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. BM29 IN GLANCE = BIOSAXS POWER

Petra Pernot
Structural Biology
BM29, ESRF

8™ February

low resolution structure

del independent pérameters
shape, MM, interaction,...

— oy | /&
macrorﬁblecules OUTLINE
v in solution « ESRF BioSAXS beamline(s) key features
f and stats
- e automated data collection and analysis
detze[gtor » microfluidics: crystallisation in situ
« complementarity with SANS: joint access
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. BM29 BIOSAXS KEY FEATURES

* beamline is dedicated exclusively to small-angle scattering experiments of
biological macromolecules in solution: technique for shape, assembly &
architecture to complement & aid MX, NMR, EM,... and SANS (joint
SAX/NS proposals);

* provides information on every sample from moderate volumes (~ 15 M) &
concentrations (1-10 mg/mil);

» allows rapid data collection & broad range of conditions (pH, temperature,
substrates, co-factors, etc.) with automated data analysis and data tracking;

* high throughput facility “easy” to use in
a) sample changer mode 10” (cycle loading-exposure-cleaning ~ 1.5 ")
b) HPLC on-line mode 30’ (column elution time);

 can test/suggest functionally important assemblies & conformation in
solution vs. MX & provide overall envelopes for fitting high resolution
domains.

Downsides - information is spherically averaged, resolutions restricted
(worse than 12A) & models can be underdetermined
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. ESRF BIOSAXS PUBLIS

As on 7" January 2016 z — 235
TOTAL

mID14-3 mBM29 [Oboth HPLC online

ADDAPTED OPTICS

PILATUS

ROBOT

0
/2009 2010 2011 |2012 13 2014 2015

First BioSAXS users at ID14-3 Zpus = 113
in November 2008 v Sewze — 114
ID14-3 closed in December 2011 Zoon = O

First BIoOSAXS users at BM29
in June 2012
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. ESRF BIOSAXS EXPERIMENTAL SESSIONS, USERS, SHIFTS

First BIoOSAXS users at BM29

in June 2012

500 ¢ =N of exp. sessions
450 1 Z 2015 — 134
400

User counts
>0 = 471
300
250 1 B Scheduled shifts
200 . | 22015: 377
150 | B Done shifts
100 A %= 363

50 -
0 | .

2009 2010 2011 | 2012 2013 2014 2015 BV ERR:IVEIEEBDRG =]

ID14-3 closed in Decemb;r 2011 Z . 202 438 700
S Leers 666 1547 2213

2 sched. shits | 723 1243 1970
2 doneshits 689 1203 1892
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. BM29 OUTLOOK — AUTOMATISATION

EXPERIMENTAL @
parameters

14 16
Elution volume (mL)

BsxCuBE

Beamline GUI

ISPyBB
sample tracking
and data flow
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. BM29 OUTLOOK — SAMPLE CHANGER
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p to 3), PCR tubes

\ -storage: 4-40°
| - exposure cell:
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. BM29 OUTLOOK - HPLC SYSTEM

S

=y

AT § 72
. il 1

- in user mode from 2013 (new system: June
- software integration to BsxCUBE soon

The European Synchrotron | ESRF
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. HPLC x ROBOT USE

Liquid chromatography in situ with SAXS X concentration series using robot

_ ROBOT
# of frames in 1000s HPLC # of samples
150 2000
100 1500
1000
50
500
0 - 0
cC O = = > c = .
T2 2237 5E 82853

Characteristic example generated using ISPyB data base for first half of year 2014.
Most user groups combine robot and HPLC experiments within one exp. session.

il
Page9 | BM29 in glancel 8 ™ February 2016l Petra Pernot The European Synchrotron | ESRF



. MICROFLUIDICS INTEGRATION AT BM29

~ Collaboration within LTP
PROTEISUFFEERYSTALLISATION | Sebast en ey che,ng
. Laboratoire de Genie
Chimigue, Toulouse
and
Francoise Bonneté
Institut des Biomolécules

Max—Mousseron Awggon

~—— 300 pum Kapton
d— capillary

 f—
‘-‘\‘
e

“Coupling digital microfluidics and Small-Angle X-ray
scattering to study the whole crystallization process of
proteins in solution”

N.V. Pham, D. Radajewski, P. Guillet, A. Round, M.
Brennich, P. Pernot, B. Biscans, F. Bonneté and S.
Teychené, Crystal growth and design (2016)

M29 sample holder

The European Synchrotron | ESRF
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. COUPLING DIGITAL MICROFLUIDICS AND SAXS AT BM29

External trlggerlng When coupllng dlgltal microfluidics and SAXS:

i s S— BM 29 sample holder
- o . \‘ﬁ Qroplets ‘
L'-camera on ch|p | ] |
Injection \‘\.'T e — Exit
‘ g pinhole ¢ 100pm
Capillary
| X-ray beam
X-ray data acquired T rd g ——— Nano-por .
only on droplets —
= " | NoAchannel

e r—

—
Jdde L N\Apag -

camera on sample holder

Page 11 I BM29in glancel 8 ™ February 2016l Petra Pernot The European Synchrotron | ESRF



camera on [ |
L exposure unit |\

e camera on chip

-

¥\
¥

A ¢ - ._L
‘ capilaryto -« chip
»o-| . exposure u

1 |




. CRYSTALLISATION IN SITU

Each droplet acts as a microreactor in which the
pH, ligands, and additives) can be fine-tuned, wit
As the conditions can be adjusted dynamically by
range of conditions can be investigated quickly a

Glucose isomerase + surfactant

crystallisation
agent buffer protein

FLOW

v

| —

oil with surfgctant\\\_,,— \ . .

—
200 pm

Scattered Intensity

[=>]
—
—
T
.2

B
(o]

=]
T

200

i concentration -1 g%

800+

surfactant . 1.5%

crystals 1
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SAX/NS COMPLEMENTARITY

P anma —=— . :
Y \*‘% Neutron small angle scattering  provides

additional information for macromolecular
complexes that are made of several types of
molecules such as proteins, nucleic acids or
lipids. Contrast variation experiments
obtained by exchanging the solvent for
deuterated or partially deuterated solvent
enhances the signal from one component.

o

1 SANS set-up ati)

SAXS SANS

volume small <50 yul  larger ~ 300 pl

concentration > 0.1 mg/ml >1 mg/ml

measuring time short ~ s longer ~ m+h .
sample changer.

radiation damage yes no

contrast variation no yes

Joint access possible — ESRF and ILL SAS

sensitive to salts, es no . . .
4 experiments during one trip to Grenoble.

denaturants

SAXINS BAG coming soon: when SAX/NS proposal accepted (and scheduled) by the
ILL, possibility to ask time from this BAG for BM29 beamtime without rolling propos
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. JOINT SAX/NS

+ [his proposal is directly linked to an ILL proposal for SAN5S measurements on the same sample(s ), submitted during the last ILL proposal round and for
wihich time at the ILL has already been awarded ® ves QO No If ves ILL Fropaosal Mumber 8-03-853 |

Only experiments taking place within a few days each other

35
30 i N of exp.session
25 1 ZrotaL 27
-0 ILL @ N of users
reactor | 5 o= S0
partially _
15 - closed _ "I scheduled shifts
10 ] . Z rom = 57
5 B done shifts
O 1 ZTOTAL: 47

| [ [ [ |

2010 2011 2012 2013 2014 2015 2016

Sample environment for this experiment session

—Samples will contain

in A-form D,O

Deuterium [f checked, specify the volume per m| |;“ |
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. REDESIGN SAMPLE EXPOSURE UNIT

BM29 multiprobe
exposure unit :

- multicolor light source capillary pod
photo-activated/sensitive s -
proteins '

- on-line UV/Vis and
fluorescent detector at 90°

- (moderate) Wide Angle
Scattering

[7 Frank Felisaz ,
Florent Cipriani, EMBL
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. REDESIGN SAMPLE EXPOSURE UNIT

¥

W
UV-VIS lam

quo__resCe__nc‘é
glelect

[7Frank Felisaz ,
Florent Cipriani, EMBL

Page 18 | BM29 in glancel 8 ™ February 2016l Petra Pernot The European Synchrotron | ESRF



. NEW SEU: MULTIPROBE EXPOSURE UNIT

- multiprobe exposure unit: , on-line
detector, y -

L

_ >, Installed and commissioned
"ggi__,'??ﬁrtn & end of January 2016, in use

R X-rays

[7 Frank Felisaz ,
Florent Cipriani, EMBL
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. LIGHTINGS WITH TUNABLE WAVELENGTH

- cold light source + filter box + optical fibers

; e . 0 525nm  58%0m 618
- photo-activated/sensitive proteins - T

Example :
Signal perception in LOV (Light, Oxygen, Voltage) domains is achleved via a blue—
light (A,40.455nm) @bsorption by non-covalently bound flavin chromophore (‘light’ state).
This triggers the formation of a transient adduct between the flavin C4a atom and
the S atom of a strictly conserved cysteine residue in the LOV domain. Once
illumination has ceased, this covalent bond is broken: decay in seconds to hours
depending on LOV protein.

Nick

Pos | Wavelength name position 1
0 ' light dependent 1 | 610 nm red
.. Quaternary structural
3 4 changes 2 | 325-385nm uv
- oy
) ™ 3 | 495nm yellow
T -2 — dark ""s-. 315-445 nm .
= —— Jight 4 ' violet
T 4 a H- 715-1095 nm
s — o\ o 5 | 275-375nm | UV,
’ q [A1} 6 BG7 blue

On-line UV/Vis spectrophotometer would help to verify a complete signalling state
population before each experiment.
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. SEE YOU AT BM29 BIOSAXS BEAMLINE

Thank you for attention
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