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> Native MS

» Variable Temperature ESI
» Design
» Implementation

» HSP60 Chaperonin GroEL
» Structure and Function

» Ligand Binding Thermodynamics with GroEL-ATP
» Enthalpy-Entropy Compensation
» Difficulties with Hydrolysis
» Advantages of MS-guided Thermodynamic Measurements
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| VT-ESI Device

Amendable to Static Spray ESI

3-tier P-Chip

| Quick temperature response (<1
ST T Can be 3D Printed or Machined

Heated Capillary
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Chip
Static NanoESI
Heat Exchanger

Custom vT-ESI Power Supply
- Safe and portable

g - USB Interface
Solidworks Rendering of vT-ESI Device Custom vT-ESI Power Supply Can heat and COO|

McCabe, et al. Anal. Chem. 2021, 93, 18, 6924—-6931
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HSP60 Chaperonin GroEL




Ranson, N. A., et al. Cell 2001, 107 (7), 869-79.

GroEL

801 kDa tetradecamer
complex

Composed of 2 stacked
heptameric rings

Primary function is to fold
proteins to their native state
Utilizes ATP hydrolysis

Can bind 14 Mg-ATP
molecules

Operates in conjunction with
co-chaperonin GroES

Kudryavtseva, S. S., et al. Sci Rep 2021, 11 (1), 18241.



Temperature Dependent Degradation
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High charge GroEL,: species
becomes abundant

« Potential self preservation
mechanism

Walker, T. E., et al. 3 Am Chem Soc 2022, 144 (6), 2667-2678.
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GroES Reaction
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GroEL-ATP, Thermodynamic
Measurements




ATP acts as an allosteric ligand enabling

docking of co-chaperonin GroES Intermediate

« ATP binding has been shown have positive
cooperativity for intra-ring binding

* Negative cooperativity for inter-ring binding Equatoria

QQOQQO
ATP o ada
QQQQQ

GroEL,, o o\

Saibil, H. R., et al. J Mol Biol 2013, 425 (9), 1476-87.
Yifrach, O., et al. Biochemistry 1995, 34 (16), 5303-5308.




Van’t Hoff Analysis for MS Am | TEXAS A&M
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GroEL-ATP Binding in EDDA
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Issues with ATP Binding in AmAcC &Jm

« Ammonium Acetate (AmAcC)
showed a much different
pattern of nucleotide binding
than EDDA. A)

« Mass shift was ~450 Da
rather than 530 Da

 Mg-ADP!

« Hydrolysis in the presence of
NH,* ions

« Hydrolysis deficient mutant
(D398A) was capable of
binding 14 ATP molecules
with elevated level of positive
cooperativity

Todd, M. J., et al. Biochemistry 1993, 32 (33), 8560-8567.

Relative Intensity

500 nM GroEL

200 mM EDDA

1 mM Mg?*
.~ 10 yM ATP

500 nM GroEL
200 MM AmAc
1 mM Mg?*
50 uM ATP

500 nM GroEL D398A %
2

200 mM AmAc
1 mM Mg?*
25 uM ATP

800

801 802 803 804 805 806 807 808 809 810
Mass (kDa)

Viitanen, P. V., et al. Biochemistry 1990, 29 (24), 5665-71.
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Issues with ATP Binding in AmAc A |

« Ammonium Acetate (AmAcC)
showed a much different

pattern of nucleotide binding
than EDDA. A)

« Mass shift was ~450 Da
rather than 530 Da
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* Native MS Is quickly becoming an advantageous
approach to structural biology and biochemistry.

 VT-ESI MS enables the examination of individual binding
reactions for multidentate binding systems.

« Determination of binding entropy and enthalpy

« Disadvantages:
« Limited to "MS-friendly” buffer conditions
* Current methods are not high-throughput
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