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* Highly organized structure

* Physico-chemical function

e Functional characteristics

Proteins: Molecules of “Life”

primary (sequence of amino acids, of which
there are 20)

secondary (alpha helical; beta sheet)
tertiary (unique 3-D folding pattern)

quaternary (spatial array of subunits
assembled into larger, functional molecule)

macro structures
harvest light energy
enzymatic catalysis
biomechanics

ligand transport
etc., etc.

high selectivity
high efficiency
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Space-Filling Model of Myoglobin
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Cgo3 Hioas Fe Noyy Onpq S5, 2305 atoms, 153 amino acids



Wild-type Myoglobin
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L29F Myoglobin
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Ligand Escape Dynamics for WT and L29F Mb (in D,O at ~ 10 °C)
(Time-resolved Mid-IR spectra of Photolyzed WT- and L29F- MbCO)
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e Mutants generously provided by Prof. John Olson, Rice University
« From Fig. 3 in Schotte et. al., Science 300, 1944 (2003)
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Source of Picosecond X-ray Radiation: Synchrotron

Storage ring half life
(=2 100 e/mA):
e 16 mA in single bunch: ~6
Synchrotron energy: 6 GeV DEULSIRll 2 DS :
e- rest energy (m.c?): 0.511 MeV v G R CHOE6 _
e hours; ~150 ps Single bunch

6 GevV 1 e 90 mA in 16-bunch: ~10

g5 = hours; ~115 ps
0.511 MeV - u?/c? ’
Vi- u’/c . 200 MA in 1/3-filling: ~40
P u=0.99999999% c hours; ~50 ps

7 mA isolated pulse

4- bunch
e ii%!‘ ! Q
Q/ d’ﬁ 16-bunch

844 m circumference:
¢/c =2.82ns
RF at 992 harmonic (ESRF):
992/2.82 nms = 352 MHz

hybrid




X-ray Generation with Undulators

1</6; ~ 0.1 mrad; E ~ 10 keV (0.8A)
KN\AW

Toroidal mirror

pammes
AR =
B e
< ~30m »< 30m~— ”

focused to ~100 nm spot
~ 102 photons/mA/pulse




X-ray Diffractometer at ID9 End Station (ESRF)

Position and intensity monitors

X-ray monitor

_ sample
ms-shutter _ icroscone P X-ray CCD camera
chopper slits P lGaﬁs detector (pop-up)

X-ray
77
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355 kHz

B Synchronous X-ray Chopper
Forschungszentrum Jilich, 1997



Packing of P6 Myoglobin Crystal

a=b=91.20A,c=45.87 A, a =b =90°, g= 120° heme plane to a,b plane b = 55°




Pump-Probe geometry
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Focusing
optics
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Laue diffraction pattern from L29F MbCO corlet
100 ps after photolysis
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Image Analysis: X-ray Wavelength and
Pump-induced Intensity Changes
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Generate “film strip” from diffraction data
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Extrapolation to Complete Photolysis : MbCO at 100 ps

doCked CO

"

Extrapolated-->100% photolysis
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Color-coded maps superimposed: MbCO at 100 ps
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F helix

wild type

Wild Type vs. L29F MbCO at 100 ps
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L29F MbCO Time series
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