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DESIGN BRIEF

Engineering Pseudomonas abietaniphila for the
Constitutive Production of Chitinase to Combat Pine Wilt
Disease
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Pine trees are found throughout the world, and are invaluable to the many ecosystems they inhabit. They stabi-
lize soil, prevent erosion, store carbon, and provide vast economic value in the form of the lumber, paper, and
resin industries. As one of the most widespread tree genera, found throughout the world and dominating the
forests of the northern hemisphere, their success is deeply linked with their ecosystems (Hu, 2024). Pine Wilt
Disease (PWD) is the most destructive disease that the Pinus genus faces. It is responsible for environmental
devastation around the world, and economic losses of tens of millions of dollars. It is caused by the Pinewood
Nematode (PWN), Bursaphelenchus xylophilus, reproducing within the resin canals of a Pinus tree and killing it
within weeks. Nematicides are substances which kill and/or disable nematodes, and consist of organic com-
pounds that harm them. In trees, these nematicides are naturally produced as a defense mechanism when an
infection is detected, working as part of their immune system. However, their natural defences are often in-
sufficient to defend against infections from B. xylophilus. To prevent this, the system will start with an input of
a bacteria (Pseudomonas abietaniphila) engineered to release nematicides within the trees. As the nematicide
spreads throughout the trees, it will prevent the B. xylophilus infection from spreading. Then, the bacteria will
spread to other susceptible tree species, such as pines, until all of the trees are immunized. This is the simplest
way to get rid of B. xylophilus without harming the trees. This nematicide will be in the form of the enzyme
chitinase, with the engineered bacteria producing large quantities of it. This chitinase breaks down chitin, the
main substance in B. xylophilus eggshells. The chitinase will break down the eggshells, causing them to rupture
or hatch early. Chitinase production at a large scale can occur within the tree without causing adverse effects
on it, as trees produce and use chitinase naturally in defense against infections.
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other important organisms, limiting possible solutions
for fear of harming other species, such as its vector,
or sawyer beetles (Monochamus). These animals facil-

PINE Wilt Disease (PWD) is the most destructive dis-
ease that the Pinus genus faces. It is responsible
for environmental devastation around the world, and

economic losses of tens of millions of dollars (Téth,
2011). It is caused by the Pinewood Nematode (PWN)
Bursaphelenchus xylophilus. Nematodes are micro-
scopic roundworms which inhabit almost every envi-
ronment on earth. While generally harmless, some like
B. xylophilus are parasitic, infecting plants like Pinus
trees. Although it causes harm to many species of Pi-
nus and other genera of trees, it is beneficial for many

itate the spread of PWN, but they are also important
species in their own right, being vital parts of nutrient
cycling and decomposition in forests (Longhorned Bee-
tles (Borers; Sawyer Beetles), 2024). Some current so-
lutions include removing dead and infected trees, in-
jecting nematicides into trees to kill the PWN, and us-
ing microbes to kill the PWN. These solutions are costly
and only partially effective, as once a tree is infected,
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PWN will still spread to other trees. They also run the
risk of disrupting other species’ life cycles and harming
the ecosystem. PWN'’s extremely short lifecycle makes
certain solutions difficult to implement, as it can fin-
ish its life in only four days. It spreads to trees inside
of its insect vectors, beetles of the genus Monochamus
that carry the nematodes from tree to tree. These bee-
tles rely on dead trees to lay their eggs, so saving more
trees could have a compounding effect on the rate at
which they are saved (Shi, 2022). After it is infected
with the nematode, the infected adult sawyer beetle
flies to a healthy tree and feeds on young shoots. The
nematode senses chemicals released by the tree, exits
the beetle and enters the tree. If the tree is not of the Pi-
nus genus PWN will simply die, as shown in Figure 1. If
it is a tree in the Pinus genus, however, the nematodes
will feed and multiply inside of the tree within weeks,
killing it in months (Gleason, 2000). Around 30,000
or more individual nematodes are needed to kill a tree
(Kiyohara, 1971). This is known as the Plant-feeding
phase. Scolytinae take advantage of the dead tree, bor-
ing into it as a part of their life cycle. These beetles are
vectors for a fungus called the Blue-Stain fungus, which
fills a dead tree with blue fungus. The nematodes now
begin to feed on the fungus inside the tree. This part
of the life cycle is called the Fungus-feeding phase. The
sawyer beetles lay eggs in the dead tree, and once they
become pupae the nematode is attracted to them and
infects them. The sawyer beetle grows and becomes an
adult, it carries the nematodes to another tree, and the
cycle repeats.

This paper attempts to find a solution to this prob-
lem by utilizing a modified strain of the bacteria Pseu-
domonas abietaniphila.

Systems level

This project proposes a modified version of the bac-
terium Pseudomonas abietaniphila, which would carry
modifications causing a large increase in the produc-
tion of the enzyme chitinase. Chitinase is an enzyme
that is naturally found within the trees of the Pinus
genus, and can assist in stopping the reproduction of
Bursaphelenchus xylophilus by destroying their eggs so
they are unable to hatch, as shown in Figure 2. Chiti-
nase is generally used by trees as a defense mecha-
nism against fungi cell walls and insect exoskeletons,
both containing chitin. As an enzyme, chitinase acts as
a catalyst for the hydrolysis of chitin, breaking down
the bonds and destroying the larger structures. P. abi-
etaniphila has been shown to be actively beneficial for
trees in the Pinus genus, promoting growth of branches
and roots (Peng et al, 2024). The modified bacteria
would be injected into trees, where they would repro-
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duce while producing elevated levels of chitinase. P
abietaniphila naturally inhabits the resin canals of Pi-
nus trees, which would bring them in contact with B.
xylophilus. 1t has a variety of specialized adaptations
to allow this, including having specialized gene clus-
ters and enzymes that catabolize the normally toxic tri-
cyclic diterpenoids (resin acids) and convert them into
usable energy, as well as heightened stress response
genes for counteracting the osmotic pressure of the
resin. The nematode causes the majority of its dam-
age in those areas, so the ease of access P, abietaniphila
has to it allows easier access in mitigating the damage.
As they spread throughout the trees, they eventually
make it through to the roots and leaves, where they are
then able to travel to nearby trees, spreading the “infec-
tion” of the bacteria, and allowing it to defend nearby
trees. Eventually, it would spread throughout the re-
gion and stop the ability of B. xylophilus to spread en-
tirely.

Device level

For our chassis, we selected Pseudomonas abieta-
niphila, a bacterium that naturally inhabits conifer-
ous trees, and is especially resistant to the resin found
within the vascular channels of the trees, which can be
difficult for other species of bacteria to inhabit (Martin
& Mohn, 1999). P. abietaniphila is a prolific secreter,
which indicates its ability to spread enzymes and other
substances throughout its environment, as opposed to
keeping it within its own range. This allows it to spread
the enzyme at an effective rate throughout the tree,
and efficiently prevents B. xylophilus reproduction. As
shown in Figure 3, due to the fact that the primary lo-
cation within the trees that B. xylophilus inhabits dur-
ing infection is the resin channels the process of tar-
geting the eggs will be simplified, as P abietaniphila
is a natural inhabitant of these channels. Additionally,
this chassis, even before editing, already has a variety
of beneficial effects towards the trees it colonizes, in-
cluding stimulating the growth of the plant’s roots, and
increasing the natural expression of the chitinase pro-
duction gene within the tree, which is vital for protec-
tion against pathogens such as B. xylophilus. (Peng et
al., 2024). Specific strains of P abietaniphila such as
BHJ04 have been shown to cause significant activation
of Pinus defense mechanisms against nematodes, in-
cluding dehydration-responsive protein, chitinase, PR-
2 (B-1,3-glucanase), and PR-5 (thaumatin-like protein)
genes (Li et al.,, 2026). This provides a clear precedent
for the effectiveness of P. abietaniphila as a mechanism
for fighting against nematode infections. With the DNA
alterations our paper is suggesting, this effectiveness
will be increased further.
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Figure 1. (Life cycle of B. xylophilus nematode) The life cycle of the pinewood nematode starts by eating blue stain
fungus and infecting the larvae of Sawyer Beetles. The beetle hatches carrying the nematode and the infected adult
feeds on young pine chutes. Nematode leaves the beetle and infects the pine tree, reproducing in the resin canals
and killing the tree. Bark Beetle transmits blue stain fungus to the dead tree, and Sawyer Beetle lays eggs in the

dead tree bark. The cycle then repeats.

Parts level

All of the parts for our new gene are compatible with
BioBrick RFC[10], the most commonly used assembly
standard as shown in Table 1 and Figure 4. It is a stan-
dardized system of parts that are all compatible with
each other, making gene assembly more efficient. It
has a large set of tested and documented parts we will
use to make our gene. It also makes all of our parts eas-
ily accessible for us and others to use. Our promoter,
ribosome binding site, and terminator are all designed
for E. coli bacteria, however they will still work when
using P, abietaniphila as a chassis. They are both bac-
teria, and therefore can share many of these parts with
only minor modifications at the time of construction.

Table 1.
Table 2.

Safety

P. abietaniphila is defined as BSL-1 (Biosafety Level
1), meaning that its impact and potential to infect and
harm humans is minimal, and there is very low haz-
ard in using it (BacDive, 2019). This allows it to be
utilized by those of varying levels of experience, from
high school students to professionals. Due to the fact
that the chassis is a bacteria which is already found
in significant quantities within the trees in which they
would be implanted, there is minimal risk for adverse
effects stemming from that. The modified P. abieta-
niphila does not have modifications that allow it to
outcompete other bacteria that are naturally present
within the trees, as its modifications focus heavily on
the production of chitinase, rather than something that
would allow it to spread at an increased rate or over-
consume nutrients. Chitinase does not harm bacte-
ria, as their cells lack Chitin which is the target of the
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Figure 2. (Life cycle of proposed P. abietaniphila) The
cycle of modified P. abietaniphila begins with infecting
a tree susceptible to PWN. Bacteria spread throughout
the tree, colonizing it, and releasing more bacteria into
the environment to go to different trees. The bacteria
release chitinase, which kills any B. xylophilus that it en-
counters.
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Figure 3. (Modified P. abietaniphila mechanism) Inside
the resin channels of Pinus trees, the modified P. abi-
etaniphila excretes chitinase, which ruptures PWN eggs,
stopping them from hatching and bringing more nema-
todes. The modified gene sequence is turned into chiti-
nase protein through transcription and translation.

enzyme. However, the production of excess chitinase
could potentially adversely harm insect/fungi species
which are affected by chitinase production.

Discussions

Benefits to this project have been discussed through-
out, but in general indicate the cost effectiveness,
if successful, as well as the minimal ecological im-
pact on the trees themselves allowing them to de-
fend themselves against the damage of the nematodes
while boosting their natural defenses and utilizing nat-
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Part Function
Promoter: The promoter of our gene would be a
Part:BBa_]J23100 constitutive promoter, meaning that it is

constantly transcribing the DNA and
producing chitinase. This would allow for the
chitinase to spread throughout the entire tree
quickly, leaving no room for B. xylophilus to
reproduce effectively. P. abietaniphila is not
affected by chitinase due to lacking chitin in
its body. The excess chitinase within the tree
would not harm the Pinus as it is a natural
enzyme produced for defense against
pathogens (Shobade et al.,, 2024). The amount
of excess chitinase in the tree may also
provide additional resilience to fungal and

bacterial infections. (Modesto et al., 2022)
The ribosome binding site, or RBS, of our gene
would be strong-medium strength. The
strength of a RBS controls the rate of
translation by assigning differing amounts of
ribosomes to produce a protein, meaning a
strong RBS will produce more chitinase. The
strong RBS is a type of RBS that allows the
mRNA of our gene to be transcribed by more
ribosomes at once, increasing the rate at
which chitinase is produced within our
organism.

Our coding sequence is a simple gene that
codes to produce chitinase. It is compatible
with the rest of our gene within the BioBrick
RFC[10] assembly standard. It codes for the
chitinase to be produced in the first place.

In order to regulate gene expression, a
terminator must be added to stop the RNA
polymerase. The terminator we will use is a
double terminator. It is formed from two
terminators combined together, and is the
most commonly used terminator on the iGEM
Registry of Parts. It is the most reliable and
most common terminator. Having a reliable
terminator is necessary to regulate gene
expression properly in order to not create an
unnecessary excess of chitinase.

RBS: Part:BBa_B0030

Coding Sequence:
Part:BBa_K3686011

Terminator:
Part:BBa_B0015

The full sequence of
these parts can be
found on the iGEM
parts registry under
these identifications.

Chitinase
producing
sequence

&ag@@

Figure 4. Synthetic Biology Open Language visualiza-
tion of our gene. The promoter is constitutive for the
constant production of chitinase. The RBS is strong to
attach more ribosomes and produce more chitinase. The
chitinase producing sequence is the longest and most
crucial part of the gene. The double terminator reliably
stops transcription. All of our parts are picked to maxi-
mize chitinase production for the greatest chance at de-
stroying PWN eggs.

Constitutive
Promoter Double

Terminator
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Part

Promoter: Part:BBa_]J23100

RBS: Part:BBa_B0030

Coding Sequence: Part:BBa_K3686011

Terminator: Part:BBa_B0015

The full sequence of these parts can be found on the iGEM parts

registry under these identifications.

ural enzymes that they produce by themselves, but
in greater quantities. Some challenges of the project
would be in keeping the bacterial colonies within the
trees self-sustaining, without necessitating the rein-
troduction of the bacteria from other trees. Though
the regular strain of P abietaniphila lives within the
trees and survives without issue, the alterations to pro-
duce more chitinase could decrease its competitive-
ness against the regular strains, as it takes energy and
resources to divert towards the production that could
be used for increasing fitness. The hope is that the
trees would be able to use the boost in chitinase pro-
duction to leave along standing impact in the microbial
community within them, creating a more hostile envi-
ronment towards the nematodes, and allowing helpful
bacteria to thrive.

Next steps

Next steps to the project would entail how it would ac-
tually be put into practice, as this paper is mostly hypo-
thetical in nature. We would need to see if the selected
chassis is able to properly adapt to the modifications,
as well as researching more about codon optimization
using tools for P. abietaniphila. Such tools were not
found to work with P abietaniphila specifically, but
there may be less well-known ones which would func-
tion properly for it. Once an optimized sequence is es-
tablished, the next focus could be towards the physical
construction of the system by assembling the plasmid.
The method of transformation for the gene sequence
could also be solved by another research team, using
techniques such as CCMB80 or calcium chloride heat
shock, methods to allow the absorption of new DNA by
organisms through the process of translation. Teams
could also work on the ways the gene will be expressed,
involving transcription and translation, as well as char-
acterizing the protein structure and its function.
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