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Xylose Isomerase is cheating é.

Å Readily available in large quantities.

Å Temperature stable; the enzyme is 

active at 70°C for up to two years.

Å Can be reproducibly crystallized.

Å Well studied biochemically. 
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But itôs interesting for us é



But itôs not cheating that much

Commercially interesting - used industrially 

to catalyze the conversion of glucose to 

fructose for the production of high-fructose 

corn syrup.

The enzymatic mechanism is a transfer of 

one H atom from one C atom of the 

substrate to an adjacent C atom. Three 

pathways for this mechanism have been 

proposed ï a base-catalyzed proton 

transfer, a simple hydride shift or a hydride 

shift mediated by a metal ion.

X-ray date eludes to one of these, neutron 

data confirms it.

Xylose isomerase is interesting with respect to radiation damage studies. It contains two 

metal ions surrounded by carboxylic groups in the active site (but no disulfide bridges).  

Extensive biochemical studies have been performed on the active site and it provides a good 

candidate for complementary biophysical techniques.

It diffracts to high resolution,



X-ray data collection

Å Stanford Synchrotron Radiation 

Laboratory, beamline 9-1

Å Beautiful diffraction to 0.86 Å

Å Collected a high resolution pass followed by a low resolution pass to cover the complete 

dynamic range.

ï Initial hypothesis: radiation damage would be seen in first the high resolution data and 

we could collect the óundamagedô low resolution data last.

ï Oh bugger moment ï The low resolution data would not scale to the high resolution 

data (which presented itôs own processing problems). Each had been processed as it 

was collected but not scaled together (due to time constraints). The data had a low 

resolution hole and had to be discarded.

ï Lesson learned ï Radiation damage is a global process. It is first observed in the high 

resolution data but it is affecting the data globally.

Experimental protocol

Å Crystals grown at the ring in the presence 

of cryoprotectant. 

ï New protocol ï Low resolution data collection is very fast, collect it first with 

minimal exposure then extend the resolution with high resolution data 

collection.



SSRL Beamline 11-1, ADSC Quantum-315 CCD detector 

Low, medium and high-resolution data collection, 0.855 Å 

ï Low: Crystal-to-detector 600 mm, 2 degree rotation, 1s 

exposure, 80 images, 160 degrees of data.

ï Medium: Crystal to detector 250 mm, 2 degree rotation, 2 s 

exposure, 75 images, 150 degrees of data.

ï High: Crystal to detector 90 mm, 0.5 degree rotation, 4 s 

exposure, 720 images, 360 degrees of data

Total dose, 2.6x106 Gy



Data collection
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Low Medium High 

Crystal to detector 600 mm 250 mm 90 mm 

Oscillation 2.0° 2.0° 0.5° 

Exposure time 1.0 s 2.0 s 4.0 s 

(per degree) 0.5 s 1.0 s 8.0 s 

Images 80 75 720 

Coverage 160° 150° 360° 

 

The data were integrated with both 

Mosflm and Denzo and reduced 

with Scala and Scalepack.  There 

were no significant differences 

between the results from the two 

packages.



Processing statistics

 Low Medium High Overall 

Resolution (Å) 
 

30-2.50 (2.59-2.50) 30-1.30 (1.32-1.30) 1.97-0.87 (0.88-0.87) 30-0.87 (0.88-0.87) 

Unique reflections 12,827 104,051 342,898 376,419 

Observed reflections 64,460 524,073 4,776,450 3,991,720 

Completeness 77.7(24.9) 89.5(43.4) 100.0(100.0) 99.5(88.1) 

Redundancy 5.0(2.0) 5.0(2.1) 13.9(13.5) 10.6 

<I/s(I)> 23.6(15.4) 21.8(5.83) 31.7(3.1) 27.8(2.4) 

Rmerge 0.070(0.052) 0.074(0.144) 0.085(0.907) 0.077(0.817) 

Rpim    0.024(0.261) 
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The resulting structure

R=9.0%

Rfree=10.0%

9%, 54%, and 37% occupancy respectively 
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Fo-Fc 2s

Fo-Fc 3s

Fo-Fc 4s

Fo-Fc 5s

2Fo-Fc 1.0s

The resulting structure


