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Figure 3.15 UV-vis absorption spectra of the imidazole complexes of ferric Wt CPO and
F103A. The spectra were obtained at pH=6 in 0.1 M potassium phosphate buffer at room
temperature with 5 uM enzyme concentration. The ligand concentrations were 2 M for
F103A mutant, and 4 M for Wt CPO.
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Figure 3.16 UV-vis absorption spectra of the thiocyanate complexes of ferric Wt CPO
and F103A. The spectra were obtained at pH=3, in 0.1 M potassium phosphate buffer at
room temperature with 5 uM enzyme concentration. The ligand concentration was 100
mM for F103A mutant, and 15 mM for Wt CPO.
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Figure 3.17 UV-vis absorption spectra of the formate complexes of ferric Wt CPO and
F103A. The spectra were obtained at pH=3 in 0.1 M potassium phosphate buffer at room
temperature with 5 pM enzyme concentration. The ligand concentration was 1.5 M.
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Figure 3.18 UV-vis absorption spectra of the acetate complexes of ferric Wt CPO and

F103A. The spectra were obtained at pH=3 in 0.1 M potassium phosphate buffer at room
temperature with 5 uM enzyme concentration. The ligand concentration was 2 M.
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Table 3.3 Optical absorption data, dissociation constants, and spin states of ferric Wt CPO & ferric F103A CPO mutant ligand

complexsa
absorption maxima’ LGN K dapp (mM) K dim d(mM)
Pk, ofb spin
Ligand Enzyme name Ligand 0 Soret B o pH=3 state
KCN Wt CPO 366 (45.4) 439(92.3) 557(13.0) 0.14 0.14 low
F103A CPO 9.14 361(35.9) 436(56.1) 556(8.5) 0.27 0.27 low
KN, Wt CPO 365 (37.6) 431 (85.5) 544 (11.3) 580(7.8) 642 (3.0) 1.3+0.2 1.3 low
F103A CPO 472  360(46.1) 428 (64.3) 548 (10.3) 583 (7.5) 647 (2.1) 29+14 1.8 low
KSCN Wt CPO 365 (36.8) 430(90.3) 548 (11.4) 585(6.4) 649 (1.4) 0.09+0.01 e low
F103A CPO -1.90 366 (40.6) 426(64.5) 54394 575(6.4) 646 (1.6) 6+4 e low
Imidazole Wt CPO 367 (37.8)  428(93.3) 545(12.8) 580(7.5) 644 (1.5) e e low
F103A CPO 7.00 358(40.0) 427 (107.1) 545(12.8) 575(8.1) e e low
HCOOK Wt CPO 358 (30.1) 424 (99.6) 544 (9.4) 581 (8.3) 637(2.9) 0.62 0.53 low
F103A CPO 3.75 360 (35.1) 421(68.3) 541(8.2) 574 (7.1) 637 (2.8) 102 87 low
CH,COOK  wtCPO 411(79.7) 540(7.6)  583(6.0) 638 (4.8) e e mix
F103A CPO 477 358(32.8) 419 (86.1) 538 (9.5 574 (8.5) 638 (2.4) e e low

“ All data were abtained in 0.1 potassium phosphate buffer at pH 6 or pH 3 at room temperature. ” pK,, values for the ligands are
taken from the following literature: (i) (Danehy and Parameswaran 1968); (ii) (Perrin, Dempsey et al. 1981); (iii) (Streitwieser
1981). “ The A and emy expressed in nm and mM'cm™, respectively. ¢ Intrinsic (int) affinity for the neutral form of the ligands (see
text). © Not determined.
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Table 3.4 Apparent K4 for cyanide binding of Wt CPO and F103A at various pH

pH value F103A Wt CPO
pH=3 268.0 uM 141.5 uyM
pH=4 298.0 uM 151.7 uyM
pH=5 4236.8 uM 165.7 uM
pH=6 4481.7 uM 90.33 uM

The apparent Ky values (Ky) for ligand binding of several ligands were derived from
the ligand binding studies (Table 3.3). Generally F103A shows lower affinity for ligands
than Wt CPO, an effect that can be accounted for by a more opened active center
allowing more freedom of the ligand in F103A, plus the ligand has to compete with a
H,O molecule that served as the sixth ligand, while in Wt CPO, a H;O is 3.5 A away
from the heme center. The binding affinity of the F103A for cyanide and azide decreased
2 fold, and for two of the more acidic ligand, thiocyanate, and formate decreased
dramatically (100 fold). The extent of decrease was hard to determine for acetate because
it has a very low affinity for Wt CPO and any significant decrease will cause its binding
with F103A to become undetectable. However the extent of the decrease is not correlated
with pK, values, it is possible that the structure of the ligand may also play a role here.

The effect of pH on the ligand binding of the F103A mutant to one of the strongest
ligands, cyanide (Table 3.4). Compared to Wt CPO, which has a small increase in the
ligand affinity between pH 5~6, F103A actually showed an abrupt decrease in ligand

affinity between pH 4~5. A similar effect was observed when studying the chlorination
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activity of F103A, unlike Wt CPO that has an optimum pH=2.75, F103A mutant has an

optimum pH=3 (Fig. 3.19).
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Figure 3.19 pH profiles for chlorination activity of Wt CPO and F103A.

One possible explanation for such changes could be changes of the distal ligand state.
It had been well established that Glul83 plays an important role in stabilizing the
ligand-ferric heme iron complex (Sundaramoorthy, Terner et al. 1998; Kuhnel,
Blankenfeldt et al. 2006). It is possible that Glu183 may not be suitably close enough to
the ferric center to form a hydrogen bond with the ligand, or the hydrogen bond network
formed by Glul83, His105 and Asp106 had been interrupted. Thus instead of Glu183, Ser
184 is placed close to the ferric center, adopting a similar configuration to P450cam.
Another possible scenario is that the F103A mutation causes a slight twist of the peptide

backbone where F103 is located, disrupting the nearby hydrogen bond between His105
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and Glul83, resulting in the formation of a new hydrogen bond between Aspl06 and
Glul83. On the basis of significant decrease in cyanide binding between pH 4-5 and the
decrease in optimum pH of chlorination, the latter hypothesis is more plausible.

3.2.3 F103A mutant as a possible industrial catalyst

As mentioned in the introduction, one drawback of Wt CPO is its limited ability to
accept larger substrate, thus substituting the Phel03 with a smaller amino acid, Ala,
should change the structure of the active center to allow access of larger substrate. To
evaluate this approach, a series of styrene derivatives were used to study the catalytic
activity of the F103 A mutant.

Although Wt CPO can catalyze the epoxidation of o-methylstyrene and
a-cthylstyrene (Dexter, Lakner et al. 1995), with high enantioselectivity, the turnover
number decreased dramatically as the substituent group was changed from methyl to
ethyl; a similar phenomenon was also observed when comparing a-methylstyrene and
styrene. It is proposed that repositioning the methyl or larger substituent group on the
double bond of the styrene might offer insights into the steric control of both reactant size
and reaction enantioselectivity. Furthermore, styrene and its derivatives are an important
group of compounds for industrial applications, yet are challenging to modify with
enzymes. In addition, the aromatic group will enable assessment of the reaction with
UV-vis spectroscopy.

The epoxidation behavior of F103A on styrene derivatives with increasing size of the
substituent on alpha carbon of the double bond was investigated: a-methylstyrene,
a-ethylstyrene, and o-propylstyrene. An increase in -catalytic activity with both

a-ethylstyrene and a-propylstyrene (Fig. 3.20) was observed for F103A, both substrate
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react very slow with Wt CPO and required prolonged time (~1 h) for a noticeable change
to occur by UV-vis. Styrene derivatives with a more highly substituted group on the
double bond was also used as substrates. While Wt CPO reacts poorly with tri-substituted
styrene, F103A can accept such substrates with higher turnover rates. However,
tetra-substituted styrene was accepted as a substrate by neither Wt CPO nor F103A (Fig.
3.21). The next structural feature we studied was the conformation of the substrate. Trans
derivatives of styrene and trans olefins, in general, were found to be poor substrates for
Wt CPO, as is usually the case in epoxidation reactions catalyzed by heme proteins and
their synthetic models (Groves and Nemo 1983). However, F103A can catalyze the
epoxidation of trans-p-methylstyrene (Fig. 3.22), and trans-substrates with larger

substituent, such as trans-1-phenyl-1-pentene and trans-1-phenyl-1-butene.
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Figure 3.20 UV absorbance decrease at 242 nm profiles for F103A (39 nM) catalysis of

the epoxidation of a-methylstyrene, a-ethylstyrene, and a-propylstyrene (300 uM) in 100
mM citrate buffer, pH = 5.5.
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Figure 3.21 UV absorbance decrease at 243 nm profiles for F103A (39 nM) catalysis of
the epoxidation of 2-methyl-phenyl-1-propene and 1,2-dimethyl-propenyl-benzene (300
pM) in 100 mM citrate buffer, pH = 5.5.
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Figure 3.22 UV absorbance decrease at 250 nm profiles for F103A (39 nM) catalysis of

the epoxidation of trans-p-methylstyrene, trans-1-phenyl-1-butene, and
trans-1-phenyl-1-pentene (300 uM) in 100 mM citrate buffer, pH = 5.5.
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Lastly, the enantioselectivity of F103A with these substrates was examined. Chiral
HPLC with an UV detector was used to study the epoxidation products of various styrene
derivatives. A sample HPLC trace is shown in Fig. 3.23 & Fig. 3.24. In these figures, It
can be seen that the F103A mutant has almost completely lost its enantioselectivity when
catalyzing styrene epoxidation, in contrast to Wt CPO which has an ee% of 49. For other
substrates that can be accepted by both Wt CPO and F103A, F103A showed a distinctive
enantioselectivity profile (Table 3.5). Similar to styrene, F103A almost lost its
enantioselectivity when catalyzing the epoxidation of cis-B-methylstyrene. However,
when catalyzing another substrate that reacts readily with Wt CPO, a-methylstyrene,
F103A showed high enantioselectivity but with a different configurational In summary,
on the basis of the NMR data, rCPO and Wt CPO have very similar active site structures.
The 1D and 2D spectra are nearly identical, as are the T1 values and the intercepts of the
Curie plots. The chemical shifts of the paramagnetically shifted resonances in isozyme B
of Wt CPO and the corresponding resonances in rCPO are at most 0.4 ppm apart with the
exception of the resonance at approximately 39 ppm, which is broad and has a poorly
defined peak, Table 2.3. For comparison, when yeast cytochrome ¢, a non-glycosylated
heme protein was expressed in E. coli, the chemical shifts of the paramagnetically shifted
resonance of wild type and recombinant proteins differed by up to 0.6 ppm preference.
When catalyzing larger, more branched substrates, trans-B-methylstyrene,
trans-1-phenyl-1-butene, and 2-methyl-phenyl-1-propene, F103A exhibited higher
enatioselectivites and higher conversion rate.

The new enantioselectivity profile can be explained by the steric control of substrate

access to the ferric center and the configuration inside the heme pocket. When F103 is
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Figure 3.23 Chiral HPLC trace of the products obtained from the epoxidation of styrene
catalyzed by Wt CPO.
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Figure 3.24 Chiral HPLC trace of the products obtained from the epoxidation of styrene
catalyzed by F103A.
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Table 3.5 Enantioselectivity study of F103A catalyzed of epoxidation reactions

Substrate Major product ee (%)" Yield (%)

Ph\ Ph 49 86 CPO

KA 2 05 F103A
0

80 (R) 52 CPO
66 (S) 45 F103A

99 85 CPO
5 86 F103A

Ph Ph H

5 15 CPO
50 75 F103A

2 12 CPO
34 47 F103A

8 (S-R) 8 CPO
69 53 F103A

* enantiomeric excess (e€%)

replaced by Ala, it creates a larger opening within the heme pocket. Thus, when styrene
derivatives enter the heme pocket of F103A, the substrates have more freedom compared
to Wt CPO. A model of styrene binding to Wt CPO indicates close proximity between the

alpha-carbon of styrene and F103. Therefore, the alpha-substituted styrenes have to adapt
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a configuration that allows them to avoid Phel03 and Phel86, resulting in a lower
reaction rate and a different orientation of the double bond next to the catalytic center.
Other more branched styrene derivatives can enter the heme pocket in F103A, but have a
much greater difficulty entering the Wt CPO heme pocket. Once the styrene derivative
enters the heme pocket, a conformation that allows it to be in a close proximity to the
ferric-oxo catalytic center has to be adapted, thus leading to enantioselective oxygen
insertion reactions.

Furthermore, the heme pocket of F103A must be wider and maybe deeper than that
of Wt CPO, as it can accommodate frans-substituted styrenes and other styrene
derivatives with larger or more substituted double bonds. This may be because the
alpha-helix where the F103 is located adopts a slightly different orientation when F103 is
substituted with Ala.

3.3 Conclusion

In F103A mutant, a Phe located at the opening of the heme pocket was replaced by a
small hydrophobic amino acid, Ala. The mutant displayed very desirable features
compared to Wt CPO. One significant improvement is F103A’s lack of catalase activity.
Catalase pathway compete with monooxygenase pathway in CPO, lower catalase activity
will help to improve the desired activities like epoxidation increased; indeed, epoxidation
activity of F103A increased by 4-fold. Another important change was F103A’s ability to
catalyze the epoxidation of many styrene derivatives with high enantioslectity that are
poor substrates for Wt CPO. Styrene and its derivatives are an important group of

substrates with important industrial applications (Hager, Lakner et al. 1998). F103A can
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be served as a very promising candidate as an industrial catalyst due to its special
substrate specificity and enatioselectivity.

It is very intriguing that a simple replacement of a single amino acid outside the
catalytic center can cause such dramatic changes in the catalytic profile of CPO.
Phenylalanine 103 was originally proposed to regulate substrate access to the catalytic
center, although this hypothesis proved to be valid, by the study of its epoxidation of
styrene derivatives, it is somewhat unexpected that it can act as a switch to turn on and
off many of the Wt CPO’s activities.

A look at the primary sequence and secondary structure of CPO tells us that Phe103
is located at the end of a hydrogen bonded turn and at the beginning of an undefined loop
that consists of a series of polar amino acid ranging from Glul04 to Tyr114. It contains
Glu104-His105-Asp106-His107-Ser108-Phe109-Ser110-Argl11-Lys112-Asp113-Tyrl14 ,
and forms part of the wall and ceiling of the heme-pocket as revealed by the X-ray
structure of Wt CPO (Sundaramoorthy, Terner et al. 1995). Two of these amino acids, His
105 and Aspl06, were proposed to form a hydrogen bond network with Glul83 to
facilitate the formation of Cpd I and ligand binding.

Since there are no significant structural changes in F103A as indicated by the CD
spectroscopy study, one possible explanation for the importance of Phel03 is that the
replacement of F103 by A caused subsequent conformation changes in this undefined
loop structure, including perturbation of the hydrogen bonded network formed by His105,
Asp 106 and Glul83. Since cyanide binding affinity undergoes significant decrease
between pH 4-5, it is suspected that another acidic amino acid side chain is still involved

with Glul83, if it remains in the same position as in Wt CPO. One possible candidate is
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Aspl106. Another possible scenario is that more dramatic changes have caused Glul83 to
move away, and another amino acid side chain has repositioned to react with the water
molecule. Judging from the optimal pH and ligand binding affinity of F103A, the amino
acid would still be an acidic amino acid side chain like Glu or Asp. By analyzing the
crystal structural of Wt CPO, such relocations would have caused significant overall
structural changes, thus the latter scheme is unlikely to happen.

The F103A is a very interesting mutant as it provides greater enzymatic activities and
several clues on how CPO regulates its catalytic activity. Since it has a greater
resemblance to P450cam in its UV-vis spectrum; F103A is a better model to understand
the long standing yet difficult question of P450 mechanism than CPO. Future studies on
F103A, with more site-directed mutagenesis, spectroscopic and kinetic studies, will help
us to elucidate the structural basis of its attractive features and the mechanism underlying
them. It will also facilitate the study of P450cam and other related heme-containing

peroxidase.
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Chapter 1V
C29H/C79H/C87H CPO Mutant Purification and Characterization

4.1 Material and methods
4.1.1 Strains and reagents

The same procedure was used as described for F103A in section 3.1.1; except that 4.
niger strain ATCC 62590 (pyrG deficiency) was bought from American type culture
center (ATCC) and was used as the expression host. The strain carries a nonfunctional
pyrG gene, which enables the use of the pyrG selection marker. Recombinant CPO was
expressed successfully in our laboratory using A. niger strain ATCC 62590 as host strain.
4.1.2 CPO mutant gene construction of expression plasmid

The same procedure was used as described for F103A in section 3.1.2, except that
three different primers were used to introduce the triplet mutation into CPO. The three
primers were C29H-anti: gac tct cgt gct cct CAC cca get ctg aac get ¢, C79H-anti: ¢ aac
gec tte gte gtc CAC gag tac gtt act ggc and C87H-anti: gtt act ggc tcc gac CAT ggt gac
agc ctt gtc. After each mutation was confirmed by DNA sequencing, the resulting plasmid
was then used as the template for the next mutation. The CPO expression vector with the
triple mutations was named pCPO#3C.
4.1.3 Plasmid transformation into A. niger protoplast

Fungal co-transformation was carried out as described in section 3.1.3, using the
CPO expression vector pCPO#3C and assistant plasmids pAB4.1, which contains the A.
niger pyrG selection marker in a weight ratio of 10:1.
4.1.4 Genomic DNA extraction and sequencing

The same procedure was used as described for F103A in section 3.1.4

85



4.1.5 Expression of C29H/C79H/C87H CPO mutant

The same procedure was used as described for F103A in section 3.1.5
4.1.6 Total mRNA extraction and reverse transcription PCR

Aspergillus niger culture medium was collected after 48 h of growth then filtered.
The A. niger mycelia were washed with sterile water and then grinded in liquid nitrogen
to a fine power. The grinded power, 50 mg, was either stored in a -70°C freezer for
further study or used directly. Total mRNA was extracted with a QIAGEN plant mRNA
kit. The extracted total mRNA was then converted into cDNA via reverse transcription
PCR (RT PCR). The RT PCR mixture contained, 5 uL. of mRNA sample as template,
0.75 pL of a blend of random hexameric RNA primers, 0.25 uL of anchored oligo dT
RNA primers, 1 pL of RT enhancer, 1 pL of reverse transcription DNA polymerase, 2 uL
of ANTP mix, 4 pL of 5X PCR buffer and 4 pL of water. The extension PCR step was
performed at 56 °C for 30 min. The cDNA sample was then used as the template to
undergo a second PCR reaction using primers 5'-cgc gga tcc atg ttc tcc aag gtc ¢ -3' and
5'- ccg gaa ttc aag gtt gcg gge-3’ to amplify the CPO coding region. A PCR fragment size
of 1122 bp was used to confirm positive CPO mRNA transcription.
4.1.7 Western blotting procedures

The same procedure was used as described for F103A in section 3.1.7
4.2 Results and discussion

One unique feature that separates CPO and P450 from other peroxidases is the
proximal ligand, which is the fifth ligand to the ferric center of the heme. In CPO, the
proximal ligand is a cysteine, instead of the usual histidine. A previous report about C29H

expressed in C. fumago showed that replacement of the proximal amino acid Cys29 with
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histidine had no significance effect on enzymatic activity (Yi, Mroczko et al. 1999) Given
the surprising result, I suspected that another cysteine was involved as the proximal
ligand or contamination from endogenous Wt CPO in the parental host. With these
questions in mind, I attempted to create a new CPO mutant C29H/C79H/C87H in which
all of the cysteines in CPO were replaced by histidine.

The experimental approach is basically the same as for the F103A CPO mutant. [
designed the primers and introduced the three mutations to the transformation vector one
by one. The vector was then sequenced to verify that the mutations were introduced
correctly and that no other bases had been altered. The new vector was named pCPO#3C.
I then proceeded to co-transform of pCPO#3C and pAB4.1 into A. niger strain ATCC
62590, the parent strain of MGG029. The MGG029 strain was used to produce rCPO and
FI103A as decribed in earlier chapters. After uridine and acrylamide selection, PCR
confirmed that a positive clone had been selected and RT-PCR was then undertaken to
confirm that the CPO gene was transformed and transcripted (Fig. 4.1).

However, when I proceeded to purify the mutant protein, I found neither detectable
extracellular peroxidase activity nor a visible protein band between 40 to 50 kDa on the
SDS-PAGE gel. Therefore I extracted not only the extracellular protein secreted by A.
niger, but also the cellular protein of A. niger as well for immunizing detection. A
western blot showed no reaction between the polyclonal CPO antibody and a protein of
the correct size (Fig. 4.2), although, some broad bands did appeared. I reasoned that the
three mutations had dramatically changed the protein conformation, thus, the product
protein lost structural similarity to CPO and maybe also the ability to incorporate heme,

since no peroxidase activity was detected. Other possible explanation are that the mutant
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Figure 4.1 Confirmation of positive transformation and transcription of
C29H/C79H/C87H mutant. A. PCR results on extracted genomic DNA sample to
confirm positive transformation. A.niger stain ATCC 62590 was transformed with
plasmids pCPO#3C and pAB4.1. B. RT-PCR & cDNA PCR results. RT-PCR was done
on extracted mRNA sample of A. niger strain B3C#1-3. The second PCR were done on
the cDNA sample synthesized in the RT-PCR to confirm positive CPO gene
transcription. NC and PC are the abbreviation of negative and positive control
respectively.
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Figure 4.2 Western blotting analysis on extracted both cellular and extracellular protein
samples from A. niger strain (ATCC 62590) transformed with CPO expression vector
pCPO#3C to detect CPO mutant expression. A. Total extracellular protein; B. Total
cellular protein.
protein was expressed but partially digested by protease or wrongly folded, which caused
the unclear, broaden bands in the western blot. Similar phenomenon were observed with a
CPO mutant with a truncated C-terminal gene (Conesa, Weelink et al. 2001).
4.3 Conclusion

Although, successful transformation and transcription was confirmed for the
C29H/C79H/C87H mutant, no active protein could be isolated or detected in the culture
media, indicating that a complete structural rearrangement have taken place in this
mutant. Cystine 29 is undoubtedly an important amino acid served as the proximal ligand
for the ferric heme center in Wt CPO. Surprisingly no dramatic change but some decrease
(about 20%) in activity was observed in the C29H mutant (Yi, Mroczko et al. 1999) My

results suggest that Cys79 and Cys87 are critical to maintaining the structural scaffold of

CPO. According the CPO crystal structure (Sundaramoorthy, Terner et al. 1995), Cys79
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and Cys87 are close enough to form a disulfide bond and are located in the middle of an
alpha-helix. Apparently disrupting the disulfide bond, results in the collapse of the protein
scaffold and loss of its active conformation. Thus, it is very unlikely that in C29H mutant,
another Cys was recruited as the proximal ligand for the heme-center. Therefore my
results supports the findings made in the C29H study that cysteine is not required for Wt
CPO activity although its ligation to ferric center facilitates the cleavage of O-O bond to
form Cpd I. It will be interesting to see if replacement of C29 with another amino acid
like tyrosine would cause a different scenario. Ultimately, the distal amino acid forming
the substrate binding pocket above the heme center may play a significant role in

regulation CPO’s enzymatic activities.
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Chapter V
In vitro biodegradation of carbon nanotube by CPO
5.1 Material and Methods
5.1.1 Reagents

Electric arc discharge single wall nanotubes (SWNTs) were purchased from Carbon
Solutions, Inc. All other reagents were purchased from Sigma-Aldrich. Wt CPO was
purified in Dr. Xiaotang Wang’s laboratory.

5.1.2 Nanotube biodegradation by CPO and H,O,

Purchased SWNTs were further purified by oxidative treatment with H,SO4 /H,0O; to
remove residual metal catalyst, to impart carboxylic acid groups, and to break down the
size of the SWNTs to shorter pieces (500~600 nm), thus improving solubility in aqueous
media.

Nanotubes (2 mg) were suspended in 4.5 mL of 0.1 M phosphate buffer at pH 3 or 5
using an ultrasonic bath for 1 min (Branson 1510, frequency 40 kHz). Purified CPO (1
mg/mL) was dissolved in 0.1 M phosphate buffer (pH 3 or 5), and then 4.0 mL was added
to the carboxylated nanotubes suspended in the same buffer. The entire suspension was
then statically incubated for 24 h at 4 °C in the dark. Hydrogen peroxide, 10.0 mL of a
160 uM solution in 0.1 M phosphate buffer at the corresponding pH, either 3 or 5, was
added to the bulk sample to start the catalytic biodegradation of carbon nanotubes in the
presence of CPO. Static incubation with H,O, was performed at 4 °C in the dark to avoid
enzyme denaturation and photolysis of H,O,.

Over the incubation period, daily measurements of H,O, concentration were

performed, and fresh H,O, was added to bring the total concentration back to the initial
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concentration. Furthermore, the absorbance of the mixture at 398 nm was determined
biweekly and fresh CPO was added to maintain the CPO concentration, if necessary.
5.1.3 Measurement of H,O, concentration

I prepared FOX-2 reagent (Nourooz-Zadeh 1999) by dissolving xylenol orange and
ammonium ferrous sulfate in 250 mM H,SOy4 to final concentrations of 1 and 2.5 mM,
respectively. One volume of this concentrated reagent was added to 9 volumes of HPLC
grade methanol containing 4.4 mM BHT (butylated hydroxytoluene) to make the working
reagent which comprised of 250 pM ammonium ferrous sulfate, 100 uM xylenol orange,
25 mM H,SOs4, and 4 mM BHT in 90% v/v methanol. A mixture containing 100 pL of
sample and 900 pL of FOX-2 reagent was incubated at room temperature for 30 min and
then the absorbance at 560 nm was measured. The working reagent has an extinction
coefficient of 4.3x10* M cm™ for hydroperoxide. The FOX-2 reagent was prepared in
bulk and stored in the dark at 4 °C (good for 6 months). The reagent was calibrated with
known concentrations of H,O, before each use.

5.1.4 Scanning electron microscope (SEM)

The SEM in the Physics Department was used to follow the degradation of the
SWNTs. Samples (250 uL) of CPO treated SWNTs were centrifuged (3400 rpm) and then
the supernatant was decanted off. The pellet of SWNTs was washed with water twice and
ethanol three times. For SEM sample preparation, the SWNTs were resuspended in
approximately 1 mL of N,N-dimethylformamide (DMF) via sonication.

5.2 Results and discussion
Another possible application for CPO is the catalytic biodegradation of hazardous

waste, especially aromatic substrates, which represent a difficult task for many

92



biodegradation reagents. Given the recent surge in nanowaste, single wall nanotubes
(SWNTs) represented an ideal target. Another peroxidase, horseradish peroxidase (HRP),
was recently shown to catalytically degrade SWNTs (Allen, Kichambare et al. 2008).

The degradation of SWNTs at pH 3 and 5 in the presence of 80 uM H,0, and CPO
was evaluated by SEM. However, no significant change in the morphology of the
SWNTs was detected, suggesting that CPO has little or no effect on the degradation of

SWNTs under these conditions. Some SEM images are shown below:

AMERI SEI 15.0kV  X30,000 WD 368mm AMERI SEI 150kV  X20,000 WD 37.2mm

A. B.

Figure 5.1 SEM images of SWNTs treated with CPO for 8 weeks. A. pH=3; B. pH=5
5.3 Conclusion

Unlike HRP, which facilitate the degradation of SWNTs in vitro, CPO seems have
no effect on their degradation. This may due to the structure and mechanism differences
of these two enzymes: HRP has a more open active site, and produces reactive oxygen
species (ROS) during its catalytic cycle while CPO has restricted access to its activity
site, and does not generate ROS during its catalytic cycle, except for during some

halogenation reactions. Thus, the ROS produced during the catalytic cycle of HRP may
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be responsible for the degradation of the SWNTs. Therefore, in the presence of high

halide concentrations, CPO might facilitate the degradation of SWNTs.
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Chapter VI
Perspectives

For rCPO expression, a detailed analysis can be done to determine which factors
affecting the production yield of heme-proteins, such as the copy number of the gene, the
level of transcription of mRNA, the ratio of apo to holo secreted protein. Co-expressing
with foldases, molecular chaperones can be done as well, to see if they could help to
increase production yield of rCPO further.

The production of partially deuterated -rCPO can be attempted by letting the host
strain growing in culture media made from D,O. NMR spectrum of deuterated rCPO
should be less complex than that of its fully protonated analog and offers the possibility
of assigning additional resonances with concomitant structural information.

The dramatic catalytic behavioral changes of the F103A mutant suggest that not only
the major amino acids, which actually take part in the catalysis, but also that the distal
heme microenvironment plays an important in regulating catalytic behavior. Additional
mutations of amino acids close to the heme center should be constructed and expressed,
based on the current hypothesis. Targets should include V182 and F186.

The structure of F103A should be elucidated so that the kinetic and ligand binding
results can be placed in context. Because the enantioselectivity profile changed with the
F103 to A mutation, other large amino acids in the active site should be mutated to
alanine as well, such as V182 and F186. Furthermore, mutants that might improve upon
the enantioselectivity of WT CPO for styrene should also be constructed such as F103V,

F103Y, and F103W.
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APPENDICES
Table A1 Primers used to conduct the research in FIU
Figure B1 Plasmid pCPO3.1-amds sequencing results by primer walking (12.2k bp)
Figure B2 Map of assistant plasmid pAB4.1.

APPENDIX A

Table A1l Primers used to conduct the research in FIU

Primer name Primer’s sequence
C29H-anti: 5’-gac tct cgt get cct CAC cca get ctg aac get c-3°
C79H-anti: 5’-c aac gcc tte gtc gtc CAC gag tac gtt act gge-3°
C87H-anti: 5’-gtt act ggc tcc gac CAT ggt gac age ctt gtc-3°
C29H-sense: 5’ -gag cgt tca gag ctg ggt gag cac gag agt-3’
C79H-sense: 5’ -gce agt aac gta ctc gtg gac gac gaa gge gtt-3°
C87H-sense: 5’ -gac aag gct gtc acc atg gtc gga gee agt aac-3’
F103A-anti: 5’-gcce gag ccc cac get GCC gag cac gac aca tcc -3’
F103A-sense: 5’ —gga tgt gtc gtg ctc gge age gtg ggg ctc gge-3°
CPO-anti: 5’-ccg gaa ttc aag gtt gcg ggc ctt gtt-3°
CPO-sense: 5’ -cgc gga tcc atg ttc aag gte ctt ccc-3°
APPENDIX B

Figure B1 Plasmid pCPO3.1-amds sequencing results by primer walking (12.2k bp)

GAGGACGGATTTGGTGAAGAGGCGGAGGTCTAACATACTTCATCAGTGAC
TGCCGGTCTCGTATATAGTATAAAAAGCAAGAAAGGAGGACAGTGGAGGC
CTGGTATAGAGCAGGAAAAGAAGGAAGAGGCGAAGGACTCACCCTCAACA
GAGTGCGTAATCGGCCCGACAACGCTGTGCACCGTCTCCTGACCCTCCAT
GCTGTTCGCCATCTTTGCATACGGCAGCCGCCCATGACTCGGCCTTAGAC
CGTACAGGAAGTTGAACGCGGCCGGCACTCGAATCGAGCCACCGATATCC
GTTCCTACACCGATGACGCCACCACGAATCCCAACGATCGCACCCTCACC
ACCAGAACTGCCGCCGCACGACCAGTTCTTGTTGCGTGGGTTGACGGTGC
GCCCGATGATGTTGTTGACTGTCTCGCAGACCATCAGGGTCTGCGGGACA
GAGGTCTTGACGTAGAAGACGGCACCGGCTTTGCGGAGCATGGTTGTCAG
AACCGAGTCCCCTTCGTCGTACTTGTTTAGCCATGAGATGTAGCCCATTG
ATGTTTCGTAGCCCTGGTGGCATATGTTAGCTGACAAAAAGGGACATCTA
ACGACTTAGGGGCAACGGTGTACCTTGACTCGAAGCTGGTCTTTGAGAGA
GATGGGGAGGCCATGGAGTGGACCAACGGGTCTCTTGTGCTTTGCGTAGT
ATTCATCGAGTTCCCTTGCCTGCGCGAGAGCGGCGTCAGGGAAGAACTCG
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TGGGCGCAGTTTGTCTGCACAGAAGCCAGCGTCAGCTTGATAGTCCCATA
AGGTGGCGTTGTTACATCTCCCTGAGAGGTAGAGGGGACCCTACTAACTG
CTGGGCGATTGCTGCCCGTTTACAGAATGCTAGCGTAACTTCCACCGAGG
TCAACTCTCCGGCCGCCAGCTTGGACACAAGATCTGCAGCGGAGGCCTCT
GTGATCTTCAGTTCGGCCTCTGAAAGGATCCCCGATTTCTTTGGGAAATC
AATAACGCTGTCTTCCGCAGGCAGCGTCTGGACTTTCCATTCATCAGGGA
TGGTTTTTGCGAGGCGGGCGCGCTTATCAGCGGCCAGTTCTTCCCAGGAT
TGAGGCATTCTGTGTTAGCTTATAGTCAGGATGTTGGCTCGACGAGTGTA
AACTGGGAGTTGGCATGAGGGTTATGTAGGCTTCTTTAGCCCCGCATCCC
CCTCATTCTCCTCATTGATCCCGGGGGAGCGGATGGTGTTGATAAGAGAC
TAATTATAGGGTTTAGCTGGTGCCTAGCTGGTGATTGGCTGGCTTCGCCG
AATTTTACGGGCCAAGGAAAGCTGCAGAACCGCGGCACTGGTAAACGGTA
ATTAAGCTATCAGCCCCATGCTAACGAGTTTAAATTACGTGTATTGCTGA
TAAACACCAACAGAGCTTTACTGAAAGATGGGAGTCACGGTGTGGCTTCC
CCACTGCGATTATTGCACAAGCAGCGAGGGCGAACTTGACTGTCGTCGCT
GAGCAGCCTGCAGTCAAACATACATATATATCAACCGCGAAGACGTCTGG
CCTTGTAGAACACGACGCTCCCTAGCAACACCTGCCGTGTCAGCCTCTAC
GGTTGTTACTTGCATTCAGGATGCTCTCCAGCGGGCGAGCTATTCAAAAT
ATTCAAAGCAGGTATCTCGTATTGCCAGGATTCAGCTGAAGCAACAGGTG
CCAAGGAAATCTGCGTCGGTTCTCATCTGGGCTTGCTCGGTCCTGGCGTA
GATCTAGAAACCGCAATCTCTATGAAATGATAAGGTGCTTGACCAATTCT
AATATCGGTGTGGTGGACTGTCCTAACAAAACCCGGCTATATTGGACCCA
TCAGAGCTCTCTTTGATCTTCATATCCAGCGAATGCAGTCGCAGCATTTA
CATCAGGCTTGATTGAGTATACATCAGCGTTTGCAGTTGGACTGGATCAG
GAGGCAACACCTCATGTTGTAGTTCATCATCTAGGTCTTTTGAAACGGAC
TACTGGGCTTGTCATACCAAGTGCATCTTAGCGCTTGTTTGTGTGACCTA
TTGTATCATGGGTAACATGTTGATGTCATTCAGGCTGAGTAATCTGCCTA
TCCAATGATGACTAGTTAAAGATGGATATACGTCGTACATCCGACCTTCA
GGGCCGGATGCATTCTTCAGCATACGAAACTGGTGTTATAACTTTGAATC
CCATCAATGGTTATCGGGTTGGTCCCATAATAAACAAAAAGAGGCTGCAT
TGCCCTATGGCATGCCATTCTTGACGCGGCATGCCGAGTTAGCCGAAATT
GGGCCAATCGGCTTCCCGTCAGAAGAGGATCACTGGCGCCTCAATTTTGG
TTTTTATAGTACCGGTGCAGCACGGCTAAACGTTCTCTTTCTACGGCCCG
GCATCTCATAAGCAGCCAGGTACAGAAAAGCAAGAATAGAAAATTCAGGA
AAAACCATCCCAGCATCCAACCTGGTGCCCAGAATGGCGGAAACGTCGGA
TATAAGGAGCAATGGCTATCCATTACCGACTGAACTTTTGCAGGAGATAC
TCCTATTCGCTGACTTCCAGTCGTTCTTTTCGGCGAGTTGGACGTGCAAA
GATTGGCGGAACGCGGCGTTAAGCTCTTATGTACTTCGGCACCAGCTCAA
CACTGTTCCCACTGTTCCCACACTCGCCGAGGCAGACATTGAACAGGCGA
CACCACGAGAACTGAGAATACTATTCCACCGTGTCTGCCGGCAGAACCTC
ATGGGGATACGGAGCAACGTTTCCCTCAGCAATACGGAGGAGAAAACAGT
AAGACCAATGTCGGCTATTGCGGTTCAATCTCGGCATGGGTGCCAATACG
CGCAGTTGCGTGGGATGACATTCATACTCAAGACGTCGATAGGAATTCTG
CACAGCGGCCGCAATTCCCTTGTATCTCTACACACAGGCTCAAATCAATA
AGAAGAACGGTTCGTCTTTTTCGTTTATATCTTGCATCGTCCCAAAGCTA
TTGGCGGGATATTCTGTTTGCAGTTGGCTGACTTGAAGTAATCTCTGCAG
ATCTTTCGACACTGAAATACGTCGAGCCTGCTCCGCTTGGAAGCGGCGAG
GAGCCTCGTCCTGTCACAACTACCAACATGGAGTACGATAAGGGCCAGTT
CCGCCAGCTCATTAAGAGCCAGTTCATGGGCGTTGGCATGATGGCCGTCA
TGCATCTGTACTTCAAGTACACCAACCCTCTTCTGATCCAGTCGATCATC
CCGCTGAAGGGCGCTTTCGAATCGAATCTGGTTAAGATCCACGTCTTCGG
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GAAGCCAGCGACTGGTGACCTCCAGCGTCCCTTTAAGGCTGCCAACAGCT
TTCTCAGCCAGGGCCAGCCCAAGACCGACAAGGCCTCCCTCCAGAACGCC
GAGAAGAACTGGAGGGGTGGTGTCAAGGAGGAGTAAGCTCCTTATTGAAG
TCGGAGGACGGAGCGGTGTCAAGAGGATATTCTTCGCTCTGTATTATAGA
TAAGATGATGAGGAATTGGAGGTAGCATAGCTTCATTTGGATTTGCTTTC
CAGGCTGAGACTCTAGCTTGGAGCATAGAGGGTCCCTTTGGCTTTCAATA
TTCTCAAGTATCTCGAGTTTGAACTTATTCCCGTGAACCTTTTATTCACC
AATGAGCATTGGAATGAACATGAATCTGAGGACTGCAATCGCCATGAGGT
TTTCGAAATACATCCGGATGTCGAAGGCTTGGGGCACCTGCGTTGGTTGA
ATTTAGAACGTGGCACTATTGATCATCCGATAGCTCTGCAAAGGGCGTTG
CACAATGCAAGTCAAACGTTGCTAGCAGTTCCAGGTGGAATGTTATGATG
AGCATTGTATTAAATCAGGAGATATAGCATGATCTCTAGTTAGCTCACCA
CAAAAGTCAGACGGCGTAACCAAAAGTCACACAACACAAGCTGTAAGGAT
TTCGGCACGGCTACGGAAGACGGAGAAGCCCACCTTCAGTGGACTCGAGT
ACCATTTAATTCTATTTGTGTTTGATCGAGACCTAATACAGCCCCTACAA
CGACCATCAAAGTCGTATAGCTACCAGTGAGGAAGTGGACTCAAATCGAC
TTCAGCAACATCTCCTGGATAAACTTTAAGCCTAAACTATACAGAATAAG
ATGGTGGAGAGCTTATACCGAGCTCCCAAATCTGTCCAGATCATGGTTGA
CCGGTGCCTGGATCTTCCTATAGAATCATCCTTATTCGTTGACCTAGCTG
ATTCTGGAGTGACCCAGAGGGTCATGACTTGAGCCTAAAATCCGCCGCCT
CCACCATTTGTAGAAAAATGTGACGAACTCGTGAGCTCTGTACAGTGACC
GGTGACTCTTTCTGGCATGCGGAGAGACGGACGGACGCAGAGAGAAGGGC
TGAGTAATAAGCGCCACTGCGCCAGACAGCTCTGGCGGCTCTGAGGTGCA
GTGGATGATTATTAATCCGGGACCGGCCGCCCCTCCGCCCCGAAGTGGAA
AGGCTGGTGTGCCCCTCGTTGACCAAGAATCTATTGCATCATCGGAGAAT
ATGGAGCTTCATCGAATCACCGGCAGTAAGCGAAGGAGAATGTGAAGCCA
GGGGTGTATAGCCGTCGGCGAAATAGCATGCCATTAACCTAGGTACAGAA
GTCCAATTGCTTCCGATCTGGTAAAAGATTCACGAGATAGTACCTTCTCC
GAAGTAGGTAGAGCGAGTACCCGGCGCGTAAGCTCCCTAATTGGCCCATC
CGGCATCTGTAGGGCGTCCAAATATCGTGCCTCTCCTGCTTTGCCCGGTG
TATGAAACCGGAAAGGCCGCTCAGGAGCTGGCCAGCGGCGCAGACCGGGA
ACACAAGCTGGCAGTCGACCCATCCGGTGCTCTGCACTCGACCTGCTGAG
GTCCCTCAGTCCCTGGTAGGCAGCTTTGCCCCGTCTGTCCGCCCGGTGTG
TCGGCGGGGTTGACAAGGTCGTTGCGTCAGTCCAACATTTGTTGCCATAT
TTTCCTGCTCTCCCCACCAGCTGCTCTTTTCTTTTCTCTTTCTTTTCCCA
TCTTCAGTATATTCATCTTCCCATCCAAGAACCTTTATTTCCCCTAAGTA
AGTACTTTGCTACATCCATACTCCATCCTTCCCATCCCTTATTCCTTTGA
ACCTTTCAGTTCGAGCTTTCCCACTTCATCGCAGCTTGACTAACAGCTAC
CCCGCTTGAGCAGACATCACCATGTTCTCCAAGGTCCTTCCCTTCGTGGG
AGCGGTTGCCGCCCTCCCTCACTCCGTCCGTCAGGAGCCTGGCTCCGGCA
TTGGCTACCCATACGACAACAACACCCTGCCATATGTCGCCCCAGGTCCT
ACCGACTCTCGTGCTCCTTGCCCAGCTCTGAACGCTCTTGCCAACCACGG
TTACATTCCTCACGATGGCCGTGCCATCAGCAGGGAGACCCTCCAGAACG
CTTTCCTCAACCACATGGGTATTGCCAACTCCGTCATTGAGCTTGCTCTG
ACCAACGCCTTCGTCGTCTGCGAGTACGTTACTGGCTCCGACTGTGGTGA
CAGCCTTGTCAACCTGACTCTGCTCGCCGAGCCCCACGCTTTCGAGCACG
ACCACTCCTTCTCCCGCAAGGATTACAAGCAGGGTGTCGCCAACTCCAAC
GACTTCATCGACAACAGGAACTTCGATGCCGAGACCTTCCAGACCTCTCT
GGATGTCGTTGCAGGCAAGACCCACTTCGACTATGCCGACATGAACGAGA
TCCGCCTTCAGCGCGAGTCCCTCTCCAACGAGCTTGACTTCCCCGGTTGG
TTCACCGAGTCCAAGCCAATCCAGAACGTCGAGTCTGGCTTCATCTTCGC
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CCTTGTCTCTGACTTCAACCTGCCCGACAACGATGAGAACCCTCTGGTTC
GCATTGACTGGTGGAAGTACTGGTTCACCAACGAGTCCTTCCCATACCAC
CTCGGCTGGCACCCCCCGTCTCCAGCCAGGGAGATCGAGTTCGTCACCTC
CGCCTCCTCCGCTGTCCTGGCTGCCTCTGTCACCTCTACTCCATCTTCCC
TTCCATCCGGTGCCATCGGCCCAGGTGCCGAGGCTGTCCCTCTCTCCTTC
GCCTCCACCATGACCCCATTCCTCCTCGCCACCAATGCTCCTTACTACGC
CCAGGACCCAACTCTCGGCCCCAACGACAAGCGTGAGGCTGCCCCAGCTG
CCACCACCTCCATGGCCGTCTTCAAGAACCCATACCTCGAGGCCATTGGC
ACCCAGGACATCAAGAACCAGCAGGCTTACGTCAGCTCCAAGGCTGCTGC
CATGGCCTCTGCCATGGCCGCCAACAAGGCCCGCAACCTTTAAGCTTGAG
ATCCACTTAACGTTACTGAAATCATCAAACAGCTTGACGAATCTGGATAT
AAGATCGTTGGTGTCGATGTCAGCTCCGGAGTTGAGACAAATGGTGTTCA
GGATCTCGATAAGATACGTTCATTTGTCCAAGCAGCAAAGAGTGCCTTCT
AGTGATTTAATAGCTCCATGTCAACAAGAATAAAACGCGTTTCGGGTTTA
CCTCTTCCAGATACAGCTCATCTGCAATGCATTAATGCATTGGACCTCGC
AACCCTAGTACGCCCTTCAGGCTCCGGCGAAGCAGAAGAATAGCTTAGCA
GAGTCTATTTTCATTTTCGGGAGACGAGATCAAGCAGATCAACGGTCGTC
AAGAGACCTACGAGACTGAGGAATCCGCTCTTGGCTCCACGCGACTATAT
ATTTGTCTCTAATTGTACTTTGACATGCTCCTCTTCTTTACTCTGATAGC
TTGACTATGAAAATTCCGTCACCAGCCCCTGGGTTCGCAAAGATAATTGC
ACTGTTTCTTCCTTGAACTCTCAAGCCTACAGGACACACATTCATCGTAG
GTATAAACCTCGAAAATCATTCCTACTAAGATGGGTATACAATAGTAACC
ATGCATGGTTGCCTAGTGAATGCTCCGTAACACCCAATACGCCGGCCGAA
ACTTTTTTACAACTCTCCTATGAGTCGTTTACCCAGAATGCACAGGTACA
CTTGTTTAGAGGTAATCCTTCTTTCTAGAGCTTGGCACTGGCCGTCGTTT
TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTT
GCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCAC
CGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCCTGA
TGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATATGG
TGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGCCCCG
ACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGG
CATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAG
AGGTTTTCACCGTCATCACCGAAACGCGCGAGACGAAAGGGCCTCGTGAT
ACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGT
CAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTT
TTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATA
AATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCC
GTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCT
CACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGC
ACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGA
GTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTG
CTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGG
TCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCA
CAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCT
GCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGAT
CGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATG
TAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAAC
GACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAA
ACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAG
ACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTT
CCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTC

108



TCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCG
TAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGA
CAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGA
CCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAAT
TTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATC
CCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGAT
CAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGC
AAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAG
CTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACC
AAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACT
CTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCT
GCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATA
GTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACAC
AGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGT
GAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTA
TCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAG
GGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGA
CTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAA
AAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTT
TTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGT
ATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGA
GCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAAC
CGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGG
TTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTA
GCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTA
TGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTAT
GACATGATTACGAATTGCGGCCGCTGTGCAGAATTCCGATACGGGGAATC
GAACCCCGAGCTGCTGTGCACATGCAATGAGAGACAGCGATGTTAACCAT
TACACCATATCGGATGTTATATTTTTATTCTCCTCAAATAAATGTATATA
ACTATAGGAATGGATTCAATAGAATCTCCCAGGTCAGTGTACTTACTCCG
GACCCTCTTAAATATGTCGCCAGAGTGCTTCACTTGAACCGTAATTAGAG
CAGGTATCGCGCAAATTTTACAGGCATTTGAGACACTTTTTTGTCCTGGT
GAGAGTTTATATATCGCATAACAAGCCCTTGTGCTGGACATCTGCTAATG
TGAGGGAAGCACGAGACCGCCGTCAGACTGAACGCTACGTTTGACCATAA
TCTAAATATACGCTACCTATATTTGTCGCTATGGCTACTATTTCCGATGT
TACCGAAGAAGAGATTTTATAAAACCTGGTGAAGTCGAGGAATCGATGAG
CTCGCGAAATAGGTGGGGTATCTTGCACATACTTCTACTTGGGTATATCC
CCATGGCTATTCTCACTACTAAGTCTCTGGTGAGAGGGGATTGAAGCAGG
AACTGCCAGAGCTACGTCGGTGCTTCCAGTCTTGTTTGCATCATGAACTC
CACCGCGTCCAGTTGCCACTACTCAGGAATGTACTTCAGAGACTTTTTCG
AGAATTTTGTGGATTTACGCTTTCCTTGGGCCGACCTGACTCCCACCTGA
CTATCTTGGATTATCTTGCAAAGCCAGCTGCCAACCGAGGTTTCCACTGT
AAAATATGACCCTAACTCAGCACACGTGACCTCCAGGTTGTGCTTCAGTA
GCTGTACTTAATCGTCTGTATTTCGTTAACTATGCTTAGCACATACATAT
ATATCATGGCACTCGGTTGATTAGTCTCCGAGAGGTTCTACTTTTCTTTA
TTGATGCCGTGGCACCGCAGGACAGTCTGCACGTTACTGCTTCTGTGTGT
ATCTACAGCGACAAAGTAGTCCTGATAACAGGAGCTTCAGATGCCAAGGT
GGTAGGAGCGCTCCACTAGGATGGAAAATGTCCTCCTAGGACAACAATAT
AAAAGCGGTACTCTTACTGATGTCTATTGGAAGAAAACTTGGGGACTCGA
CACAGTAATAAGGACAATAGACAGACGCGGAAATCACCTGCAAGGCTGAG
CTATCGTTATTACTCTACCGCAAGGCAACAACCAGCTCACCCCTGAGGCA

109



CGGGTACCATGGGTTGAGTGGTATGGGGCCATCCAGAGTCACCTGTGGCA
GCATGAGACTGCACTCGAAGCAGCCATCAACCCAGCCAATATTCTGGGCT
TTCCATCCTTAGATCACATTTGAGATATAACCCATTTGGTGAGAGACACT
TGTGCCGTTATACGTGTCTAGACTGGAAACGCAACCCTGAAGGGATTCTT
CCTTTGAGAGATGGAAGCGTGTCATATCTCTTCGGTTCTACGGCAGGTTT
TTTTCTGCTCTTTCGTAGCATGGCATGGTCACTTCAGCGCTTATTTACAG
TTGCTGGTATTGATTTCTTGTGCAAATTGCTATCTGACACTTATTAGCTA
TGGAGTCACCACATTTCCCAGCAACTTCCCCACTTCCTCTGCAATCGCCA
ACGTCCTCTCTTCACTGAGTCTCCGTCCGATAACCTGCACTGCAACCGGT
GCCCCATGGTACGCCTCCGGATCATACTCTTCCTGCACGAGGGCATCAAG
CTCACTAACCGCCTTGAAACTCTCATTCTTCTTATCGATGTTCTTATCCG
CAAAGGTAACCGGAACAACCACGCTCGTGAAATCCAGCAGGTTGATCACA
GAGGCATACCCATAGTACCGGAACTGGTCATGCCGTACCGCAGCGGTAGG
CGTAATCGGCGCGATGATGGCGTCCAGTTCCTTCCCGGCCTTTTCTTCAG
CCTCCCGCCATTTCTCAAGGTACTCCATCTGGTAATTCCACTTCTGGAGA
TGCGTGTCCCAGAGCTCGTTCATGTTAACAGCTTTGATGTTCGGGTTCAG
TAGGTCTTTGATATTTGGAATCGCCGGCTCGCCGGATGCACTGATATCGC
GCATTACGTCGGCGCTGCCGTCAGCCGCGTAGATATGGGAGATGAGATCG
TGGCCGAAATCGTGCTTGTATGGCGTCCACGGGGTCACGGTGTGACCGGC
TTTGGCGAGTGCGGCGACGGTGGTTTCCACGCCGCGCAGGATAGGAGGGT
GTGGAAGGACATTGCCGTCGAAGTTGTAGTAGCCGATATTGAGCCCGCCG
TTCTTGATCTTGGAGGCAATAATGTCCGACTCGGACTGGCGCCAGGGCAT
GGGGATGACCTTGGAGTCGTATTTCCATGGCTCCTGACCGAGGACGGATT
TGGTGAAGAGGCGGAGGTCTAACATACTTCATCAGTGACTGCCGGTCTCG
TATATAGTATAAAAAGCAAGAAAGGAGGACAGTGGAGGCCTGGTATAG
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Figure B2 Map of assistant plasmid pAB4.1. It contains the pyrG selection marker for 4.
niger. The pyrG gene will be enable the transformed strain the ability to grow without
uridine supplement
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