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Abstract

In these experiments, the genes PksL and Bael were purified and cloned into vectors such
as Top10 and BL21 star. SDS-Page and Gel electrophoresis were used to confirm the
transformation of these genes. The sequence of Bael was confirmed through Sanger sequencing.
A reaction of PksL with CoA and Sfp was run to determine the successful addition of the
phosphopantetheine arm to the acyl carrier protein. Bacillaene and Difficidin were assigned
homologs by structural and genetic analysis using protein sequencing provided by NCBI. The
sequences of such amino acids were analyzed for distinct characteristics. Future experiments
within the Reddick laboratory will involve reactions with Bael and PksL to determine double
bond placement within Difficidin polyketide synthesis.
Introduction

Bacillus Amyloliquefaciens are a species of gram-positive bacterium that are located
within the rhizosphere of soil. Bacillus Amyloliquefaciens are responsible for allowing plants to
survive in a variety of climates by suppressing bacteria and fungi for the plant. This can allow
the plant to thrive despite possible threats in the surrounding environment. !

Within Bacillus Amyloliquefaciens, many genes can be studied including Bael and PksL.

Bael and PksL are both genes involved in polyketide synthesis. Polyketide synthesis is the
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process by which a group of enzymes may form a polyketide through various reactions. These
reactions include dehydration reactions, cyclization reactions, and the removal of CO,. 2

While many polyketide synthesis pathways can occur, the particular pathway observed
through PksL and Bael is the process in which a double bond is formed in the structure of
Difficidin. This double bond is known as a beta-branch within polyketide synthesis. It is
unknown how the two isomers of the Difficidin enzyme are created. This is shown in figure 1.
Within these experiments, the proteins were purified to run the reactions to determine how each
gene contributes to the creation of bonds. Figure 2 shows the reaction ran so far to determine the
effect of PksL on the Acyl Carrier Protein. The reaction in figure 2 is still in the process of being
analyzed.

Double Bond Formation in Difficidin Polyketide Synthesis
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Figure 1: Polyketide Synthesis Pathway for Difficidin involving PksL and Bael
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Reaction of Acyl Carrier Protein and CoA
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Figure 2: Reaction of Acyl Carrier protein reacting with CoA and Sfp.
The beta-branch formation may be divided into the Difficidin and Bacillaene types such that
their sequences may be analyzed. This allows the assignment of homologs of each distinct type
of polyketide. This, in theory, would give insight into why these two distinct types of bonds are
formed and what is essential within the amino acid to create such bonds.
Experimental
Bael
Primer Design of Bael

Bael primers were designed following the DNA sequence of Bael on subtilist genolist.
The forward primer was designed to hold a sequence of 5’-CAC CAT GCC GAA CGC CGC
AGT TG-3’ with a TM temperature of 65.6 °C. The reverse primer was designed to hold a
sequence of 5’-TTA TAC TCC GTA CAT CGT CGT GAT TCG TTT TTT CAC-3’with a TM
temperature of 60.9°C. TM temperature was determined through the use of the TM calculator by

New England Biolabs.
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PCR and Genomic DNA Purification for Bael

Colonies of DNA from Bacillus Amyloliquefaciens from ATCC culture collection 39374
were inoculated and grown to create a small culture. Kanamycin was added to the mixture and
the culture was shaken overnight at 37°C. The sample was purified through the use of the Wizard
Genomic DNA Purification kit with the steps for gram-positive bacteria. Upstream primer,
downstream primer, ddH20, master mix, and Genomic DNA was added to run PCR on the
purified genomic DNA. The temperatures used were as follows: denaturation at 98°C, annealing
at 60°C, and Extend and Final Extension at 72°C. An Agarose gel was created with TAE Buffer,
Agarose, and Ethidium Bromide. (10 mg/ml). Gel electrophoresis was run at 110 mV with Gel
Loading Dye Purple used and a 0.1-10 kb DNA Ladder. Purified Genomic DNA was compared
against Genomic DNA purified by a Graduate student, Robert Tikkanen within the lab.
Transformation of Bael into Top10 Vector

Genomic DNA from PCR, salt solution, H20, and Topo vector were mixed and
incubated for five minutes. This mixture was added to the Top 10 chemically competent E Coli
and mixed. The mixture was incubated for 5-30 minutes and heat-shocked at 42°C for 30
seconds. The mixture was placed on ice and SOC medium at room temperature was added. The
mixture was shaken at 200 rpm and 37°C for an hour. This was spread on plates with 100-200 uLL
of the mixture and incubated overnight at 37°C. Small cultures were created using Kanamycin,
LB broth, and a sample of several of the colonies that grew. Qiapen miniprep plasmid isolation
kit was used and Gel Electrophoresis was performed using an Agarose gel created with TAE
Buffer, Agarose, and Ethidium Bromide. (10 mg/ml). This was compared against a 2-log DNA

ladder. After analyzing the colonies there was a positive transformation.
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Sequencing of Bael

Another sample of the colony that held a positive transformation was grown with a small
culture and was purified with the Qiapen miniprep plasmid isolation kit. Then the sample was
prepared for Sanger Sequencing by dehydrating the sample with a speed vacuum and adding
water to make it a proper concentration.
Transformation of Bael into BL21 Star Vector

The purified sample of the protein in the Top 10 vector was added to BL21 Star cells.
The mixture was stirred and incubated on ice for 30 minutes. The cells were heat-shocked at
42°C for 30 seconds and placed on ice for 2 minutes before SOC medium was added. The tube of
cells was shaken at 200 rpm for 1 hour at 37°C. Two LB-Agar plates were used containing
Kanamycin and cells from transformation were added. The plates were incubated overnight at
37°C. Small cultures of several colonies were created a starter culture was created with a volume
of 5 mL. This starter culture was used with kanamycin to create a larger culture of 1000 mL.
When the culture reached an absorbance of 0.5-0.6, the culture was induced with IPTG (.238 g).
This process was interrupted due to a timing issue within the semester and a new group of
colonies was grown by using a gel stock of the Genomic DNA in the Top10 Vector within the
-80°C freezer. A small and large culture was made, and the large culture was induced with IPTG
(.238 g). The culture shook overnight at 37°C at 210rpm. The large culture was centrifuged the
following day at 6,500 rpm using a JA-10 rotor and the supernatant was disregarded.
Column and SDS Page of Bael

The pellet created due to centrifugation was suspended using 15 mL of 1X Binding
Buffer. The cells were then lysed using sonication while the solution was on the ice. Next, the

cells were centrifuged at 11,500 rpm with the JA-20 rotor. The resulting supernatant was filtered
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using a 0.45 um sterile syringe filter. This solution was added to a nickel column once the
column was prepped with 3 column volumes of ddH20, 5 column volumes of 1x charge buffer,
and 3 column volumes of 1x binding buffer. Once the binding buffer reached the top of the bed,
the filtered supernatant was added. This was washed with 10 column volumes of 1x binding
buffer and 6 column volumes of 1x wash buffer. Next, the protein was eluted using 6 volumes of
1x elute buffer.

The eluted protein was collected and tested with Bradford reagent to determine the
presence of protein. This is shown by a color change of brown to blue. Dialysis was performed
on the fractions that contained protein using Tris and H2O calibrated to a pH of 8. 10% glycerol
stocks of the resulting protein solution were created using an 80% glycerol stock.

PksL

Transformation of PksL into BL.21 Star

A PksL stock solution transformed into Top10 cells from the Walsh lab was added to a sample of
BL21 Star cells. Next, the mixture was stirred and incubated on ice for 30 minutes. The cells
were heat-shocked at 42°C for 30 seconds and placed on ice for 2 minutes before SOC medium
was added. The tube of cells was shaken at 200 rpm for 1 hour at 37°C. Two LB-Agar plates
were used containing Kanamycin and cells from transformation were added. The plates were
incubated overnight at 37°C. One of the colonies was used to create a starter culture with a
volume of 5 mL. A large culture was created with Kanamycin and the small culture and induced
with IPTG (.238 g) when the culture reached an absorbance of .5-.6. The mixture was shaken
overnight at 15°C at 210rpm. The large culture was centrifuged at 6,500 rpm using a JA-10 rotor

and the supernatant was disregarded.
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Column and SDS Page of PksL

The pellet created due to centrifugation was suspended using 15 mL of 1X Binding
Buffer. The cells were lysed with sonication while on ice. Next, the cells were centrifuged with a
JA-20 rotor at 11500 rpm. The resulting supernatant was filtered using a 0.45 um sterile syringe
filter. This solution was added to a nickel column once the column was prepped with 3 column
volumes of ddH20, 5 column volumes of 1x charge buffer, and 3 column volumes of 1x binding
buffer. Once the binding buffer reached the top of the bed, the filtered supernatant was added.
This was then washed with 10 column volumes of 1x binding buffer and 6 column volumes of 1x
wash buffer. Next, the protein was eluted using 6 volumes of 1x elute buffer.

The eluted protein was collected and tested with Bradford reagent to determine the
presence of protein. This is shown by a color change of brown to blue. Dialysis was performed
on the fractions that contained protein using Tris and H20 calibrated to a pH of 8. 10% glycerol
stocks of the resulting protein solution using an 80% glycerol stock.

Reaction of PksL with CoA

A small culture of the PksL protein within BL21 Star was created and ran in a reaction
with Sfp, CoA, and MgCl buffer (12.5 mM). The mixture was quenched the following day with
urea and the reaction was run for an hour before CaCl2 and trypsin was added. The mixture was
incubated at 37 °C and was measured using the Orbitrap.

Discovery of Similar Polyketides

Literature research was conducted to find papers in which compared similar families of
polyketides. From these papers, structures were analyzed, and beta-branches were located. Beta-
branches were sorted by appearing similar to the Bacillaene type, Difficidin type, or a new

branch type completely.
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Analysis of Bacillaene and Difficidin Beta-Branch Homologs

Bacillaene and Difficidin Homologs were analyzed using Global alignment and allow
ends to slide alignment within Bioedit. Similarities percentages, identity percentages, and
alignment scores were recorded on Excel. Through structural analysis and Bioedit data analysis,
the sorting of Bacillaene and Difficidin type beta branching groups were established. Groups
were each run through analysis using ClustalW to find locations of interest. Distinct areas were
investigated future through additional ClustalW alignments.
Results and Discussion
Figure 3 shows the gel electrophoresis of the genomic DNA of Bael. The Bael sample is the
sample the experimenter purified and the positive control was the Genomic DNA of Bael that
Robert Tikkanen, a graduate of the Reddick lab, purified. While the purification of the
experimenter did not show a band in the correct location, the band of Robert Tikkanen’s DNA
had a band at approximately 750 bp. This supports that this is the gene desired.

Gel Electrophoresis of Bael Genomic DNA

3000 bp

1000 bp

500 bp

2-log  Positive Negative Bael
Ladder Control Control Sample
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Figure 3: Gel Electrophoresis of Bael Genomic DNA

Figure 4 shows the experimenter’s first attempt at cloning Bael into the Top10 vector. This is an
example of when the ladders did not appear when completing gel electrophoresis. This likely
occurred due to a pipetting error and there was another gel electrophoresis ran after this instance.

Gel Electrophoresis of First Attempt Cloning Bael in Top10 Vector

Figure 4: Gel Electrophoresis of unsuccessful Gel Electrophoresis of Bael Top10 Vector Cloning

Figure 5 shows the Top10 Cloning of Bael with Genomic DNA isolated from Robert’s sample.
Lanes 3,5,6 and 7 are 4 colonies that were tested to see if they held Bael based on the number of
base pairs. The positive control was the Genomic DNA Robert isolated. The band in lane 5 was
at the same location as the positive control indicating it held the gene. A restreak of this colony

was used in BL21 Star cell cloning.
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Figure 5: Gel electrophoresis of Bael cloned into Top10 Vector
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Figure 6 shows the SDS-Page of Bael cloned into BL21 Star vector. The lanes labeled S are

those with the cloned DNA. The band appeared between 30,000 and 40,000 daltons which were

expected when comparing the number of Daltons in the gene. This allowed for the confirmation

of the band is equivalent to the location of Bael.

SDS-Page of Bael
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Figure 6: SDS Page of Bael with 200 kDa Ladder
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Figure 7 shows the SDS-Page of PksL. The columns labeled “s” are the samples of PksL cloned
into the BL21 Star vector. The molecular weight according to the gel would be between 30,000
and 40,000 Daltons. This was equal to the value expected from Walsh’s lab for the molecular
weight of this gene. This confirms PksL was cloned into the PksL vector.

SDS Page of PksL in BL21 Star Vector

85000

Figure 7: SDS Page of Pksl cloned into the BL21 Star Vector

Figure 8 shows the genes found within Beta-Branching Polyketides found responsible for beta
branching within their distinct polyketide. Genes are organized according to if they hold
Bacilliaene, Difficidin, or other types of beta branches to then perform further analysis into only

Bacillaene and Difficidin types.
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Division of Genes responsible for Beta Branching divided into Bacillaene, Difficidin, and

Other Types
Bacillaene-Type Beta Branch | Difficidin-Type Beta Branch | Other-Type Beta Branch
Bael DfnM JamJ
MupK PedI BryR
OcclJ OnnB CurF
DipP PhmE
PsyD Phml

Figure 8: Bacillaene, Difficidin, and Other Types of Genes responsible for Beta-Branching in
Polyketides

Figure 9 shows the genes in which are homologs to Difficidin or Bacillaene. The red box
contains the homologs to Difficidin which are Onnamide, Psymberin, Diaphorin, and Pederin.
The blue box contains the homologs to Bacillaene which are Oocydin A and Mupirocin. The beta

branches of these molecules are marked via ovals on the structure.
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Bacillaene and Difficidin Homologs
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Figure 9: Bacilliene and Difficidin Homologs
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Figure 10 shows the Global Alignment of DfnM to all of the genes discovered that were
responsible for beta-branch formation. Higher identity, similarity, and alignment scores indicate
that the sequences are more similar to one another. Global alignments in conjunction with
structural analysis allow for the determination of homolog structures. For DfnM, Onnamide,
Psymberin, Diaphorin, and Pederin were determined to be homologs. However, Psymberin
despite having a similar beta branch held a very low alignment score symbolizing it was the
weakest homolog of the group. Allowing ends to slide alignment was also performed but
matched the same pattern for identity, similarity, and alignment scores.

Global Alignment to DfnM

Name Alignment Score | Identities | Similarities

MupK 657 | 0.5120968 0.6854839
BryR -225 1 0.1505882 0.2941176
Bael 711 | 0.562249 0.7148594
Pedi 473 | 0.4189723 0.5849802
PhmE 482 | 0.4246032 0.6031746
OccJ 471 0.412 0.58
CurF 561 | 0.4422311 0.6653386
Jam) 565 | 0.4527559 0.6732283
OnnB 424 | 0.3636364 0.5731225
DipP 472 1 0.4047619 0.5992063
Phml 483 0.416 0.58
PsyD -34 | 0.1590909 0.344697

Figure 10: Global Alignment of Beta Branching Genes to the DfnM gene sequence
Figure 11 shows the Global Alignment of Bael to all of the genes discovered that were
responsible for beta-branch formation within different polyketides. Higher identity, similarity,
and alignment scores indicate that the sequences are more similar to one another. Global
alignments in conjunction with structural analysis allow for the determination of homolog

structures. For Bael, Oocydin A and Mupirocin were determined to be homologs. Allowing ends
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to slide alignment was also performed but matched the same pattern for identity, similarity, and

alignment scores.

Global Alignment to Bael

Alignment

Name Score Identities Similarities

MupK 730 | 0.5783133 0.7269076
BryR -211 0.1738095 0.2833333
DfnM 711 0.562249 0.7148594
Pedl 544 | 0.4347826 0.6166008
PhmE 523 | 0.4342629 0.6095618
Occl) 530 0.436 0.612
CurF 610 0.46 0.696
Jam) 602 0.476378 0.6850394
OnnB 522 | 0.4189723 0.6245059
DipP 543 | 0.4206349 0.6587302
Phml 583 | 0.4701195 0.6533865
PsyD 25| 0.1811321 0.3584906

Figure 11: Global Alignment of Beta Branching Genes to the Bael gene sequence

Figure 12 shows the amount of exact, strong, or weak group alignments found through the

Clustal W computer software when analyzing the sequence of DfnM and Bael to the Difficidin

Homologs. The sequence of Bael was more similar in sequence to the DfnM homologs than

DfnM itself. However, DfnM held a more similar beta branch in structural analysis. With the

exclusion of PsyD, both DfnM and Bael held a more similar alignment to the DfnM homologs.
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DfnM and Bael Compared to other DfnM Homologs

with and without Exclusion of PsyD

Exact Alignments

Strong Group Alignments

Weak Group Alignments

w/ PsyD

Compared to DfnM 6 33 26
Compared to Bael 10 22 28
w/o PsyD

Compared to DfnM 71 53 35
Compared to Bael 75 56 32

Figure 12: DfnM and Bael Compared to DfnM Homologs within Figure 9

with and without Exclusion of PsyD

Figure 13 shows the exact, strong group, and weak group alignment scores of DfnM and Bael

when compared to the Bael homologs using the Clustal W computer software. Bael was closer

aligned to the other Bael homologs than DfnM.

DfnM and Bael Compared to Bael Homologs

Exact Alignments|Strong Group alignments

Weak Group Alignments

Bael homologs

Compared to DfnM
Compared to Bael

80
85

50
54

30
27

Figure 13: DfaM and Bael Compared to Bael Homologs

Figure 14 shows the area of interest found within Bael and DfnM. This sequence differed

between the Bael and DfnM sequences when compared to corresponding homologs. There is a

question of if the histidine may have an influence on this area and have a part in creating distinct

beta-branching types. This may be investigated in greater detail by others within the Reddick

laboratory.
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ClustalW of Area of Interest in Bael and DfnM compared to Bael and DfnM Homologs

CLUSTAL 2.1 multiple sequence alignment

Bael LGASLGHEMLL (Positions 150-160)

MupK —LGSLGQEMLL (Positions 149-158)

Oocl LGLDLAREALF (Positions 2361-2371)
T A

CLUSTAL 2.1 multiple sequence alignment

*k k. ok k!

DfnM LGIVLGEEMLF (Positions 149-159)
MupK LG-SLGQEMLL (Positions 149-158)
0ocJ LGLDLAREALF (Positions 2361-2371)

CLUSTAL 2.1 multiple sequence alignment

Bael
OnnB
DipP
PedI

LGASLGHEMLL
FGKDFAGEILL
FGKILSREILF
LGHDLSREVLL
HE S

CLUSTAL 2.1 multiple sequence

DfnM
OonnB
DipP
PedI

LGIVLGEEMLF
FGKDFAGEILL
FGKILSREILF
LGHDLSREVLL
H N H

(Positions 150-160)
(Positions 3097-3107)

(Positions 3117-3127)
(Positions 3026-3036)

alignment

(Positions 149-159)
(Positions 3097-3107)

(Positions 3117-3127)
(Positions 3026-3036)

Figure 14: Area of Interest in Bael and DfnM compared to Bael and DfnM Homologs using

ClustalW W Software

Conclusion and Future Work within the Reddick Laboratory.

Within these experiments, the PksL and Bael genes have been purified and cloned into different

vectors including Top10 and BL21Star. This prepares the genes to be used in future experiments

to determine their roles in biosynthetic pathways. The reaction of PksL and coenzyme A are in

the process of being analyzed and future work will be done to react PksL with other CoA

enzymes such as Acetoacetyl-CoA. These experiments will allow the experimenters to determine

if the formation of holo-S-PksL-T2 and Acetoacetyl-S-PksL-T2 is plausible using PksL.

Homologs were found of Bael and PksL and an area of interest was located within the gene

sequence. The research group will continue to address the formation of the double bond within

the structure of Difficidin and similar antibiotics.
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