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My background

@ BSc in Biochemistry and Molecular Biology from
University of New Mexico HSC
@ Performed researched in a yeast genetics and
chromatin and DNA-repair lab.

@ Technician in a Molecular Epidemiology Lab.
@ Assembled, processed and archived tissue and DNA
samples from cancer patients.
@ Performed functional enzymatic and biochemical
assays on extracts from samples.

@ PhD in Biochemistry and Molecular Biology from
Colorado State University:.
@ Structure function relationship of chromatin and
DNA-repair associated proteins.

@ NIST-Amgen post doctoral fellow.
@ Small angle scattering (SAS) to address industry

questions regarding structure and stability of
biologics.

@ Husband and father of one.
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National Institute of Standards and Technology ¢
Center for Neutron Research (NCNR)

@ Began going to NCINR as a user
(March 2009)

& Attended the MD Summer School
(July 2011)

¢ Hired into my post-doc http://www.ncnr.nist.gov FBS
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How is PARP-1 involved in regulating opposing

@ Euchromatin

@ Heterochromatin

chromatin states?

Linker histones

Long Range
Fiber-Fiber
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FRET was used to determine relative affinities
binding stoichiometry of PARP-1 to its substrates
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FRET was used to determine relative affinities
binding stoichiometry of PARP-1 to its substrates

DNA Substrates

Chromatin Substrates

37 23 31

Nucl4d?7 Nucl6e5 Nuc207 Nucl78
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_ Small angle scattering (SAS) confirms an increase in %
7 particle dimension upon DNA binding %
Z 0 50 100 150 200 250 >
" N-parp j
<
f‘ Average DNA m - '/
2 N-parp S
5 + 30mer Blunt DNA D¢
S N-parp B
e + 30mer nicked DNA | ,'/
» N-parp "
= + 30Ext DNA J. Mol. Biol. 2010. 395(5):983-994 S

- . -y TS N T N T il AN 3 Nl e N D SN N lad iy N e
Nl N . . - . B . > o [ N [N



-~ -~

l’—/vf-lll”q/ -’-QII— v,-l/l.'«-, —r(/t‘o -/-v/l‘.— —/.‘/’:../ vf’v/l—ql —r:',t-o v/.l,l— —/.QII;J 'f./“. vr:t,l-J —r}l-’ vr:tll:. vr'v,l:--/ v/:‘,l;v-q/ —/:t/

How is small angle scattering used to help determine the %
/A o o o o O -\..
7 structure-function relationship of PARP-1 in solution? )
28 S
s T A F 5
%) PARP-1  neutrons/x-rays 3
/"“‘ e
A ad W N V<
/-: Scattering Calculator || Contrast Calculator ] SASSIE Monte Carlo i
e | T Appl. Cryst. zox3). || J Appl. Cryst. (2013). || Computer Physics Comm. L
- 46, 117171177 46, 1889-1893 183 (2012) 382-389 /:
. y
- |
- | E
/.'j ’/
7 A solution structure of PARP-1 | B

e ,

P -G ~ N o AWM % N A Y AN LA N L N TN N A - —
: -~ v-r-.'/l‘-d vfnln.-—d —r’/(:.J b’.ﬁ/l.-J -,-0/1.-‘/ -,-0,1:._3./ vrt,l...q/ "f'/"._\J \pr-./l:—-/ -,.Q/l:-J vf'/l:.u/ vf’/l:od vr}l:—-‘ ',—-/4:- — v, , :



> Small angle scattering (SAS) is a set of low-
~ resolution solution characterization techniques that |
= have been developed over the last half century: 5
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SAS sources we have used for our studies
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How do particle physics and particle
accelerators relate to biochemistry
and structural biology?
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Small angle scattering (SAS)

(similar to crystallography)
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SAS provides low-resolution
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Small-angle scattering profiles are composed
of intra- and intermolecular components
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of dilute anti-streptavidin immunoglobulin-2 (ASA-IgG2)

Shape 00
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DLS/AUC 1
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Small angle neutron scattering (SANS) profile

1 LA L iill

L 1 A 111[

wl

I(0)/c = Molar Mass x constant

SANS of an IgGr

Yearly et al.
Biophys §. 2013; 105(3): 720731

SAXS/SANS of an IgA

Perkins et 4.
J. Phys. Chem. B 2012, 116, 9611-9618

SAXS of an IgGr

Lilyestrom et. al
J. Phys. Chem. B 2012, 116, 9611-9618

SAXS of an IgG2

Mosbzk et al.
Pharm Res (2012) 29:2225—2235
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Molecular Monte Carlo (MMC) allows for rapid sampling

of the mAb conformations that are possible in solution

di-alanine peptide
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» Structure-density plots for the ASA-IgG2 ensemble %
illustrates the large conformational space possible %

Free-energy analysis iy

- e S iy e

B -16400 kcal/mol -16800 kcal/mol %

J. Phys. Chem B., 2013, 17 (45):14029-38
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Other Structural Biology

(Questions




i

Small angle scattering can be used to help determine the structure-
function relationship of highly disordered proteins in solution?
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How do important proteins like Tral function in solution?
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"l Tra¥ pore
. \
Oy O
? i mJ \
- F o “cellwall
v- ,’- TraY and IHF bind at Tral binds, Upon receiving transfer signal Tral refolds and tracks Tral joins plasmid
/N oriT, distorting DNA nicks DNA Tral denatured and transported  along incoming DNA ends to circularize
p) Proposed role of Tral in F plasmid transfer
V4
~ - @ %‘%“ ABBox .
= by LK
Y | |
-~ 1 38'0 1oLs 14[75 1756
7
= Combination of NMR,
Ve crystallographic,
e homology modeling
) b and circular dichroism
%) (CD)-guided simulated Beth Buenger’s graduate
R annealing thesis work underway...
) |
L Model | Model Il Model Ill |
%) Clark et. al., 2014, J Mol Model 20:2308
'Y'__ Additional work in progress with Schildbach Lab (FHU)
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How is small angle scattering used to help determine the s
structure-function relationship of Chromatin! in solution?

How does chromatin behave structurally in solution?
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Modeling work underway...thanks to new double-stranded DNA MMC 7

In progress with Luger Lab (CSU/HHMI), van Duyne Lab (Penn), | >
Bowman Lab (JHU), Irving Group (APS/IIT) and Qiu Lab (GWU) s
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How is small angle scattering used to help determine the structure-function =
relationship of Chromatin Associated Proteins (ChAPs) in solution? >

How do proteins like CHD-1 interact with chromatin? g

Modeling work underway...thanks to new double-stranded DNA MMC 7

| In progress with Bowman Lab (JHU) and Irving Group (APS/IIT) 5
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How is small angle scattering used to help determine the structure-function =
relationship of Chromatin Associated Proteins (ChAPs) in solution? >

How do proteins like PARP-1 interact with chromatin? 3
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Modeling work underway...thanks to new double-stranded DNA MMC 7

In progress with Luger Lab (CSU/HHMI), van Duyne Lab (Penn), 2
Bowman Lab (JHU), Irving Group (APS/IIT) and Qiu Lab (GWU) | s
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How can we use small angle scattering to

help address mAb-related biotech problems?

Problems may include but are not limited to:
concentration dependent aggregation, high viscosity;
phase separation, spontaneous crystallization,
investment withdrawal and sudden job loss.
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@ Lower toxicity with higher specificity i
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e Cons £
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administered in high concentrations b
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Neutrons be useful for studying proteins in different phases
(liquid, frozen and powdered formulations)

r .
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What happens at high

concentrations?
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region
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depressed
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Small angle scattering profiles reveal
intermolecular interactions
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s(q)effective

/= S(q) Dilute
o 04— —~7— 5.0 mg/mL SAXS|| |
S —— 10.0 mg/mL SAXS p
S —#— 25.0 mg/mL SAXS
e —6— 50.0 mg/mL SAXS %
)= 0.2 —A— 100.0 mg/mL SAXS :
/%) ! —=— 150.0 mg/mL SAXS
= ~ —— 175.0 mg/mL SAXS
o —&— 200.0 mg/mL SAXS
. 0.0 | | | | | :
A 0.00 0.02 0.04 0.06 0.08 0.10 0.12 )
1
NIST 143
Techrelogy Adminiaraton, US. Deparment of Commerce S(Q)effective = I(q)concentrated / I(q)dilute
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Conformational effects on S(Q)cgectiveplots derived
from atomistic ensemble of ASA-IgGG2
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S(@)efrective plOts can be fit to simple
colloidal interaction models

Hayter/Penfold
- 100 mg/mL 0.0 M NaCl Mean Spherical
1.2- Approximation (M.S.A.)

10 -==-==-==---- Variables used;

0.8
-Volume fraction

-Dielectric constant
-Monovalent salt Conc.

0.6-

s(q)effective

0.4
—0— 100 mg/mL 0.0 M NaCl

0.2 —— H-P M.S.A. Model Variables obtained;
— Fit-to-model

0.0 . , , . .
0.02 0.04 0.06 0.08 0.10 0.12 -Charge of particle
,_/\ q (A'1) -Effective Diameter (A)

Under these conditions

B . - 1. JP Hansen and JB Hayter Molecular Physics 46, 651-656 (1982).
ASA IgG2 1S TC€P ulsive 2. JB Hayter and J Penfold Molecular Physics 42, 109-118 (1981).
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What happens when you add salt?
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Salt eftects on scattering profiles

(150 mg/mL sample)
I(q) S(q)effective
100 1.2-
150 mg/mL SAXS 150 mg/mL SAXS
80. 1.0-
o, 0.8
__ 607 0 mM NaCl B
) —— 50 mM NacCl £ 0.64
T ——100 mM NaCl » G
——150 mM NaCl B o,
—— 0 mM NacCl
20 - 0.2 —— 50 mM NaCl
— 100 mM NaCl
0.0- — 150 mM NaCl
002 004 006 008 040 012 0.00 002 004 006 008 010 0.12
q(A) q(A”)

Low-q
region becomes less depressed
with increasing NaCl
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Results of the fit to MSA model

@ Effective diameter decreases with
increasing protein concentration

@ Particles become less repulsive

with NaCl

% NaCl does not alter the diameter
of the particles

@ NaCl decreases the charge of the
particles up to ~-100 mg/mL
(will confirm with simulations)

Mean Spherical Diameter (A)

160 —

140 —

120 —

100 —

80 —

60 —

40

Charge of Particle

20 —

—O— MSA Diameter
—{1+ MSA Diameter w/ 150mM NacCl

I I I I
50 100 150 200

Concentration (mg/mL)

|
100

Concentration (mg/mL)
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What happens when you add salt
- above physiological concentrations? |
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Increasing the salt concentration above
physiological levels results in attractive interactions

1.4

100 mg/mL 0.3 M NaCl
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Phase diagrams help to characterize mAb behavior
over a wide range of protein and salt concentrations

50 mg/mL

100 mg/mL

150 mg/mL

0.00 M NaCl

aq q9q
a q q q
q
aqd \
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Similar phase diagrams

have |

been used to
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ict protein

crystallizability!

v-Crystallin
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Thousand-mADb simulations
(in progress...)

Atomistic modeling of high
concentration mAbs offers insight into
the types of intermolecular
interactions.

Incorporating flexibility into
simulations is challenging but it will
serve to better represent the solution.

New scattering engine needed to be
developed (Watson and Curtis)

Simulations in conjunction with SAS
data will help to better design mAb-
candidates even in the early stage of
development (low sample volumes)
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- Conclusions and Future Directions
5 o
x 3
z b
“ e . : . : : B
2 @ Atomistic modeling combined with dilute SAS data can result in low A
& resolution structural information (used to obtain a Form Factor). L
& @ SAS can be combined with models like the “mean spherical o
/= approximation” (Hayter/Penfold M.SA.) to better understand F>
2 -
< concentrated mAb solutions. %
2 @ Interactions can be moderated with the addition of NaCl. %
e @ Can interactions be moderated with the addition other excipients? %
4 Sole . . | &
= @ Atomistic simulations of concentrated solutions are in progress and can
o replace the Mean Spherical Approximation (Joseph Curtis and Hailiang Zhang). ¢
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7 High-throughput (HT) SAS to rapidly characterize ;;
> proteins in multiple formulation conditions %
:*‘ @Multi-well platform is ready in use for HT co mp atlble ;i
s other measurements. . . >
2 BioSA XS beamlines 2
' ®Can readily screen multiple protein ,,:

concentrations in a given set of oy

conditions. o CHES S_GI 7,

Nyt ~ LN - N
PN PN
N l \\' l “

@SAS ofters a Q-dependent look not & ALS-12. 3.1 3
available for the more commonly o

e accepted/used DLS measurements. & SSRL'L].Z %
@W/ SAS we can observe structural affects ';

on mAbs during stability studies. HT SANS 5

) LN . . LN - .
e 7Za V<[ ANy
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“SAS/WAS offers a unique look at solvent-
and co-solute-protein interactions. ] >
(WAS = wide angle scattering) @ Sp allatl()n S()urC c ? >
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Future directions:
Dynamic Light Scattering (DLS) 2

(plate reader?)

S,
1
Rl

£
7,

A

@Multi-well platform is ready in use for

other measurements. Condition X

@Can readily screen multiple protein
o~ concentrations in a given set of
conditions.

Y ¢Combined DLS and DSC can offer

26 insights into structural stability as a
= function of temperature.

@Combining SAS, DSC, MALS and
5 DLS on specific “behavior classes”
e of mAbs can offer bench marks for
| new mAbs or mAb-formulations.
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= Incorporate concentration gradient multi-angle ;
~ light scattering (CG-MALS) to better characterize =~
7 self-associations present in mAb solutions =
= S
- Concentration Gradient Multi-angle Light Scattering X
| ®CG-MALS offers 3
o insight into self- 8000 T — 50 %
$a associations 7000 e ¢
,- “Models derived from é: 5000 L_E'__ __:"“' - zz g :i
';-' CG-MALS will help :é: 4000 : : 25 § 4
;:__ to build better /n E 3000 203%{ %
P silico models. & 2000 = Bl
< w | LB
- @Combining SAS and 0 4 , , I . . Z B
.;', GC_MALS Will help 0 1000 2000 3000 . 4000 5000 6000 7000 :'/
= to build better e Vs
. simulations and [asnssca - omvtvacr ] asnica - s0mms_]--concasniay S
o possibly enhance s
b mADb design. | {
:.. Joey Pollastrini, Amgen | :i
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Thank you!
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Questions?
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Future directions:
Contrast variation orientational information of
oligomeric species or from concentrated solutions

Dimer orientation] —— 1
Dimer orientation2

Predicted
scattering profiles
from #n silico
models

Light chains are produced
in deuterating conditions
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(Synchrotron or Home Sources)
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Neutron Sources?
(Nuclear Reactor or Spallation Sources)
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Small angle neutron scattering (SANS) profile
of dilute anti-streptavidin immunoglobulin-2 (ASA-IgG2)
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“Best-fit” structures (x? < 2)
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Small angle scattering (SAS) experimental set-up

(neutrons or x-rays)

SANS SANS SAXS
Banjo Cell Cuvet -Sample volume -Sample volume
(350-650 pL) (15-50 pL)
-Measurement time | | -Measurement time
(1< hours) (<1-5 minutes)
-Concentrations -Concentrations

Ranges (1 - 2100 mg/ | | Ranges (0.5 - 2100
mL) mg/mL)
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