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[Abstract] Embryogenic suspension cultures of Araucaria angustifolia (Bertol.) Kuntze (Araucariaceae)
can be used as a model to test the effects of compounds added to the culture medium on the cellular
growth and morphology of Pro-Embryogenic Masses (PEMs). PEMs are formed by embryogenic and
suspensor-type cells. To measure changes in the cellular growth of embryogenic cultures, we performed
sedimented cell volume (SCV) quantification, which is a non-destructive method. Morphological analysis
by microscopy allowed for the observation of growth and development of PEMs and the alterations in
embryogenic and suspensor-type cells. The methods used here provide an efficient means for
monitoring the cellular growth of PEMs and identifying morphological changes during the development
of embryogenic cultures. These studies can also be combined with biochemical and molecular analyses,
such as proteomics, to further investigate embryo growth and morphology.

Keywords: Somatic embryogenesis, Size, Sedimented cell volume

[Background] Silveira et al. (2006) used SCV measurements to analyze the effects of exogenous
polyamines on the morphological changes of A. angustifolia PEMs and Osti et al. (2010) tested the
effect of different nitric oxide donors on cellular growth and PEM morphology. Recently, Douétts-Peres
et al. (2016) studied the effect of a cellular growth inhibitor on cellular growth and PEM morphology
using SCV, fresh and dry weight, PEM area, and individual diameters of embryogenic-type cells,
including the length and width of the suspensor-type cells. In addition, alterations to cellular growth and
morphology in response to endogenous compounds, such as polyamines, nitric oxide and specific
proteins have been evaluated using this method (Silveira et al., 2006; Osti et al., 2010; Douétts-Peres
et al., 2016).

Materials and Reagents

1. Falcon tube rack (Kasvi, catalog number: K30-1552)
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2. 12-well cell culture plates - disposable (TPP, catalog nhumber: 92012)
3. Manual pipette 200 pl tips (Corning, Axygen®, catalog number: T-200-Y)
4. Manual pipette 1,000 pl tips (Corning, Axygen®, catalog number: T-1000-B)
5. Aluminum foll
6. Glass slides (Kasvi, catalog number: K5-7101)
7. Cover slips (Kasvi, catalog number: K5-2450)
8. Falcon tubes, 50 ml (Kasvi, catalog number: K19-0050)
9. Embryogenic suspension cultures of A. angustifolia, induced according to the methodology

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.

established by Steiner et al. (2005)

Cellulase (Sigma-Aldrich, catalog number: 22178)

Potassium nitrate (KNOs3) (Sigma-Aldrich, catalog number: V000944)

Calcium chloride dihydrate (CaClz2H20) (Sigma-Aldrich, catalog number: V000199)
Magnesium sulfate heptahydrate (MgSOa47H20) (Sigma-Aldrich, catalog number: V001861)
Potassium chloride (KCI) (Sigma-Aldrich, catalog number: V000104)

Potassium dihydrogen phosphate (KH2PO4) (EMD Millipore, catalog number: 104873)
MnSO4H20 (Labsynth, catalog number: S2036)

ZnS047H20 (Labsynth, catalog number: S1072)

Boric acid (HsBO3) (Sigma-Aldrich, catalog number: 31146)

Potassium iodide (KI) (Sigma-Aldrich, catalog number: VO00130)

Cobalt(Il) chloride hexahydrate (CoCl26H20) (Sigma-Aldrich, catalog number: V000213)
CuSO045H20 (Labsynth, catalog number: S1054)

Sodium molybdate dihydrate (Naz2MoO42H20) (Sigma-Aldrich, catalog number: M1651)
FeSO47H20 (Labsynth, catalog number: S1057)

Na:EDTA (Labsynth, catalog number: E2005)

Myo-inositol (Sigma-Aldrich, catalog number: 117508)

Nicotinic acid (Labsynth, catalog number: A1043)

Pyridoxine (Sigma-Aldrich, catalog number: P9755)

Thiamine (Sigma-Aldrich, catalog number: T4625)

L-glutamine (Labsynth, catalog number: G1011)

Sucrose (Labsynth, catalog number: 2731)

MSG culture medium (see Recipes)

Equipment

1.

2.

Cell dissociation sieve-screens, 150 mesh (Sigma-Aldrich, catalog number: CD1-1KT) sterilized
by autoclave (121 °C, 30 min)

Chamber flow (or its equivalent) (Pachame, model: PA 220)
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3. Adapted glass Erlenmeyer flasks (custom-made) (Figure 1), sterilized by autoclave (121 °C, 30
min). This adjustment to the flask can be performed by a company that produces laboratory
glassware, fusing a glass tube to an Erlenmeyer flask

Ruler

Orbital shaker (or its equivalent) (Cientec Equipamentos para Laboratério, model: CT-165)
Analytical balance (or its equivalent) (Shimadzu, model: BL3200H)

Spatula sterilized by autoclave (121 °C, 30 min) (VWR, catalog humber: 231-2233)

AxioPlan light microscope (Carl Zeiss, model: AxioPlan)

© ©o N o o &

Manual pipettes (or their equivalent) (Eppendorf, catalog numbers: 3120000062 and
3120000054)

10. Forced air circulation drying oven (or its equivalent) (Ethik Technology, model: 420-6D)

11. AxioCam MRCS5 digital camera (Carl Zeiss, model: AxioCam)

12. Desktop computer

Figure 1. Adapted Erlenmeyer flasks (100 and 50 ml) used in SCV analyses. For an adapted
Erlenmeyer flask of 100 ml capacity, we used 25 ml of culture medium and 500 mg of fresh
cells. For an adapted Erlenmeyer flask with 50 ml capacity, we used 10 ml of culture medium

and 200 mg of fresh cells, with a ratio of 20 mg fresh cells to 1 ml of culture medium.

Software

1. AxioVision Rel. 4.8 software (Carl Zeiss, AxioVision)

Procedure

A. SCV analysis

1. First, in the flow chamber, separate the embryogenic suspension cultures from the medium

using the cell dissociation sieve (150 mesh screens) (Figure 2A).
Copyright © 2016 The Authors; exclusive licensee Bio-protocol LLC. 3
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Figure 2. SCV analysis procedures. A. Separation of cells from the culture medium using the
sieve; B. Sampling the cells (in terms of fresh weight) for the SCV analyses; C. Adapted
Erlenmeyer flask containing the culture medium with inoculated cells; D. Transferring the cells
and culture medium to the lateral side tube of the adapted Erlenmeyer flask for SCV
measurement; E. Erlenmeyer flask held upright for 15 min; F and G. Details of SCV

measurement using the ruler.

2. Then, place 200 mg of culture (fresh weight) consisting of separated cells in an adapted
Erlenmeyer flask (Figure 1) containing 10 ml of the culture medium containing the required
testing treatments (Figures 2B and 2C).

3. To measure the initial SCV, transfer the entire contents of the flask (culture medium and cells)
to the adapted tube outside of the Erlenmeyer flask (Figure 2D). Keep upright in a Falcon tube
rack (Figure 2E) for 15 min.

After this time, measure the initial SCV using a ruler (Figures 2F and 2G).

Later, return the entire contents (culture medium + cells) into the Erlenmeyer flask by carefully
inverting to make sure to return most of the cells into the Erlenmeyer flask (Figure 2C). Keep
the adapted Erlenmeyer flasks on a horizontal shaker (100 rpm in the dark at 25 + 2 °C).

6. To determine PEM growth, repeat the measurement procedures every three days until the
PEMs reach the decline phase.

Notes:

a. A cellular growth curve (Figure 3) is performed to identify the phases of cellular growth of the
embryogenic cultures in suspension. This identification can be used to establish the sampling
points for the assessment of morphology and for biochemical studies.

b. If an Erlenmeyer flask of 100 ml capacity is used, we suggest the following proportion: 25 ml of

culture medium used for every 500 mg of fresh cells.
Copyright © 2016 The Authors; exclusive licensee Bio-protocol LLC. 4
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Figure 3. Graphic representation of the cellular growth by SCV. A cellular growth curve by
SCV analysis from embryogenic suspension cultures of A. angustifolia in MSG culture medium

showing the different phases during incubation.

B. Fresh and dry weight measurement

1.
2.

Use 12-well cell culture plates for this analysis.

In a flow chamber, separate the cells from the suspension cultures using a sieve to collect only
the cells; discard the culture medium (Figure 2A).

Next, use the analytical balance (Figure 2B) to weigh the cells and place 60 mg fresh cells into
each well of the cell culture plate, which should contain 2 ml of culture medium per well (Figure
4A).

Close the cell culture plates and keep on a horizontal shaker for incubation (100 rpm in the dark
at 25+ 2 °C).

To measure the fresh weight on specific days (established by the growth curve, for example),
take the cell culture plate and carefully remove the liquid culture medium using a pipette (Figure
4B). Repeat this procedure for each individual well.

Use a spatula to collect all the solid contents of the cell culture from each well (Figure 4C),
separately, on a piece of pre-weighed aluminum foil.

Measure the fresh weight of cells using an analytical balance (Figure 4D). Dry the samples at
70 °C for 48 h. Then, measure the samples plus aluminum foil again on the analytical balance.

Itis necessary to subtract the weight of the aluminum foil (pre-weighed) to obtain the dry weight.

Copyright © 2016 The Authors; exclusive licensee Bio-protocol LLC. 5
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Figure 4. Measurement of fresh weight using 12-well cell culture plates. A. 12-well cell
culture plates with cellular culture; B. Removal of liquid culture medium using a pipette; C.
Collection of the cells from each well using a spatula; D. Measurement of the fresh weight with

an analytical balance using pre-weighed aluminum foil.

C. Slide preparation for PEM morphology studies

1. First, in the flow chamber, separate the embryogenic suspension cultures from the medium
using the cell dissociation sieve (150 mesh screens) (Figure 2A).

2. Then, 1,200 mg of separated cells, fresh weight (Figure 2B), should be placed into an
Erlenmeyer flask (250 ml capacity) containing 60 ml of the culture medium containing the
required testing treatments. Three flasks for each treatment should be maintained for three
biological replicates.

Place the flasks on a horizontal shaker during incubation (100 rpm in the dark at 25 + 2 °C).
For analyzing the incubation results on specific days, in a flow chamber, take a sample of PEMs
from the liquid culture medium using the modified pipette tip. It is necessary to remove the end
of the pipette tip (Figures 5A and 5B) to prevent the disruption of PEMs. The pipette tips must
be sterilized before use.

5. Put adrop of the PEM culture on a glass slide (Figure 5C), and cover with a cover slip.

6. Observe under an optical microscope.

Notes:

a. The remaining cells in the flask could be returned to the horizontal shaker for use on the next
day of analysis. If you do not continue the incubation, and the cells will be discarded, it is not
necessary to use a sterilized pipette tip for sampling.

b. The PEMs can alternatively be incubated in an Erlenmeyer flask with a smaller volume (keeping

the ratio of 20 mg fresh cells for 1 ml of culture medium).

Copyright © 2016 The Authors; exclusive licensee Bio-protocol LLC. 6
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Figure 5. Slide preparation of PEMs from embryogenic suspension culture. A. Removal of

the end of a tip; B. Comparison of the tip before and after cutting; C. Plating with a drop of PEMs

in suspension culture.

D. Slide preparation for isolated embryogenic and suspensor-type cells

1.

First, dissociate the PEMs to obtain embryogenic and suspensor-type cells by incubating the

PEM suspension culture in culture medium with 0.1% (w/v) cellulase (Sigma-Aldrich).

Keep the samples incubating in cellulase for 3 h on a rotary shaker (100 rpm) in the dark at 25
+2°C.
After incubation, transfer the cells to a Falcon tube and wash with a new culture medium that is

cellulose free. Remove the culture medium carefully with a pipette and repeat this procedure

three times.

To visualize the cells with an optical microscope, follow the procedure described in Procedure

C used to prepare slides using a modified pipette tip.

E. Image capture

1. To capture images for morphological analysis, we use AxioVision Rel. 4.8 software according

to the following procedures (other comparable image analysis software should suffice):

a.

Open the software AxioVision Rel. 4.8, and in the Tool Bar, select:
View>Toolbars>Standard.

To view the image on the screen: click the ‘Live’ option.

Set in the software the specifications of the objective and ocular you are using to capture
the image using the ‘Snap’ option.

When saving the image, choose the .zvi format.

F. Procedure for morphological measurement and analysis

1. Area measurement

a.
b.
c.
d.

Open the image in the microscope software.
Choose the options: View>Toolbars>Measure.
To measure the area, use the tool options, ‘outline’ or ‘outline spline’.

Then, draw a closed shape around the embryonal head (Figures 6A and 7). When the form

Copyright © 2016 The Authors; exclusive licensee Bio-protocol LLC. 7
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is closed, the area appears on the figure in um?2. This value is used for area analyses.
e. Repeat this operation with several samples of embryonal head and suspensor-type cell

images.

Area of embryonal head
Area of suspensor cell

SF—=

Width of suspensor cell

Diameter of embryogenic cells

~N

Figure 6. Measurement scheme of PEMs and isolated cells. A. Area analysis of embryonal

Length of suspensor cell

head and suspensor-type cells from non-dissociated PEMs; B. Diameter, length and width

analysis of dissociated embryogenic and suspensor-type cells.
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Figure 7. Area measurement procedure for non-dissociated PEMs using AxioVision
software. Arrows (red) indicate the tool options used.

2. Diameter, width and length measurement
a. Open the image in the microscope software.

b. Choose the options: View>Toolbars>Measure
Copyright © 2016 The Authors; exclusive licensee Bio-protocol LLC. 8
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To measure the area, use the tool option ‘length’.
Then, using the ‘length’ tool, measure the embryogenic-type cells to obtain the diameter
data (see red line in Figure 6B and black line in Figure 8).

e. Using the ‘length’ tool, measure the length and width in suspensor-type cells, as shown by
a black line in Figure 8.

f.  Repeat this operation with several samples of dissociated embryogenic and suspensor
cells.

Notes:

a. In Araucaria, as embryogenic-type cells are isodiametric, the size was measured based on
the diameter, and as suspensor-type cells are elliptic and elongated, the size was measured
using the length and width (at the middle of the cell) (Figure 8).

b. Ifthe suspensor-type cells are curved, the ‘curve spline’ tool can be used as shown in Figure
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Figure 8. Measurement of diameter, width and length of embryogenic and suspensor-
type cells using AxioVision LE software. The red arrow indicates the tool used for A. diameter

analysis of embryogenic-type cells, B. length and C. width in suspensor-type cells.
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Figure 9. Width and length measurements of suspensor-type cells using AxioVision

software. The red arrow indicates the ‘Curve spline’ tool used for length of curved suspensor-

type cells, and the black arrow indicates the ‘Length’ tool used for width of these cells.

Data analysis

1. For the analysis of area, diameter, length and width, the values of different samples can be

processed and presented in a graph format. Additionally, the data can be subjected to analysis

of variance (ANOVA) and mean separation tests (such as Tukey or SNK) by using an

appropriate statistical software.

2. SCV analysis: examples of results obtained from SCV analysis can be observed in Figure 1 of
Silveira et al. (2006), Figure 2 of Osti et al. (2010) and Figure 4 of Douétts-Peres et al. (2016).

3. Fresh and dry weight analysis: Figure 5 of Douétts-Peres et al. (2016) is an example of fresh

and dry weight measurement.

4. Cell size determination: Area measurement of the embryonal head and suspensor-type cells

described here (Figure 6) can be observed in Figure 7 of Douétts-Peres et al. (2016). In addition,

the diameter of embryogenic-type cells and the width and length of suspensor-type cells can be

observed in Figure 8 of Douétts-Peres et al. (2016).
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Recipes

1. MSG culture medium (1 L) (Becwar et al., 1989)

Reagents for making Final concentration in
MSG culture medium culture medium (/L)
KNO; 100 mg
CaCl,2H,0 440 mg
MgSO,7H,0 320 mg
KCI 745 mg
KH,PO, 170 mg
MnSO,H,O 22.3mg
ZnS047H,0 8.6 mg
H3BOs 6.2 mg
Kl 0.83 mg
CoCl,6H,0 0.025 mg
CuS0O,5H,0 0.025 mg
NaMoO,2H,0 0.25 mg
FeSO,7H,0 27.8 mg
Na,EDTA 37.3mg
Nicotinic acid 0.5mg
Pyridoxine 0.5mg
Thiamine 1mg
Myo-Inositol 100 mg
L-glutamine 1,460 mg
Sucrose 3049

a. Preparation of liquid MSG culture medium

To prepare 1 L of liquid MSG culture medium, weigh 30 g of sucrose and dissolve in
~500 ml of distilled water.

Add 100 ml solution A, 5 ml solution B, 10 ml solution C and 2 ml solution D. Add 1,460
mg of L-glutamine.

Dissolve all reagents. Adjust the volume with distilled water to 1 L. Mix the culture

medium and adjust the pH to 5.7. Sterilize in an autoclave for 15 min at 121 °C.

b. Preparation of stock solutions

To prepare stock solutions A, B and D, weigh the reagents in an analytical balance,
dissolve in distilled water, and make up the final volume with distilled water.

To prepare stock solution C, weigh each reagent and add separately to ~150 ml of
heated distilled water (~45 °C). Then, mix the two solutions and adjust the final volume

to 500 ml. Protect this solution from light.

Copyright © 2016 The Authors; exclusive licensee Bio-protocol LLC. 11
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Reagents for Solution A

For 500 ml of stock solution A

KNO; 500 mg
CaCl,2H,0 2,200 mg
MgSO,7H,0 1,600 mg
KCI 3,730 mg
KH,PO, 850 mg

Reagents for Solution B

For making 200 ml of stock solution B

MnSO,H,0 892 mg
ZnS047H,0 344 mg
H3BO3 248 mg
Kl 33 mg
CoCl,6H,0 1mg
CuS0O,5H,0 1mg
NaMoO,2H,0 10 mg

Reagents for Solution C

For 500 ml of stock solution C

FeSO4'7HzO

1,390 mg

Na,EDTA

1,865 mg

Reagents for Solution D

For 500 ml of stock solution D

Nicotinic acid 25 mg
Pyridoxine 25 mg
Thiamine 50 mg
Myo-Inositol 5,000 mg
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