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Conclusion 

 Smaller amounts of protein results in higher peptide coverage with use of 
the new Orbitrap Elite mass spectrometer 

 Lower H/D exchange in the P-helices regions in presence of c-GMP 

 cGMP results in lower H/D exchange in the leucine zipper  

 Binding of cAMP does not affect the stabilization of the PKG b4-b5 region 
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Overview  

Purpose:  To study the dynamics of the PKGIβ regulatory domain when bound to 
saturating amounts (1mM) of cGMP or cAMP.  

Methods: HDX-MS performed on the PKGIβ  peptides in presence of cGMP or 
cAMP 

Results: New instrumentation provided higher coverage (326 peptides vs. 117) 
using much less protein (3 µg vs. 50 µg) compared to previously acquired results. 
The increased coverage includes H/DX exchange information for the heretofore 
unknown leucine zipper region. 

Introduction 

The cGMP dependent protein kinases (PKGs) regulate key physiological 
processes such as vasodilatation, platelet activation, bone metabolism and 
cerebellar learning.1, 2 Mammalian cells express two isoforms of PKGI (PKGIa 
and PKGIb) which are slice variants from a single gene.  All PKGs have a similar 
domain structure: regulatory (R)-domain at the N-terminus followed by the 
catalytic (C)-domain at the carboxyl-terminus. The R-domain includes an N-
terminal leucine zipper (LZ) region that mediates dimerization and subcellular 
targeting, an auto-inhibitory (AI) sequence that blocks the active site, and tandem 
cyclic nucleotide binding (CNBD-A and CNBD-B) domains (Figures 1, 2). 

FIGURE 3. Orbitrap Elite mass spectrometer and LEAP Dual PAL with 

Ultimate 3000 RSLCnano pumps  

Results  
Higher coverage using Orbitrap Elite instrument 

In a previous study, we used DXMS and Thermo Scientific LCQ ion trap mass 
spectrometer to study modulation of PKG’s cGMP-binding pockets by the N-
terminal leucine zipper and autoinhibitory domains.3  In those studies we used 50 
µg protein per sample and obtained 117 peptides for PKGIβ 4-352 (Figure 4).   
No peptides were identified within the leucine zipper. Using an improved DXMS 
system consisting of LEAP Dual PAL for sample preparation and injection, 
Thermo Scientific Dionex Ultimate 3000 RSLCnano pumps and the Orbitrap 
EliteTM mass spectrometer, we generated a new peptide map for PKGIβ 4-352.  
Using 3 µg protein per sample we identified 326 peptides which covered 100% of 
the sequence (Figure 5).  This result demonstrates the power of the new system 
to identify a large number of peptides using significantly lower protein amounts. 

 

  

 
FIGURE 7. Coverage of the Leucine Zipper domain  

FIGURE 6. Uptake plots for the P and C helices in the 2nd cyclic domain 

FIGURE 8. B-factor plots of Ca atoms with the b4-b5 regions circled 

 

FIGURE 1. Domain organization of PKG1b 

FIGURE 4. Coverage map previously obtained using LCQ ion trap   

FIGURE 2. Amino acids comprising the different regions in the protein 

construct. Also shown is the amino acid numbering for the regions in the 

expression construct and the protein  

cGMP-bound protein shows decreased H/D exchange in P-helices residues 

Comparison of the unbound- and cGMP-bound data shows the expected 
decrease in H/D exchange within the binding pockets, with a prominent decrease 
in residues within the P-helices (Figure 6).  Also as expected, in the absence of 
the catalytic domain, we observed no pronounced changes in H/D exchange 
within residues comprising the autoinhibitory domain.  

 

 

Novel discovery in the leucine zipper  

Interestingly, cGMP appeared to lower H/D exchange in residues within the 
leucine zipper (amino acids 26-37). This is a novel and unexpected finding, seen 
due to the use of the high-resolution Orbitrap Elite mass spectrometer. We did not 
identify peptides within the leucine zipper in our previous study and we would 
have predicted that hydrogen bonds within the leucine zipper helices would be 
quite stable.  Since residues in this region of the leucine zipper are involved in 
targeting PKGIb to various PKGI-interacting proteins (GKIPs)4, this result 
suggests that cGMP-binding may modulate some PKGIb-GKIP interactions.  
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Figure 9: Uptake plot showing deuterium uptake  in the b4-b5 region  
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FIGURE 5. Coverage map obtained using Orbitrap Elite mass spectrometer 

Methods 

Sample Preparation 

PKGIB 4-352 pRSET (Invitrogen Vector) were expressed in Roseta BL21 E.coli at 
30 °C using LB Media. Bacteria were harvested by centrifugation, resuspended in 
ice-cold 50 mM potassium phosphate and 500 mM NaCl (pH 8.0) and lysed by 
sonication. The lysate was cleared by centrifugation and recombinant proteins were 
purified by nickel affinity chromatography using Profinia resin (BioRad). Eluted 
proteins were concentrated and further purified over a Sepharose 200 HR column 
equilibrated in running buffer (20 mM Tris (pH 7.4), 150 mM NaCl and 5% glycerol). 
The protein concentration of 1.5 mg/mL was calculated from A280. 

All deuterium exchange reactions were performed on ice in a cold room at 4 °C. 
Exchange reactions were initiated by adding 72 µL buffered D2O 

[8.3 mM Tris (pH 7.4) and 150 mM NaCl] to 24 µL purified PKG1β.  At the 
appropriate time points (10s, 100s, 1000s, 10,000s), 24µl of exchange solution was 
quenched by adding to 36 µL of pre-cooled quench buffer of 1.6M GuHCl/0.8 formic 
acid (FA). Equilibrium-deuterated control samples were made by mixing 6ul of 
PKG1B with 18 µL of 100% D2O/0.8% FA and incubating at RT overnight, and then 
quenching by adding 36 µL of cold quench buffer. The quenched samples were split 
into two 30 µL aliquots and frozen on dry ice. Frozen samples were stored at -80 °C 
until analysis by mass spectrometry. To analyze deuterium exchange profiles in the 
presence of cGMP and cAMP, aliquots of purified PKG Iβ proteins were incubated 
with 1 mM cGMP or 1mM cAMP on ice for 3 h before performing exchange 
reactions. 

Subsequently  the samples was passed over an AL-20 pepsin column (16 µL bed 
volume, 30 mg/mL porcine pepsin (Sigma)), at a flow rate of 20 µL/min.  

Liquid Chromatography  

The resulting peptides were collected on a C18 trap (Micrhom MAGICTM C18AQ 
0.2 x 2) and separated using a C18 reversed-phase column (Michrom MAGIC  
3 µm, 200 Å, C18 AQ 0.2 x 50) running a linear gradient of 0.046% (v/v) 
trifluoroacetic acid, 6.4% (v/v) acetonitrile to 0.03% (v/v) trifluoroacetic acid, 38.4% 
acetonitrile over 30 min with column effluent directed into the mass spectrometer.  

Mass Spectrometry 

 
The OrbiTrap Elite Mass Spectrometer was operated in positive ESI mode 
with a sheath gas flow of 8 units, a spray voltage of 4.5 kV, a capillary 
temperature of 200°C, and a S-lens RF of 67%. MS data were acquired in 
both profile and data-dependent mode. The resolution of the survey scan was 
set at 60,000, at m/z 400 with a target value of 1e6 ions and 3 microscans. 
 
The maximum injection time for MS/MS was varied between 25 ms and 200 
ms. Dynamic exclusion was 30s and early expiration was disabled. The 
isolation window for MS/MS fragmentation was set to 2 and the five most 
abundant ions were selected for product ion analysis.   

Data Analysis 

Proteome Discoverer software (Thermo Fisher Sci Inc.) was used to identify the 
sequence of the peptide ions. The centroids of the isotopic envelopes of 
nondeuterated, functionally deuterated and equilibrium-deuterated peptides were 
measured using HDExaminer (Sierra Analytics Inc., Modesto, CA) and then 
converted to corresponding deuteration levels. 

Region Expression construct Protein 

LZ 21-72 4-55 

AI 73-114 56-97 

cNBD-A 
cNBD-B 

115-352 98-369 

No effect on the stabilization of PKG b4-b5 regions on cAMP binding  

Previous X-ray crystallographic data (5) suggested increased dynamics in the b4-
b5 of CNBD-A upon cAMP binding. Our experiment found no such deuterium 
uptake increase and hence conferring no additional instability.  

 

 


