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Abstract

For several model systems microinjection is an established 
method to introduce DNA into single cells to generate 
transient and stable transformants. Not only nucleic acids 
but also proteins and small effectors can be injected also 
in combination to analyze e.g. cellular signal transduction 
events. The injection of plants is however difficult and 
only a low percentage of the injected cells survive. 

The efficiency is largely dependent on the equipment 
used and injection conditions. For this application note 
the new Eppendorf micromanipulation system was used 
to inject tomato, mustard and Arabidopsis seedlings. 
Injections with the dye Lucifer yellow (ly) and Alexa 
Fluor® 488-labeled histone (histone-AF488) protein 
resulted in a survival rate of approximately 25 % of all 
cells, 24 h after injection.

Introduction

Microinjection of “higher” plant cells was used several years 
ago by Chua and co-workers to investigate reactions in 
response to the light signal cascade. These early investiga-
tions used the enormous potential to inject combinations of 
DNA, protein and cellular effectors like e.g., GTPγS [1]. In 
these investigations cellular responses like plastid develop-
ment and anthocyanin production could be observed after 
the injection of the red/ far red light photoreceptor phyto-
chrome A. Whereas the injection of algae with giant cells 
or plant protoplasts is easy to learn, the injection of single 
cells within plant organs is more challenging. Usually plant 
cells possess a very rigid cell wall that is per se a problem 
for microinjection since it requires stable injection capillaries 
with small diameters. In combination with the cellular turgor 
the wall is responsible for the structural integrity of a plant 
seedling. The cell turgor of plants can be very high and is not 
only responsible for the morphology of a seedling but also 

plays an important role in development [2]. Even if the 
injection against the high internal pressure was successful,
the injury of a larger cell wall area will automatically lead to 
the destruction of the cell, at the latest when the needle is 
retreated. The large central vacuole of a plant cell is also a 
problem that diminishes the chances for a successful cyto-
plasmic injection. The cytoplasm surrounding the central 
vacuole is only a few micrometers thick. As a result of the 
deformation of the cell wall during the injection and the 
sudden relaxation when the capillary penetrates the wall, 
the needle will often end up in the vacuole. Material injected 
into the vacuole is not only trapped but in many cases de-
graded, due to the low pH and the activity of several prote-
ases. In addition, the tonoplast, the single membrane sur-
rounding the vacuole, is easily injured which leads to leakage 
of cytotoxic substances into the cytoplasm and hence to 
cell death. 

Microinjection into plant cells of etiolated 
seedlings using the Eppendorf InjectMan®
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Methods

Preparation: Seedlings were placed on wet filter paper and 
incubated for various times in continuous darkness (dD) 
after germination (Sinapis alba 4 dD, Lycopersicon esculen-
tum 6 dD, Arabidopsis thaliana 4 dD). Germination of Ara-
bidopsis seedlings was induced by 2 days of cold treatment 
(4°C) and subsequent irradiation with white light for 6 h. 
Prior to microinjection the seedlings were placed into a lid of 
a petri dish, the roots were covered with wet filter paper, and 
fixed with adhesive tape (Figure 1B). Microinjection was car-
ried out in a custom made laminar flow hood on a stone desk 
to block vibrations from the ventilator. Microinjection capil- 
laries were pulled with a vertical puller (3; Bachofer, Germa-
ny) using borosilicate capillaries (Hilgenberg, Germany) with 
an outer diameter of 1.5 mm and variable inner diameters 
(1.2-0.89 mm). The size of the capillary aperture was deter-
mined by pressure measurements in Ethanol [3]. 

Microinjection: The microinjection workstation was 
assembled as follows: The Eppendorf micromanipulator 
InjectMan 4® was adapted to a Zeiss Axiovert® 135 inverted 
microscope (Zeiss, Germany). The piezo actuator of the 
Eppendorf PiezoXpert® was mounted onto the motors of 
the InjectMan 4 at an angle of 35° and its control unit was 
electronically connected to the InjectMan 4 allowing syn-
chronized piezo-assisted injection steps.  The automatic 
axial injection movements were preset in the submenu of the 
InjectMan 4 to at least 3000 µm/sec of speed and 10-20 µm 
travel distance depending on the sample. The parameters
of the piezo impulses were set at the PiezoXpert up to high-
est amplitude (intensity: 50) and frequency (speed: 40) and
number of pulses (pulse: infinite). The injection pressure 
parameters were adjusted with the Eppendorf FemtoJet. 
The settings of injection parameters are listed in Table 1. 
The injection pressure was triggered after successful pene-
tration of the cell wall. The total setup is shown in Figure 1.

Injection solutions (Dye: Lucifer yellow (ly), 0.2 mg/mL; 
Protein: Alexa Fluor 488-labeled histone, 2 mg/mL) were 
filtered through ultra-filtration devices prior to injection 
and loaded with Eppendorf MicroloadersTM into the injection 
capillary.

Figure 1: Overview of the microinjection setup (A) and fixation of 
etiolated Arabidopsis seedlings (B). (A) From left to right: Eppendorf 
PiezoXpert controller and Piezo actuator mounted to the micromotors, 
Eppendorf InjectMan 4 with micromotors mounted to an inverse micro-
scope, Eppendorf FemtoJet. (B) Seedlings were fixed with adhesive tape 
onto a lid of a petri dish and the roots were covered with wet filter paper. 

A B

Furthermore, because of multiple cell layers, light scattering, 
and pigmentation the optical properties of whole plant seed-
lings or plant organs are not optimal. Therefore, it is often 
very difficult to identify different cell layers or even subcellu-
lar structures like vacuoles under microscopic control during 
the microinjection process.

To approach the described problems, Eppendorf has devel-
oped a micromanipulation system equipped with very fast 
micromotors, variable injection parameters, high holding 
and injection pressure in combination with a newly devel-
oped piezo step function. The setup described below was 
tested successfully for its suitability to inject plant cells.
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Results and Discussion 

To test the new Eppendorf micromanipulation system for 
its suitability to inject into plant cells the injection angle 
was adjusted to 35° and axial injection movements were 
performed at a speed of 3000 µm/s with a step size of 
10-20 µm. These settings ensure minimal injuries of the 
cell wall and thus probably raise the survival rate after injec-
tion. The injection movement can be supported by synchro-
nized piezo impulses when the two devices InjectMan 4 and 
PiezoXpert are electronically connected. As a marker for in-
jection Lucifer yellow, a water soluble dye that easily allows 
discrimination between cytoplasmic and vacuolar localized 
fluorescence, was injected as indicated (Table 1). Typically 
5-8 injections per seedling were performed into cells of the 
etiolated hypocotyl. After injection the seedlings were shortly 
washed with water for re-hydration and to remove a possible 
excess of Lucifer yellow arising e.g. from broken capillaries 
or leaky cells after injection. Analysis was carried out using a 
Zeiss YFP or GFP fluorescence filter set, 24 h after injection. 
For these tests tomato, mustard, and Arabidopsis seedlings 
were used. Cells marked as positive in Table 1 showed either 
cytosolic or vacuolar fluorescence. In the case of tomato 
and mustard seedlings injection efficiencies of 26 and 48 % 
were obtained. Examples are given in Figure 2. The injection 
efficiency for Arabidopsis seedlings was about 10 %, 24 h 
after injection. Compared to tomato and mustard seedlings 
the injection efficiency is strongly decreased in Arabidopsis 
seedlings. However, these seedlings are much smaller and 
very fragile. As a consequence, injected cells do not only 
die relatively often but in many cases the whole hypocotyl 
is affected. Considering these challenges 10 % injection 
efficiency reflects a good value for Arabidopsis seedlings in 
our opinion.

Localized fluorescence of Lucifer yellow (Iy) 24 h after injec-
tion indicated that the cells were viable, but ly is no in vivo 
marker. Hence, we decided to inject Alexa Fluor 488-labeled 
histone (histone-AF488). After injection into the cytoplasm 
the histones should be transported into the nucleus where 
they accumulate. Histone import into the nucleus is an active 
process that requires GTP and intact protein complexes. 
Therefore, the import of histone-AF488 should only occur in 
living cells [4]. As shown in Table 1 the percentage of cells 
showing histone-AF488 fluorescence was in the same range 
as the observed percentage after ly injection, confirming that 
these cells survived the injection procedure. 

Although the histone-AF488 fluorescence was observed 
predominantly in the nucleus of the injected cells, in a few 
cases the nucleus of a neighboring cell showed also histone 
coupled fluorescence (Figure 2, lower left panel). This is in 
agreement with published data that described the transport 
of histones through plasmodesmata, in complexes with e.g. 
viral DNA [5].  

In summary the new Eppendorf micromanipulation system 
with its exceptionally fast and precise motor movements is 
apparently very well suited for the injection of plant cells. 
This also includes the injection of Arabidopsis seedlings with 
relatively high efficiencies. Since a large collection of Arabi-
dopsis mutants and transgenic lines is available for many 
research areas microinjection of Arabidopsis cells from 
specific organs and tissues should, in addition to injection 
of other plant species, help to analyze numerous scientific 
questions. 

Figure 2: Fluorescence analyses 24 h after injection into etiolated seedlings 
of tomato (A), Arabidopsis (B, D) and mustard (C). Lucifer yellow (ly); Alexa 
Fluor 488-labeled histone (Histone-AF488)
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Seedling                    Setting of injection parameters Capillary opening 
µm

Solution 
injected

Cells injected
No.

Positive cells
% (No.)

Pi (hPa) Ti (sec) Pc (hPa)
Mustard 2000 0.2 800 0.8 ly 27 26 % (7)
Tomato 2400 0.3-0.6 1200 0.2-0.5 ly 25 48 % (12)

Arabidopsis 2400 0.6 840 0.2-0.5 ly 34 11 % (4)
Mustard 2400 0.5 1200 0.3-0.4 Histone 43 23 % (10)

Arabidopsis 2400 0.5 1000 0.3-0.4 Histone 15 26 % (4)

Table 1: Microinjection of Lucifer yellow (ly) and Alexa Fluor 488-labeled histone (Histone) into etiolated seedlings from tomato, mustard and Arabidopsis. 
Holding pressure prior to injection (Pc), Injection pressure (Pi), injection time (Ti).
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Ordering information

Description International Order no. North America Order no.

InjectMan® 4, micromanipulator with dynamic movement control 
(for research only)

5192 000.019 5192000027

Microscope adapter, for InjectMan® 4 
Leica® 1, for Leica® DMi8, DMI3000 B, 3000 M, 4000 B, 5000 B, 5000 M, 6000 B, 
DM IRB E, HC, and DM IRE 2 microscopes 

5192 301.000 5192301000

Leica® 2, for Leica® DM IL LED and HC microscopes 5192 302.007 5192302007

Nikon® 1, for Nikon Eclipse® Diaphot 200, 300 and Eclipse® Ti-E, Ti-U, Ti-S, 
TE200, TE300, TE2000 microscopes

5192 316.008 5192316008

Olympus® 1, for Olympus® IX50, IX51, IX70, IX71, IX80, and IX81 microscopes 5192 306.002 5192306002

Olympus® 2, for Olympus® IX53, IX73, IX83 microscopes 5192 307.009 5192307009

Olympus® 3, for Olympus® IX53 with illumination IX2-ILL30 5192 308.005 5192308005

Zeiss® 1, for Zeiss® Axiovert® 200 and AxioObserver A1, D1,  
and Z1 microscopes

5192 311.006 5192311006

Zeiss® 2, for Zeiss® Axio Vert.A1 microscope 5192 312.002 5192312002

Universal stand, for mounting TransferMan® 4r and InjectMan® 4  
micromanipulators on upright microscopes and stereo microscopes  
independent of the microscope tripod used

5192 325.007 5192325007

Adapter bridge, for mounting TransferMan® 4r and InjectMan® 4  
micromanipulators on microscope adapters for TransferMan® NK 2,  
InjectMan® NI 2 and PatchMan NP 2

5192 321.001 5192321001

Accessories for InjectMan® 4
Positioning aid, pack of 2, for mounting universal capillary holder on  
InjectMan® 4

5192 072.001 5192072001

Spare parts kit 5192 071.005 5192071005

Y-cable PX, for connecting InjectMan® 4 with FemtoJet® 4i/x and 
Eppendorf PiezoXpert®

5192 081.000 5192081000

Microinjectors & Eppendorf PiezoXpert®

FemtoJet® 4i, programmable microinjector with integrated compressor 5252 000.013 5252000021

FemtoJet® 4x, programmable microinjector with external pressure supply 5253 000.017 5253000025

Eppendorf PiezoXpert®, for piezo-assisted micromanipulation,  
incl. actuator, foot control and spacer plate

5194 000.016 5194000024

Consumables
Microloader™, 2 Racks à 96 tips, 0.5–20 μL, 100 mm 5242 956.003 930001007


