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Abstract

Not all cells behave uniformly after treatment in tissue engineering studies. In fact, some treated
cells display no signs of treatment or show unique characteristics not consistent with other treated
cells. What if the “unique” cells could be isolated from a treated population, and further studied?
Photo-convertible reporter proteins, such as Dendra2, allow for the ability to selectively identify
unique cells with a secondary label within a primary labeled treated population. In the current
study, select cells were identified and labeled through photo-conversion of Dendra2-transfected
human Wharton's Jelly cells (hWJCs) for the first time. Robust photo-conversion of green-to-red
fluorescence was achieved consistently in arbitrarily selected cells, allowing for precise cell
identification of select hWJCs. The current study demonstrates a method that offers investigators
the opportunity to selectively label and identify unique cells within a treated population for further
study or isolation from the treatment population. Photo-convertible reporter proteins, such as
Dendra2, offer the ability over non-photo-convertible reporter proteins, such as green fluorescent
protein, to analyze unique individual cells within a treated population, which allows investigators
to gain more meaningful information on how a treatment affects all cells within a target
population.
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Introduction

Fluorescent proteins are often used as reporters for a variety of different biological and
chemical applications, including protein tagging, cell structure identification, and cell
tracking.3 12 14 Green-to-red photo-convertible proteins such as Kaede, KikGR, EosFP, and
Dendra2 are incredibly useful for observing cell trafficking and cell tracking, and have been
well characterized.23 However, these photo-convertible proteins have been highly under-
utilized in tissue engineering. Photo-convertible proteins allow for the potential to create
highly specific biochemical assays, and enable for sub-labeling of treated populations.
Single fluorescent reporters such as green fluorescent protein (GFP), yellow fluorescent
protein (YFP), and red fluorescent protein (RFG) have been popular to label treated cell
populations. However, if a sub-population or individual cells within a treated population
show unique characteristics different from the treated population, there is no convenient
method for isolating or tracking unique cells without adding an additional label, that may
affect the already treated cell population. Photo-convertible reporter proteins, such as
Dendra2, offer the utility of a secondary label. Photo-convertible proteins are attractive
because the reporter protein can be selectively converted from green to red, providing a
secondary label that distinguishes unique cells from primary labeled treated cells (Fig. 1).
Thus, identification of unique cells within a treated cell population can be isolated via
fluorescent activated cell sorting (FACS) for further analysis or unique cells can be observed
and temporarily tracked within a treated population of cells. Photo-conversion of primary
labeled treated cells provides investigators with a tool to gain more insight into how a
specific treatment affects different cells within a target population.18

In addition, photo-conversion of reporter genes may provide significant insights into the
turnover of proteins within an individual cell, protein kinetics and distribution within a cell,
and the structural and morphological changes occurring in the nucleus or mitochondria as
cells undergo mitosis and differentiation. Gunewardene et al.1%> and Wu et al.28
demonstrated that photo-convertible reporter genes can be used to accurately track protein
distribution and kinetics in mouse fibroblasts and multiple cell types in Arabidopsisroot,
respectively. The potential to use photo-convertible proteins in tissue engineering may
become a powerful tool to provide fundamental information about proteins and cells while
enabling the identification of positively transfected cells in a large population.

Dendra2 has an advantage over other photo-convertible reporter genes in that Dendra2 can
be photo-converted with low intensity ultra-violet (UV) (360 — 420 nm) light or high
intensity blue light (460 — 500 nm), as opposed to only UV light at varying powers, which
makes Dendra2 more versatile in tissue engineering applications, as exposure of cells to UV
light can be avoided or drastically reduced.”. 13. 24.28
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Human Wharton's jelly cells (hWJCs) are mesenchymal stromal cells that are an alternative
to bone marrow stem cells. hWJCs are an excellent source for tissue engineering
applications because they are abundant in supply, cause no donor site morbidity, are highly
proliferative, and not ethically controversial.? 9 22. 26 However, hWJCs are primary cells,
and typically are difficult gene delivery targets unless a viral vector is used. Viral vectors are
highly effective at transducing primary cells, stem cells, and progenitor cells, but safety
concerns regarding toxicity, immunogenesis, and oncogenesis from insertional mutagenesis
still remain.5 25 Non-viral vectors are able to circumvent many safety concerns associated
with viral gene delivery; however, non-viral vectors suffer from low transfection
efficiencies, which can make identification of positively transfected cells challenging.2
Nucleofection™ is an electroporative method that has demonstrated a reliable ability to
transfect primary cells, stem cells, and progenitor cells non-virally.1: 11. 17 Hence, it was
hypothesized that a photo-convertible reporter gene transfected into hWJCs would reliably
allow for selection and identification of unique hWJCs through green-to-red photo-
conversion enabling the ability to track unique hWJCs over a short period time.

The current study provides a demonstration of how hWJCs transfected with Dendra2 via
Nucleofection may be selectively photo-converted to fluoresce red and identified from other
green fluorescing hWJCs, which could be highly useful for tissue engineers to gain insight
on cells that behave in a unique or unexpected manner in in vitro tissue engineering studies.
The current study examined transfection efficiency, photo-conversion kinetics of Dendra2,
and the ability to reliably identify select cells within a transfected population of hWJCs.

Materials and Methods

Procurement and expansion of hwWJCs

Cell surface

hWJCs were isolated from Wharton's jelly of three human umbilical cords (n = 3) obtained
from Lawrence Memorial Hospital (LMH) (LMH IRB approval #LMH 08-2). The three
umbilical cords came from males born at full term under normal conditions. hWJCs were
isolated according to the previously published protocol.10 hwJCs were cultured in
traditional hWJC medium (10% fetal bovine serum (FBS-MSC Qualified) and 1%
Penicillin-Streptomycin in low glucose DMEM (Life Technologies, Grand Island, NY)).
hWJC medium was changed three times per week, and hWJCs were maintained at 37°C
with 5% CO> in a cell culture grade incubator. hWJCs were trypsinized with 0.05% Trypsin-
EDTA (1x) (Life Technologies) at 80 to 90% confluency. All hWJCs were expanded to
passage 1 (P1), and flash-frozen until needed for experiments. Cells were thawed and
expanded to P4 for all experiments. Three umbilical cords (n = 3) were used in total for the
current study. All experiments were performed in triplicate for each cord, unless otherwise
noted.

marker characterization

At P2, a sub-culture of cells from each cord was characterized through cell surface marker
identification via flow cytometry on a MoFlo XDF fluorescent activated cell sorter (FACS)
(Beckman Coulter, Brea, CA). hWJCs were characterized using the following antibodies
and secondary antibodies: STRO-1 Mouse IgM (2.5:200) (1 mg per mL; R&D Systems,
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Minneapolis, MN); Alexa Fluor 568® Rabbit Anti-Mouse IgG (2:200) (2 mg per mL; Life
Technologies); CD105 Mouse IgG (2.5:200) (1 mg per mL; R&D Systems); Qdot® 525
donkey anti-mouse I1gG (2:200) (1 uM; Life Technologies); Human CDA45 pre-conjugated to
Qdot® 800 (2:200) (Life Technologies); Human CD73 pre-conjugated to FITC (5:200) (BD
Biosciences, San Jose, CA); Human CD34 pre-conjugated to Brilliant Violet (5:200) (BD
Biosciences); Human CD90 pre-conjugated to APC (5:200) (BD Biosciences). 20,000
events were recorded for each sample. Positive identification of cell markers was defined as
fluorescent emission that exceeded the fluorescent threshold of cells stained with
corresponding isotype (negative) controls. The isotype controls used in these studies were
Rabbit 1IgG Alexa Fluor 568, Donkey 1gG Qdot 525, 1gG, Qdot 800 (all from Life
Technologies), and 19gG; FITC, 1gG4 Brilliant Violet, and IgG1 APC (all from BD
Biosciences). The cell characterization experiments were repeated three times for each cord.

pDendra2-C (Clontech, Mountain View, CA) is a fluorescent fusion protein vector, in which
the gene of interest can be fused to the c-terminal of the Dendra2 photo-convertible reporter
gene, upstream of a poly-A sequence. Dendra2 is driven by a cytomegalovirus (CMV)
promoter, and contains a Kanamycin resistant gene driven by Simian virus 40 (SV40) for
bacterial selection. The entire empty vector backbone is 4.7 kb.

Transfection

On the day of transfection, medium from all wells was removed, and cells were washed with
phosphate buffered saline (PBS) twice. Afterward, cells were incubated for 1 h at 37°C in
traditional hWJC medium with 10 pM of Y-27632-ROCK Inhibitor (Reagents Direct,
Encinitas, CA). After 1 h, hWJCs were washed twice with PBS, trypsinized, and then
resuspended in either 100 UL 4D Nucleofector™ P1 Primary Solution (P1PS) (Lonza, Basel,
Switzerland) (Untreated Control) or 95 uL of P1PS and 5 L of pDendra2 (1 pg per uL;
Clontech). Cells were resuspended at a density of 5x10° cells per 100 L. Untreated control
cells were immediately transferred to 6-well plates (BD Biosciences) containing 1.5 mL
traditional hWJC medium and incubated at 37°C. hWJC suspensions containing pDendra2
were immediately transferred to 100-uL 4D Nucleofection™ cuvettes. Each cuvette was
gently tapped twice then placed in a 4D Nucleofector™ (Lonza) and nucleofected with the
program FF-104. hWJCs were incubated at room temperature (ca. 22°C) for 10 minutes then
transferred to a 6-well plate (BD Biosciences) containing 1.5 mL traditional hWJC medium
with 10 pM of Y-27632-RI (Reagents Direct) and incubated at 37 °C.

Fluorescent microscopy

Twenty-four hours after transfection, hWJCs were collected for analysis. hWJCs were
imaged using a customized Olympus 1X81 inverted (Olympus America, Center Valley, PA)
microscope, outfitted for both epifluorescence (filters: Semrock, Inc, Rochester, NY, filter
wheels: Sutter Instrument, Novato, CA) and Spinning Disk Confocal (Yokogawa, Toyko,
Japan) microscopy. The microscope is equipped with a XY stage (Prior, Rockland, MA) and
temperature, humidity, and CO2 control for chronic, automated live cell imaging. Images
were collected using an Olympus LUCPIanFL 20x 0.4 NA objective and were captured
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using the acquisition and analysis software, SlideBook (Intelligent imaging Innovations (3i),
Denver, CO).

Three experiments were performed in total 24 h after transfection. In the first experiment, all
cells within the field of view were exposed to a 100 mW (mercury arc lamp) of UV light
(387 = 11 nm) for photo-conversion, blue light (494 + 20 nm) for green fluorescent
expression, and green light (560 + 25 nm) for red fluorescent expression. Cells were
exposed to UV light at a frequency of 1 Hz every 10 seconds. The experiment was repeated
nine times with three sets of cells from 3 different umbilical cords (n = 3).

In the second experiment, the UV light was confined to a diameter of 15 — 20 um to limit
UV exposure to one or two transfected cells. The UV light output was reduced to 20 mW
(mercury arc lamp), and exposure was set to 1 Hz every 20 s. To minimize photo-conversion
from blue light, excitation of green and red fluorescent expression were done using 488-nm
and 561-nm solid-state lasers, respectively, through a Yokogawa Spinning Disk. The
experiment was repeated nine times with three sets of cells from three different umbilical
cords (n = 3).

In the third experiment, a single hWJC within a population of positively transfected cells
was photo-converted by exposure to UV light at 100 mW (mercury arc lamp) for a duration
of 10 s at a frequency of 1 Hz. After photo-conversion, cells within the entire field of view
were exposed to 488-nm and 561-nm solid-state lasers for green and red fluorescent
expression respectively every 30 min at a frequency of 1 Hz over the time period of 48 h.

To determine how long Dendra2 expression (both green and red fluorescence) persisted, a
fourth experiment was conducted where select hWJCs within a population of positively
transfected cells were photo-converted by exposure to UV light at 200 mW (mercury arc
lamp) for a duration of 10 s at a frequency of 1 Hz. After photo-conversion, cells within the
entire field of view were exposed to 488-nm and 561-nm solid-state lasers for green and red
fluorescent expression respectively every 24 h at a frequency of 1 Hz over the time period of
10d.

marker characterization

hWJCs from three different umbilical cords (n = 3) were analyzed for cell surface markers
found on mesenchymal stem cells via flow cytometry (Table 1). hWJCs from all three cords
were non-hematopoietic with cells showing little to no presentation of CD34 (97.2 + 1.6%
negative) (all values are reported as means + standard deviations), and little to no
presentation of CD45 (81 + 13% negative). Cells from each umbilical cord displayed
varying degrees of presentation of CD73 (12.8 + 5.3% positive), CD90 (97.1 + 4.3%
positive), CD105 (21.6 + 9.7% positive), and STRO-1 (6.2 + 3.8% positive), which are all
found on mesenchymal stem cells.

Cell Mol Bioeng. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mellott et al. Page 6

Transfection efficiency and cell density

hWJCs were transfected from three different umbilical cords (n = 3) with 5 ug of pDendra2
per 500,000 cells, and exhibited a transfection efficiency of 31 £ 7.4% with a cell density of
3,200 £ 1,900 per randomized field of view.

Fluorescence Microscopy

Multiple cell photo-conversion—hW.JCs transfected with pDendra2 showed reliable
and consistent photo-conversion of all cells within the field of view. The kinetics of photo-
conversion were measured in randomized fields of view from hWJCs from three different
umbilical cords (n = 3), as cells were exposed to UV light (384 nm) for a duration of 300 s
(Fig. 2). The intensity of the green fluorescence dropped dramatically from 5,300 £ 1900
Avrbitrary Units (AU) to under 1,200 £+ 360 AU in 300 s, while the intensity of the red
fluorescence started at 750 + 130 AU and increased to 4,200 + 2,400 AU in 300 s. The
critical point at which the intensity of red fluorescence overtook green fluorescence occurred
at 125 + 60 s. There was a marked visual change in the overall fluorescent color of the
hWJCs that underwent photo-conversion, which is displayed in a time-lapse video from one
recording that is representative of all attempts (Supplementary Fig. 1). The experiment was
repeated nine times, with three attempts from a different set of cells from each umbilical
cord. Each experiment yielded reproducible results.

Selected cell photo-conversion—Selected hWJCs were photo-converted from green to
red fluorescence while minimizing photo-conversion of surrounding hWJCs. Photo-
conversion of individual cells was accomplished by narrowing the UV beam to a diameter of
15— 20 pm (Fig. 3). Targeted cells were photo-converted completely with minimal photo-
conversion of surrounding cells in the measured time period (Fig. 4). The procedure was
repeated nine times with three different sets of cells used from each of three different
umbilical cords (n =3). In each procedure, one of the cells targeted for photo-conversion was
labeled “Target 1” while the adjacent (non-targeted) cell was labeled “Target 2”. The green
fluorescent intensity of Target 1 started out at 2,655 + 700 AU and decreased to 900 + 260
AU over 720 s, whereas the red fluorescent intensity started at 480.5 £ 4.9 AU and increased
to 1,470 £ 290 AU over 720 s. The critical point at which red fluorescent intensity overtook
green fluorescent intensity occurred at 197.0 + 4.2 s. The green fluorescent intensity in
Target 2 started at 3,700 + 2,800 AU and was recorded at 2,800 = 1,700 AU at the end of
720 s, whereas the red fluorescent intensity of Target 2 started at 480 + 7.8 AU and was
recorded at 1,200 + 750 AU at the end of 720 s. The starting and ending green and red
fluorescent intensities varied between each set of cells; however, no photo-conversion
occurred in cells not directly targeted for photo-conversion within the recorded time. Each
experiment yielded reproducible results. A time-lapse video from one recording that is
representative of all attempts clearly shows Target 1 photo-converts from green to red, while
Target 2 and all surrounding cells remain green (Supplementary Fig. 2).

Tracking cell movement of photo-converted cells—A diagram of how cell tracking
could work is illustrated in Figure 5. Two hWJCs were photo-converted within a population
of hWJCs positively transfected with pDendra2. The two photo-converted cells were
tracked over 48 h and monitored to observe whether long-term exposure of a photo-
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converted cell induced photo-conversion of surrounding cells. The experimental procedure
was repeated twice with two different sets of hWJCs (n = 2), yielding reproducible results.
The photo-converted hWJCs displayed a red fluorescence that changed to an orange
fluorescence over 48 h in both experiments; while surrounding cells remained firmly green
(Fig. 6). In both experiments the photo-converted cell moved in a circular pattern, and
touched several cells over the duration of 48 h. At the end of 48 h, the photo-converted cell
from one experiment appeared to be undergoing cell division, and is represented in Figure 6.
None of the cells that came in contact with the photo-converted cell in each experiment
showed any visual signs of photo-conversion. The entire time-lapse video shows the
movement of the photo-converted cell and is representative of both experiments
(Supplementary Fig. 3).

Duration of Dendra2 expression—Select hWJCs were photo-converted within a
population of positively transfected cells to monitor the duration of both green and red
fluorescence simultaneously. Cells were monitored over the duration of 10 d. The
experimental procedure was repeated twice for three different sets of hWJCs (n = 3).
Positively transfected hWJCs expressed green fluorescence 7 d after transfection in all tested
samples; however, green fluorescent expression persisted until day 9 in one set of
transfected hWJCs. The intensity of green fluorescence peaked 2 d after transfection, and
continuously diminished over the following days until completely disappearing after 7 d
post transfection. Red fluorescent expression was detectable up to 3 d after photo-conversion
in cells from all three umbilical cords as is illustrated in Figure 7. After red fluorescence
faded, photo-conversion was re-attempted, but cells did not express any further red
fluorescence or green fluorescence.

Discussion

Dendra2 is a monomeric photo-convertible protein that was engineered by Gurskaya et al.16
Dendra2 is highly photo-stable, and matures at 37°C, which makes Dendra2 an attractive
candidate for labeling proteins or structures within cells. Chudakov et al.% 8 have conducted
extensive research on using photo-convertible proteins, such as Dendra2 for studying and
tracking protein movement in cells. Kaede is a popular rival photo-convertible protein used
in many experiments to track cells; however, Dendra2 has rarely been utilized for labeling
cells. Dendra2 has been extensively used for molecule identification and tracking in cells,
and offers the advantage of being able to be photo-converted with blue light instead of UV,
and can be precisely photo-converted.1% 20. 27 Thus, the objective of the current study was to
demonstrate the reliability of selectively labeling positively transfected green fluorescent
hWJCs using Dendra2 via photo-conversion of green fluorescence to red fluorescence.

For the first time, it was demonstrated that hWJCs responded well to photo-conversion when
exposed to UV light (384 nm) at 100 mW output every 10 s for 1 Hz. hWJCs displayed a
robust gene expression of Dendra2 after nucleofection, and healthy proliferation, suggesting
that the transfection efficiency of 31% is not a limitation for tissue engineering studies
where transfected cells need to divide to regenerate tissue. The lack of presentation of
hematopoietic markers and the varying presentation CD73, CD90, CD105, and STRO-1
suggest that subpopulations may exist within the isolated hWJC population that display
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surface markers consistent with mesenchymal stem cell markers as reviewed by Bongso et
al.4

Select hWJCs were photo-converted successfully multiple times while minimizing photo-
conversion of surrounding cells when exposed to UV light for an isolated period of time,
which is consistent with studies that have precisely tracked intercellular proteins within
much smaller spatial areas than cells.5: 20. 23 However, the ability to close an aperture and
narrow the diameter of the beam of light exposed to a field of view is a key limitation in
targeting individual cells for photo-conversion. The ability to selectively photo-convert
individual cells transfected with Dendra2 is contingent on the ability to narrow the UV light
beam onto a single cell. It should be noted that all cells will eventually photo-convert from
green to red fluorescence as a result of scattering light if the well plate is continuously
exposed to the pulsing UV light. Tracking of photo-converted cells in tissue culture revealed
that photo-converted cells did not trigger photo-conversion events in cells that came in
contact with the photo-converted cell. Interestingly, the photo-converted cell changed from
red to orange over the course of 48 h. The shift from red fluorescence to orange fluorescence
may have been the result of de-localization of protein or protein turnover in the cell as the
cell stretched and migrated over the course of 48 h. The expression of Dendra2 was detected
up to 7 d after transfection, and red fluorescent expression was detected up to 3 d after
photo-conversion. In the current study, “re-photo-conversion” of cells was found not to be
possible after green and red fluorescence had diminished. Dendra2 displayed robust green
and red fluorescent expression, and may be highly useful for short-term tissue engineering
studies where rapid differentiation occurs within a 7 d time period. Dendra2 may
additionally be beneficial in studies that focus on transient gene expression or transient
protein expression. The use of Dendra2 in stable transfection systems may enable a
prolonged expression of Dendra2; increasing the utility of Dendra2. Future studies that use
Dendra2 in stable gene expression systems where DNA integrates into the genome through
zinc finger nucleases, transcription activator-like effector nucleases (TALENS), and
clustered regularly interspaced short palindromic repeats (CRISPRS) could be highly
valuable for tracking cells, monitoring the generation and destruction of intracellular
transcripts, and examining the turn-over of target proteins and growth factors within a cell or
tissue.

The current study demonstrated that Dendra2 could be a highly effective tool for gene
delivery and tissue engineering studies in vitro, and future investigation of Dendra2 in ex
vivo transfection experiments may yield fascinating results in co-culture studies. However, it
remains to be seen whether Dendra2 has any effect on proliferation, stemness, and
differentiation, or vice-versa, which will be an important area of future investigation.
Dendra2-transfected cells could be highly valuable in tissue engineering experiments that
examine how cells interact in a co-culture system, how cells interact with a biomaterial, or
two various cell culturing environments. Select cells on a biomaterial scaffold or co-cultured
with non-transfected cells could be photo-converted from green fluorescence to red
fluorescence for further observation on how cells migrate, behave, and interact with a
biomaterial or different cell type. In some tissue engineering applications, unique cells that
are selectively photo-converted by the investigator could be isolated via FACS, which would

Cell Mol Bioeng. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mellott et al.

Page 9

enable an investigator to further analyze the isolated cells. Furthermore, Dendra2 could be
strategically used in differentiation studies where Dendra2 is fused to a differentiation gene,
and photo-conversion could be used to identify cells that display changes in morphology (or
a lack there of). The use of a photo-convertible reporter gene has been highly underutilized
in tissue engineering, and could be an extremely effective tool in tissue engineering
experiments by allowing real-time observation of cells in materials and tissues for short
periods of time immediately after transfection. Photo-convertible reporter proteins, such as
Dendra2, provide an opportunity for investigators to gain insightful information into how
cells respond to a treatment by affording the ability to secondary label select cells within an
already primary labeled population without disrupting a treated cell population.

In summary, Dendra2 is a robust non-toxic photo-convertible protein that expressed well in
hWJCs, and allowed for precise control of photo-conversion from green to red in arbitrarily
selected cells over the time scale of 120 s. For the first time, a photo-convertible reporter
gene was transfected into hWJCs, and the current study demonstrates how photo-convertible
reporter genes, such as Dendra2, can be reliably and robustly photo-converted. Photo-
convertible proteins such as Dendra2 enable strategic photo-conversion of select cells
without photo-converting surrounding cells, which could be highly beneficial for in vitro
and ex vivo studies. Thus, the potential to use a photo-convertible protein in tissue
engineering applications could provide new insights regarding cell behavior in tissues and
biomaterials, which could provide means to create new therapies in regenerative medicine.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Schematic diagram of hWJC transfection and photo-conversion
Photo-convertible reporter genes such as Dendra2 enable cells fluoresce green as a primary

label for treatment. Dendra2 enables cells that exhibit a unique characteristic or behavior to
be photo-converted with blue or UV light to exhibit a secondary label that distinguishes
unique cells from all other cells within a treated population for observation. hWJCs were
transfected via the electroporative method, Nucleofection™, with pDendra2. Cells were
transfected at a density of 5x10° cells per cuvette. After transfection, cells were imaged for
green fluorescence, then converted to red fluorescence by exposure to UV light, and imaged
for red fluorescence.
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Fig. 2. Full photo-conversion of hWJCs
Photo-conversion of hWJCs from green fluorescence to red fluorescence was very robust.

hWJCs were gently exposed to UV light at 100 mW every 10 s at a frequency of 1 Hz for
300 s. Green fluorescence intensity and red fluorescence intensity were measured in real-
time as hWJCs were photo-converted. There was a rapid decrease in green fluorescence
intensity as red fluorescence intensity increased. The critical moment where red
fluorescence eclipsed green fluorescence occurred at 125 + 60 s. Please refer to
Supplementary Figure 1 to view the full time-lapse video of a single recording of the photo-
conversion that is representative of all attempts. The results displayed were fully consistent
with nine attempts to photo-convert cells from three different umbilical cords. AU =
Avrbitrary Unit; Scale Bar = 100 pm
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Figure 3. Photo-conversion of single cells
Individual hWJCs were targeted for photo-conversion. The left column displays the

fluorescence of cells before photo-conversion. The right column displays cells after photo-
conversion. The amount of Dendra2 produced in each cell varied, thus some targeted cells
displayed a strong expression of red fluorescence while other cells display a weak
expression of red fluorescence after photo-conversion. The images displayed are a random
collection of images taken from three different (n = 3) different populations of hWJCs
transfected with Dendra2. Scale Bar = 100 pm.
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Fig. 4. Kinetics of targeted and non-targeted cells for photo-conversion
The UV light beam was confined to a 15 — 20 pm diameter to restrict UV light exposure to a

selection of one to two hWJCs. Changes in fluorescent intensity for both green and red
fluorescence were measured in two adjacent cells over the course of 720 s. The cell
designated “Target 1" is labeled with a white triangle and was exposed directly to the UV
light beam, whereas the cell designated “Target 2” is labeled with a blue circle. Target 1 was
exposed to UV light at 20 mW every 20 seconds at a frequency of 1 Hz. Over the course of
720 s, the green fluorescence rapidly decreased while the red fluorescence steadily increased
in Target 1. Green fluorescence decreased slightly, and red fluorescence increased slightly in
Target 2, but photo conversion did not occur within the measured time period,
demonstrating that select cells can be targeted in culture. Please refer to Supplementary
Figure 2 to view the full time-lapse video a single recording representative of all attempts to
demonstrate isolated photo-conversion. The results displayed were fully consistent with nine
attempts to photo-convert individual cells from three different umbilical cords. AU =
Avrbitrary Unit; Scale Bar = 100 pm.
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Fig. 5. Schematic diagram of cell tracking in tissue culture
The diagram illustrates how cell tracking could work in a tissue culture if a single

transfected cell is photo-converted. The photo-converted cell would appear red against cells
that are green, which would allow for precise tracking of cell movement and observation of
morphological changes in tissue culture.
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Fig. 6. Cell tracking of a single photo-converted hWJCs over the course of 36 h
Two hWJCs were photo-converted with UV light at an intensity of 100 mW for 10 s at a
frequency of 1 Hz. The single cell was tracked for a total of 48 h. The panels show the
movement and changes in the photo-converted cell every 6 h for 36 h. Please refer to
Supplementary Figure 3 to view the full 48 h time-lapse video of the movement of the two

photo-converted hWJCs. The experiment was run twice, showing the same results both
times. Scale Bar = 100 pm
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Fig. 7. Tracking the expression of Dendra2 over 7 d
Select hWJCs were photo-converted with UV light at an intensity of 100 mW for 10 s at a

frequency of 1 Hz within a population of positively transfected cells. Green fluorescence
was monitored for 10 d; however, green fluorescence and red fluorescence were not
detectable beyond 7 d after transfection. Images are composite image montages composed of
45 neighboring fields of view stitched together into a 5 x 9 image. The top row of images
shows only the green fluorescence channel. The second row down shows only the red
fluorescence channel. A red inset box and yellow inset box display an enlarged image of the
photo-converted hWJC. The third row down displays composite images where the green
fluorescent and red fluorescent channels have been merged. Green inset boxes are displayed
in images corresponding to days 1 — 4, and are enlarged in the fourth row down. White
arrows indicate the location of hWJCs that were photo-converted and express red
fluorescence. No red fluorescence was detected in days 4 — 7 from cells that were photo-
converted 1 d after transfection. The experiment was run twice with cells from three
different umbilical cords (n = 3). The images are representative of all samples run. G =
Green fluorescence channel. R = Red fluorescence channel. M = Merged green and red
fluorescence channel. Inset corresponds to the green inset box in the “M” row. White Scale
Bar = 400 um. Yellow Scale Bar = 200 um. Red Scale Bar = 200 pm.
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