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Introduction

          Radiation Damage was once considered a hindrance to data collection but can now be seen as a possible means of solving protein structure.  For a long time scientists worked very hard to prevent radiation damage from occurring and therefore developed many methods such as cryo cooling crystals. Scientist knew that that cry cooling crystals could lead to destruction in the crystal but assumed that radiation damage would only affect the resolution and not the actual structure of the molecule. Radiation damage was seen as a detriment to researcher’s data collection, usually giving rise to breakage of bonds in the protein and unusual new parameters such as diffraction power and size of the unit cell.  However, now scientists have taken a new approach to viewing radiation damage.  It has become clear to many that radiation damage just might be a solution to solving 3D protein structures.  

          Radiation damage occurs in proteins as a result of increase in exposure time to the beam.  In Lysozyme, our experimental crystal, radiation damage occurs mainly in the disulphide bonds.  The disulphide bonds break and are one of the first signs of radiation damage.  When disulphide bonds break free radicals are formed as a result of an uneven number of valence electrons. These free radicals then “steal” electrons from the nearest stable molecule and become free radicals.  As a result a chain reaction is set off and more free radicals are formed leaving an unstable crystal which leads to more damage in the crystal.   Concurrently the acidic side chains become decarboxylated, breaking bonds between the carbon and two oxygen and releasing CO2.  The radiation damage also creates alterations in parameters such as decrease of diffraction power, and increase in the volume of the unit-cell as the molecule experiences small rotational and translational changes. 

Background Information

Project Description 


The project consisted of three different segments.  First,,lysozyme protein crystals were grown in the presence of Gadolinium.  These crystals were then used for diffraction and data collection.  After data was collected from each crystal it was refined against a model of lysozyme and then the protein structure were analyzed. The Lysozyme crystals were grown in 4 x 6 sitting drop trays and stored at 22◦C.




       Sitting Drop Well Setup
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Figure 1: Sitting drop well with 2μL of Protein mixed 2μL of well solution.

The wells are sealed with tape to make each individual well air tight.

To grow the Lysozyme crystals in the presence of Gadolinium: 
A. Lysozyme Solution Preparation

1. Prepare 0.1M Sodium Acetate at pH 4.2

a. Dissolve 6.804g of Sodium Acetate to 50mL of distilled water.

b. Set pH to 4.2 (Calibrate before using machine)

i. check pH after a small amount of Sodium Acetate and water is added.  

ii. then add water up till 30mL

iii. add HCl till pH is reached and add remaining water

iv. filter solution

c. Prepare 10mL of 20mM (.02M) solution of Sodium Acetate from stock solution.  Use 2mL of stock solution and dilute up to 10mL with water. 
2. Prepare 10% NaCl solution(1.71M) 

a. Dissolve 5mg of Sodium Chloride into 50mL of distilled water.
B. Reservoir Solution- Using 10% NaCl(1.71mM?) (m/v)stock solution and 0.02M Sodium Acetate

1. Prepare 5% NaCl solution 

a. To prepare a 500μL solution: add 250μL NaCl to 250μL Sodium Acetate 

2. Prepare 6% NaCl solution:

a. To prepare a 500μL solution: add 300μL NaCl to 200μL Sodium Acetate 

3. Prepare 7% NaCl solution:

a. To prepare a 500μL solution:  add 350μL NaCl to 150μL Sodium Acetate
C. Lysozyme with Gadolinium Dilution 

Prepare 50μL solution of 40mg lysozyme concentration and 75mM Gd 

a. Dissolve 2mg of Lysozyme and 2mg Gd in 50μL of water

b. Allow protein to equilibrate on ice for 5 minutes and then centrifuge at 13,000 rpm for 10 minutes at 4C.
2. 40 mg ml-1 concentration: 14μL of Initial lysozyme concentration

3. 30 mg ml-1 concentration: 

a. Add 10.5μL of 40 mg ml-1 initial concentration solution to 3.5μL water

4. 20 mg ml-1 concentration:

a. Add 7μL of 40 mg ml-1 initial concentration solution to 7μL water

5. 15 mg ml-1 concentration:

a. Add 5.25μL of 40 mg ml-1 initial concentration solution to 8.75μL water
D. Tray Preparation


1. Columns- Reservoir
a.  One & Two - 
Add 250μL NaCl to 250μL Sodium Acetate 
b.  Three & Four -
Add 300μL NaCl to 200μL Sodium Acetate 

c. Five& Six -
Add 350μL NaCl to 150μL Sodium Acetate

2. Rows- Well
A -
Add two micro liters of 40 mg ml-1 protein solution into each well.


B - 
Add two micro liters of 30 mg ml-1 protein solution into each well.


C - 
Add two micro liters of 20 mg ml-1 protein solution into each well.


D - 
Add two micro liters of 15mg/ml protein solution into each well.
· To each well, mix 2μL from its own reservoir with 2μL of protein solution in the well. 
Tray Preparation 
KEY
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Figure 2 : Tray Setup with NaCl concentration horizontally and Protein concentration vertically 
The tray is incubated at 22oC and the crystals grow within 1 week- Figures 3 and 4.
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	Figure 3: Crystal C4- 20mg ml-1protein, 6% NaCl
	Figure 4: Crystal A5- 40mg ml-1, 7% NaCl

	With an increase in concentration of NaCl and protein concentration, there is a proportional increase in nucleation sites.  This results in the formation of more crystals.  Fewer crystals that are relatively large are optimal for experimental purposes.



          After the crystals are grown, they are used for data collection. Individual crystals are picked up directly from the well and placed into Lysozyme cryo solution. The cryo solution is a mixture of 20% ethylene glycol, 1.5M NaCl, and 500mM NaAc. The cryo is used in order to prevent the water in the molecule from freezing and disrupting the molecular packing which in turn affects the diffraction quality of the crystal. Immediately after, the crystal is taken from the cryo and placed into the pre-cooled cassette.  The cassette is placed in the liquid nitrogen so that the crystal can be flash frozen, preventing the crystal from drying out and preventing the crystal from being damaged by the X-rays through heating and the formation of free radicals. Various loop sizes are used depended on the size of the crystal.  Sizes range from .1μm-.5μm.  The cassettes are then placed into the robot-dewar in the hutch, prior to data collection.  Precaution was taken during the setup process to ensure that the primary damage to the crystals was due solely to dradiation damage during the experiment.
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          In order to ensure that damage would occur, we collected 10 data sets from each crystal.  The odd data sets would be processed and the even data sets were “burn” data sets, data that would not be processed. The burn data sets made certain that the crystal would undergo significant amount damage, producing the results needed to further analyze the damage.  Five crystals were chosen, four to be tested at different wavelengths.  The four different energy wavelengths were determined by the scan of Gd.  One point was picked at the lowest energy, another at the inflection point, the peak wavelength, and the last at the highest energy as shown below:

Figure 5: Gd Scan with 4 different energy levels at which crystals were tested.

          The peak was chosen as the wavelength to produce the most damage, and the points farthest away from the peak would show the least damage. Crystal A4 and B3 were picked to be tested at the highest energy level.  The odd numbered data sets of each crystal were exposed for 2.45sec per degree and its even numbered data sets, the “burn” data sets, exposed for 10.67sec per degree. Crystal A5 was designated to the peak.  For this crystal the even numbered data sets were exposed for 2sec and the burn sets were exposed for 8.72sec.  For the inflection point, crystal B7 was used.  This crystal had the exact same exposure time as for both odd and even numbered data sets as A4 and B3 due to their similar positions of the graph. B8 was used for the lowest energy level.  This crystal had an exposure time of 2.75sec for its even numbered data sets and 12 sec for the odd numbered data sets.  

Table 1-5: All wedges with the number of images, oscillation angle (osc), exposure time, resolution, rmerge, completeness, multiplicity, Rmerge (outer shell), and completeness.  Wedges 2,4,6,8 and 10 were not processed.  
Table 1: High Energy Data Collection Statistics
	High Energy Data-Crystal A4, Energy = 7254.535eV

	Wedge
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Process/Burn
	Process
	Burn
	Process
	Burn
	Process
	Burn
	Process
	Burn
	Process

	Images
	90
	90
	90
	90
	90
	90
	90
	90
	90

	Osc (o)
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Exp (s)
	2.45
	10.67
	2.45
	10.67
	2.45
	10.67
	2.45
	10.67
	2.45

	Resolution (Å)
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7

	Rmerge (%)
	6.5
	N/A
	5.8
	N/A
	6.2
	N/A
	6.5
	N/A
	7

	Completeness (%)
	99.2
	N/A
	99.4
	N/A
	9.6
	N/A
	99.6
	N/A
	99.7

	Multiplicity
	6.5
	N/A
	6.6
	N/A
	6.6
	N/A
	6.6
	N/A
	6.6

	Rmerge (outer shell)
	11.9
	N/A
	12
	N/A
	12.9
	N/A
	17.9
	N/A
	24.6

	Completeness (outer shell)
	99.2
	N/A
	99.4
	N/A
	99.6
	N/A
	99.6
	N/A
	99.7


Table 2: Peak Data Collection Statistics

	Peak Data-Crystal A5, Energy = 7246.055eV

	Wedge
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Process/Burn
	Process
	Burn
	Process
	Burn
	Process
	Burn
	Process
	Burn
	Process

	Images
	90
	90
	90
	90
	90
	90
	90
	90
	90

	Osc (o)
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Exp (s)
	2
	8.72
	2
	8.72
	2
	8.72
	2
	8.72
	2

	Resolution (Å)
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7

	Rmerge (%)
	6.7
	N/A
	6.9
	N/A
	6.8
	N/A
	7.6
	N/A
	8

	Completeness (%)
	99.8
	N/A
	99.9
	N/A
	99.9
	N/A
	99.9
	N/A
	89.5

	Multiplicity
	6.6
	N/A
	6.6
	N/A
	20
	N/A
	6.6
	N/A
	1.8

	Rmerge (outer shell)
	19.2
	N/A
	17.9
	N/A
	6.6
	N/A
	42.2
	N/A
	37.8

	Completeness (outer shell)
	99.9
	N/A
	99.9
	N/A
	99.9
	N/A
	99.9
	N/A
	89.5


Table 3: High Energy Data Collection Statistics

	High Energy Data-Crystal B3, Energy = 7254.535eV

	Wedge
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Process/Burn
	Process
	Burn
	Process
	Burn
	Process
	Burn
	Process
	Burn
	Process

	Images
	90
	90
	90
	90
	90
	90
	90
	90
	90

	Osc (o)
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Exp (s)
	2.45
	10.67
	2.45
	10.67
	2.45
	10.67
	2.45
	10.67
	2.45

	Resolution (Å)
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7

	Rmerge (%)
	5.7
	N/A
	5.6
	N/A
	5
	N/A
	5.4
	N/A
	5.7

	Completeness (%)
	99.4
	N/A
	99.6
	N/A
	99.7
	N/A
	99.8
	N/A
	99.8

	Multiplicity
	6.6
	N/A
	6.6
	N/A
	6.6
	N/A
	6.5
	N/A
	6.5

	Rmerge (outer shell)
	8.4
	N/A
	9.9
	N/A
	11.9
	N/A
	22.7
	N/A
	42.1

	Completeness (outer shell)
	99.4
	N/A
	99.6
	N/A
	99.7
	N/A
	99.8
	N/A
	99.8


Table 4: Inflection Point Data Collection Statistics

	Inflection Point Data-Crystal B7, Energy = 7241.822eV

	Wedge
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Process/Burn
	Process
	Burn
	Process
	Burn
	Process
	Burn
	Process
	Burn
	Process

	Images
	90
	90
	90
	90
	90
	90
	90
	90
	90

	Osc (o)
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Exp (s)
	2.45
	10.67
	2.45
	10.67
	2.45
	10.67
	2.45
	10.67
	2.45

	Resolution (Å)
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7

	Rmerge (%)
	8.5
	N/A
	8
	N/A
	8
	N/A
	8.4
	N/A
	8.8

	Completeness (%)
	99.6
	N/A
	99.7
	N/A
	99.9
	N/A
	99.9
	N/A
	99.9

	Multiplicity
	6.6
	N/A
	6.6
	N/A
	6.6
	N/A
	6.6
	N/A
	6.6

	Rmerge (outer shell)
	11.9
	N/A
	12
	N/A
	18.2
	N/A
	37.5
	N/A
	77.3

	Completeness (outer shell)
	99.6
	N/A
	99.7
	N/A
	99.6
	N/A
	99.9
	N/A
	99.9


Table5: High Energy Data Collection Statistics

	Low Energy Data-Crystal B8, Energy = 7224.942eV

	Wedge
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Process/Burn
	Process
	Burn
	Process
	Burn
	Process
	Burn
	Process
	Burn
	Process

	Images
	90
	90
	90
	90
	90
	90
	90
	90
	90

	Osc (o)
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Exp (s)
	2.75
	12
	2.75
	12
	2.75
	12
	2.75
	12
	2.75

	Resolution (Å)
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7
	1.7

	Rmerge (%)
	8.6
	N/A
	8.8
	N/A
	9.3
	N/A
	10.6
	N/A
	10.8

	Completeness (%)
	99.9
	N/A
	99.9
	N/A
	99.6
	N/A
	99.9
	N/A
	51.4

	Multiplicity
	6.6
	N/A
	6.6
	N/A
	6.6
	N/A
	6.6
	N/A
	1.5

	Rmerge (outer shell)
	13.2


	N/A
	26.4
	N/A
	59.6
	N/A
	40.6
	N/A
	36.01

	Completeness (outer shell)
	99.9


	N/A
	99.9
	N/A
	99.6
	N/A
	99.9
	N/A
	51.4


          The collected data was processed using Elves, a program that automatically processes the data.  All data was processed in space group P43212, and the data collections statistics are shown in Tables 1-5. The "burn" data sets were not processed.  After processing, , the data set was “uniquified”, generating a FreeR Flag (5% of the data) for each wedge in order to monitor the progress of refinement..  All data sets for each wavelength were scaled using SCALEIT to the reference data set B8_LowE Wedge 1. Once the data had been correctly scaled, the structure was solved using Molecular Replacement and a search model of lysozyme, containing 129 amino acids and no waters molecules. 
          Next, the process of refinement took place.  First a TLS file was created by putting the correct number of amino acids in the chain, which in this case was 129 and the TLS parameter box was checked.  After this TLS file was made, REFMAC was run by using TLS and restrained Refinement, putting in the latest MTZ file, using the model PDB file and using the TLS file that was just created.  Under the section of TLS parameters, the initial B factor was set at 20 and under Refinement parameters the correct wedge should be chosen. This process of refinement is run for the first wedge of every crystal.  
          After refinement of the first wedge the file should be viewed in COOT where each amino acid should be check for correct conformation.  This file is then saved as a PDB reference file that is to compare with every wedge in that crystal.   
          Next, using that same file, water molecules must be found using the find waters function in COOT, with a 3 sigma cut off. REFMAC should be run again using the most recent files, except in the case of the TLS file.  The TLS file must be updated by adding another group, HOH, chain B, which indicates the amount of water molecules that were found.  This new TLS file should be used in the second round of refinement.   After REFMAC is run for the second time, COOT is used to check for poorly positioned waters.  Any waters that do not appear to be correctly located, based on their H-bonding environment and/or it’s corresponding electron density, should be deleted. Next, waters must be found, using 2.0 sigma as the new cut off.  A new TLS file is then created by changing the number of waters present and then the data is refined in REFMAC for a last time.  
          After the completion of refinement the model data can be used to compare the damage done to each crystal and can be traced chronologically.  Below, in Tables 6-10, the cysteines at each of the disulphide bonds in each data set is analyzed. Given is the Å^3 and Sigma measurements of the density maps, the B factor for the sulfur atom, the number of images and the exposure time for each crystal. The negative numbers represent the negative density, (red color in Figure 6), and the positive numbers are the positive density, (green color in Figure 6). 

Results 

Table 6: High energy data: Radiation Damage in Disulphide bonds as measured through differences in intensity at the sulfur position of the cysteine. 
	A4_Highe
	Wedge1
	 
	BF
	Wedge2
	 
	BF
	Wedge 3
	 
	BF
	Wedge 4
	 
	BF
	Wedge 5
	 
	BF

	 
	Å^3
	Sigma
	 
	Å^3
	Sigma
	 
	Å^3
	Sigma
	 
	Å^3
	Sigma
	 
	Å^3
	Sigma
	30.64

	CYS 6
	 
	 
	21.65
	-
	-
	26.62
	-0.25
	-4.14
	31.04
	-.25
	-3.56
	25.58
	-.29
	-4.74
	27.07

	CYS 30
	0.23
	3.54
	20.03
	0.27
	4.34
	25.18
	-0.28, .38
	-4.44, 6.24
	28.81
	-.26
	-4.06
	25.10
	 
	 
	23.12

	CYS 64
	-0.2
	-3.14
	19.29
	-
	-
	21.54
	 
	 
	25.21
	-
	-
	21.24
	 
	 
	26.77

	CYS 76
	 
	 
	20.20
	 
	 
	23.18
	 
	 
	26.70
	-.41
	-6.36
	24.50
	-.40, .53
	-6.54, 8.64
	25.45

	CYS 80
	 
	 
	18.32
	 
	 
	21.51
	 
	 
	25.76
	-
	-
	23.06
	 
	 
	32.02

	CYS 94
	 
	 
	21.00
	0.36
	5.94
	26.15
	-.38, .49
	-6.14, 7.94
	30.70
	.22
	3.36
	27.94
	 
	 
	29.21

	CYS 115
	0.19
	2.94
	20.28
	 
	 
	25.46
	.32
	5.24
	29.80
	-.20
	-3.16
	26.64
	 
	 
	28.81

	CYS 127
	 
	 
	21.11
	0.2
	3.24
	24.59
	0.2
	3.34
	29.03
	.21
	3.36
	26.23
	-.29
	-4.74
	 

	R Factor
	.16859
	 
	 
	R Factor
	.16728
	 
	R Factor
	.16454
	 
	R Factor
	.16871
	 
	R Factor
	.17440
	 

	Free R
	.23901
	 
	 
	Free R
	.23380
	 
	Free R
	.22690
	 
	Free R
	.23548
	 
	Free R
	.24676
	 

	Images per dataset 90
	 
	 
	 
	Images per dataset 90
	 
	 
	Images per dataset 90
	 
	 
	Images per dataset 90
	 
	 
	Images per dataset 90
	 
	 

	Exposure time 2.45s
	 
	 
	 
	Exposure time 2.45s
	 
	 
	Exposure time 2.45s
	 
	 
	Exposure time 2.45
	 
	 
	Exposure time 2.45s
	 
	 


Table 7: Peak energy data: Radiation Damage in Disulphide bonds as measured through differences in intensity at the sulfur position of the cysteine. 
	A5_Peak
	Wedge1
	 
	 
	A5_Peak
	Wedge2
	 
	A5_Peak
	Wedge3
	 
	A5_Peak
	Wedge4
	 
	A5_Peak
	Wedge5*
	 

	 
	Å^3
	Sigma
	 BF
	Å^3
	Sigma
	BF
	Å^3
	Sigma
	BF
	Å^3
	Sigma
	BF
	Å^3
	Sigma
	BF

	CYS 6
	-
	-
	34.29
	.21
	3.82
	39.27
	-.27, .19
	-4.51, 3.21
	39.33
	-.17
	-4.70
	41.43
	-.19
	-3.8
	36.36

	CYS 30
	.13
	3.5
	32.99
	-.22, .30
	-3.92, 5.42
	37.20
	-.30
	-5.01
	35.39
	-.21, .23
	-5.60, 6.30
	37.56
	-.25, .15
	-5.10, 3.1
	33.53

	CYS 64
	-
	-
	32.76
	-
	-
	34.47
	-
	-
	32.15
	-
	-
	33.96
	-.14
	-3.2
	30.26

	CYS 76
	-
	-
	34.20
	-
	-
	36.27
	-
	-
	35.17
	-
	-
	36.96
	-
	-
	32.39

	CYS 80
	-
	-
	30.84
	-
	-
	33.11
	-
	-
	31.98
	-.15
	-4.00
	33.62
	-
	-
	29.04

	CYS 94
	-
	-
	34.47
	-.20, .35
	-3.62, 6.22
	38.78
	-.30, .46
	-5.01, 7.61
	38.16
	-.22, .29
	-5.90, 7.9
	40.41
	-.20, .29
	-4.10, 5.8
	35.82

	CYS 115
	-.12, .14
	-3.4, 3.9
	33.31
	-.22, .29
	-3.92, 5.22
	37.90
	-.30
	-5.01
	36.98
	-.13
	-3.60
	38.98
	-.25, .16
	-5.10, 3.2
	33.35

	CYS 127
	-
	-
	34.13
	-
	-
	37.43
	-
	-
	37.72
	-
	-
	39.94
	-.19, .17
	-3.8, 3.4
	35.74 

	Images per dataset 90
	 
	 
	 
	Images per dataset 90
	 
	 
	Images per dataset 90
	 
	 
	Images per dataset 90
	 
	 
	Images per dataset 90
	 
	 

	Exposure time 2s
	 
	 
	 
	Exposure time 2s
	 
	 
	Exposure time 2s
	 
	 
	Exposure time 2s
	 
	 
	Exposure time 2s
	 
	 

	R Factor
	.16985
	 
	 
	R Factor
	.17047
	 
	R Factor
	.17405
	 
	R Factor
	.18041
	 
	R Factor
	.19154
	 

	Free R
	.22090
	 
	 
	Free R
	.21810
	 
	Free R
	.22738
	 
	Free R
	.24270
	 
	Free R
	.27408
	 


Table 8: High energy data: Radiation Damage in Disulphide bonds as measured through differences in intensity at the sulfur position of the cysteine. 
	B3_Highe
	Wedge1
	 
	 
	B3_Highe
	Wedge2
	 
	B3_Highe
	Wedge3
	 
	B3_Highe
	Wedge4
	 
	B3_Highe
	Wedge5
	 

	 
	Å^3
	Sigma
	 BF
	Å^3
	Sigma
	 BF
	Å^3
	Sigma
	BF
	Å^3
	Sigma
	BF
	Å^3
	Sigma
	BF

	CYS 6
	-
	-
	19.29
	-.36
	-5.08
	26.41
	-.35
	-4.66
	31.19
	-.38
	-5.23
	29.49
	-.37
	-5.37
	32.02

	CYS 30
	-
	-
	17.97
	-.25, .24
	-3.48, 3.38
	23.73
	-.34, .42
	-4.46, 5.56
	26.43
	-.29
	-4.03
	23.28
	-.34, .43
	-.5.23, 6.63
	26.90

	CYS 64
	-
	-
	18.57
	-.23
	-3.23
	21.28
	-
	-
	23.36
	-
	-
	20.23
	-
	-
	23.63

	CYS 76
	-
	-
	15.32
	 
	 
	22.07
	 
	 
	25.74
	-
	-
	23.26
	-
	-
	27.52

	CYS 80
	-
	-
	19.29
	-.23
	-3.23
	20.21
	-
	-
	24.09
	-
	-
	20.74
	-.28
	-4.33
	25.04

	CYS 94
	-
	-
	17.24
	-.35, .64
	-4.98, 9.08
	25.81
	-.49, .80
	-6.56, 10.66
	29.46
	-.51
	-7.03
	27.47
	-.45
	-6.93
	30.83

	CYS 115
	.25
	3.61
	19.45
	-.25
	-3.48
	24.60
	-.34, .47
	-.4.46, 6.26
	28.29
	-.29
	-4.03
	25.96
	-.27
	-4.13
	29.12

	CYS 127
	-
	-
	 
	-
	-
	24.00
	-
	-
	29.79
	-
	-
	26.79
	-.37
	-5.37
	31.69

	Images per dataset 90
	 
	 
	 
	Images per dataset 90
	 
	 
	Images per dataset 90
	 
	 
	Images per dataset 90
	 
	 
	Images per dataset 90
	 
	 

	Exposure time 2.45s
	 
	 
	 
	Exposure time 2.45s
	 
	 
	Exposure time 2.45s
	 
	 
	Exposure time 2.45s
	 
	 
	Exposure time 2.45s
	 
	 

	R Factor
	.16275
	 
	 
	R Factor
	.17261
	 
	R Factor
	.17014
	 
	R Factor
	.17740
	 
	R Factor
	.18041
	 

	Free R
	.20448
	 
	 
	Free R
	.22792
	 
	Free R
	.21939
	 
	Free R
	.22920
	 
	Free R
	.23389
	 


Table 9: Inflection point data: Radiation Damage in Disulphide bonds as measured through differences in intensity at the sulfur position of the cysteine 
	B7_infl
	Wedge1
	 
	 
	B7_infl
	Wedge2
	 
	B7_infl
	Wedge3
	 
	B7_infl
	Wedge4
	 
	B7_infl
	Wedge5
	 

	 
	Å^3
	Sigma
	 BF
	Å^3
	Sigma
	 BF
	Å^3
	Sigma
	 BF
	Å^3
	Sigma
	 BF
	Å^3
	Sigma
	 

	CYS 6
	-
	-
	22.81
	-.30
	-4.27
	34.34
	-.34
	-5.08
	32.44
	-.22
	-5.70
	55.32
	-.16
	-5.10
	71.36

	CYS 30
	-
	-
	21.56
	-.26, .36
	-3.67, 5.07
	31.23
	-.27, .32
	-4.08, 4.78
	27.64
	-.22, .24
	-5.7, 6.1
	50.33
	-.19
	-6.30
	64.33

	CYS 64
	-
	-
	21.50
	-
	-
	26.68
	-
	-
	25.02
	-
	-
	47.32
	-
	-
	61.02

	CYS 76
	.21
	3.31
	21.70
	-
	-
	30.73
	-
	-
	27.31
	.14
	3.6
	50.62
	-
	-
	64.68

	CYS 80
	-
	-
	19.23
	-
	-
	28.76
	-
	-
	25.52
	-.17, .19
	-4.4, 4.8
	50.04
	-.15
	-4.8
	65.17

	CYS 94
	-
	-
	21.94
	-.33, .58
	-4.67, 8.27
	33.69
	-.37
	-5.58
	31.32
	-.26
	-6.6
	54.00
	-.18. .27
	-5.9, 8.7
	67.39

	CYS 115
	-
	-
	21.30
	-
	-
	32.38
	-.27, .33
	-4.08, 4.88
	29.67
	-.22, .24
	-5.7, 6.2
	53.05
	-.19, .19
	-6.3. 6.3
	67.49

	CYS 127
	-
	-
	20.73
	-
	-
	32.94
	-
	-
	30.25
	-.22
	-5.70
	54.48
	-.16, .11
	-5.10, 3.6 
	71.58

	Images per dataset 90
	 
	 
	 
	Images per dataset 90
	 
	 
	Images per dataset 90
	 
	 
	Images per dataset 90
	 
	 
	Images per dataset 90
	 
	 

	Exposure time 2.45s
	 
	 
	 
	Exposure time 2.45s
	 
	 
	Exposure time 2.45s
	 
	 
	Exposure time 2.45s
	 
	 
	Exposure time 2.45s
	 
	 

	R Factor
	.22178
	 
	 
	R Factor
	.17475
	 
	R Factor
	.18571
	 
	R Factor
	.18303
	 
	R Factor
	.20350
	 

	Free R
	.28743
	 
	 
	Free R
	.22716
	 
	Free R
	.24308
	 
	Free R
	.25106
	 
	Free R
	.29322
	 


Table 10: Low energy data: Radiation Damage in Disulphide bonds as measured through differences in intensity at the sulfur position of the cysteine. 
	B8_lowe
	Wedge1
	 
	 
	B8_lowe
	Wedge2
	 
	B8_lowe
	Wedge3*
	 
	B8_lowe
	Wedge4
	 
	B8_lowe
	Wedge5*
	 

	 
	Å^3
	Sigma
	 BF
	Å^3
	Sigma
	BF 
	Å^3
	Sigma
	 BF
	Å^3
	Sigma
	 BF
	Å^3
	Sigma
	 BF

	CYS 6
	-.15
	-4.3
	24.12
	-.17
	-3.35
	39.33
	-.12
	-3.6
	39.87
	0.08
	3.4
	72.41
	-.15, .10
	-5.10, 3.40
	48.85

	CYS 30
	-
	-
	22.77
	-
	-
	37.01
	.11
	3.3
	38.33
	-.11, .1
	-4.8, 4.4
	67.76
	-.16, .18
	-5.40, 6.00
	42.09

	CYS 64
	-
	-
	21.74
	-
	-
	33.94
	-
	-
	36.77
	.08
	3.6
	63.15
	-
	-
	39.85

	CYS 76
	-.16, .13
	-4.7, 3.8
	23.40
	-.2
	-3.95
	35.46
	-.12
	-3.9
	38.20
	-.13
	-5.7
	67.61
	-
	-
	41.91

	CYS 80
	-
	-
	19.49
	-
	-
	32.32
	-
	-
	36.27
	-
	-
	64.85
	-
	-
	39.75

	CYS 94
	-.16
	-4.7
	23.51
	-
	-
	38.54
	-.12
	-3.8
	39.65
	-.13
	-5.7
	70.58
	-.20, .19
	-6.80, 6.30
	44.39

	CYS 115
	-.3
	-3.6
	23.83
	-
	-
	37.97
	-
	-
	38.86
	-.11, .08
	-4.4, 3.6
	69.42
	-.16
	-5.40
	43.87

	CYS 127
	-
	-
	23.57
	-
	-
	37.69
	-.10
	-3.2
	42.70
	0.08
	3.4
	73.32
	-.15
	-5.10
	50.39

	Images per dataset 90
	 
	Images per dataset 90
	 
	 
	Images per dataset 90
	 
	 
	Images per dataset 90
	 
	 
	Images per dataset 90
	 
	 
	90
	 

	Exposure time 2.75s
	 
	Exposure time 2.75s
	 
	 
	Exposure time 2.75s
	 
	 
	Exposure time 2.75s
	 
	 
	Exposure time 2.75s
	 
	 
	2.75s
	 

	R Factor
	.17075
	R Factor
	 
	.21378
	R Factor
	 
	.19130
	R Factor
	 
	.20391
	R Factor
	 
	.20179
	 
	 

	Free R
	.22478
	Free R
	 
	.26101
	Free R
	 
	.27967
	Free R
	 
	.24641
	Free R
	 
	.29071
	 
	 


Protein Structure
          Amino acids are molecules that contain amine, any carboxylic acid functional groups and a side chain attached to a carbon atom.  They are simply known as the “building blocks” of a protein.  Numerous amino acids are joined together by peptide bonds forming short polymer chains called peptides.  There are twenty standard amino acids which in different combinations make up various proteins.  
          Lysozyme is known for its consistency and easy growth conditions.  The protein consists of a 129 amino acid chain that contains four disulphide bonds, amino acids 6-127, 30-115, 64-80, and 76-94.  After continual large doses and significant exposure time these disulphide bonds can be seen to break.  The conformation at each bond changes which manifests itself in change in electron density in the difference maps. With an increase in negative density, the red mesh in Figure 6, at the actual bond and an increase in positive density, the green mesh in Figure 6, suggests a potential alternate position that the sulfur is able to rotate to.  The damage that occurs to the disulphide bond can be gradually seen from wedge 1-5.  In wedge 1 there is little or no damage at all.  In wedge 5 there is a noticeable damage in some bonds that can be measured by the area of the green density, confirming the alternate conformation as illustrated in Figure 6.


[image: image3]
Figure 6: Disulphide difference density maps (Fo-Fc) contoured at 1.00 sigma.
The Gadolinium present in the Lysozyme can be found in the vicinity of (Trp) Tryptophan. [image: image7.png]



[image: image8.png][ 5 & svkesswsus @ Temeal

taton \ Sampo \  Cotect \ Servnwg,  Sean \ v \ g\ s\
—ScanMode | mwescraie] P ) lew ) | |

 MAD Scan Fp and Fpp from Kramers Kronig transform

 Bxitation Sean

Scan sample to determine o
peak, infecion and remote
Energies for MAD.
2
|
; 10
o

7100 7200 7300 200
Energy (eV)

Fp(Electrons)
(suonaiz) ddy

oo DR BEEE W Q @ B Nx

»
v

7 g 2006 15,3024 Taedinre sorver -
17 g 2006 Blutes reporta: SiE
17 g 2006 This client 15 pov in control of the bean Line.

. T e

—_—

: [closed 03549PM





Conclusion 

          Lysozyme crystals in the presence of Gd were successfully grown in optimal conditions.  The crystals were then diffracted at four different energy levels with 10 different data sets in order to ensure damage of the crystal.  The collected data was then refined against a model of lysozyme in order to be analyzed. Results show that radiation damage did occur and was apparent in the breaking of disulphide bonds.  These results were expected as going into the experiment and were further supported by our final results.  The B factors were a good comparison of the damage that was done to each of the crystals at different wavelengths.  The crystal taken at the inflection point (B7) resulted in the highest B factor in comparison with the crystal A5 that was taken at the peak which had the lowest B factors.  The data set taken at the lowest energy point had B factors that were relatively large but less than those of the inflection point. Although radiation damage has been seen as a problem in collection of data it may soon be used to solve protein structure.  
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Wedge5- Disulphide bond is shown to be damaged.  The green is positive density, representing an alternate conformation. The red color is negative density that signifies that the bond has broken.  It is clear that rotation of each sulfur bond could reposition correctly into the green density. This is an example of radiation damage. 








Disulphide Bond of A4_Cys 30-115





Wedge1- The 2Fo-Fc electron density map(blue) contoured at 1sig. The disulphide bond is shown to be undamaged.








Figure 7: Tryptophan 
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