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Analytical methods for protein
structure
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Central hypothesis

Chemical definition of amorphous solids is
possible and can be used to rationally design
solid formulations of protein drugs.

Current paradigm:
chemical environment in amorphous solids is unknowable,

protein conformation in solids can only be measured with low
resolution,

trial-and-error informed by limited physical characterization
is the only possible approach to formulation development.




(HDX) for proteins in solids

y»y Conformation and excipient
interactions with peptide-level
resolution

Y. Li et al., Biotech. Bioeng., 97/6: 1650-1653, 2007

Y. Li et al., Anal. Biochem., 366:18-28, 2007

Y. Li et al. Pharm. Res., 25/2: 259-267, 2008

S. Sinha et al., Biophys. J., 95/12: 5951-5961, 2008

A. Sophocleous et al., Mol. Pharm., 9/4: 718-726, 2012
A. Sophocleous et al., Mo/l. Pharm., 9/4: 727-733, 2012
B.S. Moorthy et al., Mol. Pharm., 11/6: 1869-1879, 2014
B.S. Moorthy et al., JoVE, (98), e52503, 2015




Basic principles of HDX MS analysis

H/D Exchange

Dynamic regions Structured regions
exchange rapidy exchange slowly

Quench
pH 2.5
0°C
Quenching locks in deuterium Digestion localizes the
and unfolds the protein information

http://mvsc.ku.edu/content/hydrogen-deuterium-exchange-mass-spectrometry 5



HDX for lyophilized solids (ssHDX)
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Potential benefits of ssHDX

...and some unknowns

POTENTIAL BENEFITS

4

4

Information on protein structure,
with peptide-level resolution.

Screen formulations and/or
processes for effects on protein
structure.

Obtain fundamental information on
protein structure and dynamics in
amorphous solids.

Obtain fundamental information on
amorphous solids (spatial, dynamic
heterogeneity) with protein as a
reporter.

UNKNOWNS
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Will it work?

Will D,0(g) sorption kinetics
affect the results?

Are HDX results predictive of
storage stability?

How should the results be
interpreted?



Myoglobin (holo)

http://emedicine.medscape.com/article/1007814-overview



Effect of RH on deuterium uptake
Intact protein: Myoglobin / mannitol 1:1, 5 °C
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Effect of RH on deuterium uptake
Intact protein: Myoglobin / sucrose 1:1, 5°C
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HDX in sucrose is less than mannitol
despite similar or greater water content

protein structure/dynamics or spatial
heterogeneity in water content
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Myoglobin peptide map

Pepsin digestion

10 20 30 40 50
—( A O— B O—(C c 0O
GLSDGEWQQV LNVWGKVEAD IAGHGQEVL I RLFTGHPETLEKFDKFKHL K
= - - )
[ 20
| ] 19 28
[ | |
[ I |
| D
S
60 70 80 90 100
—(o 00— E D— ] D——

TEAEMKASED LKKHGTVVLTALGGI LKKKGHHEAE LKPLAQSHATKHKI P

21 22
|
10 | |

110 120 130 140 150
( G O—— H O——
IKYLEF I SDAIIHVLHSKHPGDFGADAQGAMTKALELFRNDIAAKYKELGFQG

2 —
33

[N

i
1|

|

(33

14|



Myoglobin in D,O solution
5 oC

Deuterium
uptake

11-20%




Lyophilized Myglobin: Mannitol
(1:1 w/w), 43% RH, 5 °C

Deuterium
uptake




Lyophilized Myglobin: Sucrose
(1:1 w/w), 43% RH. 5 °C

Deuterium
uptake

11-20%




ssHDX and Storage Stability

Five Mb formulations, one year storage at 25 and 40C

: Formulations
Ingredients

. MbA MbB
Myoglobin (Mb) [ msv//rcv'-’ B | a7 ms\:;lv//rch, 45%
1.7 mg/mL, 45% i
w/w

1.7 mg/mL, 45%
w/wW

Potassium
Phosphate,

0.4 mg/mL, 10%
w/w

0.4 mg/mL, 10%
w/w

MbC MbD MbE
1.7 mg/mL, 45% 3.4 mg/mL, 90% 0.4 mg/mL, 10%
w/w wW/wW w/wW
3.0 mg/mL, 80%
- B w/w

1.7 mg/mL, 45%

w/w
0.4 mg/mL, 10% 0.4 mg/mL, 10% 0.4 mg/mL, 10%
w/w w/w w/w

B.S. Moorthy et al., Mol. Pharm., 11/6: 1869-1879, 2014
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