


























C). Trypanosoma Brucei Morphology. African trypanosomes have a single
flagellum and mitochondria DNA termed the kinetopast (11). The microtubule corset
encompasses the cell, giving the parasite its shape (12). The flagellum helps with the
mobility of the parasite and is given form by both the flagellar axoneme and paraflagellar
rod. The paraflagellar rod in particular forms a unique crystalline structure that constitutes
the majority of the flagellum. Due to the compactness of the corset microtubule, the only area
of molecular exchange (endocytosis and exocytosis) can occur is at the flagellar pocket (FP).
Endocytosis has been shown to be of major importance to the Bloodstream form (13). At the
base of the flagellum is the basal body and beneath that is mitochondria DNA, coined the
kinetoplast (11). Within the kinetoplast, there are two different types of DNA: called the
maxicircles and minicircles, which represent 30% of the total genome. The minicircles
encode guide RNAs which are involved in RNA editing. While, the maxicircles are

analogous to mitochondrial DNA. The common structure of T.brucei is shown in figure 3.
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Figure 3. Common Morphological traits of Trypanosoma Brucei. A. The flagellum moves its
way toward the anterior of cell and is composed of the flagellar axoneme (FA), paraflagellar rod
(PFR) and attaches to the flagellum attachment zone (FAZ, red). B. The flagellum is shown to be
exiting the flagellar pocket (FP) and the basal body (BB)is shown, which lies above the

kinetoplast (K) (11).



T. brucei goes through many different morphological changes throughout its life
cycle and is best explained using the cellular division of the procyclic form. Since it is a
eukaryotic organism, it contains the Gi-, S-, M-, and G2 phases and has defined periods
where chromosomal replication and nuclear division occurs. In the G1 phase, the parasite
contains one flagellum, one kinetoplast, and one nucleus. Upon entering the S phase, nuclear
and mitochondrial DNA replicate and the pro-basal body morphs into a second basal body,
where the new flagellum begins to form. Once the flagellum reaches a certain growth point, a
new flagellar pocket form. This new flagellum causes the daughter basal body (includes
kinetoplast) to be pushed away from the parental basal body and the cell enters the G2 phase
with two kinetoplasts, two flagellum, and one nucleus. Once the M phase is reached a new
nucleus is made and the daughter flagellum is thought to help facilitate cytokinesis. After
cytokinesis, two daughter procyclic trypomastigotes cells are made. It is important to note
that incorporation of tubulin subunits into the cytoskeleton at the posterior end of the
dividing cell and the tip of the daughter flagellum during growth, could be regulated at the

RNA level (11). Each of the phases are indicated in figure 4.



Figure 4. Morphological changes throughout Life Cycle. In I. the cells have 1 flagellum (F), 1
kinetoplast (K), 1 nucleus (N), and the basal body (BB). In Il the K has duplicated and a new
daughter flagellum can be seen. After the daughter flagellum reaches a certain growth stage, the
growth of a new flagellar pocket occurs, and its continued growth also causes the daughter BB
and K to be pushed away from the parent BB (111). The division of the nucleus is shown and is
now in the 2K2F2N configuration (1V). Cytokinesis occurs and gives rise to 2 daughter procyclic

trypomastigote cells (V) (11).



D). Antigenic variation in Trypanosoma Brucei. Variant surface glycoproteins
(VSGs) are encoded by tightly regulated genes, and help them invade the hosts immune
system. VSGs are anchored onto the cells surface as homodimers by
glycosylphosphatidylinositol. They are approximately formed by 10 million molecules and
represent 20% of the total cellular protein. VSGs contain a N-terminal domain and several C-
terminal domains, which are connected via a flexible linker. The basic structure of the VSG
coat can be seen in Figure 5. There is a conserved tertiary structure even though the sequence
varies between each VSG (15). In order to evade the immune system of its host, it switches
its VSG coat periodically. One method it employs is VSG gene rearrangement. Subtelomeres
are places where chromosomal rearrangement frequency occurs and T. brucei uses this to its
advantage. DNA breaks can occur at the active subtelomeric VSG locus, where DNA
resection occurs and initiates recombination. This has shown to be crucial for VSG switching

(16).
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Figure 5. Basic Structure of Variant Surface Glycoproteins (VSGs). (A) A model of VSG221
dimer is showing the N-terminal domain, a monomer is blue and one in grey, and two C-terminal
domains in purple. In the N-terminal domain, there is a N-linked oligosaccharide shown in red

(15).



E). Disease and Symptoms. There are two main stages of HAT: The haemo-
lymphatic period and the meningo-encephalitic stage. The haemo-lymphatic period occurs
when the parasite invades the lymphatic system and the blood. The parasite begins to
proliferate, which results in the common signs including intermittent fever, join pain,
lymphadenopathy. and hepatosplenomegaly. The meningo-encephalitic stage takes place
when the parasite invades the central nervous system by crossing the blood brain barrier,
which causes an encephalitic reaction that commonly leads to death. Additionally, the first
stage symptoms dissipate and neurological problems arise such as sensory disturbances (deep
hyperaesthesia) and disturbances of the sleep cycle (21).

Both T. b. rhodesiense and T. b. gambiense are known to cause HAT. During the first
stage of infection, T. b. rhodesiense has a shorter incubation period (<3weeks) and the
disease progresses more rapidly with an increased severity of symptoms. Entering the second
stage for T. b. gambiense takes around 300-500 days, while T. b. rhodesiense occurs between
3 weeks and 2 months (21). In either case, gambiense and rhodesiense are hard to

differentiate and require multiple laboratory tests.

F). Treatments. Diagnosis of HAT can be very difficult and requires many years of
experience. Initially, you would use techniques such as a lymph node puncture or blood film
examination to detect if the parasite is within the blood. However, in T. b. gambiense, the
amount within the blood or lymph might be too low for detection and requires the above
procedures to be repeated. If the parasite was detected in the blood or lymph, a lumbar

puncture is done to determine what stage the disease is in (22).



The treatment of HAT is complicated and many of the drugs can cause death within
the patient. Currently only five drugs are available for treatment and they include suramin,
pentamidine, melarsoprol, eflornithine, and nifurtimox. Suramin is a drug produced by
scientists from the Bayer company, and is only used for treating stage 1 of the disease and is
used mainly for T. b. rhodesiense. The mechanism of how it works is unknown, but many
believe that it inhibits glycolysis of the bloodstream form. Pentamidine is also used to treat
stage 1 of the disease and is primarily used for individuals affected by T. b. gambiense.
Similar to suramin, pentamidine mode of action is not fully known, however the
mitochondrion of the bloodstream form seems to be a target. Melarsoprol is used for stage 2
of the disease and is the most widely used drug, even though 5-10% of patients suffer a
reactive encephalopathy (brain damage). It is known that the trypanosomes within the CNS
lyse rapidly when they come in contact with melarsoprol, but the exact mechanism is
unknown. Eflornithine is also used for stage 2 of the disease and is only useful against T. b.
gambiense. It acts as an inhibitor of the polyamine biosynthetic enzyme ornithine
decarboxylase (ODC) and without it, polyamine synthesis is decreased. ODC inhibition also
causes wrongful methylation of proteins, nucleic acids, and lipids. Finally, nifurtimox is
commonly used when melarsoprol fails and is used in combination with the other drugs listed
above. It is thought that the nitro group of nifurtimox is reduced and produces a free radical,
which many interact with cellular components or generate reduced oxygen metabolites that

may cause cell death (23). Drugs used to treat HAT are listed in figure 6.



West African trypanosomiasis

Stage [

First line: pentamidine

Second line: eflornithine or melarsoprol

Stage 2

First line: melarsoprol

Second line: eflornithine

East African trypanosomiasis

Stage 1

First line: suramin

Second line: melarsoprol

Stage 2

First line: melarsoprol

Second line: nifurtimox combined with melarsoprol

Figure 6. Drugs used for the treatment of West African Trypanosomiasis

(gambiense) and East African Trypanosomiasis (rhodesiense). As shown above, in
rhodesiense suramin is commonly used for stage 1, while in gambiense pentamidine is used. In

the 2" stage, the first drug of choice is melarsoprol for both or in combination with nifurtimox in

rhodesiense.



G). Protein Arginine Methylation in Trypanosoma brucei. T. brucei employs
protein arginine methylation as a way of controlling gene expression, RNA processing, and
protein localization. Protein arginine methylation is a post-translation modification, in which
methyl groups are added from S-adenosylmethionine to nitrogen atoms on arginine residues
in proteins. This is catalyzed by enzymes know as protein arginine methyltransferases
(PRMTS). There are there major types of PRMTs found in T. brucei, and they all catalyze the
formation of ®-N¢-monomethylarginine (MMA). Type | has been shown to catalyze the
formation of ®-N¢, Né-asymmetric dimethylarginine (ADMA), while type Il catalyzes o-
N¢,N’é-symmetric dimethylarginine (SDMA). Type Il catalyzes w-N¢-monomethylarginine

(MMA) only.

In T. brucei, gene expression is largely regulated by mRNA binding proteins that help
stabilizes transcription and increase the efficiency of translation. Methylation of some of
these proteins by Trypanosoma brucei PRMTs (TbPRMTs) may impact their function,
localization, and protein/protein interactions. TOPRMT1, which is the PRMT that is the
object of study in this paper, has shown to have an impact on virulence when down regulated
(17). TOPRMT1, a type 1 PRMT, is shown to be involved primarily in RNA editing and
helps control the mRNA-stabilization and -destabilization of the RNA binding protein
DRBD18 in procyclic trypomastigotes only (18). There are two more type 1 PRMTs, and
they are TOPRMT6 and TOPRMT3. TOPRMTG is essential for growth and cytokinesis, while
TbPRMTS3 is an enzyme that shares the most similarity for human PRMT3 and it not very

well characterized. The only type Il PRMT is TOPRMT5 and it methylate’s a wide range of



different substrates in vivo. Additionally, the only type I1l PRMT is TOPRMT?7 and it

produces MMA only.

H). Lipins and TbLpn in Trypanosoma brucei. Lipins are a family of
phosphatidate phosphatase (PAP) enzymes that catalyze the dephosphorylation of
phosphatidate (PA) to diacylglycerol (DAG) and phosphate. There are two types of PAP
enzymes: Mg?*- dependent PAP1 enzymes and Mg?*- independent PAP2 enzymes. In both
yeast and mammalian cells, PAP1 has been shown to be involved in de novo lipid synthesis
and PAP2 enzymes in lipid signaling. DAG is used for the production of triacylglycerol
(TAG), which helps form two types of glycerophospholipids, phosphatidylethanolamine (PE)

and phosphatidylcholine (PC).

TbPRMT1 has shown to interact with a notable protein that is homologous to both
yeast and human lipin, coined TbLpn. It contains a HAD-like domain with the active site
motif DXDXTX within the C-LIP (C-terminal ThLpn) domain. Additionally, it has been
shown that it contains a conserved glycine residue (Gly74), which was shown to be essential
for its enzymatic activity (Pelletier et al., 2013). Studies have also suggested it is primarily
localized within the cytoplasm in procyclic trypomastigotes. TbLpn is known to be involved
in membrane biogenesis, energy metabolism and adipose tissue development. In T. brucei,
the major phospholipids that constitute the membrane are PE and PC. In one study, down-
regulation of TbLpn using RNAI in procyclic trypomastigotes increased cellular PA content

and reduced TAG steady-state levels. This eventually led to the inhibition of growth in the



parasite after 8 days (20). Overall, TbLpn has been shown to be a key protein in the growth
and survival of T. brucei.

The objective of this paper is to determine the effect TbLpn methylation by
TbPRMTL1 and 7 has on its cellular localization. This is important to know because it is not
completely known where ThLpn goes after methylation and how it effects its function. The

area to which it localizes could give hints to which proteins it associates with.

I11. Materials and Methods.

A). Preparation of Cytosolic and Nuclear Extracts. The cells were spun down at
3,750 RPM for 10 minutes. There were then washed in 25 ml of Buffer A (150 mM sucrose,
20 mM KCI, 3 mM MgCl,, 20 mM Hepes, pH 7.9). They were then spun exactly the same as
before and resuspended in 0.5 ml of Buffer A. 0.2% NP-40 was added and the resulting
solution was passed through a 26-gauge needle 3 times. The solution was then spun at 13,000
RPM for 10 minutes and the cytosolic extract was recovered. The resulting pellet was
resuspended in 0.5 ml of Buffer A and passed through 26-gauge needles 15 times. It was
spun at 13,000 RPM for 10 minutes and the pellet was resuspended in 0.5 ml Buffer A and

the nuclear extract was recovered.

B). SDS-PAGE of the Cytosolic and Nuclear Extracts. The separating and
stacking gel were first made. Twenty microliters of both cytosolic and nuclear extracts from
PF T. brucei uninduced or induced for TOPRMT1 RNA interference were then put into four
separate tubes. Five microliters of loading sample buffer added, and each tube was heated for

five minutes at 100 °C. The gel was then soaked in electrophoresis buffer (25 mM Tris, 192



mM glycine, 0.1% SDS) before the addition of 5uL of PageRuler Prestained Protein ladder to
the first well (Waltham, MA, USA). 20 uL of each tube were then added to every other well.
The Tetra Vertical Electrophoresis cell (Hercules, CA, USA) was ran at 200 volts, containing

the gel, for 45 min. The exact procedure mentioned above was also done with TOPRMT7.

GLYCLINE 144 g
ELECTROPHORESIS-| 10.0¢
GRADE SDS
dH.O 1000 mL

Table 1. 10X SDS/electrophoresis buffer (0.25 M Tris, 1.92 M glycine, 1% SDS)

C). Antibodies. Affinity purified polyclonal anti-TbLpn antibodies were obtained
from Bethyl Laboratories, Inc. using a peptide corresponding to amino acids 791-806
(GLCNTSSENYQQGDTV). purchased through Bethyl Laboratories. Goat anti-rabbit
(GAR)-HRP was purchased from Thermo Fisher Scientific and was made by introducing

immunoglobulins from a rabbit to a goat, producing the antibodies.

D). Western Blot of the Cytosolic and Nuclear Extracts. After the separation of the
proteins by the Tetra Vertical Electrophoresis cell, the gel was placed in transfer buffer [10
mM N-cyclohexyl-3-aminopropanesulfonic acid (CAPS), pH 11.0 containing 10%

methanol] for 5 minutes. The gel was placed between a Whatman Filter Paper and a PVDF



membrane (Billerica, MA, USA) and then placed within a Gel Holder Cassette (Hercules,
CA, USA) for 45 minutes at 50 volts. Following transfer to the PVDF membrane, it was
soaked in 1X TBS for 10 minutes (made from 10X TBS from Table 2) and subsequently
incubated with 5g of dry milk in 50 mL of 1X TBS for 60 min. After this, the PVDF was
soaked in 1X TBS-T for 10 min, incubated with 1g of dry milk in 50 mL of 1X TBS-T, and
50 uL of anti-TbLpn for 120 mins. After the incubation with anti-ThLpn, the membrane was
washed 3 times, for 15 minutes each in 50 ml of 1X TBS-T containing 1 g of dry milk. The
next incubation was exactly the same as the anti-ThLpn one, except 5 uL of Goat anti-rabbit
(GAR)-HRP was used and rotated for 60 min. Finally, the PVDF membrane was soaked in

10 mL of both peroxide and enhancer solution for 5 min and then exposed to a film.

175¢

NaCl

Triss 2.42 g

dH.O 200 mL
pH 8.0

Table 2. 10X TBS.

NaCl 87.7¢
Tris 1211 ¢
Tween-20 5mL
dH.O 1000 mL
pH 8.0

Table 3. 10X TBS-T



E). Immunoprecipitation of the Cytosolic Extract. One hundred pL of cytosolic extract,
containing TbLpn, and 150 pL of Immunoprecipitation Buffer (IP) (20 mM Hepes (pH 7.9),
150 mM sucrose, 150 mM KCI, 3 mM MgClz, 0.7% protease inhibitor mix, 0.5% Nonidet P-
40) were put into two 1.5 mL tubes. An additional 50 ml of IP Buffer was placed into the
first tube, which acted as the negative control, while 50 pL of purified anti-TbLpn antibodies
was put into the second tube. After both tubes rotated for two hours at 4°C, 10 uL of Protein
A-Sepharose (GE Healthcare) was added and used to bind to anti-TbLpn in order to create a
complex that precipitates out of the solution. After the addition of Protein A-Sepharose, both
tubes were rotated at 4°C for one hour, and spun at 3,000 X g for 30 seconds and any
unbound proteins were removed and refrigerated. The pellets were repeatedly washed with 1
mL of IP buffer, rotated, and spun five times. In order to elute the bound proteins, 2 pL of
epitope peptide in 50 uL of IP Buffer was added to help remove the bound complex from the
target proteins. The tube containing the pellet was resuspended in 40 pL of water. An SDS-
PAGE was ran using a 10% separating and 5 % stacking gel. The wells were then loaded
with the amounts listed in Table 4. Following SDS-PAGE, Western Blot was performed and

the PVDF membrane was exposed to a film.



Well Contents of the well
#
1 PageRuler Prestained Protein ladder (5 pL)
2 Empty
3 A-Unbound (20 pL from tube + 5 pL dissolving sample buffer)
4 A-Eluted (16 pL from tube + 4 pL dissolving sample buffer)
5 A-Pellet ((16 pL from tube + 4 pL dissolving sample buffer)
6 empty
7 B-Unbound ( (20 pL from tube + 5 pL dissolving sample buffer)
8 B-Eluted (16 pL from tube + 4 pL dissolving sample buffer)
9 B-Pellet (16 pL from tube + 4 pL dissolving sample buffer)
10 empty

Table 4. Amount of each substance added to wells 1-10.

F). Dephosphorylation of TbLpn. ThLpn was first purified from whole cell extracts using
anti-TbLpn. In order to see if TbLpn was dephosphorylated, an assay was created using the
components listed in Table 5 and incubated at 37 °C for 60 min. In addition,, Tube 1 acted as
a negative control. Following the assay, a 10% acrylamide gel was made and 5 pL of 5X
SDS-PAGE buffer was added to each tube and incubated at 100 °C for 5 minutes. The wells
were loaded as follows: well 1 with 5 uL of PageRuler Prestained Protein, well 3 with 20 pL
from tube 1, and then well 5 with 20 pL from tube 2. The SDS-PAGE was then ran at 150 V
for 40 minutes using a 10% separating and 4% stacking gel. Western blot was then

performed, and the membrane exposed to a film.



Tube 1 2

10X CIAP Buffer 2uL | 2uL

Pellet-anti-ThLpn 12,5 uLL | 12.5 uLL

Water 45ul | 25 uL

Protease Inhibitor Cocktail [ 1 pL 1uL

CIAP 0 pL 2 uL.

Table 5. Dephosphorylation assay components, used for both tube 1 and 2.

1V. Results

A). Methylation of TbLpn by TOPRMT1 and 7 on Cellular Localization. The
nuclear and cytosolic extracts were taken from cells expressing wild type levels of
TbPRMTL1 and TbPRMT?7, as well as from cells that have been downregulated for the
expression of either TOPRMT1 or TOPRMT?7. Following this, SDS-PAGE and a western blot
using both anti-ThLpn and (GAR)-HRP antibodies, was done. Cellular localization of ThLpn
in “wild-type” and cell expressing low levels of TOPRMT1 or TOPRMT7 was determined

counterparts, in order to see if methylation affects cellular localization of ThLpn.

For extracts containing normal levels of TOPRMT1, the cellular localization of ThLpn
was primarily found in the cytosol. In extracts from cells downregulated for TOPRMT1, the
cellular localization of TbLpn was also primarily found in the cytosol. For extracts from cells
expressing normal levels and extracts from cells expressing downregulated levels of

ThPRMT?7, the cellular localization of TbLpn was also in the cytosol. Figure 7, and 8 show



that TbLpn, whether in cells expressing normal levels of TOPRMT1 and ToOPRMT7, and cells
downregulated for the expression of TOPRMT1 or TOPRMT7, TbLpn is found in

significantly higher quantities in cytosolic extracts than in nuclear.



Figure 7. TbLpn Nuclear and Cytosolic Extracts, with ThOPRMT1-down regulated cells.
Presence of TbLpn in nuclear and cytosolic extracts in wild type cells and TOPRMT1-down regulated
cells. SDS-PAGE and a western blot was then done with normal TOPRMT1 and down regulated
TbPRMTTI. Left side contains normal TbPRMT 1, while right hand side is downregulated TOPRMTT.

No difference is seen in normal functioning and downregulated TOPRMTT1 on cellular localization.



Figure 8. TbLpn Nuclear and Cytosolic Extracts, with ThPRMT7-down regulated cells.

Cellular localization of TbLpn in nuclear and cytosolic extracts taken from wild type and cells
downregulated for the expression of TOPRTM7. SDS-PAGE and a western blot was then done
with normal TOPRMT7 and down regulated TbPRMT?7. Left side contains normal TOPRMT?7,
while right hand side is downregulated TbOPRMT?7. No difference is seen in normal functioning

and downregulated TbPRMT?7 on cellular localization.

B). TbLpn is Phosphorylated in vivo. ThLpn was immunoprecipitated from whole
cell extracts using polyclonal anti-TbLpn antibodies. An assay was made containing CIAP,

which dephosphorylates ThLpn. Following the assay, an SDS-Page and then a western blot



was done. As shown in Figure 8, CIAP-Treated TbhLpn was shifted higher than the untreated

TbLpn.

CIAP-Treated Untreated

] PR
—— D

Figure 8. ThLpn was extracted from whole extracts using anti-TbhLpn. On the left-hand side,
TbLpn was treated with CIAP to remove phosphate groups. On the right-hand side, TbLpn was
not treated with CIAP. The black arrow indicates the location of TbLpn and the blue arrow
indicates the anti-ThLpn antibodies. The mobility shift is higher in CIAP treated than in
untreated ThLpn.




Discussion.

A). Phosphorylation of TbLpn in vivo. The first experimental goal was to determine if
TbLpn was phosphorylated in vivo. In order to determine this, CIAP-treated vs CIAP-nontreated
extracts were compared against each other based on their mobility shift on the SDS/Western blot.
As shown in Figure 8, CIAP treated was shifted higher than CIAP-nontreated. Since CIAP
dephosphorylates proteins, and if TbLpn is phosphorylated in vivo, there would be a difference in
the mobility shift between treated and non-treated. Thus, based on the results ThLpn is in fact
phosphorylated in vivo, as seen in other studies (18). However, if TbhLpn is dephosphorylated, its
shift should be lower than that of the non-treated TbLpn’s. This is primarily due to the increase
in negative charges because of the addition of a phosphate group. It is currently unknown how
dephosphorylation affects TbLpn, but this preliminary study shows that some other process is

coupled to it.

B). Cellular Localization of TbLpn. For extracts containing normal levels of
TbPRMT1, ThLpn from procyclic T.brucei forms were primarily found in the cytosol, as seen in
other studies (18). Even in the extracts containing low levels of TOPRMT1, ThLpn was still
found in the cytosol. The same result was also seen in TOPRMT7. Based on this, the methylation
of TOLPN by ToPRMT1 and 7, seem to have no effect on the cellular localization. A possible
alternative is that phosphorylation effects its PAP1 activity (TAG and phospholipid
biosynthesis), which includes PC and PE, while having no effect on its cellular localization (19).
However, it is currently unknown if phosphorylation causes TbLpn to localize somewhere
different within the cytosol. It is also unknown if the phosphorylation of TOPRMT1, compared to

7, differ in their effects. Thus, further experiments should be done to determine this.
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