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ABSTRACT

Fluorescent proteins are genetically encoded ydasilged reporters that have shown to be crudidditdogy
and biotechnology research and development apphsatUnfortunately, restrictions set in place bynGh
Technologies, Inc. hamper the use of most cur@mineercially available fluorescent proteins. As angeof
building a platform of non-constrained fluorescpriteins, we here characterize and quantitate af sehe
novel fluorescent proteins (Dasher, Dancer, Pranieen, Drew, Cupid, Donner, Blitzen and Rudolphhe
proteins are all derived from a single loci encgdine gene responsible for the rhinophyma ndsader
previously observed in one Santa’s reindeers. €he wvas discovered through whole genome sequesiothg
genome-wide functional association studies. Thepretiin, Rudolph, was further engineered througtctibd
evolution and ProteinGPS™ to produce eight additi@olors across the spectrum of the winter niglit.
proteins of this set share very little sequencediogy with current commercial fluorescent proteifbe
strategies and results presented here allow favinggnd novel investigations utilizing fluorescéatiels to
proceed in a more rapid and expanded manner. Fuhe, as there are no licensing restrictions, ntieipate
quick adoption of these proteins to replace exjsmommercial fluorescent proteins in essentially al
applications, including a University of North Pgi®ject to engineer a fluorescent Christmas tree.
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INTRODUCTION

Green fluorescent protein (GFP) was first
purified fromAequorea victoria (jellyfish)
by Osamu Shimomura at the Friday Harbor
Laboratories (Shimomura, Johnson et al. 1962).
However, its utility as a tool for molecular
biologists did not begin to be realized until 1992
when Douglas Prasher (distant relative to
reindeer Dasher), a courtesy shuttle bus driver
for Toyota, Huntsville, AL, reported the cloning
and nucleotide sequence of wtGFP. GFP and its
many derivatives and homologs now form the
basis for a cornucopia of tools and techniques
utilized throughout biotechnology. Despite the
technical success of fluorescent proteins,
existing fluorescent proteins are constrained by
prohibitive scrooge terms that have restricted
innovation and global jolliness.

Although Santa uses reins on his reindeer and
reindeer are used to pull sleds in Lapland and
northern Siberia, the woneindeerhas no actual
relationship with reins. The elementleer is
derived from the Middle Engliskler. The rein-
portion is derived from the Scandinavian languages
spoken by the chiefly Danish and Norwegian
invaders and settlers of England from the 9théo th
11th century.

We here introduce a novel family of
fluorescent proteins derived from mammalian
origin. The proteins cover a broad color
spectrum and express at high levels in
heterologous hosts. The use of these novel
proteins are unrestricted by previously defined
scrooge terms.

RESULTS AND DISCUSSION

In order to maximize likelihood of isolating
fluorescent proteins distant from current
commercial fluorescent proteins we rationalized
that we needed starting point sequences very
different from jellyfish (gfp) or coral (rfp).

Origin of tissue. Rudolph, the leading
reindeer of Santa’s posse, has long been
diagnosed with the rhinarium disorder

rhinophyma (Snowmass and Eargle 1939).
Rhinophyma nasus is the clinical name for a
large, reddish, bulbous, ruddy appearance of the

rhinarium caused by granulomatous infiltration,

commonly due to untreated rosacea. It presents
as a pink, lobulated mass over the nose with
superficial vascular dilation (Fig. 1). Patients

often seek advice because of the unsightly
appearance of the enlargement, or even
obstruction in breathing and vision (Cohen and
Tiemstra 2002).

Figure 1. Clinical example of patient suffering from
early stage of Rhinophyma nasus. Thisis a chronic
disease that affects the skin of the nose. Theaskése

is characterized by redness, pimples, and, in
advanced stages, thickened skin that may hinder
reading, and in severe cases, breathing. When
rhinophyma reaches this advanced stage, surgery is
the preferred treatment. The most common
characteristic or symptom of rhinophyma is an
enlarged, bulbous, and red nose. (Malden 1974). The
condition is more common in winter.

Rhinophyma can carry a  strong
psychological impact due to its effect on one's
personal appearance. This is especially true for
celebrities where exposure in the public media is
unavoidable. Accordingly, Rudolph has been
bullied and made fun of, not only by fellow
reindeers, but also for over half a century by
popular culture (Crosby 1950; Chipmunks 1960;
Jackson Five 1970; Lynyrd, Skynyrd et al. 2000;
Manilow 2009). The red glare emitted from
Rudolph’s rhinarium is by no means sufficient to
guide any sleigh and such statements are not
protected by the first amendment. Rudolph has
in the past sued in court for defamation and libel
as his clinical condition has been used by others
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for commercial gain. Rudolph lost the court
proceedings due to his status as a public figure
(Rudolph vs. CroshyRoss 1977).

Fractionation of Rudolph genome.Tissue
samples from Rudolph’s red nose were collected
after intensive eggnog consumption of >500ml
(Appendix A: Eggnog materials and preparation
guidelines); with the bulk of the rhinarium tissue
pared down through surgical removal of tissue
from dorsum, the lobule and the columella.
Tissue samples were homogenized in PBS
through sonication of pulsed, high frequency
sound waves emitting Freebird (14 minute live
version) to agitate and lyse cells. After spinning
down cell debris, the supernatant was
precipitated with EtOH and DNA lyophilized
and resuspended in TE buffer. The DNA was
fractionated into 2-4kb linear fragments and
ligated behind the T5 promoter of vector
pJexpress401.

40N

Figure 2. From left to right: Prancer, Dancer, Donner,
Hermey-the-Elf, and Vixen. Remaining reindeer
currently unaccounted for. Hermey is the elf that
wants to be a dentist instead of making toys. As ca
be seen from this picture, Hermey's college
attendance implies some progress towards this goal.

Screening genomic library for red protein
The genomic library generated from the
Rudolph nasal genome was transformed Hto
coli and plated on 100 petri dishes with a density
of ~10@ cfu/plate. TheRangifer tarandugenome

is estimated to be ~3x 1(p (Vinogradov
1998), thus we expect >80% chance to have the
targeted gene within the library pool.

However, induction of the T5 promoter with
IPTG did not elicit any positive signals when
screening for red pigmentation (data not shown).
We thus hypothesized that some sort of co-factor

was needed to activate the signal. Plates were
exposed to in order: Christmas carols (Claes,
Navidad et al 2010), Picea abiesolfactory
stimulation (Claes, Navidadt al. 2008), white
facial hair (Claes, Reindeest al. 2006), and
cliché-filled Christmas poetry (Claes, Nextsal.
2005). In none of these cases did we see any
activation of red pigmentation.

The library was subsequently recloned into
pHulk, the novel and super-efficient mammalian
piggyBac-based expression vector from
DNA2.0, using the flanking typellS Bsal
restriction sites. The library was transfected into
HEK293 cells and screened for red
pigmentation. After only a few hours incubation,
the incubator lit up like a Christmas tree
(technical term, Tannenbaum 2006). Subsequent
cloning, sequence characterization and
crystallography (Fig. 3) revealed a 1225 bp open
reading frame encoding a 71 kDa protein. Due to
its origin we call the geneudolph and the
encoded protein Rudolph.

Figure 3. Crystal structure of Rudolph protein as
determined by solid-state NMR spectroscopy.

The Rudolph protein did not show significant
homology to any of the currently commercial
fluorescent proteins.

The Rudolph gene was redesigned for
maximized expression irE. coli using the
GeneGPS™  optimization  technology as
previously described (Welch 2009; Welch 2011)
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and cloned into vector pJexpress40l. In
accordance with previous results, the relative
expression level of the recombinant protein
increased ~100 fold compared with the native
sequence (data not shown).

Expanding the reindeer protein portfolio.
We applied the systematic ProteinGPS
technology (Liao 2007; Ehren 2008) to develop
a suite of reindeer proteins with colorimetric
properties different from that of Rudolph.

In  short, variable selection using
phylogenetic, structural and information content
data identified a set of 60 amino acid
substitutions that conferred to the given
constraints. The variables were systematically
distributed in a set of 96 synthetiedolph gene
variants that correspond to the most information-
rich nodes in the relevant space. We call these
gene variants Infologs.

The rudolph infologs were designed,
synthesized and quantified for absorbance and
emission spectra. The experimental results
derived from the infologs were used to build
models where the relative weight from each
variable {.e. amino acid substitution) was used
to build predictive models exploring sequence-
function relationships within the Rudolph
sequence space.

The predictability sequence-function model was
used to design new fluorescent proteins with
properties

orthogonal functional

(Fig. 4)

resulting in Reindeer proteins Dasher (Daffodil
Yellow), Dancer (Denim Blue), Prancer
(Periwinkle), Vixen (Verdigris) Drew (Deep
Teal), Cupid (Cerise), Donner (Deep Ochre),
and Blitzen (Blizzard Blue). Taken together with
the previously characterized Rudolph (Red), the
set of 9 reindeer genes encoding fluorescent
proteins are now available for purchase directly
from Santa’s Workshop (Table 1).

Protein Pigment Color ~ Accession
Number

Dasher Daffodil Yellow | NP_122502
Dancer Denim Blue NP_122503
Prancer Periwinkle NP_122504
Vixen Verdigris NP_122505
Drew Deep Teal NP_122506
Cupid Cerise NP_122507
Donner Deep Ochre NP_122508
Blitzen Blizzard Blue NP_122509
Rudolph | Red NP_122501

Table 1. These novel fluorescent proteins are all
commercially available from Santa’s Workshop.
Since the genes are derived from Rudolph’s genome,
they are not covered by any GFP related patents. Th
reindeer proteins are in the public domain and sold
under the BioBrick Public Agreement.

Figure 4. The complete colorimetric suite &. tarandusfluorescent proteins as derived fromdolph using

ProteinGPS and infologs variant screening.



Claes et al., Proc. Natl. Acad. Sci, NorthPole (2011) 12:25-31

APPENDIX A: Mrs. Claus’ Eggnog lab reagents and prt¢ocol

2 Gallus gallus domesticusggs, full complement of albumen and vitellus (@&saRiver)
30.0 grams glucose and fructosgHz,0,1 (Sigma)

2.15 grams NaCl (Sigma)

2.50 gram#&/anilla planifoliaderivative, @HsOs; (Madagascar Laboratory Supplies)

472 miBovinae bos tauru@referably Holstein) organic lactation produce(iBeley Farms)
25-100 ml distilled alcohol (Bacardi)

Protocol: Place egg with shell removed into 1L keagradually add {&H,,0;; and NaCl. Stir
thoroughly without application of temperature gestliimagnetic stirrer preferred at U North Pole, bu
not required). Add ¢HgO; and lactation product, mix gently. Add desired wadudistilled alcohol.
Decant into personal size sterilized glasswareidenb

(originally published in House and Garden Drink d&,i1973)
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