Microinjection of mMRNA and DNA

To our knowledge, there are no published reports describing successful delivery of foreign
nucleic acids to dreissenid embryos, so we have included more detail to this technical note than others
provided in this section.

Since dreissenid zygotes are approximately 50-60um in diameter and are neutrally buoyant, we had to
create an injection station with a micromanipulator with a holding pipette on the left to immobilize the
embryo during injection, and a micromanipulator with a microneedle connected to a microinjector pump
on the right to deliver nucleic acids. The microinjection station we created and currently use is shown
in Fig.1A. In addition to this apparatus, we also purchased a microneedle puller to create custom
needles for microinjection and a microforge to shape the holding pipettes needed to immobilize
zygotes. Over the course of several months, practicing with unfertilized oocytes and occasional
zygotes, we progressively developed the following successful microinjection workflow.

Preparation for microinjection
Microinjection mix.

1. mRNA and/or DNA in clean water should be used. We have successfully used plasmid DNA
produced from silica column-based minipreps, but generally use midi-prepped plasmid produced using
a Takara™ or Qiagen™ kit. Typically the starting RNA/DNA concentration is 0.5-1ug/ul and quality
may be confirmed by agarose gel electrophoresis.

2. We typically use the following mix for microinjection:
- 2 ug of nucleic acid (typically 1 ug of plasmid DNA and 1 ug of reporter mMRNA (i.e. mCherry
or eGFP mRNA from Trilink Corp (San Diego, CA)
- Clean water to 19ul total volume. Water suitable for cell/lembryo culture (Sigma, St. Louis,
MO) is generally used.
- 1 ul of 0.05% phenol red dye (Sigma).

Microinjection mix is typically frozen in 5ul aliquots in 0.2ml tubes and stored at -20°C until use.
Holding pipettes.

Several holding pipettes are generally made before microinjection begins. Holding pipettes can
be saved in Petri dishes and immobilized on a strip of modeling clay. Holding pipette construction
begins by pulling a capillary without filament (Sutter Instruments, part B100-75-15) using a needle
puller to create a microneedle that is then manipulated in a microforge to break off the fine point leaving
a 10-15um diameter end. This end is then then fire-polished and sized appropriately (5-10um) to apply
sufficient surface area and suction to hold a QM zygote. Holding pipettes can be washed with water
and alcohol and reused repeatedly if kept clean, dry, and stored away from dust in a covered Petri dish.

IVF and preparation of zygotes

1. IVF is performed as described in the EMBRYO CULTURE technical note.



3. Fertilized oocytes are monitored for polar body exclusion, pronuclear formation, docking of sperm to
the oocyte surface, and other indicators of successful early fertilization. If these are observed,
microinjection should begin immediately and should end when the cells achieve a clear 2-cell stage.
Injection at the two cell stage is possible, but generally results in defective embryos after 18-24 hours of
development (or day 1 (D1)).

Microinjection

1. A capillary with an internal filament (Sutter Instruments part BF100-78-10) is pulled on a needle
puller to create two needles. Each puller and heating filament is different, so trial and error is needed to
make a good needle. A very sharp needle with an opening that is invisible even under 400X
microscopic examination is required.

2. One needle is loaded via capillary action by placing the large end into one microfuge tube with 5ul of
thawed injection mix. If the needle is undamaged, it will load fairly rapidly (within 2-3 minutes) with an
amount of liquid just visible to the naked eye (probably around 0.5ul). If no red liquid loads, the needle
may need to be moved slightly to allow better uptake.

3. Fluorinert or an oil such as silicon oil should then be used to fill the holding pipette using a syringe
and thin tube connected to the large open end. This filled holding pipette is then inserted into the left
micromanipulator connected to the Eppendorf CellTram™. The loaded microneedle is inserted into the
right micromanipulator connected to the Eppendorf Femtojet™ microinjector.

4. A 25-30ul drop of water from the well in which IVF was set up is then pipetted onto the center lower
third of the lid of a 10-cm petri dish. This drop is an “empty” drop and should not contain any biological
material or zygotes. It acts as a biocompatible liquid for lubricating the holding pipette and wetting the
surface of the needles and can usually be pulled from the top of the well away from oocytes that tend
toward the well bottom. The holding pipette and microneedle are inserted into the drop and
manipulated to bring them both into approximately the same focal plane on opposite sides of the drop.
A small amount of drop water is drawn into the holding pipette, usually to 1/3-1/2 the length of the
holding pipette. The division line between the oil and water provides an indication of the amount of
water in the holding pipette.

5. Once step 4 is done, a second 25-30ul drop of water containing embryos is then pipetted onto the
plate lid approx. 1-cm above the first drop (a drop of this size will not evaporate appreciably over the
the 30-60 minutes it takes to microinject 2-3 drops). The number of embryos for microinjection is 50-
200 with 100 being a good average number. The plate lid is then manually (or using the stage) shifted
so that the holding pipette and needle are now located within the embryo drop. The micromanipulators,
stage, and focus knob are then used to bring the pipettes and the embryos into roughly the same focal
plane, generally close to the floor of the drop.

6. The microneedle is then broken by crashing it into the holding pipette. We have found that the best
breaks are created by a direct head-on impact as opposed to “brushing” the needle side-to-side against
the holding pipette. The best breaks are also too small to be directly observed, but are visible as a
small release of red fluid when a “clean” ejection is triggered on the microinjector. If a large break of the
needle tip or a large cloud of red liquid is observed, the needle will likely be too large to allow good
survival of injected zygotes and will have to be swapped out before continuing.



7. An image of the sequence of events in microinjection is shown in Fig.1B. We generally microinject
embryos beginning in the upper left quadrant of the drop and moving rightward, injecting as we go, to
the opposite edge of the drop. Embryos in the horizontal line are sucked onto the holding pipette and
then injected with the microneedle by rapidly pushing it forward to penetrate to a depth of 25-50% the
diameter of the zygote (Fig.1B, center). The microinjector is then triggered to deliver an injection.
There appears to be a large tolerance of injection quantity, but an amount that causes only a small
visible disturbance of cytoplasm and minimal or no swelling of the zygote is generally best. With this
amount, the injectate is not usually visibly red in color. After injection, the needle should be quickly
pulled out. If a large amount of cytoplasmic ejectate is observed after withdrawal, the time/pressure of
injection should be decreased to minimize this loss that generally results in death of the embryo. If
cytoplasmic loss cannot be avoided, the zygotes or needle may be of poor quality and alternatives
should be sought.

8. Microinjection of embryos in the drop is similar to the movement of a typewriter. After injection the
zygote is pushed away from the holding pipette by a puff of water and the stage is moved to the left to
bring the next zygote in line into position for holding and microinjection. This continues along the row to
the distal end of the drop when the stage is moved back to the left edge of the drop, shifted toward the
operator to bring a new “row” of embryos into line, and the process repeated until all embryos have
been injected. Already-injected embryos can sometimes be identified by a small bubble of ejectate at
the injection site, but often there is no clear indicator, and only by following a path through the drop can
most embryos be injected. Often >50% of embryos in the drop can be injected if a good sharp needle
is in place. Generally, needles will allow the injection of 50-100 embryos (up to 150) before becoming
non-functional. If the needle continues to perform well, new drops can be placed above the previously
injected drop and the capillaries relocated into the new drop for injections to continue.

9. Additional Notes:

- Typically a new sharp needle will perform well at a relatively low pressure (i.e. 120-150 hPa)
that can be increased as the needle becomes partially plugged (up to 1200-1300 hPa).

- In general, we use a delivery time of 0.1s, but this can be increased as the needle becomes
clogged.

- If running a clean cycle does not restore needle delivery, the tip can be re-broken for
continued use, though this often produces a needle with too large a tip opening.

- Since two needles are made with each pull, a newly loaded needle can be started as soon as
the first needle is in use. 5ul of thawed injection material is generally enough to fill 5-6 needles.

10. When microinjection is finished (usually when the embryos have begun to reach 2-cell stage), the
capillaries are lifted away to allow clear access to the drop. We generally add 75ul of sterile aquarium
water (SAW) to each drop to increase the drop volume to 90-100ul, and then this larger drop is slowly
drawn up in a P200 pipette tip and transferred into one well of a 96-well plate. By increasing the
volume, fewer embryos in the drop are left behind during the transfer process. This process is
repeated for each drop until all are transferred onto a 96-well plate.

Post-injection culture

After microinjection embryos can be monitored periodically to assess expression of injected
nucleic acids. Within 2-4 hours, faint fluorescence from microinjected mRNAs often can be observed.



Fluorescent reporter mRNA expression should be readily observed by 16-18 hours post-injection. Effort
should be made to examine and record expression after overnight (D1) culture because as the embryos
age, they become more mobile and difficult to count and image. Under our culture conditions, D1
embryos are often rotating in place and can be counted, whereas >D1 embryos are frequently traveling
all over the well and are sometimes only able to be imaged with very short exposure times and lots of
luck. We continue to explore ways to immobilize embryos for observation without causing permanent
impairment to growth and survival.

Extended culture of injected embryos

Injected embryos can be maintained in SAW for 5-7 days, although in our hands, normal
development often arrests at 30-60 hours post-injection. Embryos are cultured at temperatures ranging
from 15-23°C. Bacterial growth over time is probably the primary source of embryo death in these
cultures, but the addition of pen-strep antibiotic can manage this problem and lead to embryos that
survive for weeks (although cell division does not continue). To slow bacterial and fungal growth,
culture at 15-17°C is generally used.

A secondary cause of embryo loss is mechanical dissociation of embryos by impact with other
embryos and the well boundaries. Cells that result from this mechanical dissociation appear mitotically
arrested, but are still alive and continue to move and express injected nucleic acids. If either intact
embryos or embryos and dissociated cells are shifted to a supportive medium like L15 or S2 after D1-3
post fertilization, they can survive for several weeks, though with altered morphology. Whether or not
cell division continues normally has still not been established.

Expression of nucleic acids in microinjected QM embryos

Microinjected mMRNAs can be observed within hours of microinjection but are typically strongest
at 18-24 hours post-injection. eGFP and mCherry mRNAs were purchased from Trilink Corp (San
Diego, CA) or were produced in-house by in vitro transcription of plasmids with T7 promoter sites and
cloned protein ORFs downstream. Examples of both mCherry and eGFP mRNAs injected into QM
embryos at Days 1-2 of post-injection development are shown in Fig.1C-D.

Establishment of the best method for DNA microinjection is still ongoing. mCherry is typically the
fluorescent reporter with the lowest background and longest half-life (even though it is slower to mature
into a fluorescent protein than eGFP), so DNA reporter plasmids will preferentially carry an mCherry
reporter. mMRNA for eGFP is co-injected in a 1:1 mix of plasmid DNA so that the success of
microinjection can be assessed irrespective of mCherry expression which may be faint, limited to only a
subset of cells, and not visible for several days post-injection (if ever). Most recently, we have observed
what we have interpreted as expression of an injected plasmid DNA 3-5 days post-injection as shown in
Figure 1E. In these embryos, green fluorescence from eGFP mRNA appears in essentially all cells, but
faint red fluorescence is observed only in a subset of cells (4-6) and only after at least three days.
There may be more positive embryos, but because embryos are highly mobile at times >2 days post-
injection, we may be missing some faint red fluorescence that could be observed by the camera. We
are actively working on vector modifications that we hope will provide us with clear, strong expression
at an early stage of development for expression of oncogenes.



Figure 1.

Figure 1. Establishment
of dreissenid mussel
zygote microinjection
methods. A) The
microinjection station
established in Biomilab. a)
anti-vibration table, b) air
compressor for anti-
vibration table, c) left
micromanipulator for
holding pipette, d) right
micromanipulator for
injection needle, e) holding
pipette suction controller, f)
inverted stage microscope
with left-handed stage
control, g) hydraulic
microneedle fine control,
h) microinjector pump, i)
holding pipette holder, j)
glass needle holder). B)
Microinjection of a held
zygote. C) Appearance of
red fluorescence indicative
of injected mCherry mRNA
expression on post-
injection days 1 and 2. D)
As in C, with eGFP mRNA.
E) Examples of Day 4
post-injection zygotes co-
injected with eGFP mRNA
and plasmid DNA carrying
an mCherry reporter gene.
Left — Phase contrast
image, LCenter — eGFP,
RCenter — mCherry, Right
— merged fluorescence.




