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Introduction Methodology

FUS (Fused in Sarcoma) is an intrinsically disordered human protein. Cabeza was individually fused to both green and red fluorescent Plasmid transformation for molecular cloning and
Translocation of the FUS gene has been shown in human solid tumors of the proteins using: transfection. DNA was annealed to a plasmid vector using
mesenchymal lineage, as well as its mutation in neurodegenerative diseases. PCR (Polymerase Chain Reaction) was used to amplify the restriction enzymes. Molecular cloning allowed many copies
FUS is an unusual protein in that it lacks a stable secondary and tertiary desired gene, Cabeza. of the plasmid DNA through transfection in E. Coli.
structure. Cabeza is a fruit fly (Drosophila melanogaster) ortholog of FUS that : e The plasmid vectors allowed for fusion of a fluorescent

is also disordered and shows similar overall function (by mutational analysis). T protein and also contained an ampicillin resistance gene.
Their specific sequences are divergent, but both proteins have a comparable | o Fidelity of the previous PCR reaction was confirmed by
organization and richness for certain amino acids. FUS and Cabeza have T direct sequencing of the resulting plasmid.

previously been compared structurally, however, little is known about their e

functional resemblances. Through analysis using a Bayesian search algorithm, ]

it is believed that certain segments of these two proteins may be functionally ' ok N\
interchangeable. The functional segments of FUS have not yet been T iyl ;
researched in depth, but comparing the protein to one of its orthologs may help T e —

In determining these unknowns. Expressing Cabeza in a fluorescent protein . S -
fusion will form a platform for its detection In living cells. Time-lapse imaging | oo P e olate

\‘>, and desired
DNA together

will be performed to determine the localization and trafficking of Cabeza at the i
subcellular level.
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Dracpnita Caz oo L oL 0L L MER GGYGOOSOQGYNNFAY B B PNYGQMPNKTONYNE - o o= o0 Figure 1. — FICIIT™ ey
Human FUS/TLS SONTGYGTQS T PQG YGSTGGYGS SQSSQS S YGQQSSYPGYGQQPAPSSTSGS YGsssess — Amino acid -='<<'Jm”'1|mi“ﬂ" — Moo producs
I)rosphils (:82 ____________________________________________________________ Sxponenual manmer
fuman FUSITLS SYOQFQSOSY'S QQF $YGG0905 Y GQQas¥NEEQaTogoNaWsssasaasogoavaey  SEQUENCES of Figure 2. Stages of Polymerase Chain Reaction. Region to be copied (Cabeza) Figure 3. Steps in Plasmid transformation. Plasmid vector used

’ Human FUS . : . . i . . . . .
Human FUS/TLS QS SMSSGGGS GGGY GNQDOS GGG G SGGYGQQDRGGRGRGG SGGGGGGGGGGY NRS SGGYE _ Is shown in red and newly synthesized DNA is shown in blue. Heat denaturation had a green or red fluorescent protein gene adjacent to the insertion
DrosphilaCaz -~ +---------=+--=-+----- SGNGGGGGGSWNDRG - - - -GNSYGNGGASKDS Y NKGHGGY S prote|n and o . d o . 5 o . . o
{uman FLs/T1 5 PRORGOGRGOR GGMEGS DRGG PN K FGGPRDQU SRIDS EQDNSDNNTITYQUL GENVETES [ _ occurred at 95°C, primer annealing at 70°C, and primer extension at 72°C. site. The restriction enzymes used were AsiSI and Mlul.
Drosphila Caz ~ GGGGGGGGGGGGGS GOND - « « « = =« ww e o wmeeee o MITQEDT I FVSGMDPSTTEQD rosophlla m.
Human FUS/TLS VADYFKQIGI I KTNKKTGQPMINLYTDRETGKLKGEATVS FDDPPSAKAAI DWFDGKEFS Cabeza rotein_ E = = - - -
Drosphia Cas ~ 1ETHFGAIGT | KKDKRTMKPK WL YKNKETGASKGEAT VT YDDTNAAQSAT EWFDGRDFN P More copies of expression vectors containing Cabeza were then transfected into HEK (Human Embryonic Kidney) 293T cells along
Ilurnan.l"L7§f"_l’l.S Gh{P IKVSFATR RAD' F'NROGGNOR GGRGRGG ITMGRGGYGGGGSGGGGRGGFE?S GGGGGGG - . . . . . . . . . . . y .
e with plasmids containing wild type FUS, mutant FUS, and the gene for Huntingtin protein (associated with Huntington’s disease),
Human FUS/TLS = === -~==---- -~ - - -- QQRAGDWKCPI:H.’TCE}“{MNITSWR:VEC:VQCKAPKPD --------- . . . . . L L . . .
TS R YDRGGGGGG0 660 GRS PRDODWKEN | § CNNTNF AWRNECNRCKTPRGDD £GS 56666 individually. Live-cell imaging and time-lapse microscopy were employed to study translocation of the proteins.

Human FUS/TLS GPGGGPGGSHMGGN YGDDRRGGRGGYDRGGYRGRGGDROGGFROGRG - - « « « = =« o oo oo G
Drosphila Caz GGGYUOGOGOGGGGGYDROGNDRGSGGGGYHNRDRGGOGN SQGGOGGGGOGGGGY SRFN DNNGGGRG

The variants of mammalian FUS used are FUSY (wild-type) and FUSF (a mutant isoform that is prone to mislocalization).
These names indicate whether the last residue of the protein is either tyrosine (Y) or phenylalanine (F).

Human FUS/TLS GDRGGFGPGKMDSR GEHRQDRRE R PY y b
Drosphila Caz  GRGOGGGNRRD GG PMRNDGGMR S R PY [ identical (] similar

Results Conclusion
Red Cabeza Green Cabeza (with wild-type FUS) Red Cabeza (with mutant FUS) Red Cabeza (with Huntingtin protein)
Cabeza can be expressed as a fluorescent protein fusion in mammalian cells.
Furthermore, other proteins, especially those orthologous to Cabeza,
demonstrate a significant influence on trafficking and localization of Cabeza In
VIVO.
From these results, it can be said that Cabeza is affected strongly by its human
ortholog, FUS (both wild-type and mutant versions), through changes in its
A C subcellular localization.
Figure 4. From each 293T cell culture transfection, the microscopy image channels specifically for each Cabeza fluorescent protein fusion are shown. Trafficking and behaviour of Cabeza may also be linked to aggregation since It Is attracted to inclusions
the protein can be compared through these images. A. Cells contain only mK-Cabeza in the presence of no other transfected proteins. B. Cells contain mG-Cabeza and wild-type formed by Huntingtin protein.

mK-FUSY. C. Cells contain mK-Cabeza and mutant mG-FUSF. D. Cells contain mK-Cabeza and Q103-YFP (Huntingtin protein-Yellow fluorescent protein fusion).

Therefore, the difference in sequence between Cabeza and FUS apparently leads
to mislocalization of Cabeza in mammalian cells. Despite this divergence, the
tendency for Cabeza to aggregate (for example, in the presence of Huntingtin
protein) Is maintained.

Many more experiments may be conducted to determine the cause of these
proteins’ impact on Cabeza’s behaviour and subcellular localization.

In the future, it will be possible to map the sequences responsible for these
properties by swapping domains between Cabeza and FUS.

Figure 5. Cells transfected with only mK-Cabeza. A. Figure 6. Cells transfected with mG-Cabeza and wild-type mK-

Red channel mK-Cabeza fluorescence. B. Cell stain FUSY. A. Green channel mG-Cabeza fluorescence. B. Red MG-FUSF. A. Red channel mK-Cabeza fluorescence. B.

fluorescence. C. Merge image. D. Gray scale channel mK-FUSY. C. Merge image. D. Cell stain fluorescence. Green channel mG-FUSF. C. Merge image. D. Cell stain
fluorescence.
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Figure 8. Cells transfected with mK-Cabeza and Huntington Q103-YFP. A, E. Red channel mK-Cabeza Refe re n Ces
fluorescence. B,F. Green channel Q103-YFP fluorescence. C. Merge image. D. Cell stain fluorescence.

G. Merge image of red and green channel fluorescence.
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These results demonstrate that:
Cabeza, by itself, is localized in the cytoplasm.
In the presence of wild-type (normal) human FUS, Cabeza becomes localized in the nucleus
along with the FUSY protein.
When mutant FUS is transfected with Cabeza, the FUSF protein is mainly seen in the nucleus
(as opposed to its usual cytoplasm localization) and Cabeza forms small aggregates in the
cytoplasm of the cell.
While Huntingtin protein is transfected in the same cells as Cabeza, its usual nuclear
aggregates form. The aggregates, however, do not only contain Huntingtin protein, but also
Cabeza. While some Cabeza still remains cytoplasmic, the inclusions contain a large amount
of the protein.

Each protein individually In
293T cells is expected to be
localized as follows: Cabeza is
found mainly in the cytoplasm,
wild-type FUS is found In the
nucleus, and mutant FUS is
found In the cytoplasm.
Huntingtin (Q103) protein
forms large protein aggregates
that also form in cell nuclel.
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