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SHORT ABSTRACT:

Plastic films labeled “biodegradable” are commercially available for agricultural use as mulches.
Tillage represents an attractive disposal method, but degradation under field conditions is poorly
understood. The purpose of this study was to develop methods for isolating native soil fungi and
bacteria that colonize plastic mulch films after field burial.

LONG ABSTRACT:

Fungi, native to agricultural soils, that colonized commercially available biodegradable mulch
(BDM) films were isolated and assessed for potential to degrade plastics. Typically, when
formulations of plastics are known and a source of the feedstock is available, powdered plastic
can be suspended in agar-based media and degradation determined by visualization of clearing
zones. However, this approach poorly mimics in situ degradation of BDMs. First, BDMs are
not dispersed as small particles throughout the soil matrix. Second, BDMs are not sold
commercially as pure polymers, but rather as films containing additives (e.g. fillers, plasticizers,
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and dyes) that may affect microbial growth. The procedures described herein were used for
isolates acquired from soil-buried mulch films. Fungal isolates acquired from excavated BDMs
were tested individually for growth on pieces of new, disinfested BDMs laid atop defined
medium containing no carbon source except agar. Isolates that grew on BDMs were further
tested in liquid medium where BDMs were the sole added carbon source. After approximately
ten weeks, fungal colonization and BDM degradation were assessed by scanning electron
microscopy. Isolates were identified via analysis of ribosomal RNA gene sequences. This report
describes methods for fungal isolation, but bacteria also were isolated using these methods, by
substituting media appropriate for bacteria. Our methodology should prove useful for studies
investigating breakdown of intact plastic films or products for which plastic feedstocks are either
unknown or not available. However, our approach does not provide a quantitative method for
comparing rates of BDM degradation.

INTRODUCTION:

Degradation has historically been considered an undesirable attribute of plastic polymers,
because breakdown shortens product life span and durability. Recently, awareness of the
environmental problems presented by plastic waste in the natural environment'*” has made
biodegradable plastics an attractive alternative to conventional plastic materials. Degradation
(defined as structural changes, fragmentation, and reduction in molecular weight, integrity, and
strength4’5) occurs via a series of events, including both abiotic processes (thermal stress, photo-
oxidation, hydrolysis, erosion and mechanical stress), and biological degradation®. While abiotic
processes can change the fragment size and characteristics of plastics, microorganisms are
required for their ultimate mineralization to water and carbon dioxide (in aerobic conditions)
and/or methane (under anaerobic conditions).

A substantial niche for biodegradable plastics exists in agriculture, where plastic mulches are
used to prevent weed growth, to retain soil moisture and to increase soil temperatures’® .
Hundreds of thousands of acres in the United States alone are covered with plastic mulches’,
including mulches composed of biodegradable plastic. Following a crop growing season, the
options for disposing of biodegradable mulches (BDMs) include disposal in a landfill,
incineration for energy recovery'’, degradation via composting, or degradation in the soil after
tillage''. Of these, the least labor-intensive fate is plowing BDMs into the soil, but without
efficient degradation and mineralization during non-crop months (generally in the winter), plastic
fragments could remain and interfere with agricultural equipment during spring tillage and
planting, and persist in the environment where they significantly impact wildlife, plant life, and
microbiota**'°,

Although many plastic products, including agricultural mulch films, bear the label
“biodegradable” or “compostable”, in practice, degradation and mineralization may be too
inefficient and/or too incomplete for in-soil decomposition to be a viable alternative for disposal
of these products. For example, oxo-biodegradable polyethylenes achieved only 12.4%
mineralization after one year of weathering and three subsequent months in a 58°C compost, and
less than half that amount of mineralization occurred when the compost temperature was 25°C'2.
In the winter, soil temperatures at most locations would be lower than either of these
temperatures, presumably resulting in even lower microbial activity and consequently, less
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mineralization. In addition to slow degradation rates, misuse of the term “biodegradable” has led
to distrust of these products by consumers'>'?, including those in the agricultural industry.
Biodegradation is the conversion of polymers to carbon dioxide (and/or methane) and water'* by
naturally-occuring microorganisms’. Therefore, biodegradation must be measured chemically;
the physical association of microorganisms with a substrate does not imply microbial
degradation of that material.

As part of an effort to examine sustainable use of BDMs in agriculture, this study focused on
discovering microorganisms native to agricultural soils that colonize and degrade commercially-
available BDMs. Standard test methods have been published for chemically measuring the
breakdown of biodegradable plastics by abiotic and biological means'>'®!"". However, these
methods do not address degradation of plastics by individual microbial species, or provide
methods for their isolation. The methodology herein more closely resembles standard methods
designed to evaluate plastics for resistance to microbial breakdown after inoculating specimens
with fungal sporeslg’lg.

When formulations of plastics are known and a source of the feedstock is available, powdered
plastic can be suspended in agar-based media and degradation determined by visualization of
clearing zones'. This method has been used previously to identify microorganisms that degrade
polymers such as polyurethane®’, poly-(butylene succinate-co-adipate)*', and poly(lactic acid)*.
A similar method involves suspending pure powdered plastic in liquid medium where the plastic
is the sole carbon source’™**. While these methods have the advantage of a defined system, they
poorly mimic in situ degradation of BDMs. First, the surface area is distributed differently
because BDMs are not dispersed in small particles throughout the soil matrix, but rather, sold
and used as films. Second, the chemical makeup of BDMs is different from pure polymers.
BDMs generally contain additives such as fillers, plasticizers, and colorants, and these additives
may affect microbial growth and thereby, the rate of mineralization. For this reason, and because
the composition of certain commercial films in this study were proprietary, plastic film in its
field-ready form was utilized to isolate fungi and bacteria. For simplicity, the methods below are
described only for fungi, with modifications noted where appropriate for bacterial isolations.

In a recent study®*, three commercially-available BDMs and one experimental film were used at
agricultural sites in three different regions of the United States for one growing season, and
subsequently placed in mesh (250 micron) bags and buried for one winter in soil at the same
sites. The 250 micron mesh openings allow fungal hyphae to penetrate while excluding roots
and most soil fauna, and minimizing soil encroachment®°. Nylon materials prevent bag
degradation in soil. Following excavation, fungal isolates were recovered from BDM pieces and
assessed for growth on minimal medium without a source of carbon except for the agar and a 5
cm x 5 cm surface-disinfested square of new, unused BDM film that was pre-disinfested. Most
plastics used as films cannot be autoclaved without loss of integrity, so UV light was used to kill
any microbial cells residing on the plastics. ISO 846" recommends surface-disinfesting in 70%
ethanol and subsequent drying, but if using this method, one must ensure that no component or
additive of the film is adversely affected by the ethanol. Since BDMs presumably are
manufactured to withstand sunlight, UV was chosen as a decontamination method.
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Isolates that grew on BDM pieces better than on minimal medium alone were selected for further
study. Agar, a polysaccharide produced by marine algae, is used to solidify microbial media
because it is typically not utilized metabolically by agriculturally and medically notable
microorganisms; however, agar-hydrolyzing enzymes have been isolated from marine bacteria®’
and agar-hydrolyzing bacteria also have been isolated from soil*®. BDM polymers and agar are
both expected to be rare substrates for enzymes secreted by soil fungi, which have not evolved in
environments that contain these polymers as potential nutrient sources, but both substrates are
present in the plate bioassay described herein (Step 7). Fungi that use BDMs but not agar as a
carbon source can be differentiated from fungi that use agar only, by comparing growth on agar-
solidified medium containing i) no added carbon source except agar (negative control), ii) BDM
films (experimental) and iii) glucose (positive control). Growth of all isolates is expected on
minimal medium plus glucose; fungi not arising on glucose-containing plates may not be capable
of growth on the particular minimal medium used in the experiment. Potential BDM degraders
should grow on agar-solidified minimal medium + BDM film better than they grow on agar-
solidified minimal medium alone. Fungi growing on minimal medium plates are agar-degraders
or oligotrophs, and are also expected to grow on the agar associated with BDM films in bioassay
plates, but not on the films themselves (unless they serendipitously also degrade BDM
polymers).

To eliminate the possibility of seeing microbial growth due to utilization of agar and not of
BDMs, we followed our initial assay for BDM colonization on agar plates with a bioassay in
defined broth medium (Step 9). BDM pieces represented the only known carbon source in the
bioassay tubes.

After the initial screening, and upon reviving glycerol stocks of the isolates, some formed scant
but visible mycelia in liquid defined medium containing no known carbon source. These results
suggested that some of the acquired isolates were oligotrophs — organisms that grow by
scavenging very small amounts of carbon, nitrogen, and other nutrients dissolved either in the
aqueous environment or existing as volatiles in the air® 03!, Species identification via 18S
ribosomal DNA analysis supported this view, as many of the isolates matched fungal genera
previously reported to exhibit oligotrophy3 2, Oligotrophs, which are commonly saprophytes,
require a broad range of metabolic capabilities for substrate utilization in a range of
environments™. Thus, it is not surprising that the same fungi we isolated from BDMs
(presumably requiring unusual enzymatic capabilities) demonstrated oligotrophic capacities, and
were able to grow on trace contaminants such as skin oils from fingerprints, dust, or trace
volatiles in the air. Due to the isolation of oligotrophs, we concluded that growth on a BDM
surface alone could not be used to infer BDM breakdown. The methods described herein reflect
our efforts to screen native BDM colonizers from agricultural soils for bona fide BDM
breakdown.

PROCEDURE:

This procedure requires at least several months for incubation of BDM films in soil, and several
more months for sequential bioassays both on agar plates and in agar-free, chemically defined
broth to assess colonization and degradation. Individual methods are listed in the order they will
be performed.
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1. Incubation of BDM films in soil

Incorporate BDM films into soil under conditions mimicking those under which they will be
expected to degrade. Acquire 400 g (dry weight equivalent) of resident soil and sandwich a 10
cm X 10 cm BDM with the soil inside a 13 x 13 cm nylon mesh (250 micron) bag. Close with
nylon thread. Incubation times are at the experimenter’s discretion. Monitor parameters relevant
to microbial activity (e.g. soil temperature and moisture) at regular intervals throughout the
incubation period.

2. Preparation of media and reagents

To avoid introducing nutrient sources inadvertently into media and culture tubes, use reagent-
grade chemicals, newly purchased culture tubes, Type I ultrapure (e.g. NanoPure) water, and
stringently-washed glassware for mixing media. Avoid cross-contamination of reagents — it is
best to use a dedicated set of reagents and glassware for this purpose. Note that it is possible that
fungi may be isolated whose growth is inhibited by an ingredient in the reagents listed below. If
that occurs, some optimization may be required.

2.1. Prior to making media, wash all necessary glassware with a laboratory detergent and then
acid-wash (e.g.soak overnight in 10% HCI). Rinse a minimum of twelve times in distilled water
and twice in ultrapure water. Cover all glassware with clean aluminum foil to exclude dust.
Wear gloves and avoid touching the inside and edges of vessels to exclude skin oils from
fingerprints. To avoid any soap residues and scratches in glass which facilitate colonization,
culture fungi in newly-purchased (unused), rinsed and autoclaved glass culture tubes and caps.

2.2. Potato dextrose agar (PDA) is used for the initial isolation of fungi from soil, and for
establishment of single isolated colonies and generation of inoculum for long-term storage.
Prepare the media according to the manufacturer’s instructions and after autoclaving (when
cooled to 50°C), add chloramphenicol (from a 10 mg/mL stock solution in EtOH) to a final
concentration of 30 ng/mL, to exclude bacteria. This medium is now referred to as PDA chl*’.

2.3. Fungal minimal medium (FMM) is used as a solid base for BDMs inoculated with
potential fungal plastic-degraders. Aside from the agar (when used to solidify the medium), it is
carbon-free. To approximately 800 mLs of deionized H,O, add 6.0 g NaNOs, 0.52 g KCl, 0.52 g
MgS04-7H,0, 1.52 g KH,PO,, and 1 mL Hutner’s trace elements stock solution (2.2 g
ZnS04-7H,0, 1.1 g H3BO3, 0.5 g MnCl,-4H,0, 0.5 g FeSO4-7H,0, 0.16 g CoCl,-5H,0, 0.16 g
CuS0,-5H,0, 0.11g (NH4)sM07044-4H,0, and 5.0 g Nay EDTA in 100 ml distilled H,0**"**.
Adjust the pH to 6.5 using NaOH, and bring volume to 1L. For the liquid bioassay, filter-
sterilize FMM to avoid precipitation of salts. If solid medium is desired, add 16 g agar and
autoclave. When semisolid agar is required, reduce agar to 8 g/L.. When cooled to 50°C, add
chloramphenicol to a final concentration of 30 pg/mL. This medium is now referred to as FMM
ch®®. As a control to ensure that fungal isolates grow in this medium, FMM should be made as
above but containing 10 g glucose per liter. This is called glucose minimal medium® (GMM).
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2.4. Phosphate-buffered saline® (PBS) is used to suspend soil particles and microbial cells in
the initial serial dilution of soil-exposed BDMs. To make PBS, add 8 g NaCl, 0.2 g KCl, 1.44 g
Na,HPOy,, and 0.24 g KH,PO, to 800 mL of distilled water. Dissolve salts and adjust pH to 7.4
with HCI. Bring total volume to 1 L with ultrapure water. Fill clean culture tubes with 9.5 mL

and 4.5 mL PBS per tube. Autoclave.

2.5 30% (v/v) glycerol is used to suspend cryopreserved bacterial and yeast cells, spores, and
fungal mycelium during storage at -80°C. Make this solution in ultrapure water. Autoclave.

2.6. 0.01% (v/v) Triton X-100 is used to suspend fungal spores; the detergent acts as a non-
toxic wetting agent for hydrophobic spores. Dissolve 100 pL Triton X-100 in 1 liter of ultrapure
water. Autoclave.

2.7. 0.1 M sodium phosphate buffer (pH 7.2) is used as the solvent for glutaraldehyde during
SEM fixation. Mix 68.4 mL of 1 M Na,HPO, and 31.6 mL of 1 M NaH,PO, and bring total
volume to 1 L with ultrapure water™".

3. Preparation of bioassay materials: surface decontamination of BDM films.

3.1. Because remnants of contaminants like paper and tape on cutting utensils are potential
carbon sources, use newly-purchased scissors or fresh razor blades, and an inorganic surface for
cutting. Wear gloves to avoid contamination of BDM films with skin oils. Cut BDM films into
small squares (4.25 x 4.25 cm). This size square fits into a standard 100 x 15 mm Petri plate.

3.2. Use a germicidal UV lamp (emission wavelength = 253.7 nm) to decontaminate BDM
films. Such a lamp is often found in a standard biosafety cabinet. Ensure that when the UV light
is operating, there is no flow of external air into the biosafety cabinet that might contaminate the
BDM films.

3.3. Wet surfaces inside the hood with 70% EtOH and let blower run for 15 minutes to flush air.
Then, close the sash and decontaminate the hood surface with UV for two hours.

3.4 Place the BDM films in the decontaminated hood, in rows. Allow the UV light to shine on
films for two hours.

3.5. Use a clean, sterilized forceps to flip the BDM films. Start at the front row and work to the
back row to minimize time that hands and arms are directly above the newly-decontaminated
BDM surfaces. When flipping BDMs, place the newly-disinfested side downward on a clean
area exposed to UV light but not previously in contact with the non-disinfested side of the film.

3.6. After two hours of UV treatment on each side, remove the BDM films from the biosafety
cabinet with a sterile forceps, again working from front to back to avoid placing hands and arms
over already-decontaminated films. Place the BDM films into sterile, dry, covered containers
such as foil-covered beakers. Store at room temperature in darkness.

4. Plate bioassay setup: Perform all steps in a sterile transfer hood using aseptic technique.
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4.1. Lay the UV-disinfested BDM pieces on the surface of agar plates. Set down one corner
first, and gently let the remainder of the square roll into contact with the agar. Avoid wrinkles.
Particularly thin films may require the use of two forceps in order to lay the piece flat.

4.2. Place beads of semisolid FMM chl*® agar atop the plastic film to provide a water and
nutrient source for initial colonization of hydrophobic plastics. Beads are not necessary for
water-permeable films. Re-melt the agar in the microwave, and use a micropipettor to transfer
four 10 puL drops of molten agar onto the mulch (one in each corner). Do not touch the tip of the
pipette directly to the mulch as it may puncture. Do not exceed 10 pL per drop, because excess
weight on the mulch can pull plastic off the agar surface when plates are inverted.

4.3. Let the plates sit right-side up with lids on overnight to solidify completely, and then store
sealed sleeves agar-side up at 4°C in darkness. When ready to perform the bioassay (Step 7), use
i) one plate of FMM ch!l*® (negative control), ii) one bioassay plate containing four 10 puL drops
of semisolid FMM ch!*” on plastic film, and iii) one plate of GMM (positive control). In this
way, four replicates of each isolate can be tested per plate of medium.

5. Liquid bioassay setup:

5.1. Follow the instructions for BDM cutting in Step 3.1. Prior to cutting plastic films for the
liquid bioassay, choose a size that fits into the culture tube. The area necessary to achieve a
uniform mass among several plastic types will depend upon the film thickness. Pieces
equivalent to 0.0175 grams fit well in 15 x 150 mm culture tubes.

5.2. Surface-decontaminate films with UV light as described in Step 3 above.

5.3. For each replicate of a microbial isolate, prepare three tubes for inoculation: i) 5 mLs FMM
containing a BDM fragment of the predetermined size (experimental), ii) 5 mLs FMM with no
carbon source (negative control), and iii) 5 mLs GMM (positive control). Additionally, prepare
replicate tubes of FMM containing each BDM to be tested, but do not inoculate them. These
control tubes will reveal any microbial growth resulting from contamination.

6. Isolation of fungi

Following soil incubation and sample removal, fungi are isolated from the soil that adheres to the
BDM films. If desired, bacteria can simultaneously be isolated with the same method using
media appropriate for isolation of soil bacteria, such as 1/10X dilute tryptic soy yeast agar
supplemented with 50 pg/mL cycloheximide to deter fungal growth37. When defined medium is
required for bacterial isolations in Steps 5 and 7, M9*® (plus cycloheximide) is a good choice.

6.1. Prior to sample processing, prepare PBS and PDA chl’’. Allow PDA chl® plates to dry
(unbagged) at room temperature for approximately 24 hours to eliminate condensation on the
lids and the agar surface. Pre-label PDA chl® plates.
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6.2. Excavate mesh bags containing BDM pieces from burial sites chosen in Step 1. Ship and
store at 4°C no longer than 48 h after extracting from soil.

6.3. Using sterile spatula and forceps, gently remove soil until plastic is exposed but do not
brush off soil that is clinging to BDM film surface. Cut BDM film into 1 cm? pieces until 0.5 g
of material is recovered for each of four total replications. Transfer 0.5 g BDM film and
attached soil to 25 mL culture tubes containing 9.5 mL of PBS. If the mulch is completely
degraded or a soil-only control is being processed, add 0.5 g of soil to the PBS; if possible,
choose pieces that are still discolored from the residual mulch.

6.4. Vortex the culture tubes containing 9.5 mL PBS and 0.5 g mulch for 30 sec at high speed,
sonicate in a sonicating waterbath for 10 min, and vortex again for 30 sec. The agitation is
intended to break apart biofilms, physically remove cells embedded in or adhering to mulch
pieces, and create a homogeneous suspension.

6.5. Prepare to serially dilute the PBS/soil solution to obtain individual colony forming units
from platings. For each sample, place in a laminar flow hood one culture tube filled with 4.5
mLs sterile PBS. For each sample, fill three wells of a deep-well 96-well plate filled with 450
uL PBS.

6.6. The original plastic/soil suspension (0.5 g mulch plus 9.5 mL of PBS solution) represents a
5.0 x 10 dilution of microbial material adhering to the plastic. Add 0.5 mL of suspension from
this original tube to 4.5 mLs of sterile PBS in a culture tube to obtain a 5.0 x 10 dilution.
Vortex for 30 sec at high speed. Add 50 puL to 450 uL of PBS in the 96-well plate. Repeat for
all samples/replicates. Use a multichannel pipettor to dilute samples en masse. Mix each new
dilution by 6pipetting up and down ten times. Change tips between dilutions. Make dilutions up
to 5.0x 10™.

6.7. (Optional) Bacterial isolates were more abundant than fungal isolates in samples described
herein; thus if simultaneously isolating bacteria, then perform serial dilutions up to 5 x 10% in
Step 6.6 above.

6.8. Evenly spread 100 pL from each of the 5.0 x 107 through the 5.0 x 10 dilutions across the
agar surface of PDA chl™ plates with flame-sterilized bent glass rods. Store plates upright for 30
minutes to let liquid soak in, then seal plates with Parafilm to avoid escape of spores from
unidentified isolates. Incubate inverted plates at 20°C in darkness for 5 days to allow both quick
and slow-growing fungi to form colonies.

7. Initial selection of plastic-degrading fungi
Important: All cultures from this point forward should be opened only in a biosafety cabinet
(not a laminar flow hood) to avoid contamination of the environment with spores of unknown

identity. Some soil fungi and bacteria are potential human pathogens.

7.1. Examine dilution plates containing well-isolated colonies. Select a colony that is not
touching another colony.
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7.2. Using a single sterile toothpick, gently touch a colony and then touch the agar of FMM
(made in Step 2.3), FMM + plastic (made in Step 4), and GMM (made in Step 2.3) plates, in
that order. To inoculate agar beads atop plastic films, rub the toothpick gently on the surface of
the agar dot and then swipe across the plastic film. Repeat the inoculation from the same source
colony until there are four replicate streaks on each plate.

7.3. Repeat Steps 7.1 through 7.2 until several replicates of every visually-unique colony type
are selected from every BDM sample.

7.4. Seal plates with Parafilm, invert, and incubate at 20°C in the dark for 5 days.

7.5. Identify isolates that grow on BDMs better than they grow on FMM. If growth is not
obvious, view the specimen under a dissecting microscope to verify colonization or lack thereof
(Figure 1). Keep the lid on; if the lid has condensation, replace with a new lid but do so in the
biosafety cabinet.

7.6. Once potential BDM degraders are selected, use a sterile toothpick to scrape inoculum from
the fungus colonizing the plastic itself, and streak for isolation of single colony-forming-units on
PDA ch!™ plates.

7.7. Seal plates with Parafilm and incubate PDA chl™
isolates at 20°C for 5 days in the dark.

plates inoculated with plastic-degrading

7.8. Now that single isolated colonies are purified, ensure that they are truly able to colonize the
plastic films being tested. Collect inoculum (spores, yeast cells, or hyphae) from a single
colony-forming unit with a sterile toothpick. Repeat Steps 7.2 through 7.7. After 5 days of
incubation at 20°C, examine the bioassay plates for fungal growth. If the isolate grows on a
BDM film better than it grows on FMM in both the first (7.5) and second (7.8) trials, then store
the isolate as described below in Step 8.

8. Long-term storage of plastic degraders

Overall, plastic-degrading isolates will be tested in the plate bioassay (7.5), re-purified to single
isolated colony-forming units (7.6), tested in the plate bioassay again (7.8), and finally, tested in
the liquid bioassay (9.1 — 9.5). During testing, isolates should be transferred to fresh media
every month and working stock plates stored at 4°C as soon as sufficient growth is visible.
Isolates also should be stored as glycerol stocks at -80°C, and/or as dried spores on sterile filter
disks at 4°C. Both storage methods are described below.

8.1 For each isolate that grew on a BDM film better than it grew on FMM in both the first (7.5)
and second (7.8) plate bioassays, prepare two PDA chl’® plates with two or three sterilized filter
paper disks, approximately 1 cm in diameter, on the surface. Inoculate these two plates from the
same single colony chosen in Step 7.8 above. Make a lawn by spreading inoculum uniformly
over the agar to maximize growth. Seal plates with Parafilm and incubate at 20°C for 5 days.
This step can be initiated simultaneously with Step 7.8 for efficiency.
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8.2. The filter disk on the agar surface should be covered with mycelium/spores. Remove the
filter disks from the agar surface with sterilized forceps, and place into a sterile Eppendorf tube.
Air dry the filter disks overnight inside the Eppendorf tubes (with the cap off) in a biosafety
cabinet or other dry, sterile environment with minimal air movement to avoid cross-
contamination. Then seal with Parafilm, and store at 4°C.

8.3. Use a sterile cotton swab or toothpick to harvest spores and mycelia from the lawn plates.
Suspend spores and hyphae in 30% glycerol in cryovials, flash-freeze in liquid nitrogen, and
store at -80°C.

9. Stringent confirmation of plastic utilization via liquid bioassay

9.1. Generate fresh spores and/or cells with which to inoculate liquid cultures: inoculate PDA
chr* plates with spores from potential plastic degrading isolates. Seal the plates with Parafilm,
and incubate at 20°C until fungal spores are visible.

9.2. In a biosafety cabinet, harvest spores by washing the plate with 0.01% Triton X-100 (5 mLs
per 15 x 100 mm Petri plate works well) and scrubbing the spores (or yeast cells) from the
surface with a sterile bent-glass rod. Aspirate spore (or cell) suspension and transfer into a
sterile container.

9.3. Count spores or cells with a hemacytometer and determine the appropriate volume to add to
5 mLs of FMM broth for a total of 1 x 10° spores/tube. The volume should be less than 10 pL.
Dilution of concentrated spore suspensions in 0.01% Triton X-100 may be necessary.

9.4. In a sterile transfer hood, inoculate culture tubes prepared in Step 5 with 1 x 10° spores (or
yeast cells). Seal the caps with Parafilm to avoid any escape of spores, particularly for
unidentified isolates. Incubate in darkness at 20°C and observe samples weekly for growth.

9.5. Mycelial growth of fungi on plastic films may be visible within the first week after
inoculation, especially at the edges of the plastic films. For planktonic yeast (as evidenced by
cloudy media), growth can be monitored by optical density readings at 600 nm. Because fungi
are likely to attach directly to the plastic film, growth may be assessed by eye, and can be
confirmed by light microscopy and/or scanning electron microscopy (SEM).

9.6. In FMM-only controls, look for miniscule white flecks that are too small to register a
change in optical density using spectrophotometric methods. These flecks can be aspirated with
a Pasteur pipette and observed using differential interference (DIC) microscopy. Flecks are often
unidentifiable precipitate, but in some cases they may be clumps of the original inoculant that
had germinated but not grown substantially.

9.7. Use visual and microscopic observations to compare colonization of experimental samples
and controls, and assign ratings to the growth on each sample of BDM film. Because many
BDMs are dark in color and permit minimal observation via microscopy except at the edges, and
film thickness prohibits observation under an oil-immersion lens, SEM is useful to estimate i) the
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presence of microbial growth, e.g. via the rating system described in Table 1, and ii) the extent
of BDM degradation.

10. SEM sample preparation

10.1. Use clean, sterile scissors to cut small pieces of BDM from replicate samples. Fix BDMs
by immersing in 2.5% glutaraldehyde in 0.1 M sodium phosphate buffer (pH 7.2) for 24-48 h.

10.2. While fixation is occurring, dehydrate pure 100% ethanol by adding 5-10% volume 3A
molecular sieve (activated in a drying oven at 175-260°C and cooled in a desiccator), and allow
to sit at room temperature overnight to ensure total dehydration.

10.3. Immerse BDMs in 0.1 M sodium phosphate buffer (pH 7.2) for four washes of 15 min
each.

10.4. Immerse BDMs in ultrapure water for three washes of 5 min each.

10.5. Dehydrate BDM samples in an ethanol series, immersing for 20 minutes at each
concentration: 50%, 70%, 80%, 90%, 95%, and 100%. Rinse BDMs twice more in 100%
ethanol for 20 min per rinse.

10.6. Subject samples to critical point drying and sputter coating.
REPRESENTATIVE RESULTS:

In a recent study®*, four replicates each of three commercially-available BDMs labeled
“biodegradable”, plus an experimental film and a conventional plastic control, were placed over
soil as mulch for tomato production in the spring of 2010 at Mount Vernon, WA, Knoxville, TN,
and Lubbock, TX. In the fall of 2010, BDM film squares were cut from each weathered mulch
in four replicate plots, and native soil was removed from directly beneath the area where the
mulch sample had been excised. Each weathered BDM square was sandwiched in soil inside a
nylon mesh bag as described in Step 1. A soil-only control was also included. Bags were buried
under 7.5 cm of soil in the same plots and rows previously covered by the mulch, and left in
place until spring 2011 tillage, seven months later. Bags were then lifted from the plots with a
shovel, placed into Ziplock plastic bags, and shipped to the laboratory on wet ice for next-day
delivery.

Here we report representative findings from our study. Native soil fungi were isolated from each
BDM at all three sites, for a total of 54 isolates. We describe isolates from two of the
commercial products used at one site (Mount Vernon). One of the products wss a biodegradable
plastic called BioAgri. This black film is labeled as ‘“‘starch-based” (BioAgri, Palm Harbor, FL)
and made from Mater-Bi® bioplastic by Novamont (Terni, Italy). Mater-Bi is a blend of “corn
starch, and biodegradable polymers obtained both from renewable raw materials and fossil raw
materials” (http://www.novamont.com/default.asp?id=505). The other product was not plastic
but rather a brown “paper-like material made from specially-engineered cellulose fiber”
(WeedGuard Plus, SunShine Paper Co, Aurora, CO); (http://www.weedguardplus.com/fags.php).
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This product originally was included as a control and degradation of its cellulosic components
was expected.

Using the plate bioassay described herein, three potential BDM-degrading isolates from
WeedGuard Plus and three from BioAgri were recovered. These isolates were subjected to the
liquid bioassay (Steps 9.1 — 9.7 above) in triplicate. Although some fungal growth was visible
along the edges of BDMs after one week in the liquid bioassay, samples were incubated for 68
days before harvesting and final observation. Using SEM, fungal hyphae were observed on all
samples except XX and Y'Y, where we observed rod-shaped cells (Table 2). Because XX and
YY grow in yeast form on PDA chl™, this observation was expected.

For the WeedGuard Plus isolates, no growth was observed in the FMM-only controls. The most
BDM degradation was observed in the samples colonized by Isolate SS. In the uninoculated
controls for the WeedGuard Plus mulch (Figure 2A), residual tracheary elements of the plant-
derived fibers are only detectable as slight pock-marking seen in rows on some of the fibers.
Though fungal hyphae were observed in all three inoculated samples, tracheary elements were
plainly visible only in the SS samples (Figure 2B), suggesting that digestion of cellulosic
material revealed the lignified tracheary elements beneath. Isolate SS was tentatively identified
using 18S ribosomal DNA as a sordariomycete within the order Sordariales.

For the BioAgri isolates, no significant growth was observed in the FMM-only controls. Single
white specks visible upon swirling the culture tubes of isolates VV and ZZ were observed using
DIC microscopy. For Isolate VV, the speck was a spore mass (not shown), presumably residual
from the initial inoculation. For Isolate ZZ, the mass was composed of loose mesh of hyphae
approximately 0.2 mm diameter, suggesting that the original spore inoculum had germinated, but
had not grown beyond the mass pictured in Figure 3A.

In the uninoculated controls for the BioAgri mulch (Figure 3B), a bumpy texture is observed.
The identity of the white features is unknown, but they are absent in a film colonized by Isolate
VV (Figure 3C). Both the white particles and bumps are gone in a film colonized by Isolate ZZ
(Figure 3D). In addition, the latter sample showed the uniform occurrence of fissures across the
BDM surface. Isolates VV and ZZ were tentatively identified using 18S ribosomal DNA as
Penicillium sp. (VV) and a sordariomycete within the order Hypocreales (ZZ), respectively.

TABLES AND FIGURES

Table 1. Scoring system for rating microbial growth on test samples of plastic films.

Score | Appearance of microbial growth

No growth apparent by eye or by microscopy

Germinated spores but no apparent subsequent growth

Growth covering < 25% of test surface or medium

Growth covering < 50% of test surface or medium

Growth covering < 75% of test surface or medium

AQ|h|WIN|=|O

Growth covering >75% of test surface or medium
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Table 2. Observations and growth ratings for fungal isolates obtained from weathered BDM
films buried in field plots from fall 2010 until spring 2011 (7 months) at Mount Vernon, later
inoculated onto unweathered BDM material and incubated for 68 days at 20°C in darkness. WG
= WeedGuard Plus; BA = BioAgri. See Table 1 for growth rating scheme.

BDM FMM- FMM containing 0.0175 g BDM
Isolate only (score and/or comments)
control
(score)
Visual Light microscopy SEM
assessment
SS WG 0 Hyphae and BDM  Hyphae and BDM  2; Fungal
fibers fibers hyphae visible
indistiguishable indistiguishable
1T WG 0 Hyphae and BDM  Hyphae and BDM  2; Fungal
fibers fibers hyphae visible
indistiguishable indistiguishable
XX WG 0 Broth cloudy Few cells 2; Rod-shaped
observed in broth  cells on surface
Vv BA 1 Fine mycelia Mycelia and spore  4; Prolific
visible at edge chains observed at hyphae and
edge conidiophores
YY BA 0 Broth cloudy Few cells 2; Rod-shaped
observed in broth  cells on surface
2z BA 1 Luxurious mycelial Hyphae visible at  5; Prolific
growth on entire edge hyphae

surface

Figure legends:

Figure 1. Colonization of BioAgri mulch in the plate bioassay described in Step 7, as viewed

under a dissecting microscope at 20X magnification.

Figure 2. Appearance of WeedGuard Plus mulch after 68 days in FMM but not inoculated (A),
or inoculated with isolate ZZ, tentatively identified as Chaetomium sp. (B). Note the tracheary
elements (arrows) that are barely distinguishable in A, but clearly seen in B. No growth was
visible in the FMM-only control for the Chaetomium isolate. Samples were coated with Au/Pd
using a Quorum SC7640 sputter coater, and imaged at an accelerating voltage of 15 kV on a
Tescan VEGA 5136 MM SEM.
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Figure 3. Appearance of BioAgri mulch after 68 days in the liquid bioassay. A single clump of
germinated spores was observed in the FMM-only control for the ZZ isolate, tentatively
identified as a Sordariomycete (A). BioAgri mulch incubated in FMM (B), BioAgri mulch
inoculated with isolate V'V, tentatively identified as Penicillium sp. (C), and BioAgri mulch
incubated with isolate ZZ (D). Samples were coated with Au/Pd using a Quorum SC7640
sputter coater, and imaged at an accelerating voltage of 15 kV on a Tescan VEGA 5136 MM
SEM.

DISCUSSION

The procedure described herein represents a first-pass technique for isolating potential BDM
degraders from soil, and was successfully used to isolate fungi from BDMs buried in soil for
seven months. Fungi grew when re-inoculated onto fresh BDM material of the same type,
indicating that the isolated fungi were indeed colonizers, and that the films were not inhibitory to
fungal growth. Isolation of plastic-degrading fungi and bacteria potentially could lead to their
use, individually or in combinations, for amendments to soil or compost where plastics need to
be degraded.

In their native soil environment, microbial species do not exist in isolation. Plastic degraders and
even oligotrophic organisms growing on BDMs, but using other carbon and energy sources,
could be keystone species in the colonization of these recalcitrant nutrient sources. In an effort
to evaluate BDM degradation in vitro but better mimic a real soil microbial community, the
methodology described herein could be altered for testing of mixtures, rather than pure isolates,
of fungal and bacterial inocula.

Of note, isolates TT, XX, VV, and YY achieved minimal degradation of the BDMs, but each
showed visible BDM colonization in both plate and liquid bioassays. Thus, visible colonization
did not necessarily signify BDM polymer degradation. Isolates TT, XX, VV, and YY are likely
to represent oligotrophs that obtained nutrients from the environment as well as from the
BDMZ-3031

Definitive evidence that fungi are using a particular BDM as a carbon source requires
measurement of degradation via chemical methods. Carbon dioxide evolution during incubation
of plastics with microogranisms indicates respiration, and can be used as an indirect measure of
polymer breakdown'>'**. Various methods are used to gain information about the size and
structure of polymers, including high performance liquid chromatography, size exclusion
chromatography, differential scanning calorimetry, thermal gravimetric analysis, nuclear
magnetic resonance spectroscopy, X-ray diffraction, Fourier transform infrared spectroscopy.
Studies to assess CO; evolution and polymer breakdown would represent a logical progression
from the screening procedure described herein. However, chemical methods for measuring
polymer sizes cannot differentiate enzymatic degradation from hydrolysis by organic acids
secreted during growth by fungi and bacteria. Implication of an enzymatic mechanism in plastic
breakdown would require isolation of a pure enzyme(s) capable of degrading polymers in vitro.



654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698

The procedures described herein should be broadly applicable for any plastic that is used in a
film conformation, such as food packaging material or garbage bags. It has several advantages.
First, the plastic films used in the bioassay are in their commercial form, as available for
purchase in the marketplace and eventual degradation in the environment. A caveat is that used
plastics, like the BDMs harvested after the 2010 growing season in this study, may be more
weathered than new plastic films used in the in vitro bioassays. Prior microbial attack, UV,
wind, abrasion by soil particulates, chemical hydrolysis via inorganic soil components, and soil
fauna all contribute to oxidation and fragmentation of polymers, altering the efficiency of
enzymatic action on BDM films''. A second advantage is that this method can be employed
whether or not the individual constituents of proprietary plastic products are known and/or
available in pure form for testing. However, a limitation of using plastics with multiple or
unknown constituents is that visible degradation cannot be definitely assigned to a single
constituent. For example, the degradation in Figure 3D could represent starch breakdown
without degradation of the more recalcitrant polymers in the “starch-based” BioAgri film. In a
previous study on in-soil degradation of starch-amended plastic films, carbon dioxide evolution
rates reflected the amounts of starch and dye added to films, while unchanged polymer molecular
weights supported the hypothesis that additives, not polymers, were being utilized by
microorganisms™. Finally, this procedure is focused on in vitro degradation, thus providing a
more defined system than those currently in standard use'™'®. TItis expected that samples
degrading in chemically defined medium will prove easier to assess via chemical methods than
samples degrading in soil or compost. Such assessments are the current focus of this work.

This procedure was successful for isolation of BDM-degrading fungi and bacteria from four
types of BDM films at three locations within the United States (TN, WA, and TX), with different
weather, soil types, and microbial community structures. This procedure takes a reductionist
view, focusing on individual isolates with the capacity for growth upon, and breakdown of
BDMs. However, the results emphasize the importance of microbial community analysis to
describe the separate and linked roles of oligotrophic colonizers, bona fide BDM depolymerizers,
and other community members, all of which are expected to be important in the ultimate goal of
complete degradation of plastic films to biomass, carbon dioxide and/or methane, and water.
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Table 1. Scoring system for rating microbial growth on test samples of plastic films.

Score |Appearance of microbial growth

No growth apparent by eye or by microscopy

Germinated spores but no apparent subsequent growth

Growth covering < 25% of test surface or medium

Growth covering < 50% of test surface or medium

Growth covering < 75% of test surface or medium

QA WNIFLIO

Growth covering >75% of test surface or medium
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Table 2. Observations and growth ratings for fungal isolates obtained from weathered BDM films buried in field plots from fall 2010
until spring 2011 (7 months) at Mount Vernon, later inoculated onto unweathered BDM material and incubated for 68 days at 20°C in
darkness. WG = WeedGuard Plus; BA = BioAgri. See Table 1 for growth rating scheme.

BDM| FMM FMM containing 0.0175 g BDM
Isolate only (score and/or comments)
control
(score)
Visual Light SEM
assessment microscopy
SS WG 0 Hyphae and Hyphae and 2; Fungal
BDM fibers BDM fibers hyphae
iIndistiguishable  indistiguishable visible
TT WG 0 Hyphae and Hyphae and 2; Fungal
BDM fibers BDM fibers hyphae
Indistiguishable  indistiguishable visible
XX WG 0 Broth cloudy Few cells 2; Rod-
observed in shaped cells

broth on surface




VvV

YY

7

BA

BA

BA

Fine mycelia
visible at edge

Broth cloudy

Luxurious
mycelial growth
on entire surface

Mycelia and

spore chains
observed at

edge

Few cells
observed in
broth

Hyphae visible
at edge

4: Prolific
hyphae and
conidiophores

2: Rod-
shaped cells
on surface

5: Prolific
hyphae
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Figure 2A
Click here to download Animated/Video Figure: Figure 2A.ai
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Figure 2B
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Figure 3A
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Figure 3B
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Figure 3C
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Figure 3D
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*Table of Reagents/ Materials Used
Click here to download Table of Reagents/ Materials Used: Reagent and Equipment lists.xlsx

Reagent Name Company

Potato Dextrose
Agar

Agar Fisher
Chloramphenicol  |Acros Organics

Becton Dickinson

Glutaraldehyde Electon Microscopy

Sciences
Molecular sieve Fisher
Ethanol Pharmco-Aaper
Contrex Decon Labs, Inc.
Parafilm M Pechlne_y Plastic
Packaglng
Mineral salts for Fisher

buffers and media
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Catalog Number

Comments

8X05491

BP 1423-2

200-287-4

16216-10

Toxic

M-8892

E200

5204

S37440

Various

Various vendors
sell these reagents




Material Name

Company

Nanopure Analytical UV water
purification system

Barnstead

96 deep well plates (1 mL
volume)

Thermo Fisher
Scientific/Nunc

Biosafety cabinet with germicidal

UV light NuAire
Quorum

Sputter coater Technologies
Quorum

Critical point dryer

Technologies

Scanning electron microscope

Tescan

500 mL filter units, 0.2 mM

Thermo Fisher
Scientific/Nalgen
e




Catalog Number

D11911

278606

LabGard ES 425

Quorum SC7640

E3000 series

VEGA 5136 MM

566-0100
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‘ The Author is a United States government employee but the Materials were NOT prepared in the

course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No  Derivs 3.0  Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MylJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JOVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.

4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the

Films Used Ia
A)".CUHVM
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Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict

612542.6
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shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JOVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
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without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JOVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
expense. All indemnifications provided herein shall include
JoVE’s attorney’s fees and costs related to said losses or

ARTICLE AND VIDEO LICENSE AGREEMENT

damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JOVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

AUTHOR:
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Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy as a PDF to the JoVE submission site upon manuscript submission (preferred);

2) Faxthe document to +1.866.381.2236; or

3) Mail the document to JoVE / Attn: JoVE Editorial / 17 Sellers St / Cambridge, MA 02139

For questions, please email editorial@jove.com or call +1.617.945.9051.
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http://www.jove.com/publish ) via: L X! Standard Access

Item 2 (check one box):

Open Access

X The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No  Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MyJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.

4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
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Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict

612542.6

ARTICLE AND VIDEO LICENSE AGREEMENT

shall be deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
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without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JOVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
expense. All indemnifications provided herein shall include
JoVE’s attorney’s fees and costs related to said losses or
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damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Iltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish ) via:

Item 2 {check one box):

Standard Access

Open Access

>( The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means Mylove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may .or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JOVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c} to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JOVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.

4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JOVE in Section 3 above, the
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Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
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shall be deemed to be amended so as to provide to JOVE the
iaximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author's name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or ctherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JOVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JOVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JOVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
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without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JOVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or

ARTICLE AND VIDEO LICENSE AGREEMENT

damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JOVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Author(s):
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http://www.jove.com/publish ) via: - )X Standard Access ri Open Access

Item 2 (check one box):

The Author is NOT a United States government employee.

__| The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

iy

L The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MyJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JOVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.

4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JOVE in Section 3 above, the
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Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item

1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JOVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in

Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JOVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
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shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JOVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JOVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
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without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors. Al sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
expense. All indemnifications provided herein shall include
JOVE’s attorney’s fees and costs related to said losses or
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damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JOVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

AUTHOR:
Name: V’ennfv@r 1o re - Kuce ro—
Department: | Plecat Joil Leience
Institution: | Texar Tech Univesi /\4 |
Article Title: yolation of Jo.) m/(/mnma/)/\}‘mj ivith ppfenhal P c’aé 13 | sc/m/J’J
D‘OO{lJrc«o(mbL( ,ol-u NC Rlms umef b cng/ra,vﬁ/w
@7 M /é—k Date: ] C%/// /9‘0/9\—

Signature:

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy as a PDF to the JoVE submission site upon manuscript submission (preferred);

2) Fax the document to +1.866.381.2236; or

3) Mail the document to JoVE / Attn: JoVE Editorial / 17 Sellers St / Cambridge, MA 02139

For questions, please email editorial@jove.com or call +1.617.945.9051.

MS # (internal use): 1
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Title of Article:

Author(s): S

and Brod hag
Item 1 (check one box): The Author elects t: have the Materials be made available (as described at XL‘/\‘

http://www.jove.com/publish } via:

Item 2 (check one box):

andard Access D Open Access

e Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

D The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; "Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means Mylove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video{s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JOVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.

4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
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Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video ~ Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and {c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known'or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. [f the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
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shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JOVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
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without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author's institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
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October 5, 2012

Nandita Singh
Senior Science Editor
Journal of Visualized Experiments

Dear Nandita,

Following are my responses to reviewer comments. [ have also attached the edited version of the paper.
You can see the changes using “Track Changes” in MS Word.

This was a very informative review — [ hadn’t thought of some of the things non-microbiologists would
need to know!

Thanks for processing my paper so quickly, and I look forward to the next step!

Best regards,

Gflﬁ &!J‘?S\_)

Marion
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Reviewer #1:

Summary:

This paper describes some nice work on the methodoloogy to obtain soil isolates that can potentially
biodegrade plastics residing in soil ecosystems, and/or serve as sources of enzymes to achieve the same
purpose. This manuscript is publishable after several corrections relating to the technical writing.

Major Concerns:

1. Throughout the manuscript the term "biodegradable plastic (or mulch)" is not clearly defined. Related
to this issue, in the third paragraph of the Introduction, the authors describe "misuse" of the term
"biodegradable", which for the same reason is unclear.

Lines 141-144 were added to the Introduction to clarify this point.

2. The title suggests the scope of the procedure involves "biodegradable plastic films". Yet the abstract
and introduction Involve "biodegradable agricultural mulches," which appears to be a more narrow
subset of the former. Please more clearly and specifically define the plastic materials for which this
procedure is meant to be applied.

The title has been changed to add the word “mulch”.

3. Some microorganisms have a propensity to adhere to interfaces (i.e., bioadsorb). Can this method
differentiate between microorganisms that will utilize the plastics as carbon-energy sources versus those
which bioadsorb to the interface created by the buried plastic?

Lines 141-144 were added to the Introduction to clarify this point.

4. Both the Long Abstract and Introduction describe the need for "..formulations of plastics" to be
"known" and for the "source of feedstock" to be "available". Why are these criteria important or
necessary?

The answer to this question is contained in Lines 111-117:

When formulations of plastics are known and a source of the feedstock is available, powdered
plastic can be suspended in agar-based media and degradation determined by visualization of
clearing zones". This method has been used previously to identify microorganisms that degrade
polymers such as polyurethanem, poly-(butylene succinate-co-adipate)n, and poly(lactic acid). A
similar method involves suspending pure powdered plastic in liquid medium where the plastic is
the sole carbon source?">,

Minor Concerns:
1. Long Abstract, third sentence: Rather long and difficult to follow

This sentence (Lines 90-93) was split into three sentences for clarity:

However, this approach poorly mimics in situ degradation of BDMs. First, BDMs are not
dispersed as small particles throughout the soil matrix. Second, BDMs are not sold commercially
as pure polymers, but rather as films containing additives (e.g. fillers, plasticizers, and dyes) that
may affect microbial growth.

2. Introduction, second paragr: Doe these end-of-life scenarios apply to BDMs, or to agricultural plastics
in general?



This sentence (lines 122-125) specifically refers to BDMs, as stated. Of course, all these same end-
of-life options are available to any biodegradable plastic, but the focus of this paper is on BDMs,
and the text is written thus so as not to confuse the issue.

3. Introduction, fifth paragr ("When formulations of plastics ..") I find this paragraph difficult to
understand. Biodegradability is an inherent physico-chemical property of the plastic, which is
independent of whether the plastic is in the form of a film, or broken into sub-millimeter particles.
Inherent biodegradability is a relative property; test method employed for its measurement must also be
applied to positive and negative controls.

Lines 159-163 were amended to make the point more strongly that plastic particles are not
equivalent to BDMs:

While these methods have the advantage of a defined system, they poorly mimic in situ degradation
of BDMs. First, the surface area is distributed differently because BDMs are not dispersed in
small particles throughout the soil matrix, but rather, sold and used as films. Second, the chemical
makeup of BDMs is different from pure polymers.

4. Introduction: Beginning with the paragr starting with "In a recent study..", there appears to be a
blurring of introductory material and discussion that belongs in the Results and Discussion section. The
Introduction should describe the need and importance for the experimental procedure serving as the
focus of this paper. The Introducton should more clearly state the objective of this experimental
procedure.

Specifics of the experiment described by this method were included to give the reader some context
with which to consider the methods, because steps within the Methods are limited to six lines of
text in the Instructions to Authors. Optimally, much of the context would accompany the
pertinent steps in the Methods but then we would have exceeded the six-line limit.

5. The auhtors should discuss the possibility of parallel interactions with their BDM films. In addition to
microbial or enzymatic attack, BDM films may be susceptible to hydrolytic degradation.

Hydrolytic degradation and other abiotic forces are mentioned in the first paragraph of the
Introduction, Lines 108-117:

Degradation (defined as structural changes, fragmentation, and reduction in molecular weight,
integrity, and strength4’5) occurs via a series of events, including both abiotic processes (thermal
stress, photo-oxidation, hydrolysis, erosion and mechanical stress), and biological degradation®.
While abiotic processes can change the fragment size and characteristics of plastics,
microorganisms are required for their ultimate mineralization to water and carbon dioxide (in
aerobic conditions) and/or methane (under anaerobic conditions).

Reviewer #2:

Summary:

This is a well-written and very descriptive methods paper. Logic flows and there is little room for
confusion. Tables and figures compliment the protocol.

Major Concerns:



Terms such as "presumed”, "presumably" and "may vary" are worrisome to me as a reader expected to
follow a standard method. Authors should revisit the text where these terms are used and see if they can
be reconciled.

These words have been removed from the two places they occurred, in lines 174 and 238.

Minor Concerns:

Duration times should always follow particular techniques - often they are included later in the paper, but
not always - be consistent and include duration times, temperatures, etc... whenever a particular
technique is explained. Many reagent "recipes" are included with no standard citation - all recipes
included should either be cited or explained. A few terms or phrases in the text could benefit from further
explanation. See comments below:

The only instance I could find where duration time was not listed in the step where the technique is
explained is steps 9.4-9.6, and these have been corrected in the paper (Lines 487-503).

Media and buffer recipes are described and properly cited in steps 2.3, 2.4 and 2.7. Otherwise, the
recipes are simply for the addition of water to a single reagent which is listed in the Reagents Table
accompanying the paper.

Introduction:
end of first paragraph: Do you mean methane in an anaerobic environment? — Explain

Lines 114-117 have been edited for clarity:

While abiotic processes can change the fragment size and characteristics of plastics,
microorganisms are required for their ultimate mineralization to water and carbon dioxide (in
aerobic conditions) and/or methane (under anaerobic conditions).

end of second paragraph: Give some examples as to why plastic persisting in the environment is
undesireable.

The final sentence has been edited to refer the reader to multiple reviews exist on this topic (Lines
128-129):

Of these, the least labor-intensive fate is plowing BDMs into the soil, but without efficient
degradation and mineralization during non-crop months (generally in the winter), plastic
fragments could remain and interfere with agricultural equipment during spring tillage and
planting, and persist in the environment where they significantly impact wildlife, plant life, and
microbiota'*>'°,

third from last sentence in fourth paragraph: Additives derived from...?
Addititves to commercial plastics are usually proprietary, and therefore I cannot address this

comment.

fifth paragraph, first sentence: is one growing season enough?



One growing season mimics the amount of time a grower would normally used these products.
However, a reader could decide to leave their product out for longer than we did, if they wanted. I
think that is probably obvious to the reader.

fifth paragraph, last sentence: shouldn't be chosen on a presumption

This has been addressed — the word choice was poor. (Line 174).

sixth paragraph, third sentence: Why are they expected to be rare...?

Lines 190-193 have been edited for clarity:

BDM polymers and agar are both expected to be rare substrates for enzymes secreted by soil
fungi, which have not evolved in environments that contain these polymers as potential nutrient
sources, but both substrates are present in the plate bioassay described herein (Step 7).

sixth paragraph, last sentence: why are fungi not expected to grow on the films themselves?

Lines 200-203 have been edited for clarity:

Fungi growing on minimal medium plates are agar-degraders or oligotrophs, and are also expected

to grow on the agar associated with BDM films in bioassay plates, but not on the films themselves
(unless they serendipitously also degrade BDM polymers).

Procedure:
1. Explain why incubation times may vary. What is the duration of incubation?

Line 238 has been edited for clarity:
Incubation times are at the experimenter’s discretion.

2.1. Should gloves be worn?

Line 252 now reads:

Wear gloves and avoid touching the inside and edges of vessels to exclude skin oils from
fingerprints.

2.2 Why add chloramphenical?

The words ‘“to exclude bacteria’ have been added to Line 260.

2.3. Recipes should be cited.

These recipes have all been cited. References 33,34, and 35 are all found within this step.

2.4.,2.5., & 2.6 Autoclave at what temperature? duration?

Autoclaving always occurs at 121°C and duration depends upon volume. Therefore, these
parameters are not stated in the methods (of this or any other protocol I can think of).

2.6. citation for wetting agent non-toxicity



There is no such citation. Because different fungi will be isolated by each experimenter, each
species would need to be tested individually - if indeed any toxic effects were apparent. This
argument would also apply to every reagent used in this protocol, so I have included a disclaimer
on line 247-249:

Note that it is possible that fungi may be isolated whose growth is inhibited by an ingredient in the
reagents listed below. If that occurs, some optimization may be required.

2.7. citation for SEM fixation
This citation is already present (Ref 36).
3.6. Acceptable temperature range for cool, dark place?

Line 320 has been modified:
Store at room temperature in darkness.

4.3 Let plates site uncovered?

Lines 335-336 have been modified for clarity:

Let the plates sit right-side up with lids on overnight to solidify completely, and then store sealed
sleeves agar-side up at 4°C in darkness.

6. incubation duration? citation for cycloheximide as fungal deterant.

As described above, incubation time is at the experimenter’s discretion. Reference 37 has been
added regarding cycloheximide.

6.2. Excate when?

As described above, incubation time (and therefore excavation time) is at the experimenter’s
discretion.

6.4. Vortex procedure citation.

There is no vortex citation. This is what we found works, and we are reporting it as a good
method.

6.6. Vortex duration?

Line 392 now reads:
Vortex for 30 sec at high speed.

10.1. fixation citation.

There is no citation — after trying several conditions, this is what we found to work and we are
reporting it herein.

10.6. Explain critical point drying and sputter coating.



These procedures will depend on the equipment available to the reader, and since equipment will
vary by manufacturer, I cannot include a method for these.

Figure 2:
row three, column six: bacteria?

I think the reviewer means Table 2, and no, these are not bacteria; they are yeast, which are fungi.

Discussion:
last word of first paragraph: first use of this term - biodegraded? Accelerated? Augmented?
fourth paragraph, third sentence: needs citation.

This word, in Line 631, has been changed to degraded.

Literature Cited:

reference 24 should read: Miles, C.A., R. Wallace, A. Wszelaki, J. Martin, J. Cowan, T. Walters, and D.
Inglis. 2012. Deterioration of potentially biodegradable alternatives to black plastic mulch in three
tomato production regions. HortScience 47(9):1270-1277.

This reference was still in press when our manuscript was submitted to JoVE and the page
numbers have now been accordingly added.



