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Example of Hierarchical Systems Around us

o Sedimentary Plastic/Soill
Plant Cell Wall Lipid Systems Rocks Composites

Plant Methods
17, 29 (2021).

Number density

/\‘3 Microaggregate Minerals ¥ Microplastics | Fungal hyphae QMlcmbe W Enzyme

Volume probability

0.0

molecules T T TR N (RN Applied Soil Ecology 176, 104486 (2022)
Genome Management =h .
Information Systems/ORNL Soft Matter 10, 3716-3725 (2014) Encyclopedia of Geology 382-394 (2021)

&OAK RIDGE

CENTER FOR
A STRUCTURAL
National Laboratory

MOLECULAR BIOLOGY




Data Analysis Approaches Available

» Model Fit -
Triblock Copolymer Structures in different Solvent Conditions
- Debye Coll
— Solid Sphere
— Triblock Copolymer Micelle Structure

Lipid Vesicles
—  Core-shell (or multi-shell)

e Shape-independent Fit - Guinier/power-law)
Plant Cell Wall (powder sample state)
— Unified Fit (Combination of Guinier and power-law functions)

« Composite Fit (A combination of Models and Shape-independent
Approaches)

Plant Cell Wall (Aligned state)
— Cylinder Form Factor combined with Guinier and/or power-law functions
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Amphiphilic Polymers - Drug Delivery

i
HO—CH,CH,0— CHchoﬁCHZCHZO}EH

Pluronic F108 Hydrophilic
Hydrophobic

e Pluronic F108 7% solution in 0.1M sodium carbonate
 Molecular Weight (Mw) is 16400 Da

e Structure at room temperature (19 °C)




Guinier Analysis 7% F108 at 19 °C
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o Guinier analysis results
0 1 2 3 4 5 6 7X10-3

— Globular particle and Rg ~ 18.3 A
~ Qmax*Rg<1.3 Q° (A%

- Q-range of straight line fit, Qmax/Qmin ~ 2.0+
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Model Fifs (|3H3

HO—CH,CH,0~|— CH,CHO —[-CH,CH,0|—H

2[lexp(—2z) — 1+ z] Solid Sphere
I(Q Rg) = SF 2 bkg
= 02R2 3[sin(z) — zcos(z)]
‘ Q I I(QrRSS) — SF( Z3 )2 + Ibkg
Z = QR

e Models

- Debye Flexible Gaussian Polymer (random conformations)
- Solid Sphere (when low degree of solvent penetrates the particle)
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Debye Flexible Gaussian Polymer vs.
Solid Sphere

Debye Flexible

. F108 dissolved as individual Gaussian Polymer >0 SPNETe
polymers in solution of sodium T SANS L Fiosioc T T Ty
carbonate o| == Debye Flexible Polymer i

— Solid Sphere SF=0.42+0.01,
1 HIT u 1| Rss=18.0+0.3 A
. . . . . 8F I .070 = 0.

« High-Q region is highly sensitive to —~  6f a';gd‘?gh?sq‘?fg?mg

the surface morphology of the £ at| [ :

article. — RiVe ]

P < 2r (Il ¢ o
- 0.1 gF=0.52¢0.0}\

H . - loF =184 = 0. 1=

* Debye flexible Gaussian polymer 5 | 1e, 0_0%618_304 -
function (High-Q PL exponent = 2) 4 | |Red. Chi Sq. = 1.1676 -
fits better than solid sphere (High- Al 1 F AT IATE e A

t=4 476 8 2 4 6 8 2 4 6
Q PL exponent = 4) 0.01 0.1 ;
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Self-Assembled Suprastructures o

| 3
OTECHchzo —CH,CHO—CH,CH,07—H

Central core consists of the hydrophobic block of F108

The tentacles are the hydrophilic blocks of F108

Particle model

— Spherical particle core for hydrophobic block
— Debye Flexible Gaussian Polymer chain for hydrophilic blocks.

— |Interaction term- chain-chain and chain-Core

Structure factor

— Percus-Yevick structure factor (hard sphere approximation to
enable developing an analytical expression)
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. 10 :IIIIII""I 1 1 IIIIII""I 1 1 IIIII_-I:
SANS dafta fif oH = 5
?Hs — uil- h
T i i i T i 19 l -
HO—CH,CH,0~—- CH,CHO+—CH,CH,0{—H I E
132 I50 L 1132 pt s 1 -
Al -
= (e :_
* Debye Flexible Gaussian Polymer Model 0.1 b~ gngySeg;;gloeaFJoﬁymer
— Rg (A) 18.4+£0.5 6f v SANS 7% F108 28C |
4r— I'I'Iribllock Copolymer Micellle 1
« Triblock Copolymer Micelle Model 476 '5_0% T2 4 6 80_1' T2 4 6 8
— Aggregation (#f) 13.1 £0.2 p
— Rcore (/f\) 188 0.3 Q (A )

—  Rcorona (A) 25.9 £0.6
— Core Overlap Factor, d  (#) 0.67 £0.02

— Volume Fraction (#) 0.173£0.003
— Micelle-Micelle distance (A) 209 £ 3

— Particle diameter (A) 72 +2
=2X [Rcore + (d X Rcorono)]
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Drug release from Worm-like Micelles

100 E! 10° 4 10°
1 [ G, =60 cm! q )
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! C. =146 ’ 5 - 10
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! large scale structure ; Or1 = ' cross — fitas WLM ® mPEG-b-(AGE-Ce),s + DOX
0001 1 subunit ;section , 10% o |— fit as ellipsoid
1 5 oL 10 = — m— = I—
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q/A q/A q/A"

* Amphiphilic polymers as drug delivery for Cancer drug-DOX Nanoscale
* Worm like Micelles Structure is hierarchical

e Worm like Micelles transitions to Ellipsoidal Structure impeding
efficient drug delivery

. MICATION NCNST
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Lipid Vesicles

o Slab Model
- Core-multishell (Lipid Tall, Lipid Head, Solvent)

e SPD Model

— Parsing of Lipid Molecule
— Lipid Tail into 3 regions
- Lipid Head into 3 regions

— Solvent
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Contrast Variation improves data interpretation

‘::-\ 103 ~ | P rrri I rrrrprriri I LI L I LI '_] 6 é)
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Wave-vector, Q (A7) Distance from Bilayer Center, d (A) g

e Core-multishell Model

e Choice of solvent D20% is important to ensure head group
region can be defined well

Smith, M.D., Pingali, S.V., Elkins, J.G., et al. Green Chemistry (2020) 22, 8278-8288
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SDP Mode

(a) Composition-space (b) SDP parsing
parsing

B choline(CH.),
- 0.4
S & phosphate-

. CH,CH,N

e 03
% 0.2
% 0.1 i
00 (e
» Parsing different for SDP 4
model 100 i
2 l
e To resolve several 2 015 i
components, & ’
simultaneously fit 4-5 -
confrast conditions Lo f Phosphate: | - —

Herberle, F., Pan, J., Stfandaert, R.F., et

al. Eur Biophys J (2012) 41, 875-890 0.00 e _
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Plant Cell Wall

« Unified Fit Model (isotropic or random datq)

« Composite (Form Factor + Power-law)

&OAK RIDGE |§Hie o8

National Laboratory | MOLECULAR BIOLOGY




Fractal Slopes Interpretation

Fractal Type Power-law Slope (Range)
Mass ~ 10 to —30 JBulk
Surface —3.0to —4.0
Porod - 4.0
Diffuse-scattering —4.0 to - 5.0

Polymers

Mass-fractal structures Power-law slope \/\/-/\'\/\/\r\/
(_Polymer in good solvent -~1.5 /
| Saf—avoidmiwammcar swollen polymer) ~1.67 ’

(_Random walk (polymer in theta solvent) =20

(_Swollen branched polymer -2.0
( Randomly branched ideal polymer -2.29
/

Non-equlibrium growth processes

Multiparticle diffusion limited aggregate - .8 Wm\
Percolation cluster -2.5
Diffusion limited aggregate -5

Low-dimensional objects (apparent mass fractals) ﬁW
Randomly distributed rods -1.0
Randomly distributed lamellae or platelets -2.0

Beaucage, G. J Appl. Cryst. (1995) 28, 717-728
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Fractal Slopes Interpretation

Fractal Type Power-law Slope (Range)
_Mass — 1.0 to —30 JBulk
Surface —3.0 to —4.0
Porod —-4.0
Diffuse-scattering —4.0 to —-5.0
Mass-fractal structures Power-law slope
Polymers
Polymer in good solvent -1.5
Self-avoiding walk (linear swollen polymer) -1.67
Random walk (polymer in theta solvent) -2.0
Swollen branched polymer -2.0 ( —_— e
Randomly branched ideal polymer -2.29 ’\/’\,, e —
Non-equlibrium growth processes / —
(_Multiparticle diffusion limited aggregate -1.8 Y g . A &
[ Percolation cluster -2.5 Ve . * &% . ¥ . ;..
[ Diffusion limited aggregate —25 ™~ - .
Low-dimensional objects (apparent mass fractals) ,% -
Randomly distributed rods -1.0
Randomly distributed lamellae or platelets -2.0

Beaucage, G. J Appl. Cryst. (1995) 28, 717-728
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Fractal Slopes Interpretation

Fractal Type Power-law Slope (Range)
Mass —1.0 to —3.0
% illrfadCP — Z 8 to —40 % Interface/
Qoro —
Surface
[ Diffuse-scattering —40to =50
Surface-fractal Power-law Scattering Surface Morphology
(Maximally Rough —30 L — M Crumpled Sheet
Smooth - 4.0 :
% Diffuse —5.0 Q/\] Solid Sphere

7--::::"..?‘.:‘.“?‘.:3::..,. Oil-Water

Beaucage, G. J Appl. Cryst. (1995) 28, 717-728
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Plant Cell Wall

e Unified Fit
« Composite Model Fit
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Anisotropic Data - Plant Cell Wall

WT _100D_2D_main WT _100D_2D_wing
0.03 4.0
x¥_ 3.5 e !
0.02 Meridional I ' Meridional
- 3.0
0.01 - 2.5
o) 2.0 & T :
< 0.00 S £ Equatorial
(o 1.5 e
-0.01 1.0
Meridional 0.5 Vg
~0.02 Meridional
0.0
-0.03 -0.02 -0.01 o0.00 0.01 0j2 0.4 0.6 0.8
Qu (A1) Qx(A™)

e Divide into sectors - Equatorial and Meridional

&OAK RIDGE |§Hie o8

National Laboratory | MOLECULAR BIOLOGY

0.4

0.2

- 0.0

- —0.2

logio

- —0.4

-0.6

-0.8

-1.0



Anisotropic Data - Plant Cell Wall
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= o — —_
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10_2 — 107 10" |- u
107 7 102 |- - 10% - ]
10 T| Lol Lo vl 1 1 |||||_| 10-37| Loy gl oy gl . . |||||T 10-3“ T a1l , \ |||||T

0.001 0.01 01 1 0.001 0.01 0.1 1 0.001 0.01 0.1 1
-1
QA7) QA" QA7

e Solvent Scattering is the same

e Clear differences in structure based on direction of scatter
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Questions?
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