalM2 enzyme complexed to both AMP-PNP and the HalA2 peptide.  Note, the peptide deuterium uptake by these two states were subtracted to give the deuterium difference data located in the “Difference_Data_for_Deuteros” file.
· Column J: the deuterium exposure time (in minutes)
· Column K: the centroid mass of the signal, which is calculated as a weighted distribution of the observed isotope peaks.
· Column L:  the standard deviation of the centroid mass as determined by the biological replicates included in the data set.
· Column M and N:  The deuterium uptake and its standard deviation (in units of Da).
· Column O-P: the peptide chromatographic retention time and standard deviation
Instrumental Settings
The following sections provide settings for HDX-MS data acquisition on a high-resolution electrospray ionization quadrupole time-of-flight mass spectrometer coupled to a liquid chromatography system as described by Thibodeaux and co-workers.2  There are three portions to the instrumental settings detailed here, the “MS Tune” page settings, the “MS Method” and the “Inlet Method.”  Together, these parameters establish the ionization conditions in the ESI source, the parameters necessary to effect the gas phase ion mobility separation, the collection of both MS and MSMS data, as well as all chromatographic conditions needed for sample digestion by the pepsin column and analytical separation of the peptic peptides on the analytical C18 column.  When used in combination, these instrument and data acquisition settings will provide suitable initial HDX-MS data for most proteins
I. MS Tune
These parameters are defined in the “MS Tune” window of the mass spectrometry data acquisition software.  Start by placing the instrument in mobility-TOF mode, positive ion mode, resolution mode, and MS mode.  Populate the settings in the various tabs of the MS Tune page with the following values:
· ES+ 
· Source
· Capillary (kV) = 2.8
· Sampling Cone = 30 
· Source Offset = 30
· Temperature
· Source = 80
· Desolvation = 175
· Gas Flows
· Cone Gas (L/h) = 50
· Desolvation Gas (L/h) = 400
· Nebulizer (Bar) = 6.5
· Instrument
· Trap collision energy – off
· Transfer collision energy – off
· Detector Control
· Automatic detector check – not checked
· Gas Controls
· Enable manual control – checked
· Trap = 2.0
· Helium cell = 180
· IMS = 90.0
· Resolving Quadrupole – not changeable in MS mode
· TriWave DC
· Trap DC
· Enable manual control – checked
· Entrance= 3
· Bias=45
· Trap DC=0
· Exit= 0
· IMS DC
· Enable manual controls- checked 
· Entrance= 20
· Helium Cell DC= 50
· Helium Exit= -20
· Bias= 3.0
· Exit= 0
· Transfer DC
· Enable manual controls- checked 
· Entrance=5.0
· Exit=15
· TriWave
· Trap 
· Enable Manual Controls- not checked 
· IMS 
· Enable Manual controls- checked 
· Wave Velocity(m/s) =650
· Wave Height(v) = 40.0
· Transfer 
· Enable Manual controls- checked
· Wave Velocity=175
· Wave Height= 4.0
· Quad Profile 
· Quadrupole Options= Manual Profile 
· Quadrupole MS Profile 
· 1) Mass = 400, Dwell Time (% Scan Time) = 25, Ramp Time( %Scan Time) = 25
· 2) Mass = 600, Dwell Time (% Scan Time) = 25, Ramp Time( %Scan Time) = disable
· 3) Mass = 800
· RF setting 
· StepWave RF Amplitude auto values 
· StepWave=300 volts 
· Ion Guide= 350 volts 
· TriWave RF Amplitude 
· Trap=300 volts
· IMS( Mobility) 250 volts 
· Transfer= 350 volts

· Step Wave
· StepWave 1
· Enable Manual Controls- checked 
· Enable Reverse Operation- not checked 
· Wave velocity(m/s)=300
· Wave Height(V)= 30.0
· StepWave 2
· Enable Manual controls- checked
· Wave velocity(m/s)=200
· Wave Height(V)= 30.0
· StepWave DC
· Enable Manual controls- checked
· StepWave 2 offset= 20
· Diff Aperture 1=0.0
· Diff Aperture 2= 0.0
· Source Ion Guide  
· Enable Manual controls- checked
· Wave Velocity(m/s)=300
· Wave Height (V)=1.0
· RF setting 
· Enable Manual controls- checked
· Step/Wave= 200
· Ion Guide= 350
· IMS-Config 
· IMS Wave Height 
· Use Variable IMS Wave Height- not checked 
· IMS Wave Velocity 
· Use Variable IMS Wave Velocity-checked 
· Wave Velocity Ramping- checked 
· Start Velocity (m/S)=900
· End Velocity (m/S)=300
· Ramp Over Full IMS Cycle-checked
· Trapping 
·  Targeted Enhancement 
· Use Targeted Enhancement-not checked 
· Target Enhancement Wave= 556.0
· No Wideband Enhancement Table File Selected 
· Mobility Trapping 
· Use Manual Release-checked 
· Release Time(µs)= 500
· Trap Height(V)= 15.0
· Extract Height(V)=0.0
· Mobility Delay
· Trim Drigt Time for wave velocities- not checked 
· Enable Mobility separation delay after Trap release-checked 
· IMS Wave delay( µs)= 450
II. MS Method
These parameters are defined in the "MS Method" window of the mass spectrometry data acquisition software.  Start by creating a new HDMSE function, then update the fields in the various tabs of the window with the values provided below.  Note, the HDMSE protocol given here is only needed during data collection for the reference files.  When collecting data for deuterated samples, the “High Energy” function under the “Collision Energy” tab is not needed.  For these samples, the user should create an analogous “HDMS” method that lacks high energy peptide fragmentation steps.
· Acquisition
· Acquisition Times
· Start Time = 0 min
· End Time = 12 min
· Source
· ES
· Acquisition Mode
· Polarity – positive
· Analyzer mode – resolution
· TOF MS
· Da Range
· Acquire MSe data over the range
· Low Mass – 100 Da
· High Mass – 2000 Da
· Scanning Conditions
· Scan Time – 0.4 sec
· Data format – continuum
· Mobility
· Instrument conditions
· Override IMS wave velocity in tune file – unchecked
· Override transfer wave velocity in tune file – unchecked
· Function 1 – Low Energy
· Apply rule file for charge state/Drift time stripping – unchecked
· Function 2 – High Energy
· Apply rule file for charge state/Drift time stripping – unchecked
· Collision Energy
· Function 1 – Low Energy
· Trap collision energy – on – 6 V
· Transfer collision energy – off
· Function 2 – High Energy
· Ramp trap collision energy – off
· Ramp transfer collision energy
· Use collision energy ramp – 21 to 44 V
· Cone Voltage – all default settings
· Lockmass
· Collect lockmass – do not apply correction
III. Inlet Method
All of the following settings are defined in the Inlet Method window provided by the mass spectrometry data acquisition software.  For HDX data acquisition, a "trapping" method is used.  The trapping method has two phases – a 3 min trapping phase where the auxiliary solvent manger (ASM, a binary HPLC pump) is pushing sample through the pepsin column to the trapping column, and a 12 min analytical phase where µBinary Solvent Manager (BSM, a second binary HPLC pump) is eluting the peptic peptides from the trap column onto the C18 analytical column and is separating the peptides with an acetonitrile gradient.  In our method, ASM pump A is used to push the sample through the pepsin column with 0.1% formic acid in water.  ASM pump B is used to deliver the GluFib lockmass solution to the ESI source.  BSM pumps A and B deliver water (0.1% FA) and acetonitrile (0.1% FA), respectively. The following lists the exact settings on all tabs of the Inlet Method window.  
· Mode – trapping
· Run time – 12 min
· Loading time – 3 min
· µBinary Solvent Manager (the HPLC pump that runs the analytical column)
· Trapping Tab
· Pressure limits
· Low – 0 psi
· High – 15000 psi
· Gradient
	Time
(min)
	Flow
(µL/min)
	%A
	%B
	Curve

	initial
	40.000
	95.0
	5.0
	Initial






· Analytical Tab
· Solvents: A1 – water, B1 – acetonitrile
· Pressure limits: Low – 0 psi, high – 15000 psi
· Seal wash – 30 min
· Gradient
	Time
(min)
	Flow
(µL/min)
	%A
	%B
	Curve

	initial
	40.000
	95.0
	5.0
	Initial

	7.00
	40.000
	65.0
	35.0
	6

	8.00
	40.000
	25.0
	75.0
	6

	10.00
	60.000
	25.0
	75.0
	6

	11.00
	40.000
	95.0
	5.0
	6









· Data
· Select data channels to acquire
· System pressure – checked
· Measured flow rate A – checked
· Measured flow rate B – checked
· Auxiliary Solvent Manager
· Trapping
· Pump A flow table 
· time – initial, flow = 100 µL
· pressure limit: low = 0, high = 15000 psi
· Pump B flow table: 
· time – initial, flow = 10 µL
· pressure limit: low = 0, high = 15000 psi
· Analytical
· Solvent: A1 and B1, water
· Pump A flow table
· Time – initial, flow = 25 µL/min
· pressure limit: low = 0, high = 15000 psi
· Pump B flow table
· Time – initial, flow = 10 µL/min
· pressure limit: low = 0, high = 15000 psi
· Advanced tab
· Select one or more pumps to enable load ahead
· Nothing selected
· Specify a trapping pump to enable multi load
· Disable multi-load – checked
· Specify flow rate behavior when a valve change position
· [bookmark: _GoBack]Desired flowLis rate is applied immediately - checked
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