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Results:
Table 1.1 Raw Data of Absorbance of our group
	Time
(min)
	Curvette#1

GTP
	Curvette#2

GTP+ATP
	Curvette#3

GTP+CP

	0
	0.143
	0.125
	0.143

	3
	0.140
	0.124
	0.141

	6
	0.132
	0.124
	0.144

	9
	0.132
	0.131
	0.146

	12
	0.135
	0.129
	0.144

	15
	0.138
	0.127
	0.144

	18
	0.131
	0.129
	0.142

	21
	0.130
	0.130
	0.142

	24
	0.134
	0.127
	0.145

	27
	0.135
	0.135
	0.146

	30
	0.139
	0.136
	0.147

	33
	0.135
	0.134
	0.152

	36
	0.136
	0.134
	0.153

	39
	0.136
	0.138
	0.151

	42
	0.138
	0.145
	0.157

	45
	0.146
	0.172
	0.260


Table 1.2 Normalized Data of Absorbance of our group

	Time
(min)
	Curvette#1

GTP
	Curvette#2

GTP+ATP
	Curvette#3

GTP+CP

	0
	0.000
	0.000
	0.000

	3
	-0.003
	-0.001
	-0.002

	6
	-0.011
	-0.001
	0.001

	9
	-0.011
	0.006
	0.003

	12
	-0.008
	0.004
	0.001

	15
	-0.005
	0.002
	0.001

	18
	-0.012
	0.004
	-0.001

	21
	-0.013
	0.005
	-0.001

	24
	-0.009
	0.002
	0.002

	27
	-0.008
	0.01
	0.003

	30
	-0.004
	0.011
	0.004

	33
	-0.008
	0.009
	0.009

	36
	-0.007
	0.009
	0.010

	39
	-0.007
	0.013
	0.008

	42
	-0.005
	0.020
	0.014

	45
	0.003
	0.047
	0.117


Table 1.3 Raw Data of Absorbance (Reference Data)

	Time
(min)
	Curvette#1

GTP
	Curvette#2

GTP+ATP
	Curvette#3

GTP+CP

	0
	0.04
	0.05
	0.06

	3
	0.04
	0.06
	0.08

	6
	0.06
	0.10
	0.11

	9
	0.07
	0.12
	0.15

	12
	0.09
	0.14
	0.19

	15
	0.10
	0.17
	0.22

	18
	0.11
	0.20
	0.26

	21
	0.12
	0.22
	0.29

	24
	0.12
	0.26
	0.33

	27
	0.13
	0.28
	0.35

	30
	0.13
	0.29
	0.36

	33
	0.14
	0.31
	0.37

	36
	0.14
	0.31
	0.38

	39
	0.15
	0.32
	0.38

	42
	0.15
	0.32
	0.39

	45
	0.15
	0.31
	0.38


Table 1.4 Normalized Data of Absorbance of Reference Data

	Time
(min)
	Curvette#1

GTP
	Curvette#2

GTP+ATP
	Curvette#3

GTP+CP

	0
	0.00
	0.00
	0.00

	3
	0.00
	0.01
	0.02

	6
	0.02
	0.05
	0.05

	9
	0.03
	0.07
	0.09

	12
	0.05
	0.09
	0.13

	15
	0.06
	0.12
	0.16

	18
	0.07
	0.15
	0.20

	21
	0.08
	0.17
	0.23

	24
	0.08
	0.21
	0.27

	27
	0.09
	0.23
	0.29

	30
	0.09
	0.24
	0.30

	33
	0.10
	0.26
	0.31

	36
	0.10
	0.26
	0.32

	39
	0.11
	0.27
	0.32

	42
	0.11
	0.27
	0.33

	45
	0.11
	0.26
	0.32


*Graph 1 is drawn form Table 1.4, using the normalized reference data
Discussions:

1. Comment on the results you obtained.
According to table 1.1 and 1.2, the general trends of absorbance of cuvettes #2 and #3 are increasing, except that in #1 is decreasing. Theoretically, the general trend of cuvette #1 should also be increasing. This contradiction may be due to some errors in the experiment. Besides, from 0min to 3min, we failed to mix the solutions thoroughly before each measurement, causing the initial drop in readings. As a result, reference data is used to explain the phenomenon.
After considering the reference data of cuvette #1, the general trends of all the 3 cuvettes are increasing. And by referring to graph 1, both the curves of cuvette #2 and #3 level off at the end, indicating there is saturation of microtubule formation. Before they level off, all the curves are straight lines passing through origin, this implies that the absorbance is directly proportional to the incubation time of all the cuvettes. However, the 3 cuvettes have different degrees in increase. The rises in absorbance are 0.003, 0.047 and 0.117 (our data), and 0.11, 0.26 and 0.32 (reference data) in cuvettes #1, #2 and #3 respectively. It shows that the rate of polymerization is the highest in cuvette #3 (with GTP+CP), followed by cuvette #2 (GTP+ATP) and #1 (GTP only). The polymerization rate is the lowest if only GTP is presented. Therefore, it is known that both ATP and CP are enhancers in tubulin polymerization as the rate increases with the addition of these two substances. Besides, the enhancing effect of CP is higher than ATP because it causes a greater change in absorbance in cuvette #3 than #2. 
2. What roles do GTP, ATP and creatine phosphate play in the process of tubulin polymerization?
Firstly, microtubules are formed from the polymerization of tubulin subunits, and 

   tubulin itself is a heterodimer formed from α-tubulin and β-tubulin. Each of the two 

   monomers has a nucleotide-binding site. And the binding of GTP is only exchangeable in 

   β-tubulin, the GTP bound with α-tubulin would be physically trapped and considered as 

   and integral part of the heterodimer. The addition of GTP-containing dimeric α- and 

   β-tubulins to the plus end of a protofilament would cause it to grow linearly, forming the 

   cylindrical wall of microtubule. During the assembly process, hydrolysis of GTP would
   occur at the GTP-binding site of β-tubulin, resulting in a change in conformation of the 
   subunits. This in turns causes the curving of protofilament and the formation into   

   microtubule is hindered. Therefore, the presence of GTP would prevent the loss of GTP 

   caps on the plus end, thus stabilizing the microtubule and ensuring continuous         

   polymerization. 


ATP is important in the regulation of microtubule formation by binding to tubulin at 
   a site which is distinct from the N- and E-sites (which is the nucleotide-binding sites 

   stated previously). ATP can act at the level of nucleation to stimulate assembly, because 

   incubation of tubulin with the addition of ATP and Mg2+ results in the aggregation of 

   tubulin rings. However, unless the system is supplemented with more GTP, future 

   assembly would not be induced by ATP. ATP has a facilitating effect on fastening the 

   assembly process and MT polymerization. Therefore, with the concentration of ATP 
   increases, the rate and extent of assembly would also increase. 


Creatine phosphate has a P-N bond. When the P-N group is hydrolysed, creatine 
   phosphate would break down to creatine and phosphate ion (Pi). This ensures that there is 
   sufficient GTP and ATP by phosphorylation of GDP and ADP, maintaining the 
   concentration of GTP and ATP.
                Creatine phosphate [image: image1.png]
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 GTP

3. What was the purpose of including EGTA & MgCl2 in the MT buffer?
EGTA is included in the MT buffer because it has a buffering capacity which can 

   maintain the pH of the solution at around 6.4, which is the optimal pH for tubulin 

   polymerization. Besides, it can bind with any Ca2+ ions that present in the reagent because 
   Ca2+ ions can stimulate depolymerization and inhibit polymerization.


MgCl2    
4. What would you expect to happen if a large amount of calcium ions is added to the tubulin in addition to GTP?

5. Suggest other methods to study the polymerization process of tubulin.
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