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Application of RMC 1o SANS

Icall(q)

4

by Prof Misawa

(Natert+alchol system)
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What's SuperCritical Fluid

Typical phase diagram Features of SCF

of pure material

-Diffusion constant close 1o
Gas and Density close 1o liquid.

-By passing through SCF state,
continuous transition between
liquid and gas can be achieved.

L1QUID -Boundary, which divides SCF
state into two phases. exists,

- Solubility drastically changes
at the boundary

-Around critical points, large
scale density fluctuation exists

Pressure

Temperature Te (Critical opalescence)
— -Solubility increases by adding
State over critical pressure Pc and third molecule (Entertainer

critical temperature Tc is defined as | offect)
SuperCritical Fluid(SCF)




SANS experiment of SCF-CO0,

KUR-SCF cell P-T Phase diagram
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Max Temperature : :
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Measurement fime : Cremperawre(C)

9.0

8.5

8'0_: Critical point ~ ™@

mb

Pressure (MPa)

SANS measurements were performed
at 5 isothermal lines 32.33,35,38°C

Critical Point of C02
Pc=738Pa, Tc=31.1°C




SANS result of SCF-CO,
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Pressure / MPa
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P (MPa)
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shows ridge line,

Only with 0Z analysis, we
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difference between gas-like
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Kyoto University
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Pressure / MPa

Effect of lattice on g(r) M
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= _ critical packing ratio
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- D. A. Young & B. J. Alder
ANy (1971)

M. Misawa (1990)
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Intensity / a.u.

Fitting result

Kyoto University
Research Reactor Institute

1.054

1.04

Fial Cell=300x300x300
=600x600x600A3
Particle No=1,000,000
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1.01 1

1.00

e Experiment
RMC result
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001 01
Scattering vector / A™




a(r)

g(r)

System Size

Initial
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Structure of Proteasome
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Proteasome & 7 ring

a 7 subunits make a homo-ring!=Correctly Speaking, a double ring

al
a’l a’l

a’l ab

a’ a7

My speculation

al
a’l al

a’l a7

a7 a’l

J.Biol.Clic +2,10080-10086, 1997.

a’l

a7

al

al

al

When a6 is added
to a7-ring solution,

a6 subunit is introduced
into a7-ring...

There could exist a
kinetics of subunit

exchange even in ho
o 7-ring! )>

L 4



Scattering length density

How to prove subunit exchange

Protonated Exchanged Deuterated

(bp_ps)zz(bd-ps)2

Intensity

(Bey-ps)™=
Scattering vector




Experiment

Sample:
protonated a7 subunit (bovine) @ @

deuterated o7 subunit (bovine),
deuteration ratio >95% H,O D,O

Solvent:

81% D,0 &3

SANS cameras: @
SANS-U (ISSP) and D22 (ILL) 8196D,0

Q-range:
0.008-0.25 A'l @
Time slice: 15 minutes,

Total measuring time: 12 -14 a
hrs 81%D,0

Temperature: 25C Time Resolved SANS




Scattering length density

Intensity / a.u.

Contrast check

Protonated Deuterated

- by

81%D,0=p,
- b,
3 Ao, 81%D,0 81%D,0) 1 A -
'\'. =] ",

M bpe = Wb |8r%D0s
| Y g2 d'1 an inversion contrast point!

3\ £

ooy, \*"ﬁ,,

Scattering vector / A™* Scattering vector / A™*



Intensity / a.u.

Time—Resolved SANS Experiment

onr Time evolution of 1(0)
2hr
3hr
4hr 1
5hr 1.04 =
6hr i
i \ 7hr
8hr
7 \ 9hr
] Completely exchange \ 10hr =
\ 11hr e o9
0.21 12hr =
E 13hr 8
0.0 4= . — =
0.01 , 01 ]
Scattering vector / A’ 0.8+

SANS intensity decreased!

Time / hour

BUT

The decrease stopped How to explain
before SANS intensity reaches 0/ this phenomenon?




d-a7

Stability of protein

just mixed D,O and H,O solution
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Intensity / a.u.
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X

R

0.01-+— : : —_—
0.01 0.1

Scattering vector / A™

Intensity / a.u.
o

0.01 -+ :

Scattering vector / A™*

Intensity / a.u.

Intensity / a.u.

KURRL

Kyoto University
Research Reactor Institute

14hrs after mixture
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Q
0.1+ 2
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1 D
2
0.01 4 :
0.01 0.1
. -1
Scattering vector / A
1—:0 oo ©0000,
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©
0.01 4 :
0.01 0.1

Scattering vector / A™*



Intensity / a.u.

Comparison:SANS vs SAXS

"o

81A)D O

SANS \i % SAXS

KURRL

Ky loU niversity
rch Reactor Institute

Start

80 4 —1.37hr
= ———1.82hr
CU- —3.08hr
Ny 4.11hr
> 607 ——8.09hr
"(%' 9.11hr
e ———10.12hr
@ 401
£

20

O T T T T T T T T T T
0.01 0.1

. -1
Scattering vector / A Scattering vector / A™



SANS simulation method
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Proteasome « 7 subunit

SS9 Double ring DI
s 2D Dring D EEEE +ME

d-PRS-a7 double ring in H,O

10004 2 2 asa...

[any

o

o
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7 B EIER R FMADIBE
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® Experiment
D=35A
D=35A twist
—— D=40A
——D=45A

Intensity / a.u.
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o
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Scattering vector / A™



Case 1 : Random Subunit Exchange ok

Kyoto University
Research Reactor Institute

Not all a7-ring becomes (d7h7)-ring

A subunit_exchanges randomly but system reaches an equilibrium state

«Simulation
1.Molecular number : 22°=536870912
2.Initial condition :
[AlIH(h14)]:[AlID(d14)] = 228 ; 228
3.Exchange method :
Exchange random molecular
@ random subunit position

Intensity / a.u.

0.5 ——h14 ——h13d1 o . =
h12d2 ——h11d3 0.01 0.1

h10d4 —— had5 _ 1
heds —— h7d7 Scattering vector / A

0.4

0.3+

Ratio

0.2+

_—

Random exchange model
has been excluded!

0.1+

0.0+

(|)'1|0'2|0'3|0'4|0'5|0
Time / a.u.



Case 2 : Ring Exchange

o7 subunits makes a double ring.

<

There is not a subunit exchange,
but a ring-ring exchange exists.

 Calculation
1.Initial and final condition :
[h14]:[d14]:[h7d7]=0.5:0.5:0
=[h14]:[d14]:.[h7d7]= 0.25:0.25: 0.5
2.Exchange method : Random

0.5

]
0.4 \><
I 0.3 // S
=
X o2
/ — [d14](=[h14])
0.1 — [h7d7]
ool r— i i f - ——
0.0 0.5 1.0 15 2.0 2.5

Exchange rate / r x10°

(h14) (d14) (h7d7)

0-0-0

Initial
13hr

1.0

—TO00
—T20

Intensity / a.u.

0.01 | - 01
Scattering vector / A*

Ring exchange model
has been excluded!




How to explain stop of intensity decrease?

KURRL.,_

Kyoto Univers|
Research Reactor Institute

o7 ring introduces a6 subunit.
5 —
(.5' TO50
= ——
Only one subunit can be exchanged perring. @ -
Totally two subunits exchange in a double = —
c - —T225
rno ——T250
e Simulation
1.Initial and final condition : -~ - T T
[Hhh]:[Hhd]:[Hdd]:[Dhh]:[Dhd]:[Ddd]= Scattering vector / A™
0.5: 00: 00 :00:0.0:05 :
=0.125: 0.25:0.125:0.125: 0.25 :0.125 TR Time evolution of 1(0)
2.Exchange method : Random 0951 =\~
0.5 } g 0.90
0.45 1 Hhh |— > 0951
0.40:\\ _:23 - é 0.80-
0.35- \ £ o
o 0.30
T 025 \\ 0.70+
o 0.20- ~ 0 ' lO(I)OO ' ZO(IJOO ' 30600 ' 4O(I)OO '
0.154 / \\\ Time /s
0.10://
O e s s e o Two exchange model well
. 0 100 200 300 400 5(I)O

explains the experimental result!

Exchange rate
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