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Summary of: Microgravity \/apor
Difftsion EXPeriments

19 Shuttle Missions - 221 Macromolecules




Justification for ISS X-Ray Facility

e Space shuttle PCG History:
* Optimum mic rJJr_.J\/JF/ crystallization conditions are
different that 1-g conditions:
* Eretein crystalsianeianie

* Crystalsiareiaglie(re-enty gis)
o

nvestgatoers constantly 'complained an
DEtween growing crystalsiand collect
> 0on ...,. b aa

crystallographic

laboratory in space equivalent to Earth labs.




Purposes and Benelits of the XCF

haracterization of cryopreservation conditions
termine resolution of: diffraction (without detrimental
[e-entry g efiect)
mr)lﬂ"rg ddia set collection onrunstanie crystalsiornign

rJr/ rr/a alS
[ization o cryStal quality Tor optimization o
< dtion conditions:
termine Space grown unit cell’ parameters ior new.
crystal morphologies
* Distinguish protein versus salt crystals
» Detect cracked or twinned crystals




Diffraction Data Selection for Harvesting
Characterization ( VCMS/EXPRESS)
or Full Datasets

Bring back (XCF XDPI)

crystals via QSF

Crystal Growth
(HDPCG/EXPRESS)
Set up new
conditions in
HDPCG blocks

based on results PrOtel N

(Future Projec) N 4 Crystallography

Downlink Data .
(XCF CCDPI) Life Cycle On-Board ISS
(NGTC/EXPRESS)

Structure Determination/

Structure Based Drug Design Launch Crystal Growth

(NGTC / Middeck)




Micro-G Proftein Crystal Growth: End-to-End Concept

Protein Crystal Visual inspection of candidate

Growth crystals

* High Density Protein Crystal * Video Command and Monitor System (VCMS)
Growth (HDPCG) + Designed to “look HDPCG growth cells
““Brute-force” method of 1008

sample conditions loaded on

the ground

EUUTEEI0]ECT




Sry/SialGrowlil\draware.

October 2000




High Density Protein Crystal Growth
(HDPCG)/C-RIM Assembly

October 2000
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ASIRay . Crysialograpriyi=acllily

October 2000




XCF Technology Demonstrator Science Specifications

uptoa 300 Angstrom unit cell size
+ Crystal Size Accommodated - .1 mm to .5 mm optimized for .3 mm
* Unit Cell Size Accommodated - Up to 300 Angstroms.
* Mosaic Spread Accommodated - Less than 0.1 degree
» Detector Positioning - +/- 45 degrees at 30 cm; +/- 58 degrees at 10 cm
+ Goniometer - ® — sample sweep; X, — sample tilt ( fixed at 45 degrees)
¢ — sample rotation; x, y, z - fine sample adjustments
+ Beam Intensity - 1.0x10"8 x-rays/mm"2-sec or greater
« Divergence angle - Less than 0.05 degrees (1.0 mrad) half angle
« Beam Diameter at crystal location - .3 mm
« Spectral Purity - Kbeta peak <1% of Kalpha peak
+ Crystals Cryofrozen in less than 1 sec to -180 degrees C and preserved at -180 degrees C




XCF System Description

lem consists of several key items
D ”dseJ Paradigm. During Pnase B,
| dturation and validation of the eacn
/ /GRU/ Diffraction/Rack
StallEreparation’ Frime item - Erovides all it
Sting, moeuntingandprepanng samples 1o a

X-Ray Difiraction Prime ltem - Provides all items
performing x-ray diffraction analysis or samples.

« Command, Control, Data Prime Item - Provides all items
necessary for command and control of the XCF, including tele-
science activities.



XCF Functional Mapping

Advanced Crystal Handling
* Crystal Harvesting
* Crystal Viounting
R Elm oen Loop
> Capiliany.
> CrystallCryoireeze ana sierage

* X-ray Generation
* Crystal ana Detector Fositioning
» 20, o, X, V, Z, 0, Detector Distance
» X-ray detection
* Crystal cryopreservation

October 2000




Cryocooler Controller

Cryocooler Power
Supply

X-Ray Diffractometer

Command, Control
and Data System

Crystal Preparation Area i

~JGoniometer Servo

X-Ray Diffractometer Computer Motor Drives

X-Ray Generator Controller
Camera Electronics Unit

October 2000




| Crystal Preparation Prime ltem (CPPI)

* The CPPI prepares individual protein crystals for X-Ray diffraction thru

N 1Y 1Y 1T O
£0,0)01| f.‘.'!"'."lff.)!!.'.’!f.‘.'!!.
Jrl')l'}'*()r~,tlll)[ /m'rtr\u,ml

and maintaining
)

A S ™ —ﬁ-‘—- e,

activities

* Full tele-science capabilities



Features

Allgnment

HDPCG/Tool Cartridge

HIDPCGE Cells
Chye-leeplieo]

K Cover

Sliding Bac
October 2000



Crystal Preparation Chamber

October 2000

Hex Wrench Holder: Global Camera

Micromanipulator:

VIICroscepe Camera

HDRCG Caririage

Rall

51opal EigRtng:

empParking,

FECMS






Crystal Harvesting and Mounting
* Conversion from. three-dimensional to.two-dimensional problem

» Pass crystals and mother liquor from robot pipette.

 Position target crystaliin droplet forrmounting in
the cryoloop.

» Add'reagents to crystals as required.

» Mount crystal in loop for cryofreezing or capillary
storage.

« Accommodate manual (crew) loading of crystals
from non-robot compatible carriers.







Hex Wirench

Used to open and close the
HDPCG caps

Sontains permanent rrmJn
jorholding FIPRPEGE capon
[emoval

1)

Eermanentnolsteriocatuon
nsiae the CEC
Compliance layer prevents

(S

OVEr eExertion of: ferce/terque

dnad accommeodates
misalignment

Compliance Layer.

B! Hexaip;

\
>

7 (7

HEXWrencn

Hexwrench Receptacle




Hairloop. Too/

- Standard cryoloops are

lounted to a custom base Allgrnant
Eeature
- 5ase provides interface
petween rebot; flash'sterage

[eezerand cartriage

i
- Stored in'the tool cantriage

Py @ magnet Hairloop
- Noiched for preaetermined

l00p orientation In cartridge

POSt




i CPPI Technology Development

» A droplet is formed between opposed

lrarget crystal IS moyved Into droplet
Cryoloop IS passed through droplet at
45°0rr 90°
\Esults

Chystallmoevementand poesitioning
Was wellfcontrolled

Easy formation of crystal aroplet
nela dropletin

\ideo Image oI Work Area 1n KC-155

135 with 83% success rate on first
attempt.



Advanced Protein Crystal Handling Maturation

crystals for diffraction * Approximately the size of
the middeck glovebox.

(double locker)

Snap Freezer and Stereo Microscope

Storage Freezer
integrated into unit. Internal Temperature

Controlled to +4° C to +22°C
without air movement over
exposed crystals

Sample containers

Note: Front view, gloves not shown.

ol 1004 Preliminary. IDesien
ept - Fall 1996 Preliminary Design
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Detailed Design Technology Demonstration Hardware - Fall 1998



CPPI Testing

* \We have successfully manipulated and mounted ra Nd, rod-snaped, Nneedle
and plate crystals in the CPPI.

e Al 5 crirecisrstics Buy, | , the system Works
withialllefithese crystalsiinit

October 2000



Glass Tube

-.\-.\ ).r 1 -~ - del ~
» Glass Vial (Capillary) Cartridge Y
A third cartridge with special hair loops enclo: 59,1
nsiae gl SS Vials IS supplied for storing crystals tr
will'net be flashirezen

|

Halrloop

l—v

Is can pe removed rfom the

1o
=
—
=
0)
()
(—
o
=

Glass Vial (Capillary Tube)




X-ray Diffraction Prime ltem

CRYSTAL POSITION
BEAM STOP
COLLIMATOR BEAM HEIGHT
— BRUKER DETECTOR
BRUKER SHUTTER
|
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X-Ray Diffraction Prime Item (XDPI) Description

XDPI Motor Drives
* Cryogenic Crystal Cooler
XDPI Computer




—

5“ Advanced X-Ray Generator

paralle

.l o 0 ° ' . ‘ . ‘ ‘ l 'ﬂ H,! “

St et et e

-

has developed an advanced x-ray generator.

- Weight = 60 lbs. (including controller)
- Power ~ 24-80 watts
— Volume = 18” x 10” diameter



|

Advanced X-Ray Generator and
X-Ray Source Power Supply/Controller




Three Circle Goniometer

horizontal position
October 00



J Prototype unit developed to
cool with water (-50 °C chip)
rather than propane/ethanol
mixture.




ASISay Cry/S1allogapliyi=acllily A EC/I0I0GyIYENIONSHdION
rousedyndrn. :f/g/f/ rlfl j e /A/J,/m r’f/f VlIGIENGEIOUNGIZECH),

DPI Motor Controllers

October 2000




Operational Limitations and Drivers

rag}’)
s Soutn J:mt]* Anoma J/

) Ur)J K (Capac J/ avallability, ana eutages)
* Downlink (capacity, availanility, and outages)

* Crew time




Future Automation /deas

1. Automated Optimization

conditions that optimize protein solubility and
physical/chemical stability:

High-throughput Self -interaction Chromatography

N

S HIgh=threugnput Crystal ©plimizaton system

Based on .S‘napshot lefmctlon Ana[ys:s
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