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Abstract 

 
 

In this project the aim has been to study the model protein carbonic anhydrase 

in Neisseria gonorrhoeae, a bacterium whose carbonic anhydrase has great 

similarities both structurally and functionally with the human form. By 

measuring and comparing the wild type of NGCA  with mutants lacking one of 

the four tryptophan residues it can be seen what effect these tryptophans has on 

stability and activity and then compare with the known data of HCA II to learn 

more about their differences and similarities. The results from the stability and 

activity measurements are that the wild type is by far the most stable protein 

with W141L mutant coming thereafter. 

 

This is probably connected to the conservation of all tryptophans except for the 

W141 in CA, notably HCA II. This shows that there is a connection between the 

conservation and its stabilisation, explaining the low stability and denaturation 

seen in this project for the less stable mutants. This might also explain the low 

grade of protein harvested. 

 

From Trp-flourescence and CO2-hydration measurement a clear two-transition 

steps (N→ I→ U) can be seen. This differs from earlier data where it instead 

only was a one-transition step for the wild type (N→U). The data is also very 

reliable and gives in most cases a perfect fit to the line. We also see this two-

transition step for the other mutants stable enough, strengthening the theory 

further. 

 

One fact that could be drawn from all the measurements is that when an 

intermediate is formed the ability for the enzyme NGCA to perform it’s 

catalytically ability is disabled.  

 

Another thing is that the purification scheme of HCA II is not optimal to be 

directly applied to NGCA, despite the similarity in secondary and tertiary 

structure. 
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Abbreviation 

 
(N→ I→ U) 
Native to Intermediate to Unfolded 
aa 
Amino acid 
Au/ml 
Activation units per millilitres 
BTB 
Bromothymol blue 
CA 
Carbonic Anhydrase(s) 
DNSA 
5-dimethylaminonapthalene-1-sulfonamide 
GuHCl 
Guanidine hydrochloride. 
HCA II 
Human Carbonic Anhydrase; One common mutation is known as pseudo wild 
type (pwt). That means HCA II has the mutation C206S where C is cysteine and 
S is serine. HCA II was used as comparison to NGCA and was not actively 
measured in this thesis. 
IPTG 
Isopropyl-β-D-thiogalactopyranosid, IPTG initiates the transcription of T7 RNA 
polymerase, which in turn catalyses, the transcription of carbonic anhydrases. 
mw 
Molecular Weight (unit: Da) 
NBD-Cl  
7-chloronitrobenzofuran  
NG 
Neisseria Gonorrhoeae; referring to the bacteria itself. 
NGCA  
Neisseria Gonorrhoeae Carbonic Anhydrase; the mutations made are W7L, 
W18L, W141L and W187L where W is Tryptophan and L is Leucine. The 
unmutated form is known as wild type (wt). 
pNPA  
p-nitrophenylacetate  
Trp 
Tryptophan 
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1. Introduction 

 

 
The aim of this project is to harvest the wild-type of NGCA and four different 
mutants with one thing in common; they are all lacking one of the four 
tryptophans. Tryptophan is a crucial amino acid for stability and activity. By 
studying these factors its possible to see the effect these tryptophans has on 
stability and activity. This gives us more knowledge on how to engineer proteins 
so they have more suitable properties and activities. By comparing with the 
known data for HCA II we can learn more about their differences and 
similarities. 
 
To use enzymes such as this to other purposes requires knowledge and studies in 
that area increases the knowledge and may in future be used on de novo design 
of protein function both scientifically and at large production scale. 
 
                                                                                                                                      
1.1 Neisseria gonorrhoeae 
 
According to Madigan (2003), Neisseria gonorrhoeae is a species of bacteria’s 
responsible for the disease gonorrhoea. They are usually gram-negative 
diplococcus and need special nutrients to survive like chocolate agar. A selective 
medium for NG is Thayer-Martin medium (fig 1). They are also obligatory 
aerobic. Gonorrhoea is a sexually transmitted disease and is one of the most 
common in the world, it’s often called gonococcus. It causes infection in the 
vagina and the urethral canal. It also causes eye infections in newborns. 
 

 
 
 
 
 
 
 
 
 

 

Fig 1: Non-selective medium vs. selective medium (CDC) 

 
In this project the gene for NGCA was already inserted in an expression vector 
in E.coli, which was the host organism. Therefore no growing of NG was made.             
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1.2 Carbonic anhydrase  
 
Carbonic anhydrases (CA) are zinc-containing metalloenzymes. They catalyze 
between carbon dioxide and bicarbonate ion (i.e. the reversible hydration of 
CO2).  
 
CO2 + H2O = H2CO3 = HCO3

- + H+ 
 
According to Lindskog (1997), there are three classes of this enzyme α, β and γ. 
These three classes are not evolutionary related. α are mostly found in 
mammalian organisms but also in some bacteria’s (like NG). It’s by far the most 
studied class. β is mostly found in plants, and has an essential role for 
photosynthesis and γ are most common in archaebacterias where it’s important 
in acetate metabolism. All of them have been found in prokaryotes.  
 
All three classes have a single zinc ion for catalysis, but there is not possible to 
find a sequence similarity between the three different classes. The CA gene 
family includes at least 12 enzymatically active members with different 
structural and catalytic properties according to Parkkila et al. 
 
All α-CA share the same catalytic mechanism, the zinc-hydroxide mechanism: 
 
E-ZnOH- + CO2  = E-ZnHCO3

- 
E-ZnHCO3

- + H2O = E-ZnH2O + HCO3
- 

 
E-ZnH2O = H+-EZnOH- 
H+-EZnOH- + B = EZnOH- + BH+ 
 
It is also believed that the other two classes follow this mechanism. All this is as 
described by Silverman et al (1998) and Steiner et al (1975). 
 
NGCA has a molecular weight (mw) of 25kDa (28k with signal peptide). 
Altogether there are 252 aa, but after signal peptide cleavage 226 aa are left. 
There are four tryptophans in total, W7, W18, W141 and W187. Images made in 
PyMol show the correspondence of those Trp:s to HCA II. In all but one case 
the comparison shows identical position (i.e. same aa) in the two proteins 
 
As described by Huang et al (1998), most of the secondary structure elements 
for NGCA are retained in HCA II, but there are also differences, particularly in 
the few helical regions. The two proteins have identical amino acids to 38,5%. 
This include the active site which in both cases has a Zn-ion coordinated to three 
nitrogen atoms from three histidines in a tetrahedral geometry with water as the 
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fourth ligand. One of the largest differences however is that in NGCA we have a 
disulfide bond whereas in HCA II we don’t.  
 
Also some loops are missing/shortened from HCA II. These loops are in the 
outer regions of HCA II and their absence shortens the protein and makes it 
tighter. A comparison between them both is seen in fig 2. 
 
Nearly all of the residues in the active site of HCA II are conserved in NGCA 
and have similar structural positions, including three zinc ligands, His92, His94 
and His111. This active site is seen in fig 3. 
 
 
 

 
 
Fig 2: NGCA and HCA II aligned to each other. As seen the structure elements from NGCA is mostly 
retained. The differences in the loops are marked in the figure. Also the disulfide bond present in NGCA 

is shown. Accession code 1KOQ and 2CBA. HCA II = yellow/light, NGCA = blue/dark, Differences = 

red/less dark 
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Fig 3: Active site of NGCA. As seen we have a active site which has a Zn-ion coordinated to three nitrogen 

atoms from three histidines in a tetrahedral geometry with water as the fourth ligand. Some other 

important aa like Thr 177 is also shown. Their job is to stabilize the centre with mostly hydrogen bonds 
and is “indirect” ligands. Accession code 1KOQ 
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Fig 4: Close-up view of the four tryptophans in NGCA. There are four in total, W7, W18, W141 and 

W187. As seen they are spread over the protein. Accession code 1KOQ. 

 
 

Three of the four tryptophans have an identical amino acid in HCA II (i.e. a 
tryptophan as well) but in position 141 we instead have a valine. If we compare 
to HCA II we have 7 tryptophans, spread over the molecule instead of just 4 as 
in our case. This is demonstrated in fig 4. 
 
 
1.3 Fluorescence spectroscopy. 
 
Fluorescence is an optic phenomenon and occurs when a fluorescent molecule 
(often aromatic) absorbs light (high-energy photon) and is excited from the 
lowest (ground state) to a higher energy level (excited state). When the molecule 
returns to ground state, the excess in energy is triggered as a photon release 
(emission) at a longer wavelength than the absorption. This can be measured. 
All of this process is known as fluorescence.  
 
The emitted light has a lower energy (higher wavelength) compared to the 
absorbed light. The fact that the emission wavelength is moving towards higher 
wavelength is known as red shift. The opposite is blue shift. Quenching which is 
the shortening of the lifetime of the excited state can also reduce the 
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fluorescence. Usually it involves an energy or electron transfer to open an extra 
channel for deactivation of the excited state. 
 
This shift is dependent on a lot of factors, particularly the environment. 
Therefore, much information of the environment can be obtained with this 
method. 
 
If the aromatic amino acids are evenly distributed in the protein, an exposure of 
them gives a measurement of its stability. Since the solvent reduces the energy 
you will get a higher maximum wavelength (lower energy) the more exposed 
these groups are to the solvent. By adding different concentration of 
denaturation solvent, like GuHCl you can expose the aromatic amino acids more 
and thereby see how stable the protein is. The most important amino acid for 
this measurement is Trp, which happens to be those that have been mutated. A 
lower stability was expected for all four mutants because the natural form is 
usually the most stable one due to many years of evolution. Also the mutations 
were very significant and large, which usually means problems. Small changes 
over time work better to maintain stability and activity. 
 

 
1.4 Esterase activity  
 
For more information about the activity than just CO2-hydration measurements, 
esterase activity was measured. CA also catalyses hydrolysis of some esters. 
Therefore you can measure the activity by deciding the velocity for the 
hydrolysed product. 
 
The ester used was p-nitrophenylacetate (pNPA). The substance produced, p-
nitrophenole absorbs light at 348 nm.  
                          
After the velocity has been calculated one can calculate the activity and the 
second order rate-constant (catalyzing ability).  
 
 
1.5 DNSA-measurement 
 
DNSA is inhibiting CA and disables its catalytical function. By adding DNSA to 
a stability measurement, data from inhibition is obtained and information from 
denaturation is given. When DNSA binds in the fluorescence decreases but 
when more and more GuHCl is added it will become more and more denatured. 
The active site looses its grip over DNSA, it’s released and the intensity rises.  
 
 



Daniel Dunbring KB4nv  NKXD25, vt2007 

 12

1.6 SDS-page 
 
SDS-page is a very common method to study a protein molecular weight and the 
purity of the protein. It is a method to separate proteins after their size 
(electrophoretic mobility). First SDS (Sodium dodecyl sulphate) is applied. It 
gives a negative charge to each protein in proportion to its mass and denatures 
all secondary structure except disulfide bonds which are removed with β-
mercaptoethanol. Without SDS, different proteins with similar molecular 
weights would migrate differently due to differences in folding, as differences in 
folding patterns would cause some proteins to better fit through the gel matrix 
than others. Also, all separation due to charge is also removed since charge/mass 
is equal. 
 
The proteins are then applied on a polyacrylamide gel and buffer is added. Then 
the electric field is applied and the proteins start to migrate because of the 
negative charge from SDS. This movement is proportional to its mw. References 
of known proteins are added and by reading the distances migrated and compare 
it with the logarithm of the mw, a straight line is given. From this calculation it 
is easy to obtain the mw of the sample. 
 
Also, SDS-page gives information of the purity of the protein. If there is a pure 
sample one will only see a single band.  
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2. Material & methods 

 

 
2.1 Chemicals 
 
GuHCl was obtained from Pierce and the concentration was determined by 
refractive index essentially as described by Nozaki (1973). 7-chloro-4-
nitrobenzofurazan was obtained from Fluka. Isopropyl-β-D-
thiogalactopyranosid (IPTG) was obtained from Promega. All other chemicals 
were of reagent grade. 
 
 
2.2 Expression of NGCA  
 
Cells from the BL21/DE3 expression-strain containing the five premade NGCA 
constructs was transferred to 20-50mL of sterilized LB-medium containing filter 
sterilized ampicillin to a final concentration of 0.1 µM and then incubated at 37 
oC overnight under shaking. 
 
The five overnight cultures was then diluted into 1.5 or 2.0 L batch of pre-
warmed (37 oC) sterilized LB-medium containing 1.5 or 2.0 mL filter sterilized 
ampicillin to a final concentration of 0.1 µM. The cultures were then grown at 
37 oC with shaking. Then IPTG and ZnSO4 was added at OD ~ 0.8. The 
concentration was 0.1 µM of both IPTG and ZnSO4. Before the adding of IPTG 
and ZnSO4 a reference was taken out and was saved (ref 1). 
 
IPTG binding to the chromosomal lac promoter, present in BL21/DE3 cells, 
initiates the transcription and synthesis of T7 polymerase allowing it to bind to 
the T7 promoter and thereby starting the NGCA transcription. The plasmid is 
also containing a gene for antibiotic resistance, which is why ampicillin is 
added, to select those bacteria’s with plasmid. 
 
ZnSO4 gives an additional source of Zn2+ ions, which is crucial for the catalytic 
function of CA. 
 
After the induction the cultures was growing in 25 oC over night under shaking. 
Then the cells were harvested and separated from the growth-medium by 
centrifugation at 3000 rpm for 20 min at 4 oC. The cell pellets was resuspended 
in 20 mL equilibration buffer (0.1 M Tris-H2SO4 and 0.2 M K2SO4, pH 9.0 (±0, 
1)) and stored at -80 oC until use. Here was another reference (ref 2) picked out. 
 
The frozen cells were then thawed and transferred to a bead-beater filled with 
ice, where the cell-walls was crushed by the beads for 5 × 30 sec. After that was 
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finished initial CO2-measurements was made to check that there were any 
enzyme activity at all. The solution was then again centrifuged for 30 min and 
the supernatant was kept for activation measurements.  The reason for this 
centrifugation was to separate the destroyed cells from the proteins located in 
the cytoplasm. Here two additional samples were picked out from the 
supernatant and the pellet. (ref 3 and 4 respectively, however, those were not 
measured). Also the volume of the supernatant was measured. 
 
In NGCA there is a disulfide bond between two cysteines, Cys28 and Cys181. 
When it is oxidized it contributes to stabilization. The bond stabilizes the protein 
by restraining the unfolded state, which lowers the energy difference between 
native and unfolding. 
 
In the beginning glutathione was added to the sample after bead-beater. It was 
done to be sure that all protein molecules had a disulfide bond in it. The 
glutathione would oxidize the cysteines and create a disulfide bond. This would 
in theory improve the yield according to earlier results on HCA IV (Waheed et 
al 1997) 
 
10 mM oxidized glutathione (GSSG) was added before activation to the wt and 
two other proteins and continuous measurements were made over time. 
However the results were too random to draw any conclusion so it was removed 
from the thesis. It has to be pointed out that the protein variants used for this, 
except for the wt, were two proteins who hade to little protein material to 
continue with after purification. Since nothing was seen it can also mean that all 
protein had a stable, oxidized disulfide bond or that the amount glutathione 
added was not enough to make the instable cysteins to form stable disulfide 
bonds.  
 
 
2.3 CO2-hydration measurements 
 
All enzyme activity was based on the CO2-hydration activity of the enzymes. 
The measurements was made by adding the sample which contains enzyme (2-
50 µl) to 1 ml H2O, 2 ml 25 mM veronal-H2SO4 buffer, pH 8.2 (with 20 mg/ml 
BTB) and 2 ml CO2-saturated H2O. 
 
The uncatalyzed reaction time and the “enzyme reaction time” were measured 
by application of the CO2-saturated water under stirring. When the sample had 
the same colour as the reference the measurement was complete. The colour 
shift is the result of a pH-change (decrease in pH), which is detected by the pH-
indicator BTB. The sample was compared with a reference consisting of 0.2 M 
Sodium phosphate buffer, pH 6.5 
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The activity, expressed in Activation units per millilitres (Au/ml), was 
calculated from the formula: 
 
Au/ml = (((tb/tc)-1)*1000/v)*5 
 
Where tb is uncatalyzed reaction time, tc is enzyme reaction time and v is 
volumes added in µl. 
 
 
2.4 Purification of NGCA 
 
Purification of the enzyme was performed by affinity chromatography 
essentially as described by Khalifah, R.G et al (1971). The theory behind is that 
NGCA (in the exact same manner as HCAII) will have affinity to the specific 
inhibitor p-aminomethylbenzenesulfoneamide (see fig 5), which is connected to 
the gel. This means that only the protein of interest will bind to the gel and 
anything else will be pouring through and not stick to the gel. The sample was 
then poured on the column. The gel was then washed using equilibration buffer 
(0.1 M Tris-H2SO4, 0.2 M K2SO4, pH 9.0) in order to elute non-specific bonded 
protein. 
 

H2N

S

O

O NH2  
Fig 5: p-aminomethylbenzenesulfoneamide. This is the inhibitor molecule, which NGCA binds to 

 
The absorbance at 280 nm (A280) was continuously measured under the washing. 
The amount of non-specific bonded protein becomes insignificant when A280 ≤ 
0.010 and the washing with equilibration buffer were stopped. The bonded 
protein was washed out with elution buffer (0.1 M Tris-H2SO4, 0.4 M NaN3, pH 
7.0) and collected in 5 ml fractions. NaN3: s function as a competitive inhibitor 
was to compete with the sulphonamide in the active site of NGCA and thereby 
disturb the binding to the gel. 
 
A280 was then measured on the fractions and when A280 was insignificant to 
make a contribution large enough the elution stopped. The highest concentrated 
fractions were then pooled and the absorbance (A280) and volume was measured 
on the pooled solution. 
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In order to reactivate the azide-inhibited enzyme the sample was dialysed 
against a dialysis buffer (10 mM Tris-H2SO4, pH 7.5) at 4 oC. After this the final 
concentration of the enzyme was measured by spectrophotometer at A280. A 
value of A280 

1 mg/ml = 1.55 as described by Chirica et al (1997) was used. The 
activity was measured by CO2-hydration and the final volume was measured. 
Here a sample was taken out and put in the freezer (ref 5) at -80 oC. The protein 
was then stored in a refrigerator at 4 oC 
 
 
2.5 Fluorescence stability measurements  
 
The measurements were performed using a spectroflourimeter at room 
temperature. A 1 cm quartz cuvette was used for the measurements. The 
excitation wavelength was 295 nm, which is corresponding to the unique Trp 
excitation. The emission spectra were then recorded between 310 and 410 nm.  
 
For each sample three spectrums was collected and averaged. From the resulting 
spectrums the intensity at the wavelength of 332 and 352 was saved and was 
used to calculate the fractional change, essentially as described by Mårtensson et 
al (1995). Also measurements on the references (non-protein containing 
mixtures) were made and then that data was subtracted from the two 
wavelengths. The value of 332/352 for every sample was then plotted against 
[GuHCl] from the samples. 
 
For the measurements with all five proteins measured at the same time, the 
intensity at the wavelength of 332 and 352 was not used. Instead the highest 
intensity value after subtraction of references was used. Then the relative 
intensity (in %) was calculated. Three spectrums were still collected and 
averaged and the same wavelengths were used. 
 
The samples used for the stability measurements were prepared by incubating 
0.025 mg/ml of the wild type and the mutants in various concentrations of 
GuHCl, 0-5 M. The original source of GuHCl had been measured and 
determined by refractometer. The sample also contained 100 mM Tris-H2SO4, 
pH 7.5 and distilled water up to a final volume of 1500 µl. The samples were 
incubated overnight. 
 
For wt and W141L a DNSA-measurement was made. The samples were 
measured as with fluorescence with the same wavelengths and the same GuHCl 
concentrations. Before measurement 15 µl of DNSA was added to the 
preincubated samples for a total DNSA concentration of 10 µM. 
 



Daniel Dunbring KB4nv  NKXD25, vt2007 

 17

These data proved however to be inaccurate and unreliable. The CO2-hydration 
measurements were used for all activity data and result discussion. 
 
 
2.6 CO2-hydration stability measurements 
 
Enzyme activity was measured on the samples described for the fluorescence 
stability measurements. Each sample undertook duplicate measurements as 
described for CO2-hydration measurements with addition of 10 µl sample. The 
average time was then used to calculate the activity. The activity was calculated 
as described for CO2-hydration measurements. The activity, expressed in Au/ml, 
was calculated and normalized to a native-denaturation index where 1 (top value 
of Au/ml from the measurement) was fully native and 0 (lowest value of Au/ml) 
was fully denatured. This was then plotted against the concentration of GuHCl 
for the samples. 
 
 
2.7 Esterase activity measurements 
 
The measurements were performed essentially as described by Armstrong et al 
(1966). Two 1 cm quartz cuvettes were used for the measurements on a 
spectrophotometer at room temperature. The wavelength measured was 348 nm 
and a time scan over 60 seconds was made where ∆A/∆t was calculated. Three 
measurements were made on each protein and it was crucial that ∆A/∆t was 
almost equal. 
 
The ester used as substrate was p-nitrophenylacetate (pNPA). A solution of 
pNPA was made, mixing the substance with dry acetone and reducing its 
exposure to light. This was made to avoid exposure to water.  
 
The samples used for the measurements consisted of 1.25 ml 100 mM Tris-
H2SO4, pH 7.5, the protein/enzyme and 20 µl pNPA making it a final 
concentration of 1.18 mM. The reference only consisted of buffer and pNPA.  
 
The measurement was made after the addition of pNPA to start it up. The 
volume enzyme added depends on the ratio between the reference (the 
spontaneous reaction) and the enzyme measurement. Volume of enzyme was 
added until ∆Y/∆X was a 4-5 times more than the reference. 
 
In the end these data was not used since they were unstable, unreliable and did 
not give a good fit to any kinetic line. This is because data was too random to be 
used for any conclusions. 
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2.8 Titration of free thiols 
 
The presence of cysteine residues containing free thiols in the enzyme was 
measured by labelling with 7-chloronitrobenzofuran (NBD-Cl). Two 
measurements per protein was made, one at native state and on with the protein 
denatured with 5 M GuHCl. A 10-fold molar excess of NBD-Cl was added to 
the enzyme (17 µM). Also 0.1 M Tris-H2SO4 buffer, pH 7.5 was added. 
 
A time scan absorbance measurement was made at 420 nm (corresponding to 
formed NBD-Cys product) for 30 min. NBD-Cl was added as the last 
component. 
 
2.9 SDS-page measurements 
 
SDS-page was done on reference 1 and 2 (before IPTG adding and before bead-
beat) to see if the growth was successful. Pre-made gels were used. The samples 
were then added and the electrophoresis started. After SDS-page was finished, a 
liquid was added to decolour the gels. 
 
From reference 1, 100 or 300 µl was added for centrifugation and the pellet was 
then mixed with the loading buffer. From reference two a lesser volume was 
used and mixed with the loading buffer.  
 
Due to difference in cell concentration between the samples, the volume from wt 
and W7L for reference 1 was 300 µl, while the other three were 100 µl. Because 
of this the results won’t be accurate but the purpose is only to see if there has 
been an expression so that won’t be a problem. 
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3. Results  
 

 
3.1 Experimental procedures 
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3.2 Expression & purification of NGCA  
 
Early on there were problems with the growth of the bacteria’s. No material was 
left after the purification and significant problems existed on all the mutants: 
low or no activity on the protein, no protein at all or protein that was denatured.  
 
To counter these problems an increase of concentration of IPTG and ZnSO4 was 
made from the old concentration of 0.1 µM to 0.5 µM. Also the batches of LB-
medium used for growth was increased from 1.5-2.0 L to 4.0 L. After this it 
went easier for some mutants, especially W141L who showed activity values 
close to the wt. Some other mutants however like W18L gave some protein but 
it was denatured. The conclusion is that some of these mutants are not stable 
enough. This was additionally verified by the fact that most of the mutants had a 
precipitation, even after a centrifugation in 11000 rpm for 40 min. Almost all 
proteins was harvested twice. 
 
As seen in table 1, different amounts of materials were obtained for the different 
mutants. Most protein was obtained from wt even though it had the least volume 
and was grown with fivefold lower concentrations of 0.1 mM IPTG and 0.1 mM 
ZnSO4 than all other mutants. It was also harvested in a 1.5 L batch of LB-
medium instead of 4.0 L as the others. 
 
Table 1: Summary of obtained material after dialysis.  

Protein Obtained material (mg) Volume of LB medium batch 

Wt 24.6 1.5L 
W7L 21.0 4.0L 
W18L 14.5 4.0L 
W141L 17.3 4.0L 
W187L 8.6 4.0L 
 
 
3.3 SDS-page 
 
SDS-page was also studied and two gels were obtained from the study. They 
were composed of wells for the five proteins and references (molecular weight 
standard). There were also five additional measurements on reference 2 with 
another (lower) concentration. 
 
In between the references from 30.0 and 20.1 there is a clear band corresponding 
to NGCA (28k) for all proteins especially for wt and W7L. Those two has a 
higher concentration though. 
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Figure 6. The gel, containing 5 proteins and mw reference.  Gel A has a mw reference (1) The references 

are 97, 66, 45, 30, 20.1 and 14.4 kDa respectively from up to down., Wt before (2) and after (3) inducing of 
IPTG, W7L before (4) and after (5) IPTG, W18L before (6) and after (7) IPTG, W141L before (8) and 

after (9) IPTG and another mw reference (10).  Gel B has a mw reference (1), W187L before (2) and after 

(3) IPTG, wt after induction of IPTG at a lower concentration (4), W7L after induction of IPTG at a lower 

concentration (5), W18L at lower conc (6), W141L at lower conc (7), W187L at lower conc (8).  

1     2      3     4       5      6        7        8       9    10

  

1        2          3          4        5          6          7         8 

A 
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As can be seen from the figures, all mutants are expressed as proteins. In most 
cases a larger, thicker band can be seen for the second sample after the IPTG 
addition.  
 
 
3.4 Enzyme activity  
 
To study the active site many methods was used. However due to stability issues 
only wt and W141L used all of them. W7L and W18L were not stable enough. 
 
CO2-hydration measurement was the primary source to the measurements of the 
activity. DNSA were measured for wt and W141L, as was esterase activity but 
both these methods gave unreliable and strange result so the CO2-hydration 
measurements were the method used in table 2 below. 
 
Table 2: Summary of activity measured from the NGCA variants under the process of purification and 
after the dialysis.  

Protein CO2-measurement after cell lysis CO2-measurement after dialysis 

Wt 100 % 100 % 

W7L 14,4 % 0,0 % 

W18L 4,9 % 0,3 % 

W141L 140,8 % 27,3 % 

W187L 41,1 % 1,4 % 
The percentage is normalized to 100% for the wt. The absolute activity after cell lysis for wt was 7813 

Au/ml and after dialysis 105198 Au/mg 

 
All five proteins do have activity in the beginning but some loses it after the 
purification. As seen wt and W141L have high activities while the others have 
not. One thing observed is that W7L loses its low activity after the purification 
since no activity was found in the measurement after dialysis.  
 
 
3.5 Protein stability 
 
Many measurements were done to obtain as much information as possible about 
the different proteins. It was crucial to obtain a comprehensive view about the 
differences and similarities between the proteins. Some limitation due to the 
concentration of the proteins had to be made so not all measurements could be 
done for all five proteins. 
 
The two most used methods were Trp-fluorescence and CO2-hydration 
measurements (as a stability measurement). Only three proteins gave usable 
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measurements from these, wt, W141L and W187L. W7L and W18L were not 
stable enough. 
 
The fluorescence stability measurement and the CO2-hydration measurement 
gave the results as seen in fig 7 for the wt. The result gained from the 
measurement was plotted. The intensity at the wavelength 332/352 was for 
every sample plotted against [GuHCl]. So was also the fractional change which 
can be seen in fig 7. 
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Fig 7: Trp-fluorescence and CO2-hydration measurements for wt shown in the same figure. Trp-

fluorescence is shown in black and the CO2-hydration measurement in white. 

 
As shown in the graph there is a clear two-transition state (N→ I→ U) with 
Cm(N→I ) = 1.7 M and Cm(I→U) = 3 M. This is more stable than HCA II and differs 
from earlier data where it instead only was N→U and a midpoint at 2.9. Since 
that midpoint is the same as Cm(I→U) in this thesis, a logical conclusion is that for 
some reason earlier data failed to observe the “first” transition Cm(N→I ). (Elleby 
et al (2001)). As seen the data is also very reliable and gives a perfect fit to the 
line. 
 
Also, data was obtained from the CO2-hydration stability measurement. As seen 
we have a one-transition step (N→ U) for the active site. This is because when a 
unfolded protein is formed the ability for the enzyme NGCA to perform its 
catalytically ability is disabled, probably due to exposure of the active site 
residues to the environment and unfolding of important groups required for the 
enzymatic reaction. This is verified by Cm(N→U ) for the CO2-hydration 
measurement, which is 1.5 M, close to CmNI for Trp-flourescence (Tab 3, Tab 
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4). Following conclusions can be drawn: First, it verifies that the transition step 
from N→ U is close of N→ I from the Trp fluorescence stability measurement 
(see above). This means that when the protein has formed an intermediate, there 
is no possibility for NGCA to fulfil its function. Also, the data shows that the 
active site is more sensible than the protein over all and loses its ability to 
catalyze between carbon dioxide and bicarbonate ion before an intermediate is 
completely formed. 
 
For W141L similar data was obtained. Initially the fluorescence stability 
measurement was measured. The intensity at the wavelength 332/352 was for 
every sample plotted against [GuHCl]. So was also the fractional change which 
can be seen in fig 8. 
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Fig 8: Trp-fluorescence and CO2-hydration measurements for W141L shown in the same figure. Trp-

fluorescence is shown in black and the CO2-hydration measurement in white. 

 
As shown in the graph there is a clear two-transition state (N→ I→ U) with 
Cm(N→I ) = 1.2 M and Cm(I→U) = 3 M. This is less stable than NGCA wt, which is 
illustrated by denaturation at lower concentration of GuHCl. The data is also 
very reliable and gives a perfect fit to the line. Both curves has the same Cm(I→U) 

(3 M) which tells us that stability for intermediates is practically the same 
regardless of a single mutation of an important aa. This is also verified from 
W187L which also have a Cm(I→U) = 3 M (see below).  
 
Also CO2-hydration stability measurement was made. We have a one-transition 
step (N→ U) here as well. As seen these data verifies the Cm(N→I ) step 
measurements from the fluorescence. Cm is ~1,4 which is close to Cm(N→I ) from 



Daniel Dunbring KB4nv  NKXD25, vt2007 

 25

the fluorescence (1.2 M). The same thing which is true for NGCA wt is also true 
for NGCA W141L. One difference is seen though, the data shows that the active 
site is no more sensible than the protein over all and loses its ability to catalyze 
between carbon dioxide and bicarbonate ion after an intermediate is formed.  
 
Fluorescence stability measurement was also made on W187L. The result 
gained from the measurement was plotted. The intensity at the wavelength 
332/352 was for every sample plotted against [GuHCl]. So was also the 
fractional change which can be seen in fig 9. 
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Fig 9: Trp-fluorescence and CO2-hydration measurements for W187L shown in the same figure. Trp-
fluorescence is shown in black and the CO2-hydration measurement in white. 

 
 
Also this time we have a clear two-transition state (N→ I→ U) with Cm(N→I ) = 
0.6 M and Cm(I→U) = 3 M. This is less stable than both NGCA wt and W141L, 
which is illustrated by denaturation at lower concentration of GuHCl. All three 
curves has the same Cm(I→U) (3 M) which tells us that stability for intermediates 
is practically the same regardless of a single mutation of an important aa.  
 
However, it’s very unlikely that this data is reliable because of the stability 
issues presenting it when dealing with this mutant. The 187 position is one of 
the most conserved aa in CA. In fact, of all Trp-residues only W187 is 
conserved in the known family of α–CA:s and α–CA related proteins. While the 
mutation W209F has a minor effect on protein stability, the replacement of Trp-
209 with Ser or Gly has more severe effects. This means that the switch from 
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tryptophan to leucine will destabilize the protein so much that reliable data is 
impossible, even under 4 oC conditions. 
 
Also CO2-hydration stability measurement was made. As seen these data gives a 
one-transition step (N→ U) again. As seen these data verifies the Cm(N→I ) step 
measurements from the fluorescence. Cm is ~0.7 which is close to Cm(N→I ) from 
the fluorescence (0.6 M). The same thing which was true for NGCA wt and 
NGCA W141L is also true for NGCA W187L.  
 
The data obtained from fluorescence and CO2-hydration measurements is 
summarized in Tab 3 and Tab 4. As described in the table the similarity between 
CmNI in table 3 and CmNU in table 4 are considerable.  
 
Cm is midpoint of denaturation, where there are equal amounts of N and U. ∆G 
H2O is an estimate of the stability of the protein under the assumption that the ∆G 
dependence is linear to O M of denaturant. The slope, m is a measure of the 
cooperativity i.e. the amount of exposed hydrophobic surfaces. 
 
Table 3: Stability and thermodynamic parameters for GuHCl-induced unfolding for NGCA wt and the 

four Trp mutations as monitored by Trp-fluorescence 

Protein CmNI  ∆GNI 
H2O mNI CmIU ∆GIU 

H2O mIU 
Wt 1.7     4.7  2.7 3.0 9.0 3.0 
W7L ------ ----------- ----- ------ ------------ ----- 
W18L ------ ----------- ----- ------ ------------ ----- 
W141L 1.2 4.2 3.4 3.0 6.2 2.1 
W187L 0.6 1.8 2.3 3.0 9.7 3.2 
Units are as follows: Cm, M; ∆∆∆∆G, kcal mol-1; m, kcal mol-1 M-1. CmNI and CmIU and represent the 
transition midpoint concentration for the transition  from the native state (N) to the intermediate state (I) 

and from the intermediate state (I) to the unfolded state (U). 

 
Table 4: Stability and thermodynamic parameters for GuHCl-induced unfolding for NGCA wt and the 

four Trp mutations as monitored by CO2-hydration measurement. 

Protein CmNU  ∆GNUH2O mNU 
Wt 1.5 2.5 1.7 
W7L ------- ---------- ----- 
W18L ------- ---------- ----- 
W141L 1.4 6.4 4.7 
W187L 0.7 2.6 3.6 
 

 
3.6 Comparison between the proteins 
 
One measurement made to compare the relative intensity was made with Trp 
fluorescence. In that measurement, all five proteins were measured at various 
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concentrations of GuHCl at the same time and with the exactly same amount of 
protein concentration. 
 
The intensity values and the maximum wavelength was then collected and 
summarized in Table 4. Only two proteins, wt and W141L gives us data with 
high intensity and a wavelength shift that correspond with the Trp-fluorescence 
measurement since you obtain a red-shift when the protein is more exposed i.e. 
goes from native to a more denatured with increasing concentration of GuHCl.  
 
W141L does not give the exactly the same intensity as the wt as seen in Tab 5. 
Instead it can be seen that the intensity is decreased by approximately ¼ of the 
wt intensity Since we also have ¾ of the tryptophans in that mutant, a 
conclusion is that W141 in normal cases contributes as much as it can be 
expected to do i.e. there is no quenching of W141. 
 
The other three proteins show such a low intensity compared to wt that the only 
logical conclusion is that they are either denatured or that we have a significant 
amount of precipitation. The intensity observed could also be water. Note that 
W187L did give useful data to the Trp-fluorescence measurement (which was 
made first) so this change is probably fast, and will happen even in 4 oC, at least 
for W187L. 
 
Table 5: Relative intensity (% of wild type) in various concentrations of GuHCl for NGCA wt and the Trp 

mutants.  

Protein OM GuHCl 1,5M GuHCl 2M GuHCl 2,5M GuHCl 5M GuHCl 
Wt 100 (336) 100 (337) 100 (342) 100 (343) 100 (352) 
W7L 9 (333) 10 (327) 4 (346) 9 (346) 5 (359) 
W18L 7 (342) 17 (327) 14 (343) 11 (346) 5 (354) 
W141L 74 (335) 91 (346) 65 (346) 67 (347) 63 (352) 
W187L 3 (337) 14 (327) 4 (310) 11 (346) 14 (357) 
 
 
3.7 Individual proteins  

 

Wt:  
 
Everything went well with this protein. It was expected from earlier studies that 
this variant would be easiest to obtain and study and that it would be less 
sensitive to temperature, treatment etc. This was proven true since it was the 
only protein which was obtained with the initial concentrations of 0.1 mM IPTG 
and 0.1 mM ZnSO4.  
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The activity was 7800 Au/ml. Here some tests on glutathione were made but 
they were removed due to unstable, unreliable results. The data was too random 
to be used for any conclusions (data not shown).  
 
During the measurement of A280 on the eluted samples, high absorbance was 
given for many samples. This means that there were a lot of protein produced 
from the growth and the purification. It is also worth to note that aggregation 
was created under the centrifugation and application step so some material was 
probably lost. 
 
The A280 on the pooled fractions was 0.81 and the total volume was 57 ml. This 
would mean a concentration about 0.52 mg/ml according to the factor of 1.55 
(A280 x M/ ε x l, according to Lambert-beers law). When multiplying with the 
volume an amount of 29.6 mg protein was calculated. This was made on all 
proteins. 
 
After dialysis the sample was measured again and this time an amount of 24.6 
mg protein was given. A specific enzyme activity on 42500 Au/ml was obtained. 
 
The wt was then measured to see if there was any presence of cysteine residues 
containing free thiols in the enzyme. The data proved that there were no free 
cysteine residues (data not shown).  
 

W7L/W18L: 

 
These proteins were harvested twice. The first time they didn’t give any protein 
at all. After dialysis they were measured only to be found that there was almost 
no activity whatsoever. The most probable reason for this is that it had been a 
loss in material due to precipitation clearly seen under the affinity purification 
step. It has to be noted that this protein had glutathione added with no visible 
effect. 
 
However, they were reharvested with the new concentrations (from 0.1 µM to 
0.5 µM) and volumes (from 2.0 L to 4.0 L). This time everything went initially 
well. There was activity for both the proteins 
 
However, under the measurement of A280 on the eluted samples, low values were 
given. The factor 1.55 (A280 x M/ ε x l, according to Lambert-beers law) 
previously used in wt was multiplied with 0.75 (since ¼ of the tryptophans is 
missing). This factor was used on all mutants to calculate the protein 
concentration. This is according to Chirica et al (1997) 
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For both of them precipitation was seen and almost no activity was obtained 
after dialysis. 
 

It was however impossible to do Trp fluorescence stability measurement, the 
CO2-hydration stability measurement or any other activity measurements on 
these proteins because of the possible denaturation or the possible precipitation 
on the samples. Even though data was obtained from the fluorescence 
measurement (data not shown) they were too irregular to draw any conclusion 
from. The activity was also very low as seen in the measurement with all five 
proteins measured at the same time. 
 

 
 
 

 
Fig 10: Comparison between W7 and the corresponding aa in HCA II. The similarity can easily been seen 

and they occupy the same area in space. Accession code 1KOQ and 2CBA. HCA II = yellow/light, NGCA 

= blue/dark 
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Fig 11: Comparison between W18 and the corresponding aa in HCA II. The similarity can easily been 
seen and they occupy the same area in space. Accession code 1KOQ and 2CBA. HCA II = yellow/light, 

NGCA = blue/dark 
 

W141L: 
 
As many other proteins this protein was harvested twice. The first time it gave 
almost no protein at all. The activity gained was 786 Au/ml. It has to be noted 
that this protein had glutathione added with no visible effect. The low results 
and the lack of protein to work with meant no continuation with this growth. 
 
The second harvest was done with the new concentrations mentioned with the 
exception of ZnSO4, which was kept at 0.1 µM.  
 
Initially the activity measurements showed that there was definitely CA in the 
samples. The activity was 11000 Au/ml, higher then wt but grown with 4.0 L 
LB-medium batch instead of 1,5 L 
 
The elution samples were measured both before and after dialysis. The volume 
was still 38 ml, however the absorbance had slightly changed. The activity was 
now 13000 Au/ml 
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If we compare this position with HCA II, we see a large difference. Instead of a 
perfect match we have a valine instead. The amino acid is not conserved as the 
other proteins. This might indicate that a Trp is not necessary required in this 
protein. That might explain why the growth results were better for this mutant 
and why it’s more stable than the others. 
 

 
 
Fig 12: Comparison between W141 and the corresponding aa in HCA II. They occupy the same area in 

space.  However they are not the same aa and there is no similarity. Accession code 1KOQ and 2CBA. 

HCA II = yellow/light, NGCA = blue/dark 
 

W187L: 
 
This protein was harvested twice but only purified once. Due to the other 
failures of the lower concentrations and volumes, that sample was never applied 
on the gel but remained frozen. Instead it was reharvested with the higher 
concentrations and volumes. 
 
CO2-hydration stability measurement was made and there was CA in the 
samples. However due to the fact that the samples weren’t completely cooled 
down it was hard to make a good measurement since the solutions has to be very 
cold. 
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Then the elution samples were measured after the affinity chromatography 
purification. A protein total of 6.2 mg were obtained. 
 
Then after dialysis, A280, volume and activity was measured again. This time it 
was a slight increase. A total of 8.6 mg protein was obtained. This means that 
we have a precipitation or a partly denaturated protein. 
 
One thing that has to be noticed is that this protein denatured/precipitated after 
these measurements and gave different results in the two absorbance 
measurements. This means that there is an uncertainly of the result. As seen in 
the relative fluorescence for all proteins at various concentrations (see Table 5) 
the intensity are low compared to wt and the concentration also increased 
significantly between the two measurements (data not shown) 
 

 
 
Fig 13: Comparison between W187 and the corresponding aa in HCA II. The similarity can easily been 
seen and they occupy the same area in space. Accession code 1KOQ and 2CBA. HCA II = yellow/light, 

NGCA = blue/dark 
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4. Discussion 

 

 
It’s clearly shown from the fluorescence stability measurements that the wt is by 
far the most stable protein of the studied in this thesis with W141L slightly 
destabilized compared to wt. The reason for this is most likely that this 
tryptophan is not conserved in other CA in different species. HCAII has a Trp in 
all other three positions and the space they occupy is almost identical. In the 
case of W141 however we have a valine.  
 
The reason for the problems with harvesting and purification is likely because of 
the instability when switching a large, conserved Trp against a leucine. This 
might cause enough disturbances in the structure to make it impossible to keep 
them stable, even in 4 oC. The W141L mutant is stable because there is no great 
need of a Trp there, which is proved by that amino acid is not conserved among 
different CA forms. That might explain why the growth results were better for 
this mutant and why it’s more stable than the others. 
 
The W187L position is one of the most conserved aa in CA. In fact, of all Trp-
residues only W187 is conserved in the whole known family of α–CA:s and α–
CA related proteins. It is completely invariant (Lindskog). The low stability on 
that mutant should´t surprise. As seen from phylogenetic comparison with 
different CA. The position of W141 is not conserved. Indeed, neither HCA II, 
HCA III nor HCA IV uses it.  
 
W187L has a similarity with HCA II exactly as for W7L and W18L. This 
conservation probably explains the purification problems. However they were 
less than for W7L and W18L. One possible explanation for this can be its 
position in a hydrophobic core. Maybe the leucine can somewhat compensate 
for the space it leaves. 
 
It was seen for all proteins that the concentration after dialysis was greater then 
the concentration on the pooled fractions before dialysis. A possible cause for 
this could be that the inhibition of the azide makes the protein stable. When it’s 
removed in dialysis then it will fall out as precipitation and form non-visible 
aggregates. This could explain both the low CO2-activity (since active site 
cannot be reached) and the A280-measurements. Another cause could be 
denaturing of the protein leading to another factor than 1.55 and thereby another 
concentration. 
 
There is a clear two-transition state (N→ I→ U) with Cm(N→I ) = 1.7 M and 
Cm(I→U) = 3 M for the wt. This differs from earlier data where you instead only 
have with N→U and a midpoint at 2.9 M. The data is also very reliable and 
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gives a perfect fit to the line. It’s likely that other groups (Elleby et al 2001) of 
some reason missed the two-transition state and instead only observed a one-
transition state corresponding to Cm(I→U). It is likely that the first transition step 
was not observed due to the fact that in that study UV-absorbance was used 
instead of the more sensitive Trp-flourescence method.  
 
One fact that could be drawn from all the measurements is that when an 
intermediate is formed the ability for the enzyme NGCA to perform it’s 
catalytically ability is disabled. There is a similarity between data obtained from 
fluorescence and CO2-hydration measurements and clearly shows there is a one-
transition step (N→ U) for the active site. This is because when an intermediate 
is formed the ability for the enzyme NGCA to perform its catalytically ability is 
disabled, probably due to exposure of the active site to the environment and 
refolding of important groups required for the enzymatic reaction. This is 
verified by Cm(N→I ) for the CO2-hydration measurements for all proteins. 
 
The SDS-page confirms that the problems with the purification don’t have 
anything to do with the growth and harvest. This means that the cause to the 
problems with the proteins must be because of the precipitation and denaturation 
of these instable proteins. Most likely it doesn’t have anything to do with human 
mistakes but instead with specific condition for NGCA. 
 
This thesis has focused much on using the conditions known for HCA II. Since 
too little is known of NGCA much of this might be bad choices. Better choices 
can be made with more research in this area. 
 
Specific condition needs to be found for NGCA: s unstable mutant’s otherwise 
good purification for those won’t be a possibility. 
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5. Future prospects 
 

 
Some measurements should be added, for example CD-measurements in the 
near-UV area (250-320 nm) which will give more information of the 
folding/unfolding i.e. the stability. One can also measure stability by 
temperature and calculate TM. 
 
One can also use it to measure the composition of secondary structure between 
the mutants and the wild-type to search for changes in the structure. This can be 
done by measuring in the far-UV (170-250nm). 
 
Another measurement which should be done is calculation of the ε-value from 
the mutants. By calculating those, a more exact value of the concentration can 
be obtained which can be necessary due to the shifts in concentration during this 
thesis. 
 
Another thing that should be made is to alter the conditions of buffers, solutions 
and methods used to purify. As described by Chirica et al (1997), precipitation 
was seen. The way to avoid this is to find the parameters for a good purification 
for NGCA:s unstable mutants, which will require a lot of work. 
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