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Introduction

This thesis is comprised of two primary areas of study; the first chapter focuses on
pedagogical research and the following two on bench biochemistry research. At the beginning,
work was focused solely on bench chemistry, developing cell specific protein delivery vehicles.
Soon, work was split between the bench and developing a pedagogical tool for visualizing and
analyzing longitudinal progression of student cohorts through various majors. As the chimera
project began to stall, bench work became centered on elucidating a possible mechanism of toxin
production within the pathogenic Clostridium difficile, while continuing pedagogical research.
Eventually, frustrations working on bench-chemistry lead to focusing solely on the student data

visualization tool and pedagogical research.



Chapter 1
Development of a New Student Data Visualization Tool:
Changing the Paradigm of Data-Driven Decision Making

Introduction

In recent years, colleges and universities have invested significant resources towards
improving student success.'> When students succeed in college, they become productive
members of their community and promote the advancement of their society. When students do
not complete their courses of study, a portion of responsibility falls on the institution to assess
the students’ needs and supply the necessary resources for success. Student attrition leads to a
loss of time and money invested for the student and the institution. Assessing student success has
traditionally focused on academic output, but the issues are multi-dimensional. Researchers are
beginning to expand their focus to psychosocial and financial aspects, and the role they play in
student success.”® Unfortunately, many of these investigations are carried out at the highest
levels of an institution, and data rarely filter down to those faculty and staff closest to the issues.
The goal of this work was to create a data visualization tool that can generate actionable
outcomes from faculty and staff at all levels within an institution.

Emphasis on improving student success has lead to the emergence of learning analytics,
focusing on aspects of students’ lives and experiences, to find factors that can improve student
learning and success.”” Learning analytics has lead many to ask the question, “What leads
students into academic trouble?” Answering that question requires parsing complex data on
student performance, sometimes making it difficult to supply clear and actionable answers.

Visualization tools help guide institutions or stakeholders through the complicated data, portray



it in an easy to follow manner, and allow for large amounts of information to be analyzed
simultaneously to discern patterns. The ethics of student data analytics is highly discussed and it
is important to note that for the privacy of faculty and students all courses, dates, and fields of
study used herein have been de-identified.'™

The current paradigm of student data analytics relies heavily on predictive algorithms that
analyze student demographic information and prior academic performance, or current data, to
flag students at-risk for sub-optimal success in “real time”.'> "> While these algorithms have been
used towards many productive ends, they contain inherent limitations. These tools often fail to
analyze the longitudinal progression of student cohorts. Also, many of the algorithms are end-
point focused using graduation or a single class outcome as the measure of success, which may
define the problem too narrowly. Some learning analytic tools, such as the Open Learning
Initiative, have a wider definition of success and focus on student learning outcomes in
individual courses, but tend to have microscopic focus within foundational courses prone to
being a barrier to student success.'* Most predictive algorithms do little to address the student
deficit model, or the belief that students’ own deficits lead to a lack of academic success, by not
analyzing longitudinal effects of curriculum."”"” A truly effective analytic tool should focus on
the curriculum and the student in parallel.

A class of visualization tools that depict student migration complement predictive

algorithms.'® "’

These tools allow administrators or faculty to determine populations of students
who do not graduate with their initial major, or demonstrate how students migrate within a
particular school of study. Changing majors clearly can affect time to degree and attrition from

college but does not repair the more fundamental problems that might exist within the program.

Migration plots are not sufficiently granular. They focus on starting and/or ending points without



addressing specific barriers that might catalyze student migration. Our tool uses a java generated
user interface (UI) to present student data in a curriculum-centered fashion highlighting students’
performance for each class in sequence, and not only identifying graduation as an endpoint

(Figure 1.1). This tool lends itself to go beyond current student data, which most predictive

A ®e e Cohort RCircos Plot
Start Semester Stop Semester
Save Data as .csv?
Semester Year Semester Year
F g 2007 [ F [& 2007 Yes (UNo
Major Track
» CHM BIO PHY MAT
CHMO0001 CHMO0002 CHMO0003 CHMO0004 CHMO0005 CHMO0006
Gender Class and/or Grade

Semester: | | Class:

Grade: A B C D F WX
Ethnicity ~ Major
— Tal Stars Cohort (Hold Ctrl to select multiples)

AM AAS _ASC-COMSC _ASC-WKSHP  LC-ALL
AR ACCCC ADM-AACEA  ADM-HSCON AE03 AE10
AS ACCH Include AG ANTW AP-CA AP-DA
BI :lflg Exelud AP-UT APEXBR APEXBR _CC APEXBRBAK
9 ANT XCUEe | ASC-COMSCH ~ ASC-DC ~ ASC-ISTART  ASC-MTL
ASC-MTOL  ASC-ORIENT ASC-RSS ASC-SI
ANTH R A A,
ACT Score Admission Semester
Semester Year
Type: [ ¥
Score: [T [T e o
Graduation Semester
HS GPA
Semester Year
Back . Finish
B Major Track
cHiM © BIO PHY MAT
BIO0001 BIO0002 BIO0003 BIO0004 BIO0005 BIO0006

Figure 1.1: Java interface and demographic selectors. A) The java Ul allows any user to generate
Student Circos plots without prior experience with R syntax. The interface requires a range of semesters
with the desired courses to build the required karyotype, and many optional demographic selectors by
which to select a cohort. A cohort can also be selected based on a class selection with the option of
specifying a particular semester and/or grade(s) earned in that class. B) The major track allows for easily
switching between majors and will auto-update the window when selecting a new major. The user can
select as many or as few of the supplied courses for each major track from which to build the karyotype.




algorithms use, and display historic student data for faculty and staff to draw conclusion about
their programs as a whole. Student Circos plots allow the unique ability to track cohorts before

and after a class of interest, making it a very robust tool for visualizing longitudinal student data.

Results

To probe student data effectively, the right people need the correct data and they have to
ask the right questions. An investigator can generate a collection of questions and then easily
become lost in a sea of data. Answering these questions by panning data for statistically

significant trends can often be akin to taking a shot in the dark. This tool can help narrow the

Student Data

Student Circos Plots

Pointed Questions

e

l ﬁ un; Statistical Analysis

|

Actionable Outcome

Figure 1.2: Workflow for analyzing student data. Analyzing student data to generate actionable
outcomes is a multifaceted process. Student Circos plots aid an investigator in forming pointed
questions from the complicated and cumbersome student data. The pointed questions can then be
validated via statistical means and used to implement actionable outcomes to improve student success.




focus leading them to a quicker understanding of longitudinal cohort progressions (Figure 1.2).
Using the Student Circos plots allows swift visualization of many cohorts to quickly analyze if
the proposed questions have merit. Then, more pointed questions can be generated and the data
table output can be used to analyze for statistically significant relationships. The investigator can
then use their own experience to filter the results and propose an actionable outcome, working to
improve student success.

Reading Student Circos Plots

Circos is a program that was designed for visualizing data, most often of genomic origins,
in a circular layout maximizing the data-to-ink ratio.* Student Circos plots are built off of the
parent Circos program because the circular layout allows the longitudinal analysis of student
progression through majors. Because this tool is based off of Circos, aspects have adopted
nomenclature such as “karyotype”. The karyotype is the outside circle of class names and color
boxes. The colored boxes denote semesters where red, blue, and yellow indicate fall, winter, and
spring/summer semesters respectively. The colored lines signify the grade a student earned in the
class where: A=green, B=blue, C=yellow, D=orange, WF=Dblack. Students’ progress through a
major via three main paths ending in one of three possible outcomes: graduation, still currently
enrolled, or stopping out (Figure 1.3). Other endpoints exist (such as transfer out) which could
also be added if needed by an institution, but these three encompass the majority of students.
Plotting full cohorts together, one can gather information on longitudinal student progression.
Visualizing cohorts over time can identify important trends that warrant further analysis, such as
statistical tests between cohorts.

Proof of Concept For Student Circos Plots
To validate the ability to draw conclusions using Student Circos plots, the tool was used

to identify the semester a curriculum change was implemented within the first class of a major



[}
Q
=
)
w
w
IS
9]

@)
=
S
v
w
hal
w

Figure 1.3: Reading a Student Circos plot. The karyotype displays the semesters and courses
selected by a user. Red boxes symbolize fall semesters, blue winter, and yellow spring/summer. The
interior of the karyotype has a series of tick marks for easily identifying when a semester begins (-),
when a class begins (<<), or when the academic year begins (X). These plots show three students with
expected paths through a given major. A) Student tracking through without delay and with good
grades to graduation B) Student struggled through the track with repeated attempts at courses, but still
graduated C) Student struggled through the track and has not yet reached graduation. D) Overlay of all
three students.




(Figure 1.4). A series of plots were generated using winter and fall semesters (spring/summer
semesters were ignored because they are not part of a normal progression and have low levels of
enrollment) covering a four-year span. Before Semester 4, each cohort took the second class in

this progression over a wide range of semesters indicating the cohorts are not proceeding

A Semester 1 B Semester 2 C Semester 3

Figure 1.4: Analysis of a change in curriculum. Our institution implemented a change in curriculum
for Class 1.4 of this track. Cohorts include students who took Class 1.4 in A) Semester 1, N=56 B)
Semester 2, N=70 C) Semester 3, N=63 D) Semester 4, N=62 E) Semester 5, N=60 F) Semester 6,
N=85. Without prior knowledge, this tool identified that the curriculum change occurred between
semesters 3 and 4, evidenced by the increase of A/B grades coming out of Class 1.4 in addition to a
decrease in student delay moving into Class 2.4.

together. During and after Semester 4, the cohorts advance to Class 2.4 with less spread,
suggesting they have begun to advance as a cohesive unit and students do not delay over multiple

semesters. Students also exhibit better performances in the first two classes, with the majority of



students gaining a higher grade, though not significantly higher. Together these factors correctly
indicated Semester 4 was the semester where the curriculum change was implemented.
Interestingly, the change in curriculum appears to not address the population of students that
only take Class 1.4, evidenced by a consistent migration of students from Class 1.4 to Current.
This example demonstrates this tool is capable of identifying trends in student data.

Effects of Grade in a Seed Course
Student Circos plots were used to visualize how student’s performance in a seed course

(the first in a sequence) affects longitudinal progress through foundational classes of a major.
Students who took the seed course in a particular semester were separated by grade into four
plots (Figure 1.5). The A and B cohorts tend to maintain a high level of achievement throughout
the rest of the track, with few ending in Stopout and many graduating after completing all the
courses, as one might expect of students who have early academic success within their major
(Figure 1.5A and B). Students that struggle in the first course often continue to have difficulty in
subsequent courses (Figure 1.5C). Within the C cohort, multiple students repeat many classes
within this major. Seeing the difficulties students have within this cohort highlights an area that
could be further analyzed to improve student success. A possible issue at hand is the fixed vs.
growth mindset, a common area of discussion in pedagogy.”’ Students starting track 5 with a
DWEF often terminate at Stopout or Graduation, demonstrating the difficulty of recovering from a
failing grade within this major (Figure 1.5D). These two end points are drastically different and
more work is required to determine what factors lead the DWF cohort to Graduation compared to
stopping out. On the whole, this tool has provided visual evidence that can lead a stakeholder
into deeper analysis of the C or DWF cohorts to further elucidate factors that lead to differential
success, and ask how the program or support services might be adjusted to improve outocomes

for these students.
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Figure 1.5: Effect of seed course grade on progression through major. Cohort includes students
who took Class 1.4 in the semester designated with a star and grade of A) A, N=48 B) B, N=59 C) C,
N=54 D) DWF, N=68. Many students who didn’t pass Class 1.4 (Grade DWF) in the selected
semester also failed in prior semesters, with few moving to higher-level courses within this track.
Students who do well in their first course (Grade = A/B) tend to maintain success through the entire
track, demonstrating that when students start strong, they tend to finish strong. Conversely, when
students experience difficulty in the first class (Grade = C/D/F) few students recover to experience
high levels of success.
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Student Success in a Gateway Course

Gateway courses are foundation-level, with high enrollment, and a high risk of failure

2225 This tool was

and have been an area of intense study within pedagogy for over twenty years.
used to compare cohorts that retake the gateway course Class 2.6 (retake gateway course, RGC)
and those that progress after one attempt (OA), to analyze if gateway courses hamper student
success in this major (Figure 1.6). OA students do significantly better than RGC in all classes,
even when comparing the highest attained grade for RGC (Figure 1.7). The RGC cohort takes
Class 1.6 multiple times, suggesting that the skills and knowledge gained in Class 1.6 is not
appropriately preparing students for Class 2.6. Further analysis of the RGC cohort shows that for
the first two classes of this track, the grades attained decrease with each attempt (Figure 1.8).
These data suggest that students seldom improve their grade, which likely creates a financial
burden on the student. Additionally, the cohorts were analyzed for correlations between class
grade and ACT composite score or high school grade point average (HS GPA), and the gender or
ethnicity make up but no significant relationships were found (Appendix A Figure 1-4)
Regardless of grade or number of attempts many students move from Class 2.6 to Current,
Graduation, or Stopout. These plots visually demonstrate a large exodus from this major,
supporting the hypothesis that the gateway course truly inhibits students from succeeding and
progressing in this major.

Effect of Delaying Within a Major
Every major contains expected pathways, progressions, and milestones that faulty deem

successful. For this major, students are expected to progress from the first to fourth class within
two years (Figure 1.10). A faculty and staff narrative at our institution involved students’ whom
delay taking certain courses, suggesting the delay leads to a lower grade in the final course, an

affect we wanted to visualize. At first glance, the cohort delaying (delay full, DF) and the cohort
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Figure 1.6: Student performance within gateway course. Students who took the gateway course
Class 2.5, in the term denoted with a star. A) Full cohort, N=407 B) Students retaking Class 2.5
(RGC), N=234 C) Students who do not retake Class 2.5 (OA), N= 172. The RGC cohort had
decidedly poorer performances in Classes 3.5 and 4.5. These students also exhibit a wide fanning
within Classes 1.5 and 3.5, demonstrating that many retake each course over a large time period. OA
students most often earn a grade of C and seldom stumble within Classes 1.5 or 3.5. Collectively these
plots demonstrate that success in Class 2.5 indicates success in Class 3.5, and confirms Class 2.5
behaves as a gateway course.
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Figure 1.7: Average grade for Class 2.6 cohorts. Students who attempt Class 2.6 once (OA) do
significantly better than the cohort that retakes this class (RGC). OA students do better in all but the
first class when using the highest grade attained by the RGC cohort (RGC, Max Grade). This supports
the conclusion that students who struggle in the gateway course continue to perform poorly throughout
the major. *** = p<0.01, ** = p<0.05, student’s t-test
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Figure 1.8: Class performance by number of attempts for students retaking Class 2.6. In the
early classes of this major, as attempts increase the earned grades decrease. The same trend does not
hold for the last two classes. For Class 1.6 and Class 2.6, the data support this institutions policy of
requiring special permission to take a class more than three times, as student grades are generally
worse at higher attempts.
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Figure 1.9: Correlation between class grade and HS GPA*ACT Composite score. HS GPA*ACT
Composite score is a good predictor of success for students who attempt Class 2.6 once (OA), but is
very poor for students retaking the gateway course (RGC). r = Pearson rho, *** = p< 0.01, **= p<
0.05

that stays on time (OT) do not appear to perform differently in the first or last course (Figure

1.10C and D). However, DF can be split into two distinct sub-populations: those who delay
because they retake the second class of this progression (delay retake, DR) and those who delay
for reasons beyond our knowledge (delay no retake, DNR) (i.e taking courses outside this track,
personal factors, etc.). Plotting these populations separately shows the DR cohort performs
poorer in the first and last course compared to DNR (Figure 1.11). The grades within Class 4.10
for DNR mirror those of OT. The data unexpectedly show that how long a student takes to
progress through this major has minimal impact on success, but the students’ path between
classes plays a large role. Correlation analyses and gender or ethnicity make-ups or each cohort
were conducted as with the gateway course investigation, but no significant results were

identified (data not included). Without these plots, identification of DR and DNR cohorts would
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Figure 1.10: Student path from Class 1.9 to Class 4.9 and the effect on Class 4.9 performance.
Students who took Class 1.9 in the semester denoted by a star compose this cohort. A) Full cohort,
N=416 B) Students who did not take Class 4.9, N=296 C) Students taking Class 4 within two years of
taking Class 1.9 (OT), N=41 D) Students taking Class 4.2 more than two years after Class 1.9 (DF),
N= 79 E) Students taking Class 4.9 more than two years after Class 1.9 and did not retake Class 2.9
(DNR), N=43 F) Students taking Class 4.9 more than two years after Class 1.9 and retook Class 2.9
(DR), N=36. Students are expected to progress from Class 1.9 to Class 4.9 within two academic years.
OT students do very well in Class 4.9, with most earning a B or higher. The DF cohort can be split
into two sub-populations: DNR and DR. The DR cohort performs poorly in every class within this
track compared to DNR. OT and DF cohorts both show a high success rate after reaching Class 4.9,
confirming a trend previously reported at our institution.
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have been exceedingly difficult. Additionally, it has previously been reported that when students
reach Class 4.10 there is ~ 96% graduation rate. For all of the cohorts that reach Class 4.10, very
few students migrate to Stopout confirming the high success rate (Figure 1.10A, C, D). Student
Circos plots have verified a trend previously reported at this institution while simultaneously

discrediting another.
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Figure 1.11: Average grade by Class 1.10 cohort. Students delaying within major and not retaking
Class 2.10 (DNR) do significantly better in each class than their repeating counterparts (DR).
Interestingly, DNR students perform better in the first class than the cohort that progresses through
this major on time (OT). DF = full delay cohort ***=p<0.01

Discussion

Improving student success in higher education is heavily dependent on data being in the
hands of faculty and staff who have the ability to generate positive changes at their institution.
Visualization tools depicting student data in a longitudinal manner are required for faculty to
draw meaningful conclusions from historic student data. Current predictive algorithms and
student migration plots fail to accomplish the task of presenting data for longitudinal analysis of
student cohorts and often utilize current data and not historic. The Student Circos tool achieves
the goal of depicting student data as longitudinal progression and has exhibited a wide variety of

applications. Plotting student data in a circular fashion maximizes the quantity of data presented
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in each plot and shows longitudinal student progression through majors. Using this tool has
identified questions that require further analysis to generate actionable outcomes for improving
student success. For example, the DWF cohort of a seed course contains students that attain
success by graduating and the less optimal endpoint of Stopout. An institution can use these data
to set the stage for an in depth analysis, determining what factors lead to the two very different
outcomes. Students can use these data as a precautionary tale to start their college career on a
positive note. Student Circos plots have also generated data visualizations that challenge
previous understandings, as is the case with students who delay within a major. Without this tool,
the effect of a student’s progression through compared to the amount of time delaying within a
major would likely never have been identified.

It is important to note that this tool can be altered to many ends. For example, there is a
version of this tool that generates single student plots that are useful for advising purposes.
Single student plots depict student progression of a major and the major requirements that have
been met. Additionally, one can alter plots by adjusting the order in which data is printed, to
better represent the question at hand. Currently, term, class, and grade are used to sort course
data, in that order, before plotting. By adjusting these parameters one can change the emphasis of
a plot or mine for different trends. The level of personalization and control over cohort and class
selections make Student Circos plots an invaluable tool for analyzing longitudinal cohort
progression. One major limitation of Student Circos plots is the inability to draw meaningful
conclusions from large cohorts of students because the plots become very hard to read. However,
the benefit of only plotting smaller samples is that an interested faculty member will need a

directed question before starting analyses, preventing them from becoming lost in a sea of data.
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Student Circos plots allow faculty and staff to identify important trends in longitudinal student

progression and generate actionable outcomes for student success in higher education.
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Chapter 1 Materials and Methods

Institutions wishing to implement this program will require three items: student data in
.csv format (Appendix A Figure 5), R, and a java editor. If the student data is in JSON format, it
can be unpacked within R into a data frame and then used for the plots, but none of the included
R scripts contain code for JSON unpacking. Within Java the user must install REngine and
Rserve, each java script for the Ul contains import script for these packages. Three packages
available within R must be added to the users library before use: RCircos, Rserve, and plyr.
When using the Ul, indexing of each package occurs within the Rconnection of the java script,
so they only have to be installed in the operating version of R. However, the Rserve socket must
be initiated within R before executing the java script.

Java interface

This tool uses a Java Ul that implements RConnection to integrate R and Java (Figure
1.1). The code for the Java Ul can be found at the Feig Lab website
(http://chem.wayne.edu/feiggroup/) The UI affords investigators unfamiliar with R the
opportunity to make Student Circos plots in a high throughput manner. The interface contains
two sections; the mandatory input information located at the top and the optional demographic
selectors located beneath. Possible demographic selectors include: admission semester,
graduation semester, ACT score, declared major, gender, high school GPA, class and/or semester
and/or grade, ethnicity, and population cohorts. The major and ethnicity designations, classes
within each area of study, and population cohorts (i.e stars cohorts) must be customized to other

institutions. Areas in the code that require this attention have been appropriately annotated.
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Data Manipulation in R

Two user-created R functions achieve the proper data manipulations to generate Student
Circos plots and can be found within two individual R scripts located at Feig lab website
(http://chem.wayne.edu/feiggroup/). Both of these functions are accessed within Java and
executed within R through the Rconnection to generate the desired image(s). The first function
generates a data frame that termed the “karyotype”, defining the outermost circle of the plots and
denotes the semesters, classes of interest, and tick marks. The three possible terminations of
study Current, Graduation, and Stopout remain constant within the karyotype. A Stopout is
defined as a student who has not registered for a class in over two years. User input of starting
semester, ending semester, and class track of choice generates the karyotype (Appendix A Figure
6). The second function takes user defined cohort selectors, either demographic or class/term, to
generate a list of students who fit into the desired cohort. This function then selects all classes for
the cohort that fit into the desired class track and transforms the data into a format suitable for
plotting with RCircos (Appendix A Figure 7). RCircos uses the resulting data frames from each
function to create the final plots as .pdf files on the desktop (or the working directory in the users
R). These R scripts will work with any institutions data provided the starting course and
demographic data are in the same format as ours (Appendix A Figure 8). However, if the starting
data were in a different format, a small amount of programming time would have to be dedicated
to transforming the data into appropriate Circos format. Data reported here have been masked for

the privacy of students and faculty.
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Chapter 2
Adapting TcdA into a Cell-Specific Protein Delivery Vehicle

Introduction

The cellular membrane provides a formidable barrier to the intracellular delivery of
exogenous proteins. Since proteins have the ability to alter biochemical pathways, it would be
desirable to introduce a cloned protein to analyze its effect on cell processes or cellular
localization. One strategy for exogenous protein introduction is through expression in situ using
systems like the T7/lac or tetracycline responsive elements.”® >’ Systems like these often lead to
protein levels that are not biologically relevant. Recent development of synthetic promoter
libraries and predictive mRNA design tools has improved the control of gene expression.” *’
However, induction over a large concentration range requires creation of multiple constructs and
ample trial and error. These shortcomings make cellular delivery desirable to exogenous
expression. Current methodologies for protein delivery rely on appending polycationic tags such
as the HIV trans activator of transcription (Tat) or Drosophila antennapedia (Antp) to proteins of
interest.’® These cell-penetrating peptides (CPPs) efficiently achieve cellular delivery, but there
are drawbacks to these systems. Due to the highly cationic character of CPPs, protein chimeras
often experience undesired delivery to different cellular compartments such as the nucleus.”’
There has been some evidence that the nuclear localization is predominantly an artifact of the
fixation process often associated with analyzing delivery of exogenous proteins.’”> CPPs also

33-35

have a high level of toxicity associated with treatment. Finally, due to the general mechanism

of CPP uptake, these systems also suffer from a lack of cellular specificity, dramatically limiting
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the in vivo applications. These major drawbacks create a need for a more efficient, less toxic, and
cellular specific delivery vehicle.

Clostridium difficile (C. difficile) is a pathogenic spore-forming bacterium most
commonly associated with pseudomembranous colitis.*® C. difficile is a common nosocomial
infection often colonizing after the normal flora of the gut is disrupted by antibiotic treatment. C.
difficile produces two major virulence factors, Enterotoxin A (TcdA) and Entertoxin B (TcdB)
(Figure 2.1).”” Each of these toxins contains multiple subunits that behave in a well-orchestrated
fashion to intoxicate epithelial cells of the gut with an active cargo, leading to cell death (Figure
2.2). Due to the large level of homology and shared mechanism of intoxication, only TcdA will
be discussed further. TcdA contains a C-terminal repeating oligopeptide (CROP) region that

elicits endocytosis via cell-surface receptor recognition and aggregation.**° Upon endosomal
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Figure 2.1: Major virulence factors of C. difficile. A) Subunits of Toxin A (TcdA) and Toxin B
(TedB) from C. difficile from N- to C-terminus: glucosyl transferase domain (red, GTD), cysteine
protease domain (blue, CPD), translocation domain (orange, TD), and C-terminal repetitive
oligopepti:ge (green, CROP).”” B) Crystal structures of TcdA GTD, CPD, and TD.** C) NMR structure
of CROP.
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Figure 2.2: Mechanism of TcdA intoxication. 1) CROP binds and aggregates epithelial cell surface
receptors inducing endocytosis. 2) Endosomal acidification causes TD to change conformations and
form a pore in the endosomal membrane through which CPD and GTD can be fed into the cytosol. 3)
In the cytosol CPD binds IPs (black hexagon) and 4) cleaves GTD from the rest of the toxin. 5)
Remainder of toxin remains in the endosome and degraded.

acidification, the translocation domain (TD) undergoes a conformational change inserting itself
into the endosomal membrane creating a pore.*'*** Once the pore is formed, the cysteine protease
domain (CPD) and glucosyltransferase domain (GTD) are translocated from the endosome into
the cytosol. CPD then binds the eukaryotic-specific inositol hexakisphosphate (IPs) activating the
protease moiety, cleaving GT from the rest of the toxin.*>** Once liberated, GTD is able to
glycosylate Rho family GTPases inducing actin disregulation, ultimately leading to cell death.*
TcdA processing within the cell leads to the delivery of an active cargo while the rest of the
protein is degraded, making TcdA an attractive possibility as a delivery vehicle for cargos other
than GTD. The tagless delivery eliminates many of the negative CPP-chimera effects. Previous
reports have shown that by replacing GTD with reporter proteins such as luciferase, the TcdA

scaffold is capable of delivering non-natural cargo to endothelial cells.* Additionally, the TcdB
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has been used to specifically target neurons by replacing CROP with the receptor-binding
domain of Botulinum neurotoxin.”” Combining both of these lines of research, the goal was to
create TcdA chimeras that are cell specific protein delivery vehicles capable of altering cellular
pathways.

Chimeric Toxin Design

Multiple features have been engineered into the chimeric proteins using the TcdA
scaffold. Unique digestion sites flanking the cargos and receptor binding domains (RBDs) were
engineered for swift interchanging of different cargos and RBDs (Figure 2.3A). The chimeras
also include a C-terminus hexahistidine tag (Hise) for affinity purification as well as orthogonal
labeling sites. An YbbR12 sequence has been placed at the C-terminus of cargos upstream of the
CPD ** *  YbbR12 is a recognition sequence for the Bacillus subtilis phosphopantethein
transferase Sfp, enabling the labeling of cargos with CoA substrates. The YbbR12 tag is located
such that the label remains with the cargo upon CPD cleavage, important for visualizing cellular

delivery and localization of cargo. In addition, the RBDs contain a Sortase A (SrtA) recognition
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Figure 2.3: Design of chimeric toxins with variable cargos and receptor binding domains (RBD).
A) Unique digestion sites have been engineered into the chimeric toxins for efficient subcloning
multiple cargos and RBDs. Each cargo has been subcloned to contain a C-terminal ybbR12
recognition sequence and the RBDs have a C-terminal SrtA recognition sequence. Together these sites
allow for orthogonal labeling of the chimeric delivery vehicles. B) Variable cargos and RBDs for
chimeric toxin production.




25

motif located at the C-terminus between the RBD and Hiss.” Sortase A is a transpeptidase that
appends a substrate containing three N-terminal glycines in place of the terminal glycine in the
recognition sequence (Figure 2.3A). Together these sites allow for orthogonal labeling of the
chimeric toxins. A possible application for these sites could be labeling the chimeric toxins with
a FRET pair of fluorophores as a qualitative means of determining cytosolic delivery efficiency,

or as a method for tracking intracellular localization of the scaffold and cargo independently.

Results

Chimeric Subcloning

Caspase 9 (Casp9), Bcl-2-associated X protein (Bax), X-linked inhibitor of apoptosis
(XIAP), and Cyclin-Dependent Kinase 5 activator 1 (p35) were chosen as cargo proteins (Figure
2.3B). These proteins were chosen because of their pronounced effect on cellular signaling
related to apoptosis. Cell death is a convenient qualitative and quantitative measure for active
cargo delivery. The cell-specific RBDs chosen were epidermal growth factor (EGF), vascular
endothelial growth factor (VEGF), and the heavy chain of botulinum neurotoxin (BoNT). Well-
characterized cell lines that exhibit positive and negative phenotypes for RBD specific receptors
are commercially available allowing cellular specificity to be explored. Given the immense size
of the chimera plasmids (>11 kb), the subcloning process required multiple steps (Figure 2.4).
First, the RBD (cargo subcloning was carried out by Amit Kumar) were amplified out of
commercial vectors to introduce the desired digestion sites and labeling tags, then ligated into
pCR2.1®TOPO® TA vector (TOPO). RBD-TOPO vectors were digested and ligated into a
modified pWH1520* vector (Figure 2.4A). pWHI1520* is a parent vector containing the lab’s
cloned TcdA constructs and designed for expression within Bacillus megaterium. Digesting the

RBD-shuttle and ligating with variable Cargo-TcdA constructs created by Amit resulted in
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Figure 2.4: Subcloning strategy to create Cargo-TcdA-RBD chimeras. A) RBDs EGF, VEGF, and
BoNT were PCR amplified out of commercial vectors and TOPO cloned. The resulting vectors were
digested with Spel and Kpnl to insert into a modified MoBiTech expression vector pWH1520". B) The
resulting RBD-shuttle vectors were digested with Xhol and Spel for insertion into Cargo-TcdA-CROP
constructs created by another member in the Feig lab.
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Cargo-TcdA-RBDs, the final products ready for expression after DNA sequence verification
(Figure 2.4B).

The subcloning scheme allows for interchanging cargo and RBD moieties efficiently.
Due to the inherent repetition within the subcloning process each step of Casp9-TcdA-EGF
(CAE) chimera generation will be included, but only the final alignments are included for all
other constructs. As stated above, the first step of chimera subcloning required PCR amplifying

EGF out of the commercial Lambda-EGF116 cDNA vector and ligating the product into TOPO
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Figure 2.5: Creation and verification of EGF-TOPO vector. Visualization of DNA fragments
conducted in 1.2% agarose (containing 0.7 ug/mL EB) gels at 75V for 1-1.5 hours. A) PCR product of
EGF amplification out of Lambda-EGF116 (ATCC). Expected product of 198 bp can be seen and was
used for TOPO-TA cloning. B) Colony PCR verification for proper EGF insertion into TOPO, 364 bp
product expected. C) Plasmid map for EGF-TOPO highlighting lone Nsil digestion site located within
EGF used for digest verification of proper ligation. Expect linearization product of about 4.1 kb. E)
ApE sequencing alignment for EGF-TOPO verifying insertion and the presence of engineered
digestion sites and tag.
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(Figure 2.5A). Colony PCR (cPCR) was conducted to identify colonies with EGF-TOPO and
plasmids isolated from those colonies were further verified by endonuclease digestion with Nisil,
whose only recognition site is located within the EGF gene (Figure 2.5B-D). Direct DNA
sequencing definitively verified the EGF sequence in TOPO with the designed Kpnl/Spel
digestion sites and SrtA tag (Figure 2.5E).

The large size of TcdA and chimeras along with codon biases requires expression in B.
megaterium using the MoBiTech expression system, requiring final constructs be held within a
modified pWH1520 (pWH1520%) vector.”" > EGF was subcloned into the pWH1520* from

TOPO and digest verified (Figure 2.6). EGF Shuttle was not sequenced because of the small
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Figure 2.6: Subcloning EGF into Shuttle vector. EGF TOPO was digested with Spel and Kpnl and
subsequently ligated into Shuttle. A) EGF Shuttle (8.5 kb) should have single Spel and Kpnl digestion
sites. B) Expected 184 bp excision product can be seen verifying EGF Shuttle for ligation into a TcdA
Scaffold.

gene size and prior sequence verification, as was true for all the RBD Shuttle constructs. The
verified EGF-pWH1520* and Casp9-TcdA were digested with MlIul and Spel and the desired
DNA fragment was gel purified. Mlul was only used with the Caspase 9 (Casp9) constructs
because of an intragenic Xhol site, all other chimeras used Xhol/Spel. The purified fragments

were ligated creating Casp9-TcdA-EGF (CAE). Digesting CAE with Xhol and Spel confirmed
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Figure 2.7: Verification of CAE subcloning. A) EGF Shuttle and Casp9-TcdA were digested with

test digested with
Xhol and Spel. Expected 7.3, 5.1, and 0.8 kb fragments evidenced. A digestion band that results from

an Spel site within CROP is also absent. The digest verified CAE was then seauence verified.

the proper replacement of CROP with EGF, further verified by DNA sequencing (Figure 2.7,
Appendix B Figure 1). The subcloning process was repeated for the generation of the constructs
listed in Table 2.1. Each RBD was cloned from a commercial vector using the appropriate primer

in Table 2.2 and sequenced with the primers listed in Table 2.3. Sequence alignments can be

found in Appendix B Figures 2-8.

Table 2.1: Complete chimeric constructs

Casp9-TcdA-EGF CAE
Casp9-TcdA-VEGF CAV
p35-TcdA-EGF PAE
p35-TcdA-VEGF PAV
Casp9-TcdA-BoNT CAV
Bax-TcdA-BoNT BAB
Luciferase-TcdA-EGF LAE
Luciferase-TcdA-VEGF LAV
Luciferase-TcdA-BoNT LAB




Table 2.2: Chimera subcloning primers
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Primer Primer Name Sequence Polymerase Anneal  Elongation Cyeles Restriction Use
Number 1 Used Temp (°C) Time (min) 4 Site
GCTTTAACTAGTACGGACAGACA
1 VEGF-F GACAGACACC Pfu 63.8 1.5 35 Spel PCR out of pENTR221
g gtgatgggtacCTCCAGTTTCTGGTAA
2 VEGF-R CCGCOTCGGCTTGTCACATTTTTC Pfu 63.8 1.5 35 Kpn I PCR out of pENTR221
GCTTTAACTAGTAATAGTGACTCT
3 EGF-F GAATGTCCCCTGTCCC Taq 68 0.5 40 Spe I PCR out of LambdaEGF116
g gtgatgggtacCTCCAGTTTCTGGTAAG
4 EGF-R CGCAGTTCCCACCACTTCAGG Taq 68 0.5 40 Kpnl PCR out of LambdaEGF116
GCTTTAACTAGTATGGATGACTCC
5 BLyS-F ACAGAAAGGGAGCAG Taq 68 1.5 35 Spe | PCR out of pMD18-t
gtgatgggtacCTCCAGTTTCTGGTAAC
6 BLyS-R AGCAGTTTCAATGCACCAAAAAA Taq 68 1.5 35 KpnI PCR out of pMD18-t
TGTGACATC
TGACAAATGGTCCAAACTAGTAG Amplify out of XIAP-CROP to
7| Spel XIAP F_v2 ATCTATG Pl o4 4 25 Spel ligate into pHis1522
3 Spel_XIAP R v2 AAAGGGATCCCGCCAGTTTACTA Pfu 64 4 25 BamHI Amphfy out of XIAP-CROP to
— - - GC ligate into pHis1523
~ CCGAGCCTCGAGATTAATTTTCTC . Amplify out of TecdC-pET30a and
° TedC-R TACAGCTATC Piu 47 13 33 Xhol remove residues 1-151
R GGAACCCATATGAAAGACGACGA Amplify out of TedC-pET30a/TcdC-
10 TedC152-F AAAGAAAGC Pl 47 13 35 Ndel pET28a and remove residues 1-152
CAGTGCCTCGAGTTAATTAATTTT Amplify out of TedC-pET28a and
1 TedCIS2N-R CTCTACAGCTATC Piu 47 13 35 | Xhol remove residues 1-153
Table 2.3: Chimera sequencing primers
Primer . . EGF BLyS  VEGF
Number Primer Name Primer Sequnce TOPO TOPO TOPO CAE CAV PAE PAV PAB CAB BAB LAE LAV LAB
1 M13-F CAGGAAACAGCTATGAC X X X
2 M13-R GTAAAACGACGCCAGT X X X
3 W5 GTTGATGGAT AAACTTGTTC X X X X X X X X X X
4 W3 CATCCAGCCTCGCGTC X X X X X
5 TcdA 2326-R | CGCTTGTGTTGAATTCATC X X X
6 TcdA 2326-F GATGAATTCAACACAAGCG X X X X X X X X X
7 TedA 3065-F CAAAAGTAATGGTGAGTC X X X X X X X X X X
8 TcdA 3727-F CTATTTTAATCATTTGTCTG X X X X X X X X X X
9 TcdA 4258-F GCCAACTATAACTACTAAC X X
10 TcdA 4502-F | CTTATTATAGGCAATCAAAC X X X X X X X X X X
11 TcdA 5034-F CCGTATACTCATCTTACC X X X
12 TcdA 5268-F CATCGTCATCTAAAAGCAC X X X X X X X X X X
13 TcdA 5720-F TCATTAGGATATATAATGAG X
14 CF GAACTTCTGCCGTGAGTCC X X X
15 VF GAAGGAAGAGGAGAGGG X X X
16 PF TGTCCCCCACGGACC X X
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Expression and Purification of TcdA and Chimeric Constructs
Before attempting purification of the new chimera constructs, TcdA was used as practice

purification following the laboratory protocol. TcdA expression was induced in B. megaterium
and purified with a Ni-NTA column. The lab purification protocol worked as evidenced by a
strong TcdA band in the primary elution fraction (E2) (Figure 2.8A). Using the same protocol,
CAE and PAB were expressed and purified over a Ni-NTA column, but not evidenced in the

primary elution fractions (Figure 2.8 A and B). Expression and lysis conditions were altered after
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Figure 2.8: Expression of TcdA and chimeric constructs. Expression induced in B. megaterium of
A) TedA, 310 kDa B) CAE, 210 kDa C) PAB, 240 kDa and partially purified over Ni-NTA column.
The primary elution fraction (E2) of each protein prep shows clear evidence of soluble TcdA, but not
CAE or PAB.

multiple attempts to purify chimeras using the protocol for TcdA purification failed to produce
soluble protein (Figure 2.9). Using PAB, chimera expression was induced at ODgg 0.67 or 1.1
for two hours or induced at ODggg 0.4 for 16 or 23 hours. In both instances there was no evidence
of soluble chimera in the supernatant, suggesting that altered induction conditions do not
improve PAB expression. In some instances, recombinant proteins require small molecule
additives to improve expression efficiency . Tween (0.01% v/v) and sucrose (5% w/v) showed

no appreciable difference in PAB expression as determined in the supernatant. It is important to
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Figure 2.9: Altering expression and lysis conditions attempting to improve PAB isolation. A)
PAB expression was induced at increased ODgg(0.67,1.1) for the normal duration. Cells were lysed
and visualized for chimera expression in the supernatant. No appreciable amount of PAB can be seen.
B) PAB induction was carried out at a decreased temperature for long time periods (25°C for 16/23
hours), negative for soluble PAB in the supernatant. C) Addition of Tween or sucrose osmolytes
addition during lysis did not improve PAB isolation.

note that this result on its own does not definitively conclude a lack chimera expression. TcdA
exhibits a very minimal amount recombinant protein in the supernatant fraction (Figure 2.8A).
However, the induction conditions and stabilizing additives study, together with experiments run
by Amit Kumar in parallel, strongly suggest that the chimeras are not properly expressing.
Cargos and RBDs within the chimeras are eukaryotic in origin, and the translation of
these proteins could rely on tRNA that are not abundant within B. megaterium. A codon usage
table (Kazusa) identified six codons that account for less than 10% of the total codons used for
that particular amino acid (problem codons) within B. megaterium. The differential usage of the
problem codons within each cargo and RBD are summarized in Table 2.4. The two chimeric
constructs purified (CAE and PAB) contain a strong negative bias for the CUG codon in the
cargo moiety. The heavy negative bias at the N-terminus could be stalling protein translation,

ultimately leading to termination.’* > Amit Kumar attempted to verify this hypothesis by
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Table 2.4: Negative codon bias of TcdA and chimera domains
Differential codon usage
Cargo Native TedA RBD

B. meg Prop. of total Bax
codon codons for | Casp9  XIAP p35 (native) GT CPD D CROP | EGF VEGF BoNT
usage  amino acid

CuG (L) 177 0.0842 -50 14.1 -67.2 -39.2 5.5 3.8 6.7 -48.1 -48.9 -19.9 5.4
UcCCc () 48 0.0745 -21.6 6 -50.6 -16 -1.7 -6.8 1.9 2.5 -14.1 -1.5 4.8
UCG(S) 49 0.0761 -7.1 0 -14.6 4.9 49 49 2 1.5 4.9 -1.2 4.9
cccpp) 3.1 0.0881 -18.5 4 -23 -22.9 3.1 3.1 3.1 2 -15.8 -30.6 3.1
CGG(R) 25 0.0622 -23.9 6 -13.8 -13.1 2.5 2.5 2.5 -0.9 2.5 -31.2 2.5
AGG (R) 3 0.0746 -13.8 12.1 -0.3 2.2 -3.5 -0.9 3 -0.4 3 -3.1 -8.5

B. meg codon usage = frequency of codon /1000 codons; Prop. of toal codons = (B. meg usage of individual
codon)/Z(usage for all codons for amino acid); Differential codon usage = (Usage of domain) — (B. meg usage);
Highlighted values are considered problematic.

expressing chimeras that contain XIAP as the cargo. Despite the lack of negative codon bias
within XIAP, there was still no evidence of protein expression. Comparing codon usage of
luciferase-TcdA (Luc-TcdA), a construct expressed previously in this lab, to the new chimeras
showed the presence of a problem codon near the site of translation initiation (Figure 2.10).
Cargo subcloning abolished a 5’-Spel site in Shuttle and in doing so an AGG problem codon was
introduced. The exact effect of codon bias on translation is under debate and the impaired
translation could be due to RNA structure and not bias.’® Regardless of mechanism, the current
hypothesis is introduction of a problem codon causes the lack of chimeric expression, and work

correcting the codon was started but is incomplete.

MVQTSRSMEK

Luc-TedA atg gtc caa act agt aga tct atg aaa

Cargo-TedA-RBD atIngg g?é c(a2a agt afI;Q aI;a tcst alé a;rt

Figure 2.10: Problem codon introduced near translation start site. During cargo subcloning,
abolishing a 5’-Spel site lead to the introduction of the problem AGG codon. Translation start site
indicated in red, the added nucleotide introduced in subcloning and creating the problem codon is

capital and underlined. Start of the cargo genes are colored purple.

While fixing the problem codon near translation initiation of chimeric proteins, focus
shifted to expressing luciferase (Luc) containing chimeras in the hopes of investigating cell-

specific delivery and intracellular localization. First, Luc-TcdA-EGF (LAE) was purified using
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the lab protocol. After the first nickel column, LAE is evidenced in the primary elution fraction
(E2) (Figure 2.11). Before completing purification, whole cell lysates were assayed for
luciferase activity to ensure the chimeras were expressed and active. Additionally, whole cell
lysates of B. megaterium carrying LAV and a TcdA construct that has GT removed (Cargoless)
were also assayed. Whole cell lysates were standardized for total protein content by a Bradford
assay before conducting the experiment. LAE and LAV both exhibited luciferase activity, while
cargoless had no signal (Figure 2.12). These data suggest that LAE is expressed at a higher level
than LAV and both constructs are properly expressed and active. Measuring intracellular protein
delivery with the luciferase assay requires a stable signal over a long time frame. Optimization of
this assay was done with Luc-TcdA at multiple concentrations, with the addition of 50,75, or 100
uL of reaction solution (Figure 2.13). The lowest volume of reaction solution had the most stable
signal over the timeframe studied, but for each concentration of Luc-TcdA the signal decay was

rapid, losing 50% of the signal within three minutes for 150 nM Luc-TcdA (Figure 2.13A). The
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Figure 2.11: Purification of LAE. LAE (177 kDa) expression was induced in B. megaterium at
ODggo 0.4 for 3 hours, lysed via sonication, and partially purified over a nickel column. Soluble protein
evidenced in primary elution fraction.

lower concentration of protein lead to more stable measurements over time but contain large
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amounts of error in the measurements. Difficulties purifying the luc chimeras and inability to

reproducibly and stably conduct the luciferase assay lead to ceasing work on this project.
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Figure 2.12: Luciferase activity assay of whole cell lysates. B. megaterium containing LAE, LAV,
and Cargoless were lysed and clarified. The resulting lysates were measured for total protein using a
Bradford assay and normalized. LAE and LAV both show luciferase activity, though LAV at a much
lower level. The negative control shows no activity validating that LAE and LAV are properly
expressed and active. Activity expressed as mean +/- standard deviation
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Figure 2.13: Stability of Luc-TcdA luciferase assay. Luc-TcdA (50,75,100,150 nM) was plated in
triplicate in a 96 well plate. A) 50 uL B) 75 uL C) 100 uL of reaction solution was added to each well.
Chemiluminescent signal was measured 35 times over 25 minutes. 50 nM Luc-TcdA had the most
stable signal for each volume of reaction solution, but the overall signal is very low and poor for a
cellular assay.
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The subcloning strategy to make multiple Cargo-RBD chimeras was intended to allow for
swift interchanging and straightforward work process, which was true for creation of the initial
constructs. However, introduction of a problematic codon at translation initiation lead to poor or
absent expression of chimeric proteins that contained XIAP, Casp9, p35 or Bax as the cargo
moiety. Luc chimeras were able to be expressed as active proteins but could not be purified in

appreciable quantities. Luc-TcdA was purified completely, but the activity was no reproducible.

Table 2.5: Chimera subcloning clone reference table

Plasmid Code Plasmid Name Digest verified Digest Enzymes | Sequence Verified Comments
(Book,page)
pAB_70401 EGF_TOPO Y (1,49) Nsil v Amplify out of c{ommercial vector and pass
into shuttle
PAB_70402 BLyS_TOPO N na v Amplify out of gommercial vector and pass
into shuttle
pAB_70403 VEGF_TOPO N na v Amplity out of gommercial vector and pass
into shuttle
na Cas9_TOPO N na N incomplete
pAB_80401 EGF_Shuttle Y (1,132) Kpnl/Spel 50:50 ligation with Cargo-TcdA
pAB_80403 VEGF_Shuttle Y (1,132) Kpnl/Spel 50:50 ligation with Cargo-TcdA
pAB_80404 | Casp9 TcdA EGF Y (IL,15) Xhol/Spel Y complete chimera
pAb_80405 |[Casp9_TcdA_VEGF Y (IL,15) Xhol/Spel Y complete chimera
pAB_80406 p35_TcdA_EGF Y (11,27) Xhol/Spel Y complete chimera
pAB_80407 | p35_TcdA_VEGF Y (11,27) Xhol/Spel Y complete chimera
pAB_80408 A BoNT_Shuttle Y (11,36) Xhol/Pvul N 50:50 ligation with Cargo-TcdA
pAB_80408 | p35 TcdA BoNT Y (11,40) BamH]I/Spel Y complete chimera
pAB_80410 |Casp9_TcdA BoNT Y (11,42) BamH]I/Spel Y complete chimera
pAB_80411 | Bax TcdA BoNT Y (1143 BamHI/Spel Y complete chimera
pAB_80412 Luc_TcdA_EGF Y (IL,112) Dralll Y complete chimera
pAB_80413 XIAP-pHIS na na na New shuttle vetor 1§ta_:_1§;iate problem codon
pAB_80414 | Luc_TcdA_VEGF Y (11,143) Spel Y complete chimera
pAB_80415 | Luc_TcdA BoNT Y (11,144) Spel Y complete chimera
n.a Cas9_shuttle N n.a N incomplete
n.a XIAP2 TcdA EGF N n.a N incomplete
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Chapter 2 Materials and Methods

Cell pelleting and clarification of lysate carried out on Beckman Coulter Avanti J-E
centrifuge. SDS-PAGE and agarose gels imaged with Typhoon 9210 variable mode imager.
Ligations performed with T4 DNA ligase (NEB) according to protocol. FPLC purifications used
Superdex200 size exclusion column operated by Bio-Rad NGC Chromatography system.
Sequencing was completed by Applied Genomics Technology Center
(http://www.agtc.med.wayne.edu). PCR reactions carried out with either Taq polymerase
(Fisher, 1 mM Tagq buffer, 2.5 mM MgCl,, 0.8 mM dNTPs, primers 0.2 um, 5 units Taq) or Pfu
polymerase (1x Pfu Buffer, 0.8 mM dNTPs, primers 0.2 uM, 1 unit Pfu), both following
published protocols using values. Temperature conditions for PCR include 30s/95°C melt, 25s
anneal time, 78°C elongation temp. Anneal temperature and elongation times included in Table
2.2.

Creation of RBD-Shuttles

EGF (ATCC, 59957), VEGF (Life Technologies, IOH81488), and BLyS (Sino
Biological, HG10056) were PCR amplified out of commercial vectors with primers 1-6
according to profile above using values specified in Table 2.2. PCR products purified with
Microelute cycle-Pure Kit (Omega, D6293-02) and TOPO cloned (Invitrogen, 45-0641)
according to manufacturer protocol (to introduce 5’-Spel digestion site and 3’-SrtA tag/Kpnl
digestion site). T-10 electrocompetent cells transformed with ligated RBD-TOPO vectors via
electroporation using a Bio-Rad micropulser. A synthetic gene for BONT for nucleotides 2583-
3888 was purchased (Gene Script) and to contain the same features within pUC57-Kan. After
isolating plasmids EGF-, VEGF-, and BLyS-TOPO with E.Z.N.A Plasmid DNA Mini Kit II

(Omega, D6945-02), they were verified via digestion and sequencing. Each RBD was digested
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out of TOPO with engineered sites and ligated into pWH1520* and transformed into T-10 cells
via electroporation, then verified via endonuclease digestion creating RBD-Shuttle vectors.

Creation of Cargo-TcdA-RBD Chimeras

p35-TcdA and XIAP-TcdA (created and verified by Amit Kumar) were digested with
Spel/Xhol and Casp9-TcdA digested with Spel/Mlul and crystal violet gel purified with E.Z.N.A
Gel Extraction Kit (Omega, D2500-01). VEGF-, EGF-, and BoNT-Shuttle digested according to
Cargo-TcdA constructs to be combined and gel purified. Purified fragments were ligated and
transformed into T-10 cells via electroporation. Constructs were verified by digestion and
sequencing.

SrtA Purification

BL21(DE3) cells transformed pET23 containing SrtA (gracious gift from Dr. Woody
Guo) were grown to an ODgpp=0.4 in 1L-LB miller media and induced with 1 uM IPTG for 3.75
hrs. After induction cells were pelleted (4,000 g, 10 min, 4°C, F10.5 rotor) and stored at -80°C. A
cell pellet from 0.5L prep thawed with Lysis buffer (50 mM Tris-HCI, 150mM NaCl, pH 8.0)
containing % tablet of cOmplete, mini, EDTA free protease inhibitor cocktail tablet (Sigma-
Aldrich, 11836170001). Solubilized cells lysed via sonication (Branson Digital Sonifier) for 3
cycles, 25s pulses, 37% power, 60s rest between cycles. Cell lysate clarified by centrifugation
(15,000 rpm, 30 min, 4°C, JA-17 rotor) and passed through 0.8um and 0.2 wm (Pall Corporation
Acrodisc Syringe Filter, Supor Membrane, 4618/4612). SrtA purified with a HisTrap HP column
(GE Healthcare). The column was washed with 5 column volumes (CV) H,0, charged with 2
CV 100 mM NiSO4, washed with 5 CV H,0, and equilibrated with 5 CV Lysis Buffer. The
filtered lysate was loaded onto the column, washed with 20 CV of Lysis buffer then with 5 CV

wash buffer (50 mM Tris-HCIL, 250 mM NacCl, 25 mM imidazole, pH 8.0). SrtA was eluted with
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10 CV of elution buffer (50 mM Tris-HCI, 150 mM NaCl, 500 mM imidazole, pH 8.0) collected
in 10 ImL aliquots. Purification characterized with SDS-PAGE electrophoresis (5% stacking,
15% running 29:1) at 200V for 40 minutes, visualized with Coomassie stain. Pure fractions were
pooled and protein concentration was determined with a Bradford assay using Bio-Rad protein
assay according to protocol

Purification of RhIB%™*

Glycerol stock of RhIB-BL21(DE3) (a gift from Amit Kumar) containing the SrtA
recognition sequence used for overnight culture grown in Kanamycin (30 ug/mL) LB from. 500
mL of LB inoculated with overnight culture to an ODgoo = 0.4 and induced with 1 uM IPTG for
3 hours. Cell pellet sonicated for 3 cycles, 25s pulses, 37% power in lysis buffer (25 mM Tris-
HCI, 300 mM KCI, 10 mM imidazole, pH 8.5) and clarified at 15,000 rpm for 30 minutes at 4°C.
RhIB was loaded on a HisTrap HP column equilibrated with lysis buffer, washed with 5 CV lysis
buffer, 5 CV wash buffer 1 (10mM HEPES, 300 mM KCI, 50 mM imidazole, pH 7.5), 5 CV
wash buffer 2 (10mM HEPES, 300 mM KCIl, 1M urea, pH 7.5), 5 CV wash buffer 3 (10 mM
HEPES, 1M KCIl, 10 mM imidazole, pH7.5), and eluted in 8 CV (10 mM HEPES, 300 mM KClI,
300 mM imidazole, pH 7.5). Dialyzed (10 mM HEPES, 300 mM KCI, 100 uM EDTA, 1 mM
DTT, pH 7.5) for 12 hours, changing the buffer halfway through.

SrtA Activity Assay

To test SrtA activity, 25uM RhIB and 0,35, or 50 uM GGG-FITC substrate in SrtA
reaction buffer (50 mM Tris-HCI, 60 mM CaCl,, 150 mM NaCl) reactions were ran at 40 °C 0.5-
7 hours, after which each was treated with a stop solution (10 mM EDTA). Unreacted GGG-
FITC was removed using equilibrated micro bio-spin 6 chromatography columns (BIO-Rad,732-

6200) eluting at 1,000 g for 4 minutes. Filtrates were analyzed for A9s and Agp.
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Bacillus megaterium Transformation and Protein Purification

All chimeric toxin work was carried out according to Biosafety Level II requirements.

B. megaterium protoplasts generated as previously described®. Sequence verified
chimeric toxins were transformed following the MoBitech protocol. Properly transformed cells
were grown in 1L LB Miller media to an ODgpp=0.4-0.8 then induced with 0.5% or 1% D-Xylose
for 2.5-20 hrs at 37°C or 25°C. After induction, cells were pelleted (9,000 g, 10 min, 4°C, F10.5
rotor) and stored at -80 °C until purification. 1L of pelleted cells were thawed on ice with lysis
buffer (50 mM Sodium Phosphate, 300 mM NaCl, 10 mM Imidazole, pH 8.0 or 50 mM Tris-
HCI, 150 mM NaCl, 10 mM imidazole, pH 7.5) with % protease tablet alone, protease tablet with
0.01 % Tween 20, or protease tablet with 5% Sucrose. Solubilized cells were sonicated 5 times,
30s cycles, at 37% power, with 90s rest period between cycles. Samples were then clarified by
centrifuge (15,000 rpm, 40 min, 4°C, JA-17 rotor). Supernatant was then filtered through 0.8 um
filter, then a 0.2 wm filter. Sonication was then analyzed via SDS-PAGE (4% stacking gel and
10% running gel 29:1) at 165V for 3 hours. Filtered supernatant was then loaded onto HisTrap
HP column equilibrated with either lysis or binding buffer (50 mM Sodium Phosphate, 300 mM
NaCl, 20 mM imidazole, pH 8.0). Column washed first with 10 CV lysis or binding buffer and
then with wash buffer (50 mM Sodium Phosphate, 300 mM NaCl, 50 mM Imidazole, pH 8.0).
Protein eluted with 10 CV Elution buffer (50 mM Sodium Phosphate, 300 mM NaCl, 250 mM
Imidazole, pH 8.0), with the first ~0.5 mL being collected, the next 1-5 mL were collected and
termed primary elution fraction, the final volume was also collected. The column was then
stripped with strip buffer (50 mM Sodium Phosphate, 300 mM NaCl, 50 mM EDTA, pH 8.0)

and stored in 20% EtOH.
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Primary elution fractions were filtered with 0.2 um filter directly into a 3 mL plastic
syringe with the bottom sealed by parafilm. The plunger was carefully placed back in the syringe
and parafilm removed to inject sample into FPLC super loop. All loaded samples were diluted
with lysis buffer in a second injection into super loop to wash protein from the injection line and
dilute the sample to prevent overloading the column. Elution fractions from FPLC that contained
protein were then concentrated over HistTrap HP column and eluted in < 2.5 mL of elution or
strip buffer.

His6 Dot Blot Assay

Immunoblot PVDF membrane (BIO-RAD, 162-0175) permeabilized with 100 %
methanol and equilibrated in 1x transfer buffer (25 mM Tris-HCI, 192 mM glycine, 0.1% SDS,
pH 8.3). Protein samples transferred to the equilibrated membrane using a Hybri-slot vacuum
manifold. Staining for His6 proteins carried out with Thermo Scientific His Probe- HRP
according to protocol (ThermoScientific, HisProbe: 15165, SuperSignal West Pico
Chemiluminescent Substrate: 34087).

Luc Activity Assay

Luc activity measured with Tecan Genios Plus Plate reader under luminescence setting.
Assays were carried out according the supplied protocol with Gaussia Luciferase Cellular
Assays (XACTAGEN, 31001). In short, 20 uL protein samples of varying concentrations were
added to white 96 well plates. Glum.1 Assay Solution was administered to each well using a
multichannel pipette a row at a time. Measurements made in kinetic mode for 35 cycles. For
whole cell lysates total protein was quantified using a Bradford assay normalized with BSA.

B. megaterium Codon Bias
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Codon  usage determined  using  Kazusa  Codon  Usage Database
(http://www .kazusa.or.jp/codon/). These data were then used to determine the usage of each
codon compared to all possible for each amino acid. Codons that account for less than 10% of all
codons for an amino acid are termed problem codon. Gene sequences for each cargo and RBD as
well as TcdA analyzed for codon usage. Differential codon usage = (B. megaterium codon usage)

— (codon usage).
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Chapter 3
Mechanism of TcdC control of C. difficile Toxin Expression

Introduction

In 2011, nearly half a million instances of C. difficile infections (CDI) resulted in almost
29,000 deaths in the United States.”” With the morbidity and mortality of CDI rising over the last
two decades, understanding the pathogenesis and mechanism of control for C. difficile virulence
factors, TcdA and TcdB, is of paramount importance. The genes that produce these two toxins
are located in an ~18.5 kb region of the genome referred to as the pathogenicity locus (PaLoc,

Figure 3.1).°® Additionally the PaLoc contains proteins involved in controlling toxin production

tedR tcdB tcdE tedA tedC
I |
2kb
Paloc

Figure 3.1: Pathogenicity locus of C. difficile. The 18.5 kb pathogenicity locus (PaLoc) of C.
difficile contains the genes encoding virulence factors TcdA and TcdB. The Paloc also contains the
genes for a putative holin-like protein for toxin secretion, TcdE, an alternative sigma factor
responsible for inducing toxin expression, TcdR, and the putative anti-sigma factor that inhibits toxin
expression (TcdC).”®

(tcdR, tcdC) and secretion (fcdE). There is consensus that the alternative sigma factor, TcdR,
increases TcdA/B expression, and higher levels of energy sources such as glucose, biotin, and

>%62 However, the exact role TcdC plays in controlling

amino acids decrease toxin production.
expression of TcdA/B is unknown. Multiple reports claim that point or frame shift mutations

lead to hyper-virulence in C. difficile strains.”® ®** Others have found that mutations in TcdC do
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not predict increased TcdA/B expression or hyper-virulence.®>

The field has yet to reach a
consensus on how or if TcdC affects toxin synthesis.

While work continues on elucidating the importance of TcdC in CDI, van Leeuwen et. al.
have recently reported that TcdC binds DNA fragments adopting the G-quadruplex (G4)
structure.”” Gds are a class of secondary structure with four guanines hydrogen bonded through
Hoogsteen base-pairing (Figure 3.2A).°® When these motifs occur in multiples, they stack into a
highly stable structure (Figure 3.2B). G4s have been linked to many biological processes such as
transcription, telomere maintenance, prokaryotic evasion of eukaryotic immune system, and
neurological diseases.”” ° At first glance, the concept of TcdC binding G4s does not seem
biologically relevant, given that the C. difficile is an AT-rich genome with 29% GC content,
compared to 52% GC content of Escherichia coli.”"* My goal was to validate the biological

importance of TcdC’s affinity for G4 nucleic acids and elucidate the mechanism by which TcdC

controls toxin expression.
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Figure 3.2: Structure of G-quadruplex. A) Four guanines hydrogen bond through Hoogsteen base-
pairing forming a G-quadruplex (G4). The resulting central cavity is stabilized by a metal cation, most

often K', shown here, orNa'. B) Successive G4s stack in a planar fashion and can be composed of a
single strand of nucleic acid, two strands of nucleic acid, or four stands of nucleic acid **.
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Results

TcdC’s affinity for G4 DNA lead to the hypothesis that sequences within the C. difficile
genome leads to transcribed oligonucleotides that contain G4 structures. These sequences, if
present, are hypothesized to behave as a protein sink, where G4 transcripts bind with TcdC
inhibiting it from fulfilling the biological role of controlling toxin expression.

Mining of C. difficile Genome for G4 Plausibility

Genomes of three difference C. difficile strains were mined for the G4 motif GuN;7Gy,
where N is any nucleotide within R using the gregexpr function.” The resulting 61 predicted G4
forming sequences between strains 630, CD196, and R20291 are summarized in Table 3.1. The
identified sequences map to many genes throughout the C. difficile genome of each strain. The
sequences highlighted are of high interest because they belong to transposon (Tn) 6103.

The genome of C. difficile has acquired many transposable genetic elements, often
associated with antibiotic resistance genes.”*”” If G4 sequences exist in C. difficile that bind
TecdC, it seems more likely that the G4 would be located within an acquired piece of DNA rather
than the natural AT-rich genome. Using published Tn found within C. difficile, twelve G4
sequences were identified within predicted transcripts (Table 3.2). From this table, five
sequences were selected for binding studies (Table 3.3). (+) Ctrl corresponds to the
oligonucleotide identified previously to bind with TcdC and (-) Ctrl contains no G4 motif.

G4 Oligonucleotide binding study

The oligonucleotides (oligos) in Table 3.3 were validated for the formation of G4 using

the dye ETC that specifically binds nucleic acids adopting the G4 structure (Figure 3.3A).”% 7

All of the predicted G4 oligos were stained with ETC and (-) Ctrl failed to stain confirming the
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Table 3.1 Predicted G4 sequences indentified in multiple strains of C. difficile

Genome Genome

Number Sequence Strain Start Stop Hypervirulent?
1 ggggccgggggt 630 31780 31791 no
ggggatttgggat 630 55736 55748 no
3 ggggccgggggt 630 130408 130419 no
4 ggggccgggggt 630 130706 130717 no
5 ggggaggtggggga 630 671858 671871 no
6 ggggttgcaggggga 630 775131 775145 no
7 ggggttgctatgggga 630 1016437 | 1016452 no
8 ggggggttggggt 630 1028455 | 1028467 no
9 ggggtaaggggc 630 1303284 | 1303295 no
10 gggggagatttaggggc 630 1605949 | 1605965 no
11 ggggaaataatgggga 630 1676593 1676608 no
12 2geeeITIIC 630 2125011 | 2125020 no
13 ggggaagaaaagggggc 630 2350140 | 2350156 no
14 ggggagaaagtgggga 630 3414810 | 3414825 no
15 ggggaaaaactgggga 630 3414843 | 3414858 no
16 ggggtattattggggt 630 3680768 | 3680783 no
17 ggggccgggggt CD196 31663 31674 no
18 ggggatttggggt CD196 55619 55631 no
19 ggggeegggggt CD196 134033 134044 no
20 ggggccgggggt CD196 134331 134342 no
21 gggggggageetgtgggga | CD196 474616 474634 no
22 ggggaggtggggga CD196 591183 591196 no
23 ggggttgcaggggga CD196 697627 697641 no
24 ggggttgctatgggga CD196 944160 944175 no
25 ggggggttggggt CD196 956187 956199 no
26 ggggtttttggggga CD196 975274 975288 no
27 gggggagatttaggggc CDI196 | 1464338 | 1464354 no
28 ggggaaataatgggga CD196 | 1537913 | 1537928 no
29 gggggattettggggt CD196 | 2840174 | 2840189 no
30 ggggtattattggggt CDI196 | 3491333 | 3491348 no
31 ggggaaagggggt CD196 [ 4027844 | 4027856 no
46 ggggccgggggt R20291 31565 31576 yes
47 ggggatttggggt R20291 55521 55533 yes
48 gggggggageetgtgggga | R20291 471948 471966 yes
49 ggggaggtggggga R20291 588569 588582 yes
50 ggggttgcaggggga R20291 695148 695162 yes
51 ggggttgctatgggga R20291 941776 941791 yes
52 ggggggttggggt R20291 953803 953815 yes
53 ggggtttttggggoa R20291 972890 972904 yes
54 gggggagatttaggggc R20291 | 1461959 | 1461975 yes
55 ggggaaataatgggga R20291 | 1535534 | 1535549 yes
56 ggggtgcaggggc R20291 | 2062669 | 2062681 yes
57 ggggtcaaggggc R20291 | 2062696 | 2062708 yes
58 ggggacaggggc R20291 | 2107351 | 2107362 yes
59 gggggattcttggggt R20291 [ 2920731 | 2920746 yes
60 ggggtattattggggt R20291 | 3572064 | 3572079 yes
61 ggggaaagggggt R20291 | 4108630 | 4108642 yes

Highlighted sequences map to Tn6103
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Table 3.2: Predicted G4 sequences identified in transposons found in C. difficile

Transposon

Number G4 Sequence Tra{l;i;) son Accesion Start Stop ngl]itse d
Number
1 ggggtgcaggggc Tn6103 BK008007.1 22270 22282 5
2 ggggtcaaggggc Tn6103 BK008007.1 22297 22309 5
3 ggggacaggggc Tn6103 BK008007.1 66957 66968 2
4 ggggecgggga Tn6110 BK008009.1 51233 51243 6
5 ccectgteecct Tn6110 BK008009.1 17997 18008 2
6 ccecttgacceea Tn6110 BK008009.1 51388 51400 5
7 ccectgeaccecg Tn6110 BK008009.1 51415 51427 5
8 ggggatatgetgggge Tn6073 BK008006.1 12681 12696 8
9 ggggatatgetgggge | Tn6194Like | HG475346.1 12421 12436 7
10 ggggacgggga Tn6215 KC166248.1 4462 4472 1
11 ggggctgeeecgggge Tn6215 KC166248.1 6020 6035 3

QGRS (Quadruplex Forming G-Rich Sequences) determined for the entire transcript t

hat contains predicted G4

Table 3.3: Oligonucleotides for TedC

Name Sequence

(+) Ctrl cgttcgatagggatagggag

(-) Ctrl ggcgatgtcaaacagaatcgt

Tn6103 geeggggtgeaggggeggea
Tn6103-2 getggggtcaaggggcaacg
Tn6103-3 ggatttaaggggacaggggcag

Tn6110 ggggceggggaaggggcgacy

Tn6073 cctgctgggeatatgetgggactt
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Figure 3.3: Verification of G4 structure for oligonucleotides intended for TcdC binding studies.
A) Structure of the G4 specific dye ETC. Native PAGE gel stained with B) EtBr or C) ETC. Positively
stained (-) Ctrl with EtBr and not with ETC confirms ETC specificity for G4 structure, but does not
label G4 structures. Each oligo excluding the (-) Ctrl, stained positive for G4. However G4 adopting
sequences are not positively stained with EtBr. The stability of G4 and presence of internal sodium ion
likely preventing EtBr to inter-chelate and positively stain.

identified G4 oligos form G4 structures and the (-) Ctrl does not (Figure 3.3B). Presence of the (-
) Ctrl oligo was verified using ethidium bromide (EtBr) staining after ETC had been washed out
of the gel (Figure 3.3C). These data confirm that the oligos selected form G4 and can be used in
binding assays with TcdC.

TedC containing a C-terminal His, tag (TcdC®) was purified and used for the initial
binding studies of (+) Ctrl oligo (Figure 3.4). **P labeled (+) Ctrl was incubated with TcdC® at
0°C or room temperature, both resulted in no evidence of binding. Van Leeuwen et. al.
performed their binding studies with a truncated TcdC by removing the hydrophobic domain

(Figure 3.5). To more closely replicate their binding experiments, subcloning of a truncated form
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A B C
uM TedC¢ 4 uM TedC€
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Bound Oligo
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Figure 3.4: Full length TcdCS binding reaction with (+) Ctrl oligo. A) Purified TcdC® (24 kDa)
migrates higher on the gel than expected due to the highly positive nature of the protein. Small amount
of impurity is present. Binding reactions conducted with 0,1,5,10, or 20 uM TcdC incubated at B) 0°C

or C) room temperature for one hour with 20 kepm/lane of (+) Ctrl, and reactions were visualized
using PI exposure cassette. In both cases there is no evidence of TcdC binding.

AA: 1 30 50 90 130 232

Hyd Dim OB-fold

Figure 3.5: Domains of TedC. Three predicted domains of TcdC, A.A = amino acid, Hyd =
hydrophobic domain, Dim = dimerization domain, OB-fold = predicted oligonucleotide binding fold.*’

of TedC containing a C-terminal Hiss (TedC'**“) was completed (Alignment Appendix C Figure

1). Binding reactions described above were replicated using TedC'**“ and also failed to bind (+)
Ctrl oligo (data not shown). A potential explanation for the inability to replicate TcdC binding of
(+) Ctrl could be too low an oligo concentration. To test this hypothesis binding reactions were
run in the presence of non-radiolabeled (cold) oligo (Figure 3.6). Increasing the concentration of
oligo did not lead to binding by TcdC'**“. The lack of (+) Ctrl binding by full-length or truncated
TcdC lead to the hypothesis that the C-terminus Hise could be interfering with the predicted OB-
fold domain. Subcloning was then completed to create TcdC'**" that contains the Hisg at the N-
terminus (Alignment Appendix C Figure 2). Due to the timescale of subcloning and the
difficulties in running the assays, (+) Ctrl was labeled with Cy3 rather than **P for the remainder
of binding assays. Binding assays were next conducted with the addition of heparin and tRNA,
limiting nonspecific interactions to promote TedCP™ binding of (+) Ctrl (Figure 3.7). However

there was still no evidence of TedC"™ binding the oligo. No evidence of TedC®, TcdC"*¢, or
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Figure 3.6: TcdC'¥C binding assay doped with non-radiolabeled oligo. A) Purified TcdC'**. B)
Binding reaction (520 nM TcdC"*¢, 20 kcpm/lane **P-Oligo) doped with non-radiolabeled (cold)
oligo (24 nM) increasing the concentration within the reaction without altering the kepm/lane, which
is constant. With added oligo there is still no evidence of TedC'™* binding (+) Ctrl oligo.

TcdC"”™ binding the (+) Ctrl oligo despite altering reaction conditions, concentrations, and
addition tRNA/heparin lead to attaining the TcdC construct (TedC'**N") used previously, which
initially indicated TcdC’s specificity for (+) Ctrl ©. Using TedC"*N" under the same reaction

C" still did not show any positive signs of binding (+) Ctrl** (Figure 3.8).

conditions as Tcd
To date, this work was unable to replicate the work previously done to demonstrate TcdC affinity

for G4 containing oligo. This is not to say that the results found previously by Van Leeuwen et.

al. are not reproducible, only that I couldn’t do it effectively.

Conclusion
The exact biological role of TcdC is still under intense debate. Some reports suggest

truncation mutations in fcdC leads to an increase in toxin production within C. difficile, while
others report evidence that TcdC plays no role in toxin production. A report that TedC binds G4-
forming oligonucleotides opened a new possible mechanism through which TcdC affects on

toxin production could be altered. Through the work presented here, it is still unclear whether
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TcdC’s affinity for G4 is biologically relevant. Further work will need to be done to validate

TedC binding of G4 oligonucleotides, and whether transcripts in C. difficile can adopt this

structure and alter TcdC function in vivo.

A B
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(5 ug/mL) X X
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x| x| x X
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Figure 3.7: Oligo binding assay with TedC"™. A) Purified TcdC"”™ B) (+) Ctrl®® (5 uM) in

binding buffer with and without TcdC"?N, tRNA, and heparin equilibrated for 30 minutes and
developed on 15% PAGE. No evidence of TcdC'*™ binding (+) Ctrl®*

A B
tRNA
(100 ng/mL) X X
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(5 ug/mL) X1 X

TedC152N* x| x| x| x
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Figure 3.8: Oligo binding assay with TedC"™™". A) Purified TedC”*"'B) (+) Ctrl®? (5 uM) in

binding buffer with and without TedC'"*™", tRNA, and heparin equilibrated for 30 minutes and
developed on 15% PAGE. No evidence of TcdC"* ™" binding (+) Ctrl™*
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Chapter 3 Materials and Methods

Mining C. difficile genomes for G4 motif

C. difficile strains 630, CD196, and R20291 we scanned for the G4 motif (G4-N;.7-G4) in
R. The identified sequences were analyzed with BLAST to find the genomic locus and proposed
gene that contains the G4 sequence. Published transposons that are relevant to C. difficile
(Tn6107, Tn6073, Tn6103, Tn6110) we analyzed for G4 motif as the genomes above.
Transposons with identified G4s were analyzed for Quadruplex Forming G-Rich sequences
(bioinformatics.ramapo.edu/QGRS/analyze.php).

Analysis of G4 Oligos

G4 oligos were purchased from Sigma-Aldrich and received as a dried pellet. Oligos
solubilized in 1x PBS to make 100 uM stock Solutions. G4 formation with and without heating
and with 0,50,75, or 100 mM KCI developed on 20 % native page (37.5:1) with 1x TBE at 400 V
for 2 hours. Gels either stained with EtBr (0.5 ug/mL, 15 min with 2 15 min H,O washes) or
ETC (20 uM in PBS 1 hour with 1X PBS rinse) and then imaged. The same process was applied
to each of the oligos without added heat or salt.

TcdC Expression and Purification

Rosetta(DE3) cells with a plasmid carrying full length TcdC® or TcdC™ were grown in 10
mL LB containing chloramphenicol (34 ug/mL) and kanamycin (30 ug/mL) for 18 hours at 37
°C, 250 rpm. Inoculate fresh 10 mL LB with 100 uL of overnight and grow for 6 hours at 37 °C,
250 rpm. Add full 10 mL into 1L LB and grow for 18 hours at 25°C. Expression induced with 1
uM IPTG for 3-5 hours. Cells harvested at 5,000 g for 15 minutes and pellets stored at -80°C.

Frozen pellets thawed in lysis buffer (20 mM HEPES, 300 mM NaCl, 10 % [w/v]

glycerol, 250 uM TCEP, pH 8.0) and sonicated 8 cycles, at 40% power, 30s pulse, with 90s rest



53

between pulses. Triton X-100 added to lysate for a final concentration of 0.01% (v/v) and rotated
end-over-end for ~15 minutes then clarified at 15,000 rpm for 30 min. Supernatant filtered with
0.8 um then 0.2 um filter and loaded on a Ni-NTA column equilibrated with load buffer (20 mM
HEPES, 300 mM NaCl, 0.1% [v/v] Triton X-100, 10 % [w/v] glycerol, 10 mM imidazole, 250
uM TCEP), washed with 30 CV (20 mM HEPES, 300 mM NacCl, 0.1% [v/v] Triton X-100, 10 %
[w/v] glycerol, 120 mM imidazole, 250 uM TCEP), and eluted (20 mM HEPES, 300 mM NacCl,
0.1% [v/v] Triton X-100, 10 % [w/v] glycerol, 250 mM imidazole, 250 uM TCEP). Elution
fractions were pooled and concentrated using Amicon Ultra 15 Centrifugal Filter Device 3,000
MWCO according to manufacture protocol to a final volume of ~2.5 mL. Protein quantified
using Bradford assay.

TedC' subcloning and purification

TcdC'™*¢ amplified out of full length TcdC“-pET30a using primers 26 and 27. PCR
product digested with Xhol/Ndel and ligated into pET30a. Transformed into T10, verified by
digest and sequencing then transformed into Rosetta(DE3).

TcdC™ amplified out of full length TcdC“-pET30a primers 27 and 28. PCR product
digested with Ndel/Xhol and ligated into pET28a. Transformed into T10, verified by digest and
sequencing then transformed into Rosetta(DE3)

TcdC'™ was a generous gift from Dr. Jeroen Corver from Leids Universitair Medisch
Centrum.

TedC*¢, TedCP™, and TedC'™*" were expressed and purified according to the protocol
above for TcdC with the following buffer changes: Lysis buffer (50 mM NaPQOy, 250 uM TCEP,
300 mM NaCl, pH 8.0, 0.1% NP-40 post sonication), load buffer (50 mM NaPO,, 250 uM

TCEP, 300 mM NaCl, 20 mM imidazole, 5 % [w/v] glycerol, 0.1% NP-40, pH 7.0), wash buffer
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(50 mM NaPOg, 250 uM TCEP, 300 mM NaCl, 120 mM imidazole, 5 % [w/v] glycerol, pH 7.0),
elution buffer (50 mM NaPQO,, 250 uM TCEP, 300 mM NacCl, 250 mM imidazole, 5 % [w/v]
glycerol, pH 7.0), and dialysis buffer (50 mM NaPO,, 250 uM TCEP, 150 mM NaCl, 5 % [w/v]
glycerol, pH 7.0). Some elution or wash fractions were further purified using FPLC as described
above for chimeric protein purification when needed.

Radiolabeling G4-Oligos and TcdC Binding Assay

Each G4-Oligo was labeled with Perkin Elmer Adenosine 5’-triphosphate[y->"P]
(NEG002A250UC) using PNK from NEB following published protocol and purified by EtOH
precipitation. Radioactivity of labeled/purified oligos measured with Beckman Coulter LS 6500
Multipurpose Scintilation Counter. Filter paper was blotted with 1 uL of oligo solution in a
scintillation vial. 10 mL of Fischer Scientific ScintiSafe Econo 1 Cocktail and samples were
measured for kepm/uL.

All binding reactions carried out with 20 kepm Oligo per lane or 703 ng of (+)CtrI™" in
oligo binding buffer (20 mM HEPES, 50 mM NacCl, 40 mM KCl, 7% [w/v] glycerol, 1 mM
EDTA, 0.1 mM DTT at varying concentrations of TcdC in a final volume of 15 or 20 uL. After a
0.5-1 hour equilibration period reactions developed on pre-ran 20% PAGE (37.5:1) unless
otherwise stated, at 200V 3-4 hours. For radiolabel experiments gels were dried using BIO-RAD
Model 583 Gel Dryer at 50°C 4-8 hours then exposed to Amersham Biosciences PI Screen for at

FIT
1 C

least 2 hours and then imaged. For (+)Ctr experiments, binding reactions contained tRNA

mixture (100 ng/mL) and/heparin (5 ug/mL) and the gel was directly imaged after development.
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Appendix A: Secondary student data analyses

Class 1.5 Class 2.5 Class 3.5 Class 4.5
*xk =484 wx% r=369 o ** r=186 2 FEE r=499 .,

°  (Class 2.5 Cohort:
® oA

® RGC

@® RGC, Max Grade

ACT Composite Score

Grade in Class

Figure 1-A: Correlation between ACT Composite score and grade for Class 2.5 cohorts.
Grades for students attempting Class 2.5 once (OA), retaking Class 2.5 (RGC), and the max
grade attained by students retaking Class 2.5 (RGC, Max Grade) were plotted against their
ACT composite score. A linear regression line was then cast on the scatter plots and
significant correlations were determined by using the Pearson, Kendall, and Spearman tests of
correlation. Correlations that were statistically significant at the levels stated for all three tests
are reported here. *** = p-value < 0.01, **= p-value < 0.05. r = Pearson rho.

A B C
E 3
)
%
~L
+
[}
T
= Gender:
&}
)
%0 M Female
§ M Male
<

1.5
25

) '
y 0
o

=
9}

Class

Figure 2-A: Grade by gender for Class 2.5 cohorts. A) Students attempting Class 2.5 once
B) Student taking Class 2.5 multiple times C) Highest grade attained by students taking Class
2.5 multiple times. There is no clear trend in grade as it relates to gender between all three
cohorts.
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Figure 3-A: Ethnicity summary for Class 2.5 Cohorts. There is no indication that ethnicity
is a predictor for success in the gateway course Class 2.5. There are a large proportion of
students that contain missing ethnicity information (OA = 104, RG = 118), limiting the ability
to draw conclusions from this data.
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Figure 4-A: Age during Class 2.5 by cohort. A) Students attempting Class 2.5 once B)
Student taking Class 2.5 multiple times. There is no clear indication that age is a predictor of
success in Class 2.5.
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ID termCourse grade
9BD20B2B2(73BAF6597C336FC05969C8 201501_ENG3050 A
9BD20B2B2C73BOF6597C336F(CA5969C8 201601_ANT3150
9BD20B2B2C73BAF6597C336F(CA5969C8 201409_MAT1800 B
9BD20B2B2C73BOF6597C336F(CA5969C8 201501_PS1010 A
9BD20B2B2C73BOF6597C336FCA5969C8 201509_ENG3060
9BD20B2B2C73BAF6597C336F(CA5969(C8 201501_MAT2010 B
9BD20B2B2C73BAF6597C336F(C05969C8 201601_CSC2200
7C9D5020B1A90D92A24989DF39433008 201409_(C0OM1010 A
7C9D5020B1A90D92A24989DF39433008 201409_HON1000 B+
10 7C9D5020B1A90D92A24989DF39433008 201509_CHM1220

Figure 5-A: Student data structure. Students are referenced by a unidentifiable code (ID)
and each course a student enrolls in is logged along with the semester (termCourse). When the
student completes a course the grade is recorded (grade) and if the student withdraws before
any grade is assigned this value is left blank

Ooo~NOUTHAWN PR

Chromosome ChromStart ChromkEnd Band Stain

1 chrBI01050 1 6000 F2007 acen
2 chrBI01050 6001 12000 W2008 stalk
3  chrBI01050 12001 18000 SS2008 yellow
4  chrBI01050 18001 24000 F2008 acen
5 chrBI01050 24001 30000 W2009 stalk
6 chrBI01050 30001 36000 SS2009 yellow
7 chrBI01050 36001 42000 F2009 acen
8 chrBI01050 42001 48000 W2010 stalk
9 chrBI01050 48001 54000 SS2010 yellow
10 chrBI01050 54001 60000 F2010 acen
11 chrBI01050 60001 66000 W2011 stalk
12 chrBI01050 66001 72000 SS2011 yellow
13 chrBI01050 72001 78000 F2011 acen
14 chrBI01050 78001 84000 W2012 stalk
15 chrBI01050 84001 90000 SS2012 yellow
16 chrBI01050 90001 96000 F2012 acen
17 chrBI01050 96001 102000 W2013 stalk

18 chrBI01050 102001 108000 SS2013 yellow
19 chrBI101050 108001 114000 F2013 acen
20 chrBI01050 114001 120000 W2014  stalk
21 chrBI01050 120001 126000 SS2014 yellow
22 chrBI01050 126001 132000 F2014 acen
23 chrBI01050 132001 138000 W2015 stalk
24 chrBI01050 138001 144000 SS2015 yellow
25 c¢chrBI01050 144001 150000 F2015 acen

Figure 6-A: Data structure of karyotype. Each class (Chromosome) contains a start and
stop position for every semester (Band) selected. The color of each semester box is designated
by the Stain column
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Chromosome chromStart chromkEnd Chromosome.l chromStart.1l chromEnd.l PlotColor

PHY2170 110501 110551 PHY2170 126001 126051 orange3
PHY2170 116501 116551 PHY2170 126834 126884  orange3
PHY2170 118001 118051 PHY2170 127667 127717 orange3
PHY2170 119501 119551 PHY2170 128501 128551 gray30
PHY2170 128501 128551 PHY2180 132001 132051 green4
PHY2170 128631 128681 PHY2180 132313 132363 green4
PHY2170 128761 128811 PHY2180 144001 144051 green4
PHY2170 128892 128942 PHY2180 138001 138051 green4
PHY2170 129022 129072 Current 48001 48051 green4
PHY2170 129153 129203 PHY2180 132626 132676 green4
PHY2170 129283 129333 PHY2180 132938 132988 green4
PHY2170 129414 129464 Current 48167 48217 green4
PHY2170 129544 129594 PHY2180 140501 140551 green4
PHY2170 129674 129724 PHY2180 133251 133301 blue
PHY2170 129805 129855 PHY2180 145251 145301 blue
PHY2170 129935 129985 PHY2180 133563 133613 blue
PHY2170 130066 130116 Current 46001 46051 blue
PHY2170 130196 130246 PHY2180 133876 133926 blue
PHY2170 130327 130377 Current 48334 48384 blue
PHY2170 130457 130507 PHY2180 146501 146551 blue
PHY2170 130587 130637 PHY2180 134188 134238 blue
PHY2170 130718 130768 Current 48501 48551 yellow3
PHY2170@ 130848 130898 Current 48667 48717  yellow3
PHY2170 130979 131029 Current 48834 48884 yellow3
PHY2170 131109 131159 PHY2180 134501 134551 yellow3
PHY2170 131240 131290 Current 49001 49051 yellow3
PHY2170 131370 131420 Current 49167 49217  yellow3
PHY2170 131501 131551 PHY2170 144001 144051 gray30
PHY2180 134501 134551 Current 49334 49384 blue
PHY2180 136001 136051 Current 44001 44051 yellow3
PHY2180 137501 137551 Current 49501 49551 orange3

Figure 7-A: Data structure of student data for plotting. For every student grade entry the
class is specified (Chromosome), the position within the class is determine by chromStart and
chromEnd, and the second class (Chromosome.1) position by chromStart.1 and chromEnd.1.
Student grade in class coded by PlotColor.

ID degreeAward ethnicity gender admitTerm courseOrigin major
1 8C996F9D761181BE6AS8D395BE7C4336 (/] UN F 201309 NA  GEN

2 1AB39C6F28F90@3EBDAD3AFSFAB318DE ) UN F 201309 NA PNUR
3 1B68EGAEQ441E168D40644D8904279AC ) UN M 201509 NA BCCB
4 26A5C270CA3045EB506A6A099DD4075D ) UN F 201409 NA ELHS
5 D48FBF2BB2EGEFD@9IB84FODG561BIF27 ) UN F 201509 NA PSS

actComposite actEnglish actMath actReading hsGpa starsCohort

15 15 15 15 3.15 RH-TT,LC-DCE,LC-ALL-AY,GRS,LC-EME@993,FTC,_LC-ALL

21 19 17 25 3.21 LC-WSUCUS,LC-ALL-AY,GRS,FTC,_LC-ALL

33 31 35 32 4.00 HON, GRS

27 32 26 30 4.00 GRS_BAK,WSCH_GOLD,HON, GRS, FTC

24 25 25 23 3.52 GRS

Figure 8-A: Student demographic data structure.
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Appendix B: Chimera sequence alignments

Full sequence alignment is included for CAE only. Each chimera is built on the same
TcdA backbone, so sequence alignments are only included for the variable reagions of each

chimeric construct.
Figure 1-B: CAE alignment

Fri
pAB

Oct 17, 2014 12143 EDT
80404 (Casp9 TcdA EGF).ape from 9 to 5522

Alignment to

_W5.seq-- Matches:806; Mismatches:l; Gaps:4707; Unattempted:0
_CF.seqg-- Matches:779; Mismatches:0; Gaps:473%; Unattempted:0

2 A0l CAE CF 008.seg-- Matches:172; Mismatches:0; Gaps:5342; Unattempted:0

_T2326F.seqg-- Matches:932; Mismatches:0; Gaps:4582; Unattempted:0
_T3065F.seq-- Matches:628; Mismatches:0; Gaps:4886; Unattempted:0
_T3727F.seq-- Matches:767; Mismatches:0; Gaps:4747; Unattempted:0
_T4502F.seq-- Matches:808; Mismatches:0; Gaps:4706; Unattempted:0
T5268F.seq-- Matches:687; Mismatches:0; Gaps:4827; Unattempted:0

- * * * - - * * * -

9>atggtecaaaCTAGGAGATCTATGGACGAAGCGGATOGGCGECTCCTGCGGCGGTGCCGECTGCGGCTGETGGARGAGC TGCAGGTGGACCAGCTCTGGG>108
5>NTGGTCC~-AACTAGGAGATCTATGGACGAAGCGGATCGGCGECTCCTGCGGLGGTGCCGECTGCGGCTGETGGARGAGC TGCAGEGTGGACCAGCTCTGEG>103

2210 e ~>229
A0 e e ~>407
17>A >17
210003 e e e e e e e 1 e 1 1 e e e >200
L5 3 e >156
LG 30 >144
L8037 e e e e e e 1 1 1 e e e >180

- * * ~ - - * * ~ -

109>ACGCCCTGCTGAGCOGCGAGC TGTTCAGGCCCCATATGATCGAGGACATCCAGCGEGCAGGCTCTGGATC TCGECGGEATCAGGCCAGGCAGCTGATCAT>208
104>ACGCCCTGCTGAGCOGCGAGC TGTTCAGGCCCCATATGATCGAGGACATCCAGCGEGCAGGCTC TGGATC TCGECGGGATCAGGCCAGGCAGCTGATCAT>203

229 e —~—— >229
QO T e e e e e e e e >407
17> >17
200 et —~— >200
156 >156
144 >144
180 et >180

- * * - - - * * * -

209>AGATCTGGAGACTCGAGGGAGTCAGGCTCTICCTTTGTTCATC TCCTGCTTAGAGGACACAGECCAGGACATGCTGGCTTCGTTTICTGCGAACTAACAGG>308
204>AGATCTGGAGACTCGAGGGAGTCAGGCTCTTCCTTTGTTCATC TCCTGC TTAGAGGACACAGGCCAGGACATGC TGGCTTCGTTICTGCGARCTAACAGG>303

229 >229
407 >407
17> >17
200 >200
156 >156
144 >144
180 >180

- * * * - - * * * -

309>CAAGCAGCAAAGTTGTCGAAGCCAACCCTAGAAAACCTTACCCCAGTGETGC TCAGACCAGAGATTCGCARACCAGAGGTTCTCAGACCGGAAACACCCA>408
304>CAAGCAGCARAGTTGTCGAAGCCAACCCTAGAAAACCTTACCCCAGTGETGCTCAGACCAGAGATTCGCARACCAGAGGTTCTCAGACCGGAAACACCCA>403

229 >229
407 >407
17> >17
200 >200
156 >156
144 >144
180 >180

- * * * - - * * * -

409>GACCAGTGGACATTGET TCTGGOGGATT TGETGATGTCGGTGC TC TTGAGAGT TTGAGGCGARATGCAGATTTGGC TTACATCCTGAGCATGGAGCCCTG>508
404>GACCAGTGGACATTGET TCTGGOGGATT TGETGATGTCGGTGC TC T TGAGAGT TTGAGGEGARATGCAGATTTGGC TTACATCCTGAGCATGGAGCCCTG>503

229 >229
407 >407
17> >17
200 >200
156 >156
144 >144

180 >180
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- * * * - - * * * -
509>TGGCCACTGCCTCATTATCAACAATGTGAACTTCTGCCGTGAGTCCGGECTCCGCACCOGCACTGGCTCCAACATCGACTGTGAGAAGTTGCGGCOGTOGC>608
504>TGGCCACTGCCTCATTATCAACAATGTGAACTTCTGCCGTGAGTCCGGEECTCCGCACCOGCACTGGCTCCAACATCGACTGTGAGAAGTTGCGGCGTOGC>603

229> >229
407 >407
17> >17
200 >200
156. >156
144> >144
180 >180
- * * * - - * * * -

€09>TTCTCCTOGCTGCATTTCATGGTCGAGCGTGAAGEGCGACCTGACTGCCAAGAAAATGGTGC TGGCTTTGC TGGAGC TGGOGCAGCAGEGACCACGEGTGCTC>708
604>TTCTCCTOGCTGCATTTCATGGTGGAGGTGAAGEGCGACCTGACTGCCAAGAAAATGGTGC TGGCTTTGC TGGAGC TGGOGCAGCAGEGACCACGGTGCTC>703

229> >229
407, >407
17> >17
200 >200
156 >156
144 >144
180> >180
- * * * £ d 3 * * * -

709>TGGACTGCTGCETGETGGTCATTCTCTCTCACGEC TGTCAGGCCAGCCACCTGCAGTTCCCAGGGGC TGTCTACGGCACAGATGGATGCCCTGTGTCGET>808
704>TGGACTGCTGCGTGGTGGTCATTCTCTCTCACGEC TGTCAGGCCAGCCACCTGCAGT TCCCAGGGGC TGTCTACGGCACAGATGGATGCCCTGTGTCGET>803

230 T>230
407> >407
17> >17
200> >200
156 >156
144> >144
180 >180

- * * * - b * * * b
B809>CCAGAAGATTGTGAACATCTTCAATGEGACCAGC TGCCCCAGCCTGGEAGGEAAGCCCAAGCTCTTTT TCATCCAGGCCTCTGETGGEGAGCAGAAAGAC>908
B804>CGAGAAGA >811
231>CCAGARGATTGTGAACATCTTCAATGEGACCAGC TECCCCAGCCTGGEAGGEAAGCCCARGCTCTTTT TCATCCAGGCC TCTGETGGEGAGCAGARAGAC>330
407, >407

17> >17
200 >200
156 >156
144> >144
180 >180

- * * * b d Ed * * * b
$09>CATGGETTIGAGCTGECCTCCACTTCCCCTGAAGACGAGTCCCCTGGCAGTAACCCCGAGCCAGATGCCACCCCGTTCCAGGARAGGTTTGAGGACCTTCG>1008
811 >811
331>CATGEETTTIGAGETGECCTCCACTTCCCCTGAAGACGAGTCCCCTGGCAGTAACCCCGAGCCAGATGCCACCCCGTTCCAGGARGGTITGAGGACCTTCG>430
407 >407

17> >17
200 >200
156> >156
144 >144
180. >180

- * * * £ d Ed * * * b

1009>ACCAGCTGEACGCCATATC TAGTTTGCCCACACCCAGTGACATCTTTGTIGTCCTACTCTACTITCCCAGETTTIGTTICCTGGAGGGACCCCAAGAGTGG>1108
811> >811
431>ACCAGCTGCGACGCCATATCTAGTITGCCCACACCCAGTGACATCTTTGTGTCCTACTCTACTITCCCAGETTTIGT TICCTGGAGGGACCCCAAGAGTEG>530
407 >407
17> >17
200. >200
156> >156
144 >144

180> >180
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* * * * * * * * * *
1109>CTCCTGGTACGTIGAGACCCTGGACGACATC TTTGAGCAGTGGGC TCACTCTGARGACCTGCAGTCCCTCCTGCTTAGGGTCGCTAATGCTGTTTCGGTG> 1208
811 >811
531>CTCCTGGTACGTIGAGACCCTGGACGACATC TTTGAGCAGTGGGC TCACTCTGAAGACCTGCAGTCCCTCCTGCTTAGGGTCGCTAATGCTGTTTCGGTG>630
407 >407
17> >17
200> >200
156> >156
144 >144
180> >180

- * * * - - * * * -
1209>AAAGGEATTTATAAACAGATGCCTGGTTGCTT TAAT TTCCTCCGGAARAAAC T TTTC T TTARAACATCAGTGTTGGATTCTCTTGAATTTATTGCTAGTA> 1308
811 >811
63 1>AAAGGGATTTATAAACAGATGCCTGGTTGCTT TAAT TTCCTCCGGAARAAACTTTIC TTTAAAACATCAGTGTIGGATTCTCTTGAATTTATTGCTAGTA> 730
407 >407
17 >17
200 >200
156 >156
144> >144
180> >180

- * * * * - * * * *
1309>AACTGGECGYGATCCCTT TCTGAAGACAATGEGGTAGACTTTAATAAAAATACTGCCCTOGACARAARCTATTTATTARATAATARAATTCCATCARACAR> 1408
811> >811
731>AACTGGECGEGATCCCTTTCTGAAGACAATGEGGTAGAC T TTAATARAAATACTGCCCTOGACARARAACTATTTATTARATAATARRATTCCATCAAACAR>E30
407 >407
17> >17
200 >200
156 >156
144 >144
180 >180
* * * * * * * * * -
1409>TGTAGAAGAAGC TGGAAGTAAAAA T TATG T TCATTATATCATACAGT TACAAGGAGATGATATAAGTTATGAAGCAACATGCAATTTATTTTICTARAAAT> 1508
811> >811
83 1>TGTAGAAGAAGC TGGAAGTAAAAA T TATG T TCATTATATCATACAGT TACAAGGAGATGATATAAGTTATGAAGCAACATGCAATTTATTTTICTAAARAAT>9 30
407 >407
17> >17
200 >200
156 >156
144 >144
180 >180
* * * * * * * * * -
1509>CCTARAAATAGTAT TAT TATACAACGAAATATGAATGAAAGTGCAAAAAGCTACTTT TTAAGTGATGATGGAGAATCTATTT TAGAATTAAATAAATATA> 1608
811> >811
93 1>CCTAAAAA TAGTAT TAT TATACAACGAAA TATGAATGAAAGTGCAAAAAGCTACTTTTTAAGTGATGATGGAGAATCT: >1008
408> TAAGTGATGATGGAGAATCTATTTTAGAATTAAATARATATA> 449
17> >17
200> >200
156> >156
144 >144
180, >180
- * * * * - * * * *
1609>GGATACCTGAAAGATTAAAAAATAAGGAAAAAGTAAAAGTARCCTT TATTGGACATGGTAAAGATGAATTCAACACAAGCOGAATTTGCTAGATTAAGTGT>1708
811 >811
1008> >1008
450>GGATACCTGAAAGATTAAAAAATAAGGAAARAGTAAAAGTARCCTT TATTGGACATGG TAAAGATGAATTCAACACAAGOGAATTTGC TAGATTAAGTGT> 549
17> >17
200> >200
156> >156
144> >144

180> >180
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- * * * - - * * * 3
1709>AGATTCACTT TCCAATGAGATAAGT TCAT TIT TAGATACCATAAAA T TAGATATATCACC TARAAATGTAGAAGTARACTTACTIGGATGTAATATGTIT> 1808
811 >811
1008 >1008
550>AGATTCACTTTCCAATGAGATAAGTTCATT >579
18> AGTTCATTTT TAGATACCATAAAATTAGATATATCACCTAAAAATGTAGAAGTAAAC TTACTTGGATGTAATATGTTT>95
200> >200
156> >156
144> >144
180 >180
- * * * - - * * * -
1809>AGTTATGATT TTAATGT TGAAGARACTTATCC TGGGAAGT TGC TAT TAAGTAT TATGGACAAAATTACTTCCACT TTACCTGATGTAAATAAAAATTCTA> 1908
811> >811
1008> >1008
579> >579
96> ACGTTATGATT T TAATGT TCAAGARACTTATCC TCGGAAGT TGC TAT TAAGTAT TATGGACARAATTACTTCCACTTTACCTGATGTAAATAAAAATTCTA> 195
200> >200
156 >156
144 >144
180> >180
- * * * - - * * * -
1909>TTACTATAGGAGCAAATCAATATGAACTAACGAATTAATAGTGAGCGAAGAARAGAACTTCTGECC TCACTCAGETAAATGGATAAATARAGAAGAAGCTAT>2008
811> >811
1008 >1008
579 >579
196>TTACTATAGGAGCAAATCAATATGAAGTAAGAATTAATAGTGAGGGAAGAAAAGAACTTCTGEC TCACTCAGGTAAATGGATAAATARAGAAGAAGCTAT>295
200> >200
156> >156
144> >144
180> >180
- * * * - - * * * -
2009>TATGAGCGAT TTATCTAG TAAAGAATACATTT TTT TTGAT TCTATAGATAATAAGC TAAAAGCAAAGTCCAAGAATATTCCAGGATTAGCATCAATATCA>2108
811> >811
1008> >1008
579> >579
296> TATGAGCGAT T TATCTAGTAAAGAATACATTT TTT T TGAT TCTATAGATAATAAGC TAARAGCAAACGTCCAAGAATATTCCAGGATTAGCATCAATATCA> 395
200> >200
156 >156
144 >144
180 >180
- * * * - b * * * -
2109>CGAAGATATAAAAACATTATTAC T IGACGCAAGTGT TAGTCCTGATACAAAATTTATT TTAAATAATC TTAAGCTTAATATTGAATCTTICTATTGGTGATT>2208
811> >811
1008> >1008
579 >579
396>GAAGATATARAAACATTATTACTTGACGCAAGTGT TAGTCCTGATACAAAATT TATT TTARATAATC TTAAGC TTAATATTGAATC TTCTATTGGTGATT>495
200> >200
156> >156
144> >144
180> >180
- * * * 3 - * * * £
2209>ACATTTATTATGAAAAA T TAGAGCC TG T TAAAAATATAA T TCACAAT TC TATAGATGATTTAATAGATGAGT TCAATCTACTTGARAATGTATCTGATGA> 2308
811 >811
1008 >1008
579> >579
496>ACATTTATTATGAAAAA T TAGAGCC TG T TAARAATATAA T TCACAA T TC TATAGATGATTTAATAGATGAGT TCAATCTACTTGAAAATGTATCTGATGA> 595
200> >200
156> >156
144> >144

180 >180



63

3 * * * - - * * * -
2309>ATTATATGAAT TAAAAAAATTAAATAATC TAGATGAGAAGTAT TTAATATCTT TTGAAGATATC TCARAAAATAATTCAACTTACTCTGTAAGATITATT> 2408
811 >811
1008> >1008
579> >579
596>ATTATATGAAT TAAAAAAATTAAATAATC TAGATGAGAAGTAT TTAATATCTT T TGAAGATATC TCAAAAAATAATTCAACTTACTCTGTAAGATITATT>695
200> >200
156> >156
144 >144
180 >180

b * * * - b d * * * -
2409>AACAARAGTAATGGTGAGTCAGTITATG TAGAAACAGAAAAAGAAA T TIT TTCAARATATAGCGAACATAT TACAAAAGAAATAAGTACTATAAAGAATA> 2508
811> >811
1008> >1008
579> >579
696> AACARAAGTAATGGTGAGTCAGTTTATGTAGAAACAGAAAARGAAATTTT TTCAAAATATAGCGAACATAT TACAAAAGAAATAAGTACTATAAAGAATA> 795
200> >200
156 >156
144 >144
180> >180

b * * * - b d * * * -
2509>GTATAAT TACAGATGTTAATGGTAATTTAT TGGATAATATACAGTTAGATCATACTTCTCAAGT TAATACAT TAAACGCAGCATTCTITATTCAATCATT>2608
811 >811
1008 >1008
579> >579
T96>GTATAAT TACAGATGTTAATGGTAATTTAT TGGAT AATATACAGTTAGATCATACTTCTCAAGT TAATACATTAAACGCAGCATTCTITATTCAATCATT>895
200> >200
156 >156
144> >144
180> >180
- * * * - £ d * * * -
2609>AATAGATTATAGTAGCAATAAAGATGTAC TGAATGATTTAAGTACCTCAGT TAAGGTTCAACTT TATGCTCAACTATTTAGTACAGGTTTAAATACTATA> 2708
811 >811
1008> >1008
579> >579
B896>AATAGATTATAGTAGCAATAAAGATGTACTGAATGATTTAAGTACCTCAGTTA >948
201 CAGTTAAGGTTCAACTTTATGCTCAACTATTTAGTACAGGTTTAAATACTATA>253
156> >156
144 >144
180 >180
b * * * - - * * * -
2709>TATGACTCTATCCAATTAGTAAATT TAATATCAAATGCAGTAAATGATACTATAAATGTACTACCTACAATAACAGAGGGGATACCTATTGTATCTACTA> 2808
811> >811
1008> >1008
579> >579
948> >948
254> TATGACTCTATCCAATTAGTAAATT TAATATCAAATGCAGTARATGATAC TATAAATGTACTACCTACAATARCAGAGGEGCATACCTATTGTATCTACTA> 353
156> >156
144 >144
180> >180
b * * * - - * * * -
2B809>TATTAGACGGAATAAAC T TAGGTGCAGCAATTAAGGAATTACTAGACGAACATGACCCATTACTAAAAAAAGAAT TAGAAGC TAAGGTGGETGTTITAGC>2908
811 >811
1008 >1008
579> >579
948> >948
354>TATTAGACGGAATAAACT TAGGTGCAGCAATTAAGGAAT TACTAGACGAACATGACCCATTACTAAAAAAAGAAT TAGAAGC TAAGGTGGGTGTTITAGC>453
156 >156
144> >144

180 >180
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- * * * 3 - * * * 3
2509>AATARATATGTCATTATC TATAGC TGCAACTGTAGC TTCAATTGTTGGAATAGGTGC TGAAGTTACTATTTTCTTATTACCTATAGCTGGTATATCTGCA> 3008
811 >811
1008> >1008
579> >579
948> >948
454> AATARATATGTCAT TATC TATAGC TGCAAC TG TAGC TTCAATTGTTGGAATAGG TGC TGAAGTTACTATTTTCTTATTACCTATAGCTGGTATATCTGCA> 553
156> >156
144 >144
180 >180

- * * * Ed - * * * b d
3009>GEAATACCTTCATTAGT TAATAATGAA T TAATATTGCATGATAAGGCAACTTCAGTGGTARACTATTT TAATCATTTGCTCTGAATC TAAAARATATGGCC>3108
811 >811
1008 >1008
579 >579
948> >948
554>GEAATACCTTCATTAGT TAATAATGAA T TAATATTGCATGATAAGGCAACTTCAGTGGTAAACTATTT TAATCATTTGTCTGAATC TAAAAAATATGGCC>653
156> >156
144 >144
180 >180
- * * * - b3 * * * -
3109>CTC T TAAGACAGAAGATGATAAAA T TTTAGTTCC TAT IGATGAT TTAGTAATATCAGAAATAGAT TTTAATAATAATTCGATAARACTAGGAACATGTAA> 3208
811> >811
1008 >1008
579 >579
948 >948
£54>CTCT TAAGACAGARGATGATAAAAT TTTAGTTCC TATTGATGATTTAGTAATATCAGAAATAGAT TTTAATAATAATTCGATAAAACTAGGAACATGTAA> 753
156> >156
144> >144
180 >180
- * * * - b * * * -
3209>TATATTAGCAATGGAGGGGEGATCAGGACACACAGTGACTGETAATATAGATCACTT TTTC TCATCTCCATCTATAAGTTCTCATATTICCTTCATTATCA> 3308
811> >811
1008> >1008
579 >579
948 >948
754> TATATTAGCAATGGAGGGGGGATCAGGACACACAGTGACTGETAATATAGATCACTTTTICTCATCTCCATCTAT >828
157 CATCTATAAGTTCTCATATTCCTTCATTATCA> 188
144> >144
180> >180
- * * * - - * * * -
3309>ATTTATTCTGCAATAGGTATAGARACAGAARATC TAGAT TTTTCARAAAAAATAATGATGT TACCTAATGC TCC T TCAAGAATGTT TTIGGTGGGARACTG> 3408
811 >811
1008> >1008
579> >579
948> >948
828 >828
189>ATTTATTCTGCAATAGGTATAGARACAGAAAATC TAGAT TTITCARAAAAAATAATGATGT TACCTAATGC TCCTTCAAGAATGTT TIGGTGGGARACTG>288
144 >144
180> >180
- * * * - - * * * -
3409>GAGCAGT TCCAGGET TTAAGATCATTGEAAAATGACGGAACTAGATTACTTGAT TCAATAAGAGAT TTATACCCAGGTAAATT TTACTGGAGATTCTATGC> 3508
811 >811
1008 >1008
579> >579
948> >948
828> >828
289>GAGCAGT TCCAGET TTAAGATCATTGCAAAATGACGGAACTAGATTACTTGAT TCAATARGAGAT TTATACCCAGGTAAATT TTACTGGAGATTCTATGC> 388
144 >144

180 >180
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- * * * Ed - * * * b d
3509>TTTTTICGAT TATGCAATAACTACATTAAAACCAGT TTATGAAGACACTAATAT TAAAATTARACTAGATAAAGATACTAGAAACTTCATAATGCCAACT>3608
811 >811
1008> >1008
579. >579
948 >948
828> >828
389> TTTTTICGAT TATGCAATAACTACAT TAAAACCAGT TTATGAAGACACTAATAT TAAAATTARACTAGATAAAGATACTAGAAACTTCATAATGCCAACT>488
144 >144
180> >180
Ed * * * b d b d * * * -
3609>ATAACTACTAACGAAA T TAGAAACAAATTATC TTAT TCAT TTGATGGAGCAGGAGGAACTTACTC TITATTATTATCTTCATATCCAATATCAACGAATA> 3708
811 >811
1008> >1008
579> >579
948 >948
828 >828
489> ATAACTACTAACGAAATTAGAARCAAATTATC TTAT TCAT TIGATGGAGCAGGAGCGAACTTACTCTITATTATTATCITCATATCCAATATCAACGAATA> 588
144> >144
180> >180
b d * * * b d - * * * -
3709>TAAATTTATC TARAGATGATT TATGGATATTTAATATTGA TAA TGAAGTAAGAGAAA TATC TATAGARAATGETACTAT TARAARAGGAAAGT TAATARA> 3808
811 >811
1008 >1008
579> >579
948> >948
828 >828
589> TAAATTTATC TARAGATGATT TATGGATATTTAATATTGA TAA TGAAGTAAGAGAAATATC TATAGARAATGETACTAT TARAAAAGCAAAGTTAATARA> 688
144 >144
180> >180
- * * * - - * * * -
3809>ACGATGTTTTAAGTAAAATTGATATAAATAAAAATAAAC T TATTATAGGCAATCARACAATAGAT TTTITCAGGCOGATATAGATAATAAAGATAGATATATA> 3908
811 >811
1008> >1008
579> >579
948 >948
828 >828
689> ACGATGTT TTAAGTAAAATTGATATAAATAAAAATAAACT TATTATAGGCAATCAAACAATAGAT TTITCAGGCOGATATAGATAATAAAGATAGATATATA> 188
144> >144
180> >180
Ed * * * - - * * * -
3909>TTCTTGACT TG TGAGT TAGATGATARAAA T TAGT T TAA TAA TAGAAA TARATC TTGTTGCARAATCTTATAGT TTGTTAT TGTC TCGGCATARAAATTATT>4008
811> >811
1008> >1008
579 >579
948 >948
828! >828
789> T TCT TGACTTGTGAGTTAGATGATAAAA T TAGT I TAA TAA TAGAAA TAAATC TTGTTGCAAAATCTTATAGT TIGTTAT TGTC TCGGCGATARAAATTATT 888
144> >144
180> >180
- * * * - b d * * * b d
4009>TGATATCCAAT TTATC TAATAC TAT TGAGAAAATCAATACTITAGGCC TAGATAGTAAAAA TATAGCGTACAATTACACTGATGAATCTAATAATAAATA>4 108
811> >811
1008 >1008
579 >579
$48 >948
828 >828
B889>TGATATCCAATTTATCTAATACTATTGAGAAAATC >923
145> GAAAATCAATACTTTAGGCCTAGATAGTAAAAATATAGCGTACAATTACACTGATGAATCTAATAATARATA>216

180: >180
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- * * * - b * * * 3
4109>TTTTGEAGCTATATCTAAAACAACTCARAARAGCATAATACAT TATARAAAAGACAGT ARAAATATATTAGAATT TTATAATGACAGTACATTAGAATTT>4208
811> >811
1008> >1008
579> >579
948 >948
828 >828
923 >923
217> T T T TGGAGC TATATCTAAAACAAGTCARAARAGCATAATACAT TATAAAAAAGACAGTARAAATATAT TAGAATT TTATAATGACAGTACATTAGRATIT>316
180 >180

- * * * - - * * * -
4209>AACAGTARAAGAT T T TAT TGC TGARGATATAAA TG TAT TTATGAAAGATGATAT TAATACTATAACAGGARAATACTATGTTGATAATAATACTGATAAAR> 4308
811 >811
1008> >1008
579> >579
948> >948
828> >828
923 >923
317> AR CAGTARAGATTT TAT TGC TGAAGATATAAA TG TATTTATGAAAGATGATAT TAATACTATAACAGGAAAATACTATGTIGATAATAATACTGATARAA>4 16
180> >180
b * * * - - * * - -
4309>GTATAGATTTCTC TAT T TC T T TAGT TAGTAAAAA TCAAGTAAAAGTARATGCAT TATATITAAATGAATCCGTATACTCATCTTACCTTGATTTTGTGAA> 4408
811> >811
1008> >1008
579> >579
948 >948
828> >828
923> >923
417>GTATAGATTTCTC TATT TCTT TAGT TAG TAAAAA TCAAGTARAAGT AAATGEAT TATATTTAAATGAATCCGTATACTCATC TTACCTTGATTTTGTGAA>5 16
180> >180
- * * * - - * * - -
4409>AAATTCAGATGGACACCATAATACT TC TAATT TTATGAAT TTATTT T TGGACAATATAAGT TTC TGGAAATTGTT TGEGTITGAARATATAAATTITGTA> 4508
811> >811
1008 >1008
579> >579
948 >948
828> >828
923 >923
517> AAAT TCAGATGGACACCATAATACT TC TAAT T TTATGAAT TTAT T T T TCGACAATATAAGT TTC TGCAAATTGTTTGEGTITGARAATATARATTITGTA>6 16
180 >180
3 * * * - - * * * -
4509>ATCGATAAATACT T TACCCTTG T IGGTAAAAC TAATCTTGGATATG TAGAATT TATT TCTGACAATAATAAAAATATAGATATATATITTGCTGAATGCGA> 4608
811 >811
1008> >1008
579> >579
948 >948
828> >828
923 >923
617>ATCGATAAATACTT TACCCTTGTIGGTAAAAC TAATCTTGGATATG TAGAATT TATT TG TGACAATAATARAAATATAGATATATATTTTGGTGAATGGA> 716
180> >180
b * * * b d - * * * -
4609>ARACATCGTCATC TAARAGCACTATATT TAGCGGA2aTGGTAGAAATGTTGTAGTAGAGCC TATATATAATCCTGATACGEGTGAAGATATATCTACTTC>4 708
811> >811
1008 >1008
579> >579
948 >948
828> >828
923> >923

717>AAACATCGTCATC TAAAAGCACTATATT TAGCGEAAATGG TAGARATGTITGTAGTAGAGCCTATATATAATCCTGATACGGGTGAAGATATATCTACTTC>816
180> >180
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- * * * - - * * * -
4709>ACTAGATTITTCCTATGAACCTCTC TATGGAATAGATAGATATATCAATAARGTATTGATAGCACCTGATT TATATACAAGT TTAATAAATATTAATACC>4808
811 >811
1008> >1008
579. >579
948> >948
828> >828
923 >923
817>ACTAGAT TTTTCCTATGAACCTCTC TATGGAATAGATAGATATATCAATAAAGTATTGATAGCACCTGATT TATATACAAGTTTAATARATATTAATACC>916
180 >180
- * * * - - * * - -
4809>AATTATTATTCAAATGAGTACTACCCTGAGAT TATAGTTCTTAACCCARATACATTCCACAAAAAAGTARATATAAATTTAGATAGTTICTTCTTTIGAGT>4908
811> >811
1008 >1008
579> >579
948 >948
828 >828
923> >923
917>AATTATTATTCAAATGAGTACTACCCTGAGATTATA: >952
181> GAGATTATAGTTCTTAACCCAAATACATTCCACAAARAAGTAAATATAAATTTAGATAGTTCTTCTTTIGAGT>253
- * * * - - * * * -
4909>ATAAATGGTCGACAGAAGGAAGTGACTT TATT TTAGT TAGATAC TTAGAAGAAAGTAATAAARAAATATTACAAAAAATAAGAATCAAAGGTATCTTATC>5008
811 >811
1008> >1008
579 >579
948> >948
828> >828
923 >923
952> >952

254>ATAARTGGTCGACAGAAGGAAGTGACTT TAT T TTAGT TAGATACTTAGAAGAAAGTAATAAAAAAATATTACAAAAAATAAGAATCARAGGTATCTTATC>353

- * * * - - * * * -
5009>TAATACTCAATCAT TTAATAAAATGAGTATAGATT TTAAAGATATTAARAAACTATCATTAGGATATATAATGAGTAATTTTAAATCATTTAATTCTGAR>5108
811> >811
1008 >1008
579> >579
948 >948
828 >828
923> >923
952 >952

354> TAATACTCAATCAT TTAATAAAATGAGTATAGATT T TARAGATATTAARAAACTATCATTAGGATATATAATGAGTAATTTTARATCATTTAATTCTGAR> 453

* * * * * * * * * *
5109>AATGAAT TAGATAGAGATCAT T TAGGAT TTAAAATAATAGATAATAAAACT TAT TACTATGATGAAGATAGTARAATTAGTTAAAGGATTAATCAATATAA>5208
811 >811
1008> >1008
579 >579
948> >948
828> >828
923 >923
952> >952

454> AR TGAAT TAGA TAGAGATCAT T TAGGAT TTAAAATAATAGATAATAAAACTTAT TAC TATGATGAAGATAGTARATTAGT TAAAGGATTAATCAATATAA>553

- * * * - - * * * -

5209>ATAATTCATTATIC TAT TTIGATCC TATAGAATTTAAC T TAGTAACTGGATGGCAARACTATCAATGCTARAAAATATTATTTTGATATAAATACTGGAGC>5308

811 >811
1008 >1008
579> >579
948 >948
828> >828
923> >923
952 >952

554>ATAATICATTATTCTAT T TTGATCC TATAGAATTTAAC T TAGTAACTGGATGGCAAACTATCAATGCTAAAAAATATTATTTTGATATAAATACTGGAGC>653
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5309>AGCTTTAACTAGTAATAGTGACTCTGAATGTCCCC TG TCCCACGATGGEETACTGCC TCCATGATGETGTGTGCATGTATATTGAAGCATTGGACARGTAT>5408

811 >811
1008 >1008
579> >579
948> >948
828 >828
923> >923
952> >952

654>AGCTTTAACTAGTAATAGTGACTC TGAATGTCCCCTGTCCCACGATGEETACTGCCTCCATGATGETGTCTGCATGTATATTGAAGCATTGGACAAGTAT>753

- *

*

*

*

-

*

*

*

5409>GCATGCAACTGTGTTGCT TGECTACATCGGEGAGCGATGTCAGTACCGAGACCTGAAGTGETGEGARCTGCGCTTACCAGARACTGGAGgtacccatcace>5508

811>

1008>

579>
948

828>
923>

952>

>811
>1008
>579
>948
>828
>923
>952

754>GCATGCAACTGTGTTGTTGEC TACATCGGEGAGCGATGTCAGTACCGAGACCTGAAGTGETGEGAACTGCGCTTACCAGAAACTGGAGGTACCCATCACC>853

- *

5509>atcatcaccactaa>5522

Bllvmmmmm >811
10085~ ~mm=>1008
5795~ =579
948>~ ~mm=2948
828>~~ ~~=~>828
923> >923
9525 >952

854>ATCATCACCACTAR>B67
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Figure 2-B: CAYV alignment

Fri Oct 17, 2014 12:59 EDT

DAB 80405(Casp% TcdA VEGF).ape from § to 6341

Alignment to

CAV _WS5.seg-- Matches:894; Mismatches:4; Gaps:5435; Unattempted:0
CAV__CF.seq-- Matches:443; Mismatches:0; Gaps:5890; Unattempted:0
3502 BO1 CAV__CF 007.seg-- Matches:716; Mismatches:0; Gaps:5617; Unattempted:0
CAV T2326F.seqg-- Matches:615; Mismatches:0; Gaps:5718; Unattempted:0
CAV__T3065F.seq-- Matches:585; Mismatches:0; Gaps:5748; Unattempted:(
CAV__T3727F.seg-- Matches:662; Mismatches:0; Gaps:5671; Unattempted:0
CAV _T4258F.seqg-- Matches:741; Mismatches:0; Gaps:5592; Unattempted:0
CAV__TS5034F.seqg-- Matches:789; Mismatches:0; Gaps:5544; Unattempted:0
CAV _T5720F.seg-- Matches:401; Mismatches:0; Gaps:5932; Unattempted:0
CAV__VF.seg-- Matches:566; Mismatches:0; Gaps:5767; Unattempted:0

* * * * * * * * * *

9>atggtccaaaCTAGGAGATCTATGGACGAAGCGGATOCGCEECTCCTEGCGGCGETGCCEECTGCGECTGETGGAAGAGCTGCAGETGEGACCAGCTCTGEG>108
5>ATGGNCC-RNCTAGGAGANC TATGGACGAAGCGEATCEGCEECTCCTGCGGLGGETGCCEEC TG GG TGETGGARGAGCTGCAGGTGGACCAGCTCTGEG>103

314 >314
172>A >172
324>n >324
184 >184
96! >96
225, >225
178>A >178
265, >265
115 >115
- * * * - - * * * -

109>ACGCCCTGCTGAGCCGCGAGC TGTTCAGGCCCCATATGATCGAGGACATCCAGCGEGCAGGCTCTGEATC TCGECGEEATCAGGCCAGGCAGCTGATCAT>208
104>ACGCCCTGCTGAGCCGCGAGC TGTTCAGGCCCCATATGATOGAGGACATCCAGCGEGCAGGCTCTGGATC TCGECGEEATCAGGCCAGGCAGCTGATCAT>203

314 >314
172> >172
324> >324
184 >184
96 >96
225 >225
178> >178
265 >265
115 >115
- * * * - - * * * -

209>AGATCTGGAGACTCGAGGGAGTCAGGCTCTICCTTTGTTCATC TCCTGCTTAGAGGACACAGGCCAGGACATGC TGEGCTTCGTTICTGCGAACTARCAGG>308
204>AGATCTGGAGACTCGAGGGAGTCAGGCTCTTCCTTTGTTCATCTCCTGC TTAGAGGACACAGGCCAGGACATGCTGECTTCGTTTCTGCGARCTAACAGG>303

314 >314
172> >172
324> >324
184 >184
96 >96
225 >225
178> >178
265 >265
115 >115
- * * * b d - * * * -

309>CAAGCAGCAAAGTTGTCGAAGCCAACCCTAGAAAACCTTACCCCAGTGETGC TCAGACCAGAGATTCGCARACCAGAGGTTCTCAGACCGGARACACCCA> 408
304>CAARGCAGCARAGTTGTCGAAGCCAACCCTAGAAAACCTTACCCCAGTGETGC TCAGACCAGAGATTCGCARACCAGAGGTTCTCAGACCGGARACACCCA>403

314 >314
172 >172
324> >324
184 >184
96 >96
225 >225
178> >178
265 >265
115 >115
- * * * - - * * * -

409>GACCAGTGGACATTGET TCTGGOGGATT TGETGATGTCGGTGC TC T TGAGACT TTCAGGCGARATGCAGATTTGGCTTACATCCTGAGCATGGAGCCCTG>508
404>GACCAGTGGACATTGETTCTGGOGGATT TGETGATGTCGGTCC TC T TGAGAGT T TCAGGEGARATGCAGATTTGGC TTACATCCTGAGCATGGAGCCCTG>503

314 >314
172> >172
324> >324
184 >184
96 >96
225 >225

178> >178
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b * * * b L * * * b
£09>TTCTCCTOGCTGCATTTCATGGTCGAGGTGAAGEGCGACCTGACTGCCAAGARAATGGTGC TEGCTTTGC TGEAGC TGGOGCAGCAGGACCACGETGCTC>708
£04>TTCTCCTOGCTGCATTTCATGGTCGAGGTGAAGEGCGACCTGACTGCCAAGARAATGGTGCTEGCTTTGCTGCAGC TGGOCCAGCAGGACCACGETGCTC>703

314 >314
172 >172
324 >324
184 >184
96 >96
225 >225
178 >178
265 >265
115 >115
b * * * b b * * * -

709>TGGACTGCTGCETGETGGTCATTCTCTCTCACGEC TETCAGGCCAGCCACCTGCAGT TCCCAGGGEC TGTCTACGGCACAGATGEGATGCCCTGTGTCGET>808
704>TGGACTGCTGCETGETGGTCATTCTCTCTCACGEC TETCAGGCCAGCCACCTGCAGT TCCCAGGGEC TGTCTACGGCACAGATGEATGCCCTGTGTCGET>803

314 >314
172> >172
324 >324
184 >184
96 >96
225 >225
178 >178
285 >265
115 >115
b * * * b L * * * b

B09>CGAGARGATTGTGAACATCTTCAATGEGACCAGC TGCCCCAGCCTGGEAGGEAAGCCCAAGCTCTTTT TCATCCAGGCCTCTGETGGEGAGCAGARAGAC>908
B04>CCAGARGATTGTGAACATCTTCAATGEGACCAGC TGCCCCAGCCTGGEAGGEAAGCCCARGCTCTTTT TCATCCAGGCCTCTGETGGEGAGCAGARAGA~>902

315 GAGCAGAAAGAC>326
172> >172
324 >324
184 >184
96 >96
225 >225
178> >178
265 >265
115 >115
b * * * b L * * * b
$09>CATGEETTIGAGETGECCTCCACTTCCCCTGARGACGAGTCCCCTGGCAGTARCCCCGAGCCAGATGCCACCCCGTTCCAGGARGGTITGAGGACCTTCG>1008
$02 >902
327>CATGGETTIGAGETGECCTCCACTTCCCCTGAAGACGAGTCCCCTGGCAGTAACCCCGAGCCAGATGCCACCCCGTTCCAGGAAGGTTTGAGGACCTTCG>426
172> >172
324 >324
184 >184
96 >96
225 >225
178 >178
265 >265
115 >115
b * * * b b * * * -
1009>ACCAGCTGGACGCCATATC TAGTITGCCCACACCCAGTGACATCTT TG TGTCCTACTCTACTTTCCCAGETTTIGT TTCCTGGAGGGACCCCAAGAGTGG>1108
g02 >902
427>ACCAGCTGEACGCCATATC TAGTITGCCCACACCCAGTGACATCTTTETGTCCTACTCTACTITCCCAGETTTIGTTTCCTGGAGGGACCCCAAGAGTEG>526
172> >172
324 >324
184 >184
96 >96
225 >225
178 >178
265 >265
115 >115
b * * * b L * * * b
1109>CTCCTGGTACGTIGAGACCCTGGACGACATC TTIGAGCAGTGGEC TCACTCTGARGACCTGCAGTCCCTCCTGCTTAGGETCGCTAATGCTGTTTCGETG> 1208
g02 >902
527>CTCCTGGTACGTTIGAGACCCTGGACGACATC TTTGAGCAGTGGEC TCACTCTGAAGACCTGCAGTCCCTCCTGCTTAGGETCGCTAATGCTCTTTCGETG>626
172> >172
324 >324
184 >184
96 >96
225 >225
178> >178
265 >265

115 >115
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b * * * - - * * - -
1209>AARAGEEATTTATAAACAGATGCCTGETTGC T T TAAT TTCC TCCGEAAARAAC TTTIC T TTAAAACATCAGTGTIGGATTCTC TTGAATTTATTGCTAGTA> 1308
402 >902
627> AAAGECEATTTATAAACAGATGCCTGETTGC T T TAA T TTCC TCCGEAAAAAAC T T TTC T TTAARACATCACTGTIGGATTC TCTTGAATT TATTGCTAGTA> 726
172 >172
324> >324
184 >184
96! >96
225 >225
178> >178
265 >265
115 >115

- * * * - - * * * -
1309>AACTGECEYGATCCCTT TC TGAAGACAATCEGGETAGAC TTTAATAAAAATAC TGCCCTOGACARAAACTAT TTAT TARAA TAATAAAATTCCATCARACAA> 1408
$02 >902
127>ARCTGGCGEGATCCCTTTCTGAAGACAATGEE >157
173> AGACAATGEGETAGAC T T TAA TAAAAATACTGCCCTOGACARAARC TATTTAT TARATAATARAATTCCATCARACAA>250
324> >324
184 >184
96! >96
225 >225
178> >178
3 * * * - - * * * b
5309>ACCTTTAACTAGTACCGACAGACAGACAGACACCGCCCCCAGCCCCAGC TACCACCTCCTCCCCGECCGECGECGGACAGTGGACGOGGCGECGAGCOGC>5408
02 e ~>902
157 - ~>757
887 >887
938> >938
769 >769
758 ———— ~>758
966! —~—— ~>966
B884>ACCTTTAACTAGTACCGACAGACAGACAGACACCGCCCCCAGCCCCAGC TACCACCTCCTCCCCGELCGECEELGGACAGTGG == == e e >966
266 ~CGGACAGTGGACGOGGCGECGAGCOGC>292
115! ———— ~>115
- * * * - - * * * -
5409>CCGCACGEECCEEAGICCEUGCCIGEAGGOEEEETGEAGGEEETCGGEECTCGCEECETCGCACTCARACTTTICGTCCAACTTCTGEGCTETTCTCGLT>5508
02 —~—— ~>902
157 >757
887 >887
938 - ~>938
769 —~—— ~>769
758 >758
966 >966
966! e ~>966
293>CCGCACGEECCEEAGICCELGCCCGEAGGUCEEETGEAGGEEETCGGEECTCGCEECETCGCACTCARACTTTICGTCCAACTTCTGEGCTETTCTCGLT>392
115 >115
- * * - - - * * * -
5509>TCGGAGGACCCETGETCCEOGCEEEEEAAGICGAGCOCAGOCGAGCCELGAGAACTGC TAGC TCGEECOCGGACGAGICECCAGCCGGAGGACGGEEAGEA> 5608
902 >902
157 ——e ->757
887 ———— ~>887
938 >938
769 >769
758 - ~>758
966! ———— ~>966
966! >966
393>TCGGAGGAGCCETGGTCCGLGT AGCCGAGCCCAGCGGACCCECGAGAAGTGC TAGC TCGEECOCGGACGAGCCEGCAGCCGGAGGAGGGEEAGEA>492
115! >115
- * * * - - * * * -
5609>CCAACGAAGAGAACGARGAGCAGACGGEEGCOCCACTGECGACTCGECGCTCGEAAGCCGEEC TCATCEACCGGTCGAGGCGECGEGTECTGCGCAGACACGTGLT>5708
02 - ~>902
157 —r- ~>757
887 >887
938 >938
769 - ~>769
758 e ~>758
966! >966
966 >966

493>GCAAGAAGAGAACGARGAGCAGAGGEEGCOGCACTGECGACTCGECGCTCGEAAGCCGEEC TCATGEACCGG TGAGGLGECGGTCTGCGCAGACAGTGELT>592
115 rere ->115
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- * * * - - * * * -
5709>CCAGCCGOGCGOGCTCCCCAGGCCCTEGCOCGGECCTCGGECCEEGEGACGAAGAGTAGCTCGCCGAGGOGCCGAGGAGAGCGGGCCGCCCCACAGCCOGA> 5808
902> >3902
157> >157
887> >887
938> >938
769> >769
758> >758
966> >966
966> >966
593>CCAGCCGOGCGOGCTCCCCAGGOCCTGGCOCGEECCTCGGECCEEGGAGGAAGAGTAGCTCGCCGAGGOGCCGA >666
116 GOGCCGAGGAGAGCGGGCCGCCCCACAGCCCOGA> 148

- * * * * - * * * -
5809>GCCGGAGAGGGAGCGCGAGCCGOGCOGECCCCEETCEEGCCTCCGAARACCATGARACTTICTGCTGTC TTGGGTGCATIGGAGCCTTGCCTTGCTGCTCTA>5908
902> >902
157 >757
887> >887
938> >938
769> >769
758> >758
966> >966
966 >966
666 >666

149>GCCGGAGAGGGAGCGCGAGCCGOGCOGGCCCCGETCEEGCCTCOGAAACCATGAACTTTCTGC TG TCTTGGGTGCATTGGAGCCTTGCCTTGCTGCTCTA>248

* * * * * * * * * -

5909>CCTCCACCATGCCAAGTGGTCCCAGGCTGCACCCATGGCAGAAGGAGGAGGGCAGAATCATCACGAAGTGGTGAAGTTCATGGATGTCTATCAGCGCAGC>6008
902 >902
157> >757
887> >887
938> >938
769> >769
758> >758
966 >966
966> >966
566> >666

249>CCTCCACCATGCCAAGTGGTCCCAGGCTGCACCCATGGCAGAAGGAGGAGGGCAGAATCATCACGAAGTGGTGAAGTTCATGGATGTCTATCAGCGCAGC>348

* * * * * * * * * -

6009>TACTGCCATCCAATOGAGACCCTGGTGGACATCTTCCAGGAGTACCC TGATGAGATCGAGTACATCTTCAAGCCATCCTGTGTGCCCCTGATGOGATGCG>6108
902> >902
157> >757
887> >887
938> >938
769 >769
758 >758
966> >966
966> >966
566> >666

349>TACTGCCATCCAATCGAGACCCTGGTGGACATCTTCCAGGAGTACCCTGATGAGATCGAGTACATCTTCAAGCCATCCTGTGTGCCCCTGATGOGATGCG> 448

- * * * * - * * * -
6109>GGGGCTGCTGCAATGACGAGGGOC TGGAGTGTGTGCCCACTGAGGAGTCCARCATCACCATGCAGATTATGCGGATCAAACCTCACCARGGCCAGCACAT>6208
902> >902
157> >757
887> >887
938 >938
769> >769
758> >758
966> >966
966> >966
666> >666

449>GGGGCTGCTGCAATGACGAGGGOC TGGAGTGTGTGCCCACTGAGGAGTCCARCATCACCATGCAGATTATGCGGATCAAACCTCACCAAGGCCAGCACAT>548
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- * * * * - * * - -
6209>AGGAGAGATGAGC TTCCTACAGCACAACARAATGTGAATGCAGACCAAAGARAGATAGAGCARAGACARGAAAAATGTGACAAGCCGAGGCGGTTACCAGAR>6308
902 >902
757 >757
887> >887
938 >938
769 >76%
758 >758
966> >966
966> >966
666 >666
549>AGGAGAGATGAGC TTCCTACAGCACAACARATGTGAATGCAGACCAAAGAAAGATAGAGCARAGACAAGARAAATGTGACAAGCCGAGGCGGTTACCAGAA>6 48

- * * *
6309>ACTGGAGgtacccatcaccatcatcaccactaa>6341
902 >902
157 >757
887 88
938 >938
769 >769
58 758
966! >966
966! >966
666! >666

649>ACTGGAGGTACCCATCACCATCATCACCACTAA>681
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Figure 3-B: PAE alignment
Thu Jul 30, 2015 9:10 EDT
PAB 80406(p35 TcdA EGF).ape from 9 to 5195
Alignment to
3488 _B02 PAE _4502F 007.seq-- Matches:744; Mismatches:0; Gaps:4443; Unattempted:0
3488 C01 PAE W5 006.seg-- Matches:904; Mismatches:4; Gaps:4279; Unattempted:0
3488 D01 PAE PF 005.segq-- Matches:620; Mismatches:0; Gaps:4567; Unattempted:0
3488 D02 PAE 526BF 005.seq-- Matches:774; Mismatches:0; Gaps:4413; Unattempted:0
3488 GO1 PAE 3065F 002.seg-- Matches:768; Mismatches:0; Gaps:4419; Unattempted:0
3488 HO1 PAE 3727F 00l.seg-- Matches:59%8; Mismatches:0; Gaps:4589; Unattempted:0
3488 EO1 PAE 2326F 004.seq-- Matches:807; Mismatches:0; Gaps:4380; Unattempted:0

- * * * - - * * * -
9>atggtccaaaCTAGGAGATCTATGGGCACGETGCTGTCCCTGTCTCCCAGCTACCGGAAGGCCACGCTGTTTGAGGATGGCGCEECCACCCTGGGCCACT>108
122 - - >122
1>~-GG-NCNKNCTAGGAGATC TATGGGCACGETGCTETCCCTETC TCCCAGCTACCGGAAGGCCACGC TETT TGAGGATGGCGCEECCACCETGGGCCACT>9 7
338 - - >338
95 >95
20052 >200
29953 >299
145>A >145
- * * * - - * * * -
109>ATACGECOGTACAGAACAGCAAGAACGCCARGGACARGAACCTGAAGOGCCACTCCATCATC TCCGTGCTGCCTTGGARGAGARTCGTGGCCGTGTCGEC>208
122 >122
98>ATACGECCCTACAGAACAGCAAGAACGCCARGGACARGAACCTGAAGOGCCACTCCATCATCTCCGTGCTGCCTTGGAAGAGAATCGTGGCCGTGTCGEC>197
338 >338
95 >95
200> >200
299> >299
145 >145
- * * * b d - * * * -
209>CARGAAGAAGAACTCCAAGARGGTGCAGCCCAACAGCAGC TACCAGARCAACATCACGCACCTCARCAATGAGARCCTGARGAAGTCGCTGTCGTECGCC> 308
122 >122
198>CAAGAAGARGAACTCCAAGAAGGTGCAGCCCAACAGCAGCTACCAGAACAACATCACGCACCTCAACAATGAGAACCTGAAGAAGTCGCTGTCGTGCGCC>297
338 >338
95 >95
200> >200
299> >299
145 >145
- * * * b4 - * * * -
309>AACCTETCCACATTORCCCAGCCCCCACCEECCCAGCCGCCTECACCCCCGECCAGCCAGCTCTCEEGTTCCCAGACCGEEGECTCCTCCTCAGTCARGA>408
122 >122
298>AACCTGTCCACATTOGCCCAGCCCCCACCGECCCAGCCGCCTGCACCCCCGECCAGCCAGCTCTCGEGTTCCCAGACCGEEGGCTCCTCCTCAGTCARAGA>397
338 >338
95 >95
200> >200
299> >299
145 >145
- * * * - - * * * -
409>AAGCOCCTCACCCTGECGTCACCTCOGCAGEGACGCCCAARCGEETCATCGTCCAGGCGTCCACCAGTGAGCTGCTTCGCTGCCTGEETGAGTTTCTCTG>508
122 >122
398>AAGCCCCTCACCCTGCCGTCACCTCOGCAGGGACGCCCAAACGEETCATCGTCCAGGCGTCCACCAGTGAGC TGCTTCGCTGCCTGGETGAGTTTCTCTG>497
338 >338
95 >95
200> >200
299> >299
145 >145
- * * * - - * * * -
509>CCGCOGETECTACCGCCTGARGCACCTETCCCCCACGEACCCCETGCTCTEECTGCGCAGCGTGGACCECTCECTGCTTCTGCAGGGCTGECAGGACCAG>608
122 >122
498>CCGCCOGGTECTACCGCCTGAAGCACCTGTCCCCCACGEACCCCETGCTCTGEC TEGCGCAGCETGGACCGCTCGCTGCTTCTGCAGGGCTGGCAGGACCAG>597
338> >338
95 >95
200> >200
299> >299

145 >145
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- * * * - - * * - -
609>GECTTCATCACGCCGECCAACGTEETC TTOCTCTACATGC TCTECAGGGATGTTATC TCCTCCGAGETGEGCTCGGATCACGAGC TCCAGECCGTCCTEC> 708
122> >122
598>GECTTCATCACGCCGECCARCGTEETCTTOCTCTACATGC TCTGCAGGEATCTTATC TOCTCCGAGETEEGC TCGGATCACGAGC TCCAGGCCETCCTGC>697
338 >338

95 >95
200> >200
299> >299
145> >145

- * * * - - * * * b
T09>TGACATGCCTGTACCTCTCCTACTCCTACATGGECAACGAGATCTCCTACCCGC TCAAGCCCTTCCTGGTGGAGAGCTGCAAGGAGGCCTTITGGGACCG>808
122> >122
698>TGACATGCCTGTACCTCTCCTACTCCTACATGGECARCGAGATCTCCTACCCGCTCAAGCCCTTCCTGGTGGAGAGCTGCAAGGAGGCCTTITGGGACCG>797
338 >338
95 >95
200> >200
299> >299
145> >145

- * * * - - * * * -
809>TTGCCTCTCTGTCATCAACCTCATGAGC TCAAAGATGC TGCAGATAAATGCCGACCCACACTACTTCACACAGETCTTCTCCGACCTGAAGAACGAGAGC>908
122> >122
798>TTGCCTCTCTGTCATCAACCTCATGAGC TCARAGATGC TGCAGATAAATGCCGACCCACACTACTTCACACAGEGTCTICTCCGACCTGAAGAACGAGAGC>897
338 >338
95 >95
200> >200
299> >299
145> >145

- * * * - - * * * -
909>GGCCAGGAGGACAAGARGCEGCTCCTCCTEEGCCTGEATCEEETETTGEATTC TCTTGAAT TTAT TCC TAGTARACTEGOGYGATCCCTTTCTGARGACA> 1008
122> >122
B898>GGCCAGGAGGA: >3908
339> ~~~~~GGAGGACAAGAAGCGGCTCCTCCTGEGCC TGGATCGEG TG T TGEGATIC TCTTGAAT TTATTGC TAGTARACTGGOGGGATCCCTTTCTGAAGACA>433
95 >95
200> >200
299> >299
145> >145

- * * * - b d * * * b

4909>TAGAATT TAAC T TAGTAACTGGATGGCAAAC TATCAA TGG TAAARAATAT TAT T TIGATATARATAC TGGAGCAGC TITAACTAGTAATAGTGACTCTGA> 5008

866>~ - ——— - - - ~>866

508 e R e ~>908

958 e e ~>958

583> TAGAATT TAAC T TAGTAACTGGATGGCAAAC TATCAATGG TARARAA TAT TAT T TIGATATARATACTGCGAGCAGC TITAACTACTAATAGTGACTCTGA> 682

967>~ - ——— - ——— ~>967
896>~ - - - - ———— ~>896

951 e e ———— ~»951

b * * * b b * * * b
5009>ATGTCCCCTGTCCCACGATGGGTACTGCCTCCATGATGG TG TG TGCATGTATAT TGAAGCATIGGACAAGTATGCATGCAACTGTGTIGTTGGCTACATC>5108

866 ——— —— e ~>866

508 - - ~>908

958 - - ~>958

683>ATGTCCCCTGTCCCACGATGGGTACTGCCTCCATGATGGTGTGTGCATGTATAT TGAAGCATIGGACAAGTATGCATGCAACTGTGTIGTTGGCTACATC>782
967~ - ——— ——— - ——— ~>967

896 e e — ~>896

951 e e ~>951

- * * - - - * * -
5109>GEGEACCCATETCAGTACCCAGACCTEAAGTGGTGGGAACTCCGC TTACCAGARACTGGAGG Lacccatcaccatcatcaccactaa>5195

866 ——— e >B66

508 ———— - >908

958~ - ——— ——— - »958

783>GEGGACCGATGTCAGTACCGAGACCTGAAGTGGTGGGAACTGCGCTTACCAGAAACTGGAGGTACCCATCACCATCATCACCACTAR>BEY

967 e e »967

896 - e >B95

951 - ———— »951
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Flg‘ure 4-B: PAV ahgnment
u Jul 30, 2015 9:31 EDT
pAB 80407(p35 TcdA VEGF).ape from 9 to 6014
Alignment to
3488 _A04 PAV_ W5 0l6.seg-- Matches:901; Mismatches:4; Gaps:5101; Unattempted:0
3488 B04 PAV_PF 0l15.seg-- Matches:510; Mismatches:0; Gaps:5496; Unattempted:0
3488 BO5 PAV _526BF 023.seg-- Matches:661; Mismatches:0; Gaps:5345; Unattempted:0
3488_CO04_PAV__2326F 0l4.seg-- Matches:914; Mismatches:1l; Gaps:5091; Unattempted:0
3488_C05 PAV_VF 022.segq-- Matches:622; Mismatches:0; Gaps:5384; Unattempted:0
3488 D06 PAV _4502F 02l.seg-- Matches:778; Mismatches:0; Gaps:5228; Unattempted:0
3488 EO04_PAV__3065F 0l12.seg-- Matches:752; Mismatches:0; Gaps:5254; Unattempted:0
3488 FO4 PAV _3727F Oll.seg-- Matches:683; Mismatches:1l; Gaps:5322; Unattempted:0
3488 _HO6 PAV W3 017.segq-- Matches:212; Mismatches:1; Gaps:5793; Unattempted:0

* * * * * * * * * *

9>atggtccaaaCTAGGAGATCTATGGGCACGETGCTGTCCCTETCTCCCAGCTACCGGARGGCCACGC TGTTTGAGGATGGCGCGECCACCGTGGGCCACT>108
1>~~GG-NCNRNCTAGGAGATCTATGGGCACGETGCTGTCCCTGTCTCCCAGCTACCOGGARAGGCCACGC TGTTTGAGGATGGCGCGEGCCACCGTGGGLCACT>97

334 >334
197 >197
30 >30
54 >54
185>A >185
207> >207
287 >287
831< 831

- * * * - - * * * -

109>ATACGGCOGTACAGAACAGCAAGAACGCCARGGACAAGAACCTGAAGCGCCACTCCATCATCTCCGTGCTGCCTTGGAAGAGAATCGTGGCCGTGTCGGC>208
98>ATACGGCOGTACAGAACAGCAAGAACGCCARGGACAAGAACCTGAAGCGCCACTCCATCATCTCCGTGCTGCCTTGGAAGAGAATCGTGGCCGTGTCGGL>197

334 >334
197 >197
30 >30
54 >54
185> >185
207 >207
287> >287
831< 831

- * * * * - * * * -

209>CAAGARGAAGAACTCCAAGAAGGTGCAGCCCAACAGCAGCTACCAGAACAACATCACGCACCTCARACAATGAGAACCTGAAGAAGTOGCTGTCGTGCGCC>308
198>CAAGAAGARGAACTCCAAGAAGGTGCAGCCCAACAGCAGCTACCAGAACAACATCACGCACCTCAACAATGAGAACCTGAAGAAGTCGCTGTCGTGCGCC>297

334> >334

197 >197
30 >30
54 >54

185> >185

207> >207

287 >287

831< 831

- * * * b d - * * * Ed

309>AACCTGTCCACATTOGCCCAGCCCCCACCGECCCAGCCGCCTGCACCOCCGECCAGCCAGCTCTCGEGTTCCCAGACCGGEGGCTCCTCCTCAGTCARGA>408
298>AACCTGTCCACATTOGCCCAGCCCCCACCGECCCAGCCGCCTGCACCCCCGECCAGCCAGCTCTCGEGTTCCCAGACCGGEGGCTCCTCCTCAGTCARGA>397

334 >334
197> >197
30 >30
54 >54
185> >185
207 >207
287> >287
831< 831

- * * * - - * * * 3

409>AAGCCCCTCACCCTGCCGTCACCTCOGCAGGGACGCCCAAACGGETCATCGTCCAGGCGTCCACCAGTGAGC TGCTTCGCTGCCTGGETGAGTTTCTCTG>508
398>AAGCCCCTCACCCTGCCGTCACCTCOGCAGGGACGCCCAAACGGETCATCGTCCAGGCGTCCACCAGTGAGCTGC TTCGCTGCCTGGETGAGTTTCTCTG>497

334> >334
197 >197
30> >30
54 >54
185> >185
207 >207
287 >287

831< 831
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b4 * * * - - * * * -

509>CCGCOGETECTACCGCCTGAAGCACCTGTCCCCCACGEACCCCETGCTCTGEC TGCGCAGCETGGACCGLTCEGCTGCTTCTGCAGGGCTGGCAGGACCAG>608
498>CCGCCGETECTACCGCCTGAAGCACCTGTCCCCCACGEACCCCETGCTCTGECTGCGCAGCETGGACCGCTCGCTGCTTCTGCAGGGCTGGCAGGACCAG>597

334> >334
197> >197
30> >30

54> >54

185> >185
207 >207

287 >287

831< 831

- * * * - b * * * -

609>GECTTCATCACGCCGECCAACGTGGTCTTCCTCTACATGC TCTGCAGGGATGTTATC TCCTCCGAGETGEGCTCGGATCACGAGC TCCAGGCCGTCCTGC>708
598>GGCTTCATCACGCCGECCAACGTGGTCTTCCTCTACATGC TCTGCAGGGATGTTATC TCCTCCGAGETGEGCTCGGATCACGAGC TCCAGGCCGTCCTGL>697

334> >334
197> >197
30> >30
54> >54
185> >185
207> >207
287> >287
831< 831
b d * * * - - * * * b

709>TGACATGCCTGTACCTCTCCTACTCCTACATGGGCAACGAGATCTCCTACCCGCTCAAGCCCTTCCTGGTGGAGAGC TGCAAGGAGGCCTTITGGGACCG>808
£98>TGACATGCCTGTACCTCTCCTACTCCTACATGGECAACGAGATCTCCTACCCGCTCAAGCCCTTCCTGGTGGAGAGCTGCAAGGAGGCCTTITGGGACCG> 797

334> >334
197> >197
30> >30
54> >54
185> >185
207 >207
287> >287
831< 831
- * * * - - * * * -

809>TTGCCTCTCTGTCATCAACCTCATGAGC TCAAAGATGC TGCAGATAAATGCCGACCCACACTACT TCACACAGETCTICTCCGACCTGAAGAACGAGAGC>908
798>TTGCCTCTCTGTCATCAACCTCATGAGC TCARAGATGC TGCAGATAAATGCCGACCCACACTACTTCACACAGEGTCTICTCCGACCTGAAGAACGAGAGC>897

334 >334
197 >197
30 >30
54 >54
185> >185
207 >207
287 >287
831< 831

b4 * * * - - * * * -

909>GECCAGGAGGACAAGAAGCEGCTCCTCCTGEGCC TGGATCGEE TG T TGEGATTC TCTTGAAT TTAT TGC TAGTARACTGGCGYGATCCCTTTCTGAAGACA> 1008
B89B>GGCCAGGA: >905
335>~~CCAGGAGGACAAGAAGOGGCTCCTCCTGEGCCTGGATCGEG TG T TGEGATTIC TCTTGAATTTATTGC TAGTARACTGGOGGGATCCCTTTCTGAAGACA> 432
197 >197
30 >30
54 >54
185> >185
207 >207
287 >287

831< 831
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* * * * * * * * * *
4909>TAGAATT TAAC T TAGTAACTGGATGGCAAACTATCAATGG TAAAARATATTAT TTTGATATARATACTGGAGCAGCTTTAACTAGTACGGACAGACAGAC>5008
905 >905
844> >844
581>TAGAATTTAACTTAGTAACTGGATGGCAAACTATCAATGG TAAAAAATATTATTTTGATATAAATACTGGAGCAGCTTTAACTAGTACGGACAGACAGAC>680
945 >945
54 >54
962> >962
959 >959
971 >971
831< 831
* * * * * * * * * -
5009>AGACACCGCCCCCAGCCCCAGCTACCACCTCCTCCCOGGCOGGOGGCEEACAGTGEACGLGECGGOGAGCCGOGCGGCAGGEGCOGGAGCCOGCGCCCGEA>5108
05> >905
844 >844
68 1>AGACACCGCCCCCAGCCCCAGCTACCACCTCCTCCCOGGCOGGOGGCEEACAGTGEACGCGELGGOGAGCCGOGGGCAGGEGCOGGAGCCOGCGOCCGGA> T80
945 >945
54> >54
962> >962
959 >959
971 >971
831< 831
- * * * * * * * * -
5109>GECGEEETEGAGEEGEETCEEGGECTCECGGOGETOCCACTGARACTITTCGTCCAACTTCTGGECTGTTIC TCGC TTCGGAGGAGCOCTGETCOGCGOGEEEE>5208
905> >905
844 >844
78 1>GGCGEEETEGAGEGEEETCEEEECTCECGGOGETCGCACTGAARC TTTTCGCTCCAACTTCTGGGC TGTTCTCGCTTCGGA >858
G45> >945
54> >54
962 >962
959 >959
971> >971
830< GAGCCGTGNTCCGCGOGGEEG<810
* * * * * * * * * *
5209>AAGCCGAGCCGAGCGEAGCCGCGAGAAGTGC TAGC TOCGGCCGEEAGGAGCCGCAGCCCEAGCGAGCEGGAGGACGARGAAGAGAAGGARGAGGAGAGGEG>5308
905 >905
844 >844
858> >858
945 >945
54 >54
962 >962
959> >959
971 >971

B09<AAGCOGAGCCGAGCGGAGCCGCGAGARGTGC TAGC TOGGGCCGEEAGGAGCCGCAGCCCEAGGAGGEGGAGGAGGAAGARGAGAAGGAAGAGGAGAGGEG<T10

b d * * * - - * * * -
5309>GCCGCAGTEGCEACTCGEOGC TOGGARGCOGGECTCATGGACGEETGACGOGGCEETGTECECAGACAGTGC TCCAGCCGCGCECGCTCCCCAGGCCTG>5408

905 >905
844> >844
858 >858
945 >945

55> ~CGCTCCCCAGGCCCTG>70
962> >962
959 >959
971 >971
709<GCCGCAGTEGCEACTCGECECTCEGARGCOGGECTCATGGACGEETGACGCEGCEETCTECGCAGACAGTGCTCCAGCCECGCECGCTCCOC <618

- * * * - - * * * b d
5409>GCCCEEECCTCEEGOCGEEEAGEAACAGTACC TCGCOCAGECECCGAGEAGAGCGEGCCECOCCACAGCCCGAGCCEEAGAGGEAGCECGAGCCEOGOCG>5508

905 >905
844 >844
858 >858
945> >945

71>GCCCGEGOCTCEEECCGGEEAGGAAGAGTAGC TCGCOGAGGCGOCGAGGAGAGCEEGCOGCCCCACAGCCCGAGCCGRAGAGGGAGOGCGAGCCGCGOCG>170
962 >962
959 >959
971> >971

618< 618
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- * * * - b * * * -
5509>GCCCOGETCGGGECCTCCGARACCATGAACTTTCTGC TETCTIGEETGCATTEGAGCCTTGCCTTGCTGCTCTACCTCCACCATGCCAAGTGETCCCAGEC>5608
905> >305
844 >844
858 >858
945> >945
17 1>GCCCOGETCGGECCTCCGARACCATGAACTITCTGC TETCTIGEETGCATTCGAGCCTTGCCTTGCTGCTC TACCTCCACCATGCCAAGTGETCCCAGEL>270
962> >962
959 >959
971 >971
618< 618

- * * * b d b * * * -
5609>TGCACCCATGGCAGAAGGAGGAGCEGCAGAATCATCACGAAGTGETGAAGT TCATGEATGTCTATCAGCGCAGCTACTGCCATCCAATCGAGACCCTGGETG>5708
505> >905
844 >844
858 >858
945 >945
27 1> TGCACCCATGGCAGAAGGAGGAGEGCAGAATCATCACGAAGTGETGAAGT TCATGEGATGTC TATCAGCGCAGCTACTGCCATCCAATCGAGACCCTGETG>370
962> >962
959 >959
971 >971
618< 618

- * * * b d b * * * -
5709>GACATCTTCCAGGAGTACCCTGATGAGATCGAGTACATC TTCAAGCCATCCTGTGTGCCCCTGATGCGATGCGEGGECTGC TGCAATGACGAGGGCCTEG>5808
905> >3905
B44> >844
858 >858
945 >945
37 1>GACATCTTCCAGGAGTACCCTGATGAGATCGAGTACATC TTCAAGCCATCCTGTGTGCCCCTGATGCGATGCGEGGECTGCTGCAATGACGAGGGCCTEG>470
962> >962
959 >959
971 >971
618< 618
- * * * b d - * * * b d
5809>ACTGTCTGCCCACTGAGGAGTCCAACATCACCATGCAGAT TATGCGGATCARACCTCACCAAGGCCAGCACATAGGAGAGATGAGCTICCTACAGCACAA>5908
905> >3905
844> >844
858 >858
945 >945
47 1> AGTGTGTGCCCACTGAGGAGTCCAACATCACCATGCAGAT TATGCGGATCAARACCTCACCARAGGCCAGCACATAGGAGAGATGAGCTTCCTACAGCACAA>5T0
962> >962
959 >959
971 >971
618< 618
- * * * £ d b * * * -
5909>CAAATGTGAATGCAGACCARAGARAGATAGAGCAAGACAAGAAARATGTGACAAGCCGAGGOGGTTACCAGARACTGGAGgtacccatcaccatcatcac>6008
505> >3905
844> >844
858 >858
945 >945
57 1>CAAATGTGAATGCAGACCARAGARAGATAGAGCAAGACAAGAAAAATCTGACAAGCCGACGOGGTTACCAGARAACTGEAGCGTACCCATCACCATCATCAC>6 70
962> >962
959 >959
971 >971
618< 618
-
6009>cactaa>6014
905>~~~ >905
844>~~~ >844
858> ~~~~~= >858
945> ~~mmm= >945
671>CACTAR>6T6
962>~~~ >962
959> ~~~rer=: >959
971>~~~ >971
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Figure 5-B: BAB alignment

Fri Oct 17, 2014 11:10 EDT

Bax_TcdA BoNT.ape from 9 to 5999

Alignment to

3502 G01 _BAB _2326R_002.seg-- Matches:964; Mismatches:1l; Gaps:5033; Unattempted:0
3502 D01 BAB W5 005.seg-- Matches:76; Mismatches:3; Gaps:5913; Unattempted:0
3502 FO1 BAB 2326F 003.seg-- Matches:939; Mismatches:1l; Gaps:5051; Unattempted:0
3502 HO1 BAB _3065F 00l.seg-- Matches:843; Mismatches:0; Gaps:5148; Unattempted:0
3502 _A02 BAB _3727F _008.seg-- Matches:558; Mismatches:0; Gaps:5433; Unattempted:0
3502 C02 BAB _4502F 006.seg-- Matches:773; Mismatches:0; Gaps:5218; Unattempted:0
3502 E02 BAB _5268BF 004.seg-- Matches:840; Mismatches:2; Gaps:5149; Unattempted:0
3502 F02 BAB W3 003.seg-- Matches:990; Mismatches:3; Gaps:3; Unattempted:4995

b4 * * * - b4 * * * -
9> ooy atggtccaaaCTAGGAGATCTATGGACGGETCCEEGGAGCAGCCCAGAGGCGEEEEGCCCACCAGCTCTGAGCAGATCATGAAGACAGGGGCC>101
97 3<ATGACAAATGGTCCAAACTAGGAGATC TATGGACGGGTCCGEGGAGCAGCCCAGAGGCGEGEEGCCCACCAGCTC TGAGCAGATCATGAAGACAGEGGLC<874
959 >959
3 >3
200 >200
368 >368
151 A >151
159 >159
1015< 1015
- * * * b d - * * * -

102>CTTTTGCTTCAGGGTTTCATCCAGGATCGAGCAGGGCGAATCGEEGGEEAGECACCCGAGCTGGCCCTGEACCCGGTGCCTCAGGATGCGTCCACCARGA>201
87 3<CTTTTGCTTCAGGGTTTCATCCAGGATCGAGCAGGGOGAATGEEEGGEEAGECACCCGAGC TGGCCCTGEACCCGGTGCCTCAGGATGCGTCCACCARGA<T 74

959, >959
3 >3
200 >200
368 >368
151> >151
159 >159
1015< 1015

- * * * - - * * * -

202>AGCTGAGCGAGTETCTCAAGCGCATOGGGGACGAACTGGACAGTARCATGGAGC TGCAGAGGATGATTGCCGCCGTGGACACAGACTCCCOCCGAGAGET>301
77 3<AGCTGAGCGAGTGTCTCAAGCGCATOGGGGACGAAC TGGACAGTAACATGGAGC TGCAGAGGATGATTGCCGCCGTGGACACAGACTCCCOCCGAGAGET<674

959 >959
3 >3
200 >200
368 >368
151> >151
159 >159
1015< 1015

- * * * - b4 * * * -

302>CTTTTTCCGAGTGGCAGC TGACATG TTTTCTGACGGCAAC TTCAACTGEGGCCGEETTGTCGCCCTITTCTACTT TGCCAGCARACTGGTGCTCAAGGCC>401
67 3<CTTTTICCGAGTGGCAGCTGACATGTTTTCTGACGGCAACTTCAACTGEGGCCGEETTEGTCGCCCTTITTCTACTTTGCCAGCARACTGGTGCTCAAGGLC<574

959 >959
3 >3
200 >200
368 >368
151> >151
159 >159
1015< 1015

- * * * - - * * * -

402>CTGTGCACCAAGETGCCGGAACTGATCAGARCCATCATGGGC TGEGACATTGEGACTTCCTCCGEGAGCGGC TG TIGGGCTGEATTCAAGACCAGGETGGTT>501
57 3<CTGTGCACCAAGETGCCGGAACTGATCAGAACCATCATGGGC TGEACATTGEGACTTCCTCCGEGAGCGGC TG TTGGGCTGGATTCARGACCAGGGTGGTT<474

959 >959
3 >3
200 >200
368 >368
151> >151
159 >159

1015< 1015
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* * * * * * * * * *
502>GGGACGGCCTCCTCTCCTACT TTGGGACGCCCACGTGECAGACCOGTGACCATC TTIGTGECGEGAGTGCTCACCGCCTCACTCACCATCTGGAAGAAGAT>601
47 3<GGGACGGCCTCCTCTCCTACT TTGGGACGCCCACGTGECAGACCGTGACCATC TTIGTGECGEGAGTGCTCACCGCCTCACTCACCATCTGGAAGAAGAT<374

959> >959
3 >3
200 >200
368 >368
151> >151
159! >159
1015« 1015
- * * * - - * * * -

602>GGGCETGTIGGATTCTC T TGAATTTATTGC TAGTAAACTGGCGGGATCeCTITC TGAAGACAATGGEGTAGACTTTAATAAAAATACTGCCCTCGACAAA>T0L
37 3<GGEGCETGTIGGATTCTC T TGAATTTATTGC TAGTAAACTGGCGGGATCCCTTTC TGAAGACAATGECGTAGACTT TAATAAAAATACTGCCCTCGACAAA<2T4

959> >3959
3> >3
200 >200
368 >368
* * * * * * * * * *

460 1> TGGTARAARATATTATT TTGATATAAATACTGGAGCAGC TTTAACTAGTAGAT TATTATC TACAT TTACTGAATATATTAAGAATATTATTAATACTTCT>4 700
5< <5
1039 >1039
943 >943
1043 >1043
926> >926
923> >923
€1B>TGGTAAAAAATATTATT TTGATATAAATACTGGAGCAGC TTTAACTAGTAGATTATTATC TACAT TTACTGAATATATTAAGAATATTATTAATACTTCT>717
1015< 1015

* * * * * * * * * *

470 1>ATATTGAATT TAAGATATGAAAGTAATCAT TTAATAGACT TATC TAGGTATGCATC AAARATAAATATTGGTAGTAAAGTAAATTTTGATCCAATAGATA> 4800
5< <5
1039> >1039
943> >943
1043 >1043
926 >926
923 >923
718>ATATTGAATT TAAGATATGAAAGTAATCATTTAATAGACT TATCTAGGTATGCATCAAAAA TARATATTGGTAGTAAAGTARATTTTGATCCAATAGATA>817
1015< 1015

* * * * * * * * * *

480 1>AARATCAAR T TCAATTAT TTAA T TTAGAAAGTAGTARAA T TGAGCTAATT TTAAARAATGC TAT TG TATATAATAGTATGTATGARAATTTTAGTACTAG>4900
5< <5
1039 >1039
943 >943
1043 >1043
926 >926
923> >923

818> ARAATCAAA T TCAATTAT TTAA T TTAGAAAGTAGTARAA T TGAGGTAATT TTAAAAAATGC TAT TG TATATAATAGTATGTATGAAAATTTTAGTACTAG>917
1015< 1015
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* - * * * * - * * *
490 1>CTT T TGGATAAGAATTCC TAAGTAT TTTAACAGTATAAGTC TAAATAATGAATATACAATAATAAATTGTATGGAAAATAATTCAGGATGGAAAGTATCA> 5000
5< <5
1039 >1039
943 >943
1043 >1043
926 >926
923 >923
$18>CTTTTGGATAAGAATTCCTAAGTAT TTTAACAGTATAAGTCTAAATAATGAATATACAATAATAANTNGTATGGAAARTAATTC ~ = == === === oo >1001
1014< TCAGGATGNAAAGTATCA<I97
* - * * * * - * * *

500 1>CTTAATTATGGTGAAATAATC TGGACTT TACAGGATACTCAGGAAA TARAACAAAGAGTAGTTTTTAAATACAGTCAAATGATTAATATATCAGATTATA>5100
5< <5
1039 >1039
943 >943
1043 >1043
926 >926
923 >923
1001 >1001

996<CTNAATTATGGTGAAATAATC TGGACTT TACAGGATACTCAGGARATAAAACAAAGAGTAGTTTTTAAATACAGTCARATGATTAATATATCAGATTATA<E97

* - * * * * * * * *
5101>TARACAGATGGATT TTTGTAACTATCAC TAATAATAGAT TARAATAACTC TAAAATTTATATAAATGGAAGAT TAATAGATCAARAACCAATTTCARATTIT>5200
5< <5
1039 >1039
943> >943
1043 >1043
926 >926
923 >923
1001 >1001

B96<TAAACAGATGGATTTITGTAACTATCACTAATAATAGAT TARATAACTC TAAAATTTATATARATGGAAGATTAATAGATCAAARACCAATTTCARATTT<797

* - * * * * - * * *

5201>AGGTAATATTCATGCTAG TAATAATATAA TG T TTAAATTAGATGET TG TAGAGATACACATAGATATATTTGGATAAAATATTTTAATCTTTTTGATAAG> 5300

5< 5
1039 >1039
943 >943
1043 >1043
926> >926
923 >923
1001 >1001

T96<AGGTAATATTCATGC T AGTAATAATATAA TG T TTAAATTAGATGGT TG TAGAGATACACATAGATATATTTGGATARAATATTTTAATCTTITTGATARG<697

* - * * * * * * * *
530 1>GAATTAAATGAAARAGAAATCAAAGATT TATATGATAATCAATCAAATTCAGGTATT TTAAAAGACTT TTGGGGTGATTATT TACAATATGATAAACCAT>5400
5< <5

1039 >1039
943 >943

1043 >1043
926 >926
923 >923

1001> >1001

69 6<GAATTAAATGAAAAAGAAATCAAAGATT TATATGATAATCAATCAAATTCAGGTATT TTAAAAGACTT TIGGGGTGATTATT TACAATATGATAAACCAT<597

* - * * * * * * * *
5401>ACTATATGTTAAAT TTATATGATCCARA TAAA TATGTCGATGTAAATAATGTAGGTAT TAGAGG T TATATGTATC TTAAAGGGCCTAGAGGTAGCGTAAT>5500
5< <5
1039> >1039
943 >943
1043 >1043
926 >926
923 >923
1001 >1001

596<ACTATATGTTAAATTTATATGATCCAAA TARATATGTCGATGTAAATAATGTAGGTAT TAGAGGT TATATGTATC TTAAAGGGCC TAGAGGTAGOGTAAT<497
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* * * * * * * * * *
550 1>GACTACAAACATTTATT TARA T TCAAGT TTGTATAGGEGGACARAAA T TTAT TATARAAAAA TATGCTTCTGGAAATARAGATAATATTGTTAGARATAAT>56 00
5< <5
1039 >1039
943> >943
1043> >1043
926 >926
923 >923
1001 >1001

496<GACTACAAACATTTATT TAAAT TCAAGT TTGTATAGCCGGACAAAA T TTATTATAAAAAAA TATGCTTCTGGAAATARAAGATAATATTGTTAGARATAAT<397

* * * * * * * * * *
560 1>GATCGTGTATATAT TAATGTAGTAGT TAAARATAAAGAATATAGGT TAGC TACTAATGCATCACAGGCAGGCGTAGARARARATACTAAGTGCATTAGAAR> 5700
5< <5
1039> >1039
943 >943
1043 >1043
926 >926
923 >923
1001> >1001

396<GATCGTGTATATAT TAATGTAGTAGT TAAARATAAAGAATATAGGT TAGC TACTAATGCATCACAGGCAGGCGTAGARARRATACTAAGTGCATTAGAAA<297

* * * * * * - * * *
5701>TACCTGATGTAGGAAATC TAAGTCAAGTAGTAGTAATGAAGTCARAAAATGATCAAGGAATAACAAATARATGCAAAATGAATTTACAAGATAATAATGG> 5800
5< <5

1039 >1039
943 >943

1043 >1043
926 >926
923> >923

1001> >1001

296<TACCTGATGTAGGAAATC TAAGTCAAGTAGTAGTAATGAAGTCAAAAAATGATCAAGGAATARCARATAAATGCAARATGAATTTACAAGATAATAATGG<197

* - * * * * - * * *

580 1>GAATGATATAGGCTTTATAGGATITCATCAGT TTAATAATATAGC TAAACTIGTAGCAAGTAATTGCTATAATAGACAAATAGARAGATCTAGTAGGACT>5900
5< <5
1039 >1039
943 >943
1043> >1043
926> >926
923 >923
1001 >1001

196<GAATGATATAGGCTTTATAGGATITCATCAGT TTAATAATATAGC TAAACTIGTAGCAAGTAATTGCTATAATAGACAAATAGAAAGATCTAGTAGGACT<97

* - * * * * - * * *
5901>TTGGGTTGCTCATGGGARTTTATICC TG TAGATGATGEATGEGGAGAARGGCCACTGT TACCAGAAACTCGAGETACCCcatcaccateatcaccactaa>5999
4 NAA<2
1039 >1039
943 >543
1043 >1043
926 >926
923 >923
1001 >1001

96<TTGGGTTGCTCATGGGAATTTATICCTGTAGATGATGGATGEGCAGAAAGGCCACTGT TACCAGAARCTGGAGGTACCCNTCACCNTCNTCACCAC~~~<1
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Figure 6-B: LAE alignment

Fri Apr 24, 2015 17:09 EDT

LAE.ape from 9 to 4742

Alignment to

3551 C02_LAE_ W5 006.seg-- Matches:53; Mismatches:5; Gaps:4676; Unattempted:0
31551 AOLl LAE W5 008.seq-- Matche|:958, Hzlmatcheuto Gaps:3776; Unattempted:0
31551 BO1 LAE 2326F 007.seq-- Matches:876; Misuutchesao, Gaps:3858; Unattempted:0
3551 D01 LAE 3065F 00%.seq-- Matches:772; Mismatches:0; Gaps:3962; Unattempted:0
3551 EO1 LAE 3727F 004.seq-- Matches:667; Mismatches:0; Gaps:4067; Unattempted:0
3551 AO3 LAE 4502F 0l6.seg-- Matches:801; Mismatches:0; Gaps:3933; Unattempted:0
3551 AD2 LAE 5268F 008.seg-- Matches:684; Mismatches:0; Gaps:4050; Unattempted:0

* - ~ * * - * * * -
9> TCTATGAAACCAACTGAAAACAATGAAGATTTCAACATTGTAGCTGTAGCTAGCAACTTTGCTACAACGGATCTCGATGCTG> 108
1>= ATCTATGAAACCRACTGAAAACAATCAAGATTTCAACATTGTA =~ = == = oo >58
L TTTICAACATTGTAGCTGTAGCTAGCAACTTTGCTACAACGGATCTCGATGCTG> 7

68> — >68
193w mm o ———— - o ~~=>199
304> >304
156 - ——— ——— - ~>156
1843~ mmm e >184
* - * * * - * * * b3
209>CCTGTCACACATCAAGTGTACACCCARAATGAAGAAGT TTATCCCAGGAAGATGCCACACCTATGAAGGAGACAAAGAAAGTGCACAGGGAGGAATAGGA> 308
58 - - - >58
198>CCTGTCACACATCAAGTGTACACCCARAATGAAGAAGTTTATCCCAGGAAGATGCCACACCTATGAAGGAGACAAAGAAAGTGCACAGGGAGGRAATAGGA>297
68> >68
1993 mmmm ———— - e ~~~>199
304> >304
LB B30 - e ~~~>156
184 ———— ———— - >184
* b3 * * * - * * * -
309>GAGGCTATTG!!GACAETCCTGAAAETCCTGGG!!TAAGGATTTGGAACCCAIGGHACAAT!CATTGCACAAG!!GACCTATGTG!AGAC!GCACAAG!G>408
---------------------------------- ~——~>58
2 9 8>GAGGC TATTGTTGACATTCCTGAAATTCCTGGGTTTAAGGATTTGGAACCC, ATGGAACAATTCATTGCACAAG'I’KSACCTATGTG'IAGAC TGCACAACTG>397
68> >68
1993~ mmm ———— e ~>199
304> >304
1563~ mmm ———— - e ~~~>156
184 ———— ——— - >184
* b3 * * * - * * * -
409>GATGCCTCARAGETCTTGCCAATGTGCARTGTTC TIGAT T TACTCAAGAAATGECTGCCACARAGATGTGCAACTTTTGCTAGCAARATTCARGGCCARGT> 5 08
5B e ——~>58
3985CATGCCTCARAGE TCTTGCCAATCTECARTCTTC TGAT T TACTCAAG ARATGECTECCACAAAGATGTGCAAC T TT TG TAGCAAAATTCAAGGCCARGT> 197
68> >68
199 ———— ——— - >199
304> >304
156 ———— ———— - >156
184>~ mmmm ———— - e ——=>184

498>GGACAAAATAAAGGGTGCCGGTGGTGATGGATCCCTTTCTGARGACAATGGGGTAGACTTTAATAAAAATACTGCC CTCGACAAAAACTA’I‘.[‘TATTAAAT>5 9 7

68> >68
199 - ———— ———— - ~>199
304> >304
156 - ———— ———— - ~>156

184 ———— ———— - >184
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* - * * * - * * * -

4509 DG AT AC TG ACCAGC T TA A C A G TAATAGTGACTC TG AR TG TCC CC TG TCCCACGATGGGTACTGCC TCCATGATGGTGTGTGCATGTATA> 1608
58>~~ —~—— ~~~>58
1002 ~=~=~>1002
943 ———>543
971 ~~~>971
970 ——=>970
957 ~—=2457

635> TTTGATATAAATACTGGAGCAGCTTTAACTAGTAATAGTGACTCTGAATGTCCCCTGTCCCACGATGGGTACTGCCTCCATGATGGTGTGTGCATGTATA>T 34

* - * * * - * * * -

45097 TGO AT GG A A G A TG A T GCAAC T T T TG TTGGC TAC AT CGGGGAGCGATGTCAGTACCGAGACCTG ARG TGSGAACTCCGCTTACERGR 1108
58 e
1002 ~~=~>1002
943 ~—=>943
971 ~~=~>971
970 ~==~>970
957 ———>457

735>TTGAAGCATTGGACAAGTATGCATGCAACTGTGT TG TTGGC TACATCGGGGAGCGATGTCAGTACCGAGACCTGAAGTGGTGGGAACTGCGCTTACCAGA>E34

* - * *
4709> 9t acc NN 22> 4112
09 BACEGERC 247

1002 >1002
943 >943
971 >971
970 >970

>957

835>AACTGGAGGTACCCATCACCATCATCACCACTAR>868
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Figure 7-B: LAYV alignment

Thu
PAD

Jul 30, 2015 17:22 EDT
80414 (Luc_TcdA VEGF).ape from 9 to 5561

Alignment to

3591
3501
3501
3591
3591
3501
3501
3501

A07 LAV W5 032.seq-- Matches:945; Mismatches:6; Gaps:4602; Unattempted:0
DO8 LAV 2326F 029.seq-- Matches:945; Mismatches:0; Gaps:4608; Unattempted:0
EO8 LAV 3065F 028.seq-- Matches:734; Mismatches:0; Gaps:48l19; Unattempted:0
D07 LAV _3727F 029.seq-- Matches:579; Mismatches:(; Gaps:4974; Unattempted:0
HOB_ LAV _4502F 025.seq-- Matches:870; Mismatches:0; Gaps:4683; Unattempted:0
BO09 LAV _526BF 039.seqg-- Matches:707; Mismatches:0; Gaps:4B846; Unattempted:0
BOB LAV W3 031.seg-- Matches:693; Mismatches:0; Gaps:4860; Unattempted:0
AO8 LAV _VF 032.seq-- Matches:120; Mismatches:0; Gaps:5433; Unattempted:0

- * L - b - * * ~ -

9>atggtecaaaCTAGLAGATCTATGAAACCAACTGAAAACAATGAAGATTTCAACATTGTAGCTGTAGC TAGCAACTTTGCTACAACGGATCTCGATGCTG> 108
1>~~GNNCC~-NNCTAGTAGATC TATGAAACCNACTGAAAACAATGAAGATTTCAACATTGTAGCTGTAGC TAGCAACTTTGCTACAACGGATCTCGATGCTG>97

195~ —— - - ~>19

2195~ - - - ~»219

286>A >286
87> — —— - ~>87

1855~ —— —— ~>185

802<A <802

5595~ - - ~>559

- * * ~ b - * * * -

109>ACCGTGGTARATTGCCCGGAAAAAAATTACCACTTGAGGTACTCAAAGARATGGAAGCCAATGC TAGGAAAGCTGGCTGCACTAGGGGATGTCTGATATG>208
98>ACCGTGGTARATTGCCCGGAAAAAAATTACCACTTGAGGTACTCAAAGARATGGAAGCCAATGC TAGGAAAGC TGGCTGCACTAGGGGATGTCTGATATG>197

19> >19
219 ~>219
286> >286
87> >87
185> >185
B02< <802
559 >559
- * * * - - * * * -

209>CCTGTCACACATCAAGTGTACACCCAAAATGAAGAAGTT TATCCCAGGAAGATGCCACACCTATGAAGGAGACAAAGAAAGTGCACAGGGAGGAATAGGA> 308
198>CCTGTCACACATCAAGTGTACACCCARAATGAAGAAGTTTATCCCAGGAAGATGCCACACC TATGAAGGAGACARAGAAAGTGCACAGGGAGGAATAGGA>297

19 >19
219 >219
286> >286

87> >87
185 >185
802< <802
559> >559

b d * * * - - * * * -

309>GAGGCTATIGT TGACATTCCTGAAATTCCTGGGTT TARGGATT TGGAACCCATGGAACAATTCATTGCACAAGTTGACCTATGTGTAGACTGCACAACTG>408
298>GAGGCTATTGTTGACAT TCCTGARATTCCTGGGTT TAAGGATT TGGAACCCATGGAACAATTCATTGCACAAGTTGACCTATGTGTAGACTGCACAACTG>397

19 >19
219> >219
286> >286

87 >87
185 >185
802< <802
559 >559

* * * * - - * * * -

409>GATGCCTCAAAGGTCTTGCCAATCTGCAATGT TCTGATT TACTCAAGARATGGC TGCCACAAAGATGTGCAACTTTTGCTAGCAAAATTCAAGGCCARGT>508
398>GATGCCTCAAAGGTCTTGCCAATGTGCAATGTTCTGATT TACTCAAGAAATGGC TGCCACARAGATGTGCAACTT TTGC TAGCARAATTCAAGGCCARGT>497

19> >19
219 >219
286> >286

87 >87
185> >185
802< <802

559 >559
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* * * * * * * * * *
509>GGACAAAATAARGGGTGCOGGTGETGATYGATCCC T TTC TGAAGACAATGGEGTAGACTITAATAAAAATACTGCCCTCGACARRAACTATTTATTARAT>608
498>GGACAAAATAAAGGGTGCCGGTGETGATGGATCCC T TIC TGAAGACAATGGGEGTAGACTTTAATAAAAATACTGCCCTCGACAAAAACTATTTATTARAT>597

19 >19
219 >219
286> >286

87 >87
185> >185
802< <802
559> >559

b d * * * - b d * * * -
4509>TTTGATATARATACTGGAGCAGCTT TAAC TAGTACGGACAGACAGACAGACACCGCCCCCAGCCCCAGCTACCACCTCC TCCCOGGCCGGOGGCEEACAG> 4608

51 >951

964> >964

953> >953

864 >864

957 >957

634>TTTGATATAAATACTGGAGCAGCTT TAAC TAGTACGGACAGACAGACAGACACCGCCCCCAGCCCCAGCTACCACCTCCTCCCOGGCCGGOGGCGEACAG>T33

802< <802
559> >559
£ * * * - £ d * * * -
4609>TCGACGCGEECGECGAGCCECGGECAGEEGCCGGAGCOCGCGCCOGGAGECGEGGETCGAGGEEETCEEGECTCEGGOGTOGCACTGARAACTITTCGTCCA>4 708

§51> >951

964 >964

953 >953

864 >864

957> >957

734> TCGACCCEECGECGAGCCEIGEECAGEEECCGEAGCCCGCECOGGAGECEEEETEEAGEEEETCEEGECTCECGGOETOCCACTGAARCTTTTOCTCCA>E33
802< <802

559 >559

£ d * * * - b d * * * -
4709>ACTTCTGEECTETTCTCGCTTCEEAGGAGCCGTEETCCGCELGEEEEAAGCCGAGCCGAGCGEAGCCGOGAGAAGTGC TAGC TOGGGCCGEEAGGAGCCG>4808

51 >951

964> >964

953> >953

864 >864

§57> >957

834>ACTTCTGEECTGTTCTCGCTTCGEAGGAGCCGTGETCCGCELGEEGGARGCCGAGCCGA: >892

801« GCCGAGCGCAGCCGOGAGAAGTGCTAGCTCGGGCCGEEAGGAGCCG<T56

559> >559

- * * * - - * * * -
4809>CAGCCCGACGAGGGGEAGCAGGAAGAAGAGAAGCAAGAGGAGAGEEGECCGCAGTEGGCEACTCGGOGCC TCGGAAGCCCGEC TCATGGACGEETGACGGOGG>4908
951> >951

964 >964

953> >953

864 >864

957> >957

892> >892
755<CAGCOGGAGGAGEGEEAGCAGGARGAAGAGARGCAAGAGGAGAGEGEECCECAGTEECEAC TCGEOGC TCGGAAGCOGEEC TCATGGACGEETGAGGOGG<656
559> >559
£ d * * * - - * * * -
4909>0GGTETGCCCAGACAGTGCTCCAGCOGCGOGCGCTCCCCAGECOCTGECCOGGECCTCEEGCCGGEEAGEAAGAGTAGC TCGCOCAGECGCCGAGGAGAG>5008

51 >951

964 >964

953> >953

864> >864

957 >957

892 >892

£55<CGGETEGTGOGCAGACAGTGCTCCAGCOGCGOGCGCTCOCCAGGCCCTGECCOGGGCCTCEEGOCGGEEAGGAAGAGTAGCTCGCCGAGEGCGCCGAGGAGAGS556
559> >559
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* * * * * * * * * *
5009>CGGGCCGCCCCACAGCCCGAGCOGGAGAGGEAGCGCGAGCOGCECCGECCCCGGETCGGECCTCCGARACCATGAACTITCTGCTGTCTTGGECTGCATTGG>5108
951> >951
964 >964
953> >953
864 >864
957 >957
892> >892
555<CGGGCCGCCCCACAGCCCGAGCCGGAGAGEEAGCGCGAGCOGCGLCGECCOCGETCGGECCTCCGARACCATGAACTITCTGCTGTCTTGGETGCATTGG<456
559 >559

* * * * * * * * * -
5109>AGCCTTGCCTTGCTGCTCTACCTCCACCATGCCAAGTGGTCCCAGGC TGCACCCATGGCAGARGGAGGAGGGCAGAATCATCACGAAGTGGTGARGTTCA>5208
951 >951
964 >964
953> >953
864 >864
957> >957
892 >892
455<AGCCTTIGCCTTGCTGCTCTACCTCCACCATGCCAAGTEGTCCCAGGC TGCACCCATGGCAGAAGGAGGAGGGCAGAATCATCACGAAGTGGTGARGTTCA<356
559 >559

5209>TGGATCTCTATCAGOGCAGCTACTGCCATCCAATCGAGACCCTGETGGACATC TTCCAGGAGTACCC TGATGAGATCGAGTACATC TTCARGCCATCCTG>5308

951> >951
964> >964
953> >953
864> >864
957> >957
892> >892
355<TGGATCTCTATCAGOGCAGC TACTGCCATCCAATCGAGACCC TGETGGACATC T TCCAGGAGTACCCTGATGAGATCGAGTACATC TTCAAGCCATCCTG256
559> >559
* * * * * - * * * *
5309>TGTGCCCCTGATECGATGOGGGEECTEC TGCAATGACGAGGECCTGGAGTGTGTGCCCACTGAGGAGTCCAACATCACCATGCAGATTATGCGGATCARA>5408
951> >951
964> >964
953> >953
864> >864
457> >957
892> >892
255<TGTGCCCCTGATGCGATGOGGGEECTGCTGCAATGACGAGGECCTGGACTGTGTGCCCACTGAGGAGTCCAACATCACCATGCAGATTATGCGGATCARA<]S56
559> >559
* * * * * * * * * *
5409>CCTCACCARGGCCAGCACATAGGAGAGATGAGCTTCCTACAGCACAACAAATGTGAATGCAGACCARAGAAAGATAGAGCAAGACAAGAAAAATGTGACA> 5508
451> >951
964> >964
953> >953
864> >864
957> >957
892> >892
155<CCTCACCARGGCCAGCACATAGGAGAGATGAGCTTCCTACAGCACA <110
560> TTCCTACAGCACAACAAATGTGAATGCAGACCARAGAAAGATAGAGCAAGACAAGAARAATGTGACA>626
* * * * * *
5509>ACCCGAGGCGGTTACCAGARACTCGAGgtacccatcaccatcatcaccactaa>5561
951> »951
964> >964
953> >953
864> >864
957> 957
892> >892
110< 110

€2 7>AGCCGAGGCGGTTACCAGARACTGGAGGTACCCATCACCATCATCACCACTAR>6TY
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Figure 8-B: LAB alignment

Thu

PAD
Alig

3591
3591
3591
3501
3591

3591

3591

1

1

1

1

Jul 30, 2015 18:07 EDT

80415 (Luc_TcdA BoNT).ape from 9 to 5891

nment to

E09 LAB3 WS 036.seq-- Matches:980; Mismatches:3; Gaps:4900; Unattempted:0
FO09 LAB3 2326F 035.seq-- Matches:885; Mismatches:0; Gaps:4998; Unattempted:0
GO9 LAB3 _3065F 034.seq-- Matches:764; Mismatches:0; Gaps:5119; Unattempted:0
HO9 LAB3 3727F 033.seq-- Matches:557; Mismatches:l; Gaps:5325; Unattempted:0
B10 LAB3 _4502F 039.seg-- Matches:841; Mismatches:l; Gaps:5041; Unattempted:0
_D10_LAB3 _5268F 037.seq-- Matches:845; Mismatches:l; Gaps:5037; Unattempted:0
_E10 LAB3 W3 036.seq-- Matches:1021; Mismatches:3; Gaps:4859; Unattempted:(

- * * ~ - L *
9>atggteccaaaCTAGLAGATCTATGAAACCAACTGAAAACAATGAAGATTTCAACATTGTAGCTGTAGC TAGCAACTTTGCTACAACGGATCTCGATGCTG>108
1PNTem e e AGTAGATCTATGAAACCNACTGAAAACAATGAAGATTTCAACATTGTAGCTGTAGC TAGCAACTTTGCTACARCGGATCTCGATGCTG>90

5B e e e e ~>58
198> - e e e e ~>198
290>A >290
T 5 e e e e e e e e e e e e e e ~>75
145 - - >145
025« —~—— ——— <1025
- * * - - - *
109>ACCGTGGTARATTGCCCGGAAAARAATTACCACTTGAGGTACTCARAGAAATGGAAGCCAATGC TAGGARAGC TGGC TGCACTAGGGGATGTCTGATATG>208
91>ACCGTGGTAAATTGCCCGGARAAAAATTACCACTTGAGGTACTCARAGAAATGGAAGCCAATGC TAGGAAAGC TGGCTGCACTAGGGGATGTC TGATATG>190
58 - >58
198> >198
290> >290
75 >75
145> >145
025< 1025

* * * * * *

*

209>CCTGTCACACATCAAGTGTACACCCARRATGAAGAAGTT TATCCCAGGAAGATGCCACACCTATGAAGGAGACAAAGAAAGTGCACAGGGAGGAATAGGA> 308
191>CCTGTCACACATCAAGTGTACACCCAAAATGAAGAAGTT TATCCCAGGARGATGCCACACCTATGAAGGAGACARAGAAAGTGCACAGGGAGGAATAGGA>290

58> >58
198 >198
290> >290
75> >75
145 >145
025< 1025

- * * * - -

*

309>GAGGCTATTGT TGACATTCCTGARATTCCTGGGTT TAAGGATT TGGAACCCATGGAACAATTCATTGCACAAGTTGACCTATGTGTAGACTGCACAACTG>408
291>GAGGCTATTGT TGACAT TCCTGAAATTCCTGGGTT TAAGGATT TGGAACCCATGGAACAATTCATTGCACAAGTTGACCTATGTGTAGACTGCACAACTG>390

58 >58
198> >198
290> >290

75 >75
145> >145
025< 1025

* * * * * *

*

409>GATGCCTCARAGGETCTTGCCAATGTGCAATGTTCTGATT TACTCARGARATGGC TGCCACAAAGATGTGCAACTTTTGC TAGCARAATTCAAGGCCARGT>508
391>GATGCCTCARAGGTCTTGCCAATGTGCAATGTTC TGATT TACTCAAGARATGGC TGCCACARAGATGTGCAACTT TTGC TAGCARAATTCARGGCCARGT>490

58> >58
198! >198
290> >290
75> >75
145 >145
025< <1025
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- * * * - - * * * -

509>GGACAAAATAAAGGGTGCOGGTGETGATYGATCCCTTIC TGAAGACAATGGGGTAGACTITAATARAAAATACTGCCCTCGACARAAACTATTTATTARAT>608
49 1 >GGACAAAATAAAGGGTGCOGGTGETGATGGATCCCTTTIC TGAAGACAATGGEGTAGACTITAATAAAAATACTGCCCTCGACARAAACTATITATTARAT>590

58> >58
198> >198
290> >290
75> >75
145> >145
1025< <1025
- * * * - - * * * b d
4509>TTTGATATAAATACTGGAGCAGCTT TAAC TAGTAGAT TAT TATC TACAT T TAC TGAATATATTAAGAATAT TATTAATACTTCTATATTGAATTTAAGAT>4608
983. >983
943> >943
962> >962
847> >847
917> >917
634>TTTGATATARATACTGGAGCAGCTT TAACTAGTAGAT TAT TATCTACATT TACTGAATATAT TAAGAATATTATTAATACTTCTATATTGAATTTAAGAT> 733
1025< 1025
- * * * - - * * * -
4609>ATGAARGTAATCAT TTAATAGACTTATC TAGG TATGCATCARAAA TAAA TATTGGTAGTAAAGTARATTITGATCCAATAGATARRAATCARATTCAATT>4 708
983> >983
943 >943
962> >962
847 >847
917> >917
734>ATGARAGTAATCAT TTAATAGACTTATC TAGG TATGCATCAAA AR TARATATTGGTAGTAAAGTAAATTTTGATCCAATAGATAAAAATCARATTCAATT>833
1025< 1025
- * * * - - * * * -
4709>ATTTAAT TTAGAAAGTAGTAAAATTGAGG TAA T TT TAAAAAATGC TAT TG TATATAATAGTATGTATGAAAATTTTAGTACTAGCTTITGGATAAGAATT>4808
983> >983
943> >943
962> >962
847> >847
917 >917
B834>ATTTAAT TTAGAAAGTAGTARAATTGAGGTAATTT TAAAAAATGC TATTGNATATAATAGTATGTATGARAATITTAGTACTAGCTTITGGATARGAATT>933
1025< <1025
- * * * - - * * - -
4809>CCTAAGTATT TTAACAGTATAAGTC TARA TAATGAATATACAATAATARA TTGTATGGAAAATAATTCAGGATGGARAGTATCACTTAATTATGGTGARA> 4908
983 >983
943> >943
962 >962
847> >847
917> >917
934>CCTAAGTATTTTAACAGTATAAGTCTAAATAATGAATATACAATAATARATTIGTATGG >991

1024< GGAAAATAATTCAGGATGGARARGTATCACTTANTTATGGTGARA<IBL
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- * * - - - * * * -
4909>TAATCTGGACT TTACAGGATAC TCAGGAAA TAARACAAAGAGTAGT TTTTARATACAGTCAAATGATTAATATATCAGATTATATAAACAGATGGATTTT>5008
983 >3983
943> >943
962> >962
847> >847
917 >917
91 >991

$80<TAATCTGGACT TTACAGGATACTCAGGAAA TAARACARAGAGTAGT T TITAAATACAGTCARATGATTAATATATCAGATTATATAARCAGATGGATTIT<881

* * * * * - * * * *
5009>TGTAACTATCACTAATAATAGATTAAATAAC TCTAAAAT T TATATAAATGGAAGATTAATAGATCAAAARCCAATTTCARATTTAGGTAATATTCATGCT>5108
983> >983
943> >943
962 >962
847 >847
917> >917
991> >991

B880<TGTAACTATCACTAATAATAGATTAAATAACTCTAAAATTTATATAAATGGAAGATTAATAGATCAAAAACCAATTTCARATTTAGGTAATATTCATGCT< 781

- * * * - b d * * * -
5109>AGTAATAATATAATGT T TARA T TAGATGG T TG TAGAGATACACATAGATATAT TTGGATAAAATATTT TAATCTT TTIGATAAGGAATTAAATGARARAG>5208
983> >983
943 >943
962> >962
B4T7> >847
917> >917
91 >991

T80<AGTAATAATATAATGT T TAAA T TAGATGG T TG TAGAGATACACATAGATATAT TTGGATAAAATATTT TAATCTT TTTGATAAGGAATTARAATGARAARG<68 L

- * * * - - * * * -
5209>ARATCAAAGAT TTATATGATAATCAATCAAATTCAGGTAT TTTARRAGAC T TTTGEGGGTGAT TAT TTACAATATGATAAACCATACTATATGTTARATTT>5308
983> >983
943> >943
962> >962
847> >847
917 >917
$91> >991

68 0<ARATCAARGAT TTATATGATAATCAATCAAA T TCAGGTAT TTTAAAAGACTTT TGGGGTGATTAT TTACAATATGATAAACCATACTATATGTTARATTT<581

* * * * * * * * * *
5309>ATATGATCCAAATAAATATGTCGATGTAAATAATGTAGGTATTAGAGGTTATATGTATCTTARAGGGCCTAGAGGTAGCGTAATGACTACARACATTTAT>5408
983> >983
943> >943
962 >962
847> >847
$17> >917
991> >991

580<ATATGATCCAAATAAATATGTCGATGTAAATAATGTAGGTATTAGAGGTTATATGTATCTTAAAGGGCCTAGAGGTAGCGTAATGACTACAAACATTTAT<481
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- * * * - - * * * -
5409>TTAAATTCAAGTTTGTATAGGGGGACARAATT TAT TATAAARAAATATGC TTCTGCAAATAAAGATAATATTGTTAGAAATAATGATCGTGTATATATTA> 5508
983 >983
943 >943
962 >962
847 >847
917 >917
991> >991

480<TTAAATTCAAGTTTGTATAGGGGGACAAAATT TAT TATAAARAAATATGC TTCTGGAAATAAAGATAATATTGTTAGAAATAATGATCGTGTATATATTA<381

- * * * - - * * * -
5509>ATGTAGTAGT TARAAATAAAGAATATAGGTTAGC TACTAATGCATCACAGGCAGGCGTAGAAAAAATACTAAGTGCATTAGAAATACCTGATGTAGGAAA>5608
983 >983
943> >943
962> >962
847> >847
917> >917
991> >991

380<ATGTAGTAGT TAAAAATAAAGAATATAGGTTAGCTACTAATGCATCACAGGCAGGCGTAGAARAAATACTAAGTGCATTAGAAATACCTGATGTAGGARA<281

* * * * - - * * * -
5609>TCTAAGTCAAGTAGTAGTAATGAAGTCAAAARAATGATCAAGGAATAACAAATAAATGCAAAATGAATT TACAAGATAATAATGGGAATGATATAGGCTTT>5708
983> >983
943> >943
962> >962
847> >847
917> >917
991> >991

280<TCTAAGTCAAGTAGTAGTAATGAAGTCAAARAATGATCAAGGAATAACAAATAAATGCARAATGAATT TACAAGATAATAATGGGAATGATATAGGCTIT<181

- * * * - - * * * -
5709>ATAGGAT TTCATCAGTT TAATAATATAGC TAAAC T TG TAGCAAGTAATTGGTATAATAGACAAATAGAAAGATC TAGTAGGACTTTGGGTTGC TCATGGG>5808
983> >983
943> >943
962> >962
847> >847
917 >917
991 >991

180<ATAGGAT TTCATCAGT T TAATAATATAGC TARAC T TG TAGCAAGTAATTGGTATAATAGACARATAGAAAGATC TAGTAGGACTITGEGGTTGC TCATGEG<81

- * * * * - * * *
5809>AATTTATTCCTGTAGATGATGGATGCCGAGAAAGGCCACTGTTACCAGAAACTGGAGGTACCcatcaccatcatcaccactaa>5891
983 >983
943> >943
962> >962
847> >847
917> »917
991> »991

80<AATTTATTCCTGTAGATGATGGATGGEGAGAAAGGCCACTGTTACCAGAAACTGGAGGTACCCNTCACCATCNTCACCAC~~~<1
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Appendix C: TedC sequence alignments

Figure 1-C: TcdC"*€ alignment

Tue Mar 07, 2017 15:44 EST
pAB 020401(TcdC152 pET30a).ape from 5079 to 5537

Alignment to
3699 _A0B TcdC152 #3 T7 032.seg-- Matches:459; Mismatches:0; Gaps:0; Unattempted:0

35T TA AT A BT T AR A AR TANTCT e CCACCACCACCACCACCACTORS 193
435> TCGAGCACCACCACCACCACCACTGA>493

Figure 2-C: TedC'*™" alignment

Tue Mar 07, 2017 15:46 EST
pAB 020402(TcdC152N pET28a).ape from 5131 to 5592

Alignment to
3728_HO09 _N-TcdCC-8__T7 _033.seqg-- Matches:462; Mismatches:0; Gaps:0; Unattempted:0
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Abstract

DEVELOPMENT OF STUDENT DATA VISUALIZATION
TOOL, ADAPTION OF CLOSTRIDIUM DIFFICILE TOXIN A
INTO PROTEIN DELIVERY VEHICLE, AND ELUCIDATION

OF TCDC MECHANISM OF TOXIN CONTROL

ADAM BOYDEN
August 2017

Dr. Andrew Feig, Chemistry (Biochemistry), Masters

Advancing student success in higher education is of paramount importance, and is in
need for a tool that visualizes student data in a longitudinal manner. Student Circos plots achieve
this by plotting student data in circular plots, depicting the timeline and grades for students
selected by demographic or performance information. Cellular delivery of exogenous proteins is
a bountiful area of research. However, most current systems have limited in vivo applications and
most lack cellular specificity. By adapting Toxin A from Clostridium difficile, the goal was to
create a cell specific protein delivery vehicle that would be robust in vivo. However, the chimeric
constructs produced were unable to be isolated for study. Control of Toxin A and B in C. difficile
has been linked to the protein TcdC. However , no clear mechanism has been developed and
there is debate on whether TcdC truly plays a role in toxin production. The goal of this project
was to identify DNA or RNA molecules within C. difficile that could behave as a protein sink,
binding TcdC and preventing the native behavior. Recreation of TcdC binding DNA molecules

that adopt a G-quartet structure was not successful and further analyses was not carried out.
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