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Appendix C

Material and Methods of Chapter 5

Introduction

What follows is the experimental procedure followed by Agnieszka Esseling-Ozdoba
who did her research in the group of prof. dr. A.M.C. Emons at Wageningen Univer-
siteit. See more more details [150, 162]. Copyright 2013 Wiley. Used with permission
from Esseling-Ozdoba et al., Hydrodynamic flow in the cytoplasm of plant cells, Journal
of Microscopy, Blackwell Publishing Ltd, 2008, 231, 274-283 [150].

Plant material

Tobacco Bright Yellow - 2 (BY-2) suspension cells expressing cytoplasmic GFP (stably
transformed with plasmid pBin-35S-smGFP) were used for experiments. Suspension
cultures were grown in standard BY-2 medium containing Murashige and Skoog macro-
and microsalts, 3% sucrose, 100 mg/l myo-inositol, 200 mg/l KH2PO4, 1 mg/l thiamine,
and 0.2 µg/l 2,4-dichlorophenoxyacetic acid [224] and 50 mg/l kanamycin. Suspension
cells were prepared in about 50-µm-thick, gas-permeable micro-chambers lined on one
side with BioFoil (Vivascience, Hanover, Germany) and on the other side with a 24 x
24 mm coverslip [225]. The micro-chamber contained about 20 µl of cell suspensions.
Tradescantia virginiana plants were grown in a growth chamber with a 16-hrs photope-
riod at 25◦C and 8-hrs dark period at 18◦C and 75-80% relative humidity. Stamen hairs
with dividing cells in the apical region were dissected from immature flower buds with
a length of approximately 5 mm.
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Cell treatment with BDM

Tobacco BY-2 suspension cells expressing cytoplasmic GFP were treated with 50 mM
BDM from a freshly made stock of 0.5 M in demi water. The control cells were treated
with demi water in appropriate amount used for drug treatment. After treatment cells
were transferred into micro-chambers and within 30 min. were used for FRAP experi-
ments.

FRAP

FRAP experiments were preformed on a confocal laser scanning microscope (CLSM)
Zeiss LSM 510 Meta coupled to Zeiss Axiovert 200M inverted microscope, equipped
with 63 × 1.4 NA oil immersion objective. Prebleach and postbleach images were ac-
quired using low levels (2-4%) of excitation at 488 nm. Photobleaching was performed
using 10 scans with the 488 nm laser line at 100% transmission in a square region of
2.2 µm×2.2 µm of cytoplasmic strands. The bleached region was always perpendicular
to the long axis of the cytoplasmic strands and covered the entire width of the strand.
Fluorescence intensity values of the bleached region in the cytoplasmic strand were
measured every 0.0491 or 0.0983 s. and followed for 5 or 10 s. Fluorescence intensity
values were normalised to compare the experiments of different treatments. The av-
erage time for 50 % recovery (half time of recovery, t1/2) was determined from fitting
recovery curves.

Microinjection

For microinjection experiments we immobilised T. virginiana stamen hairs in a thin layer
of 1% low temperature gelling agarose (BDH Laboratory Supplies, Poole, UK) in cul-
ture medium (5 mM HEPES, 1 mM MgCl2, and 0.1 mM CaCl2, pH 7.0) and 0.025%
Triton X-100 (BDH Laboratory Supplies, UK), following the procedure described by Vos
et al, 1998 [226] Synthetic lipid (DOPG) vesicles were made of 98% of the anionic non-
fluorescent phospholipid 1,2-Dioleoyl-sn-Glycero-3-[Phospho-rac-(1-glycerol)] (DOPG,
Avanti Polar Lipids) and for 2% of the fluorescent phosphocholine Bodipy FC12-HPC
(Molecular Probes, excitation maximum at 503 nm, emission maximum at 512 nm).
Phospholipids were mixed together and dried onto a glass surface under a stream of
nitrogen, followed by at least 2 hours under vacuum to remove the last traces of sol-
vent. The dried lipid mixture was hydrated with microinjection buffer (5 mM HEPES,
0.1 mM KCl, pH 7.0) to a concentration of 0.5 mg/ml. The lipids were freeze-thawed
with liquid nitrogen for five cycles to disperse them and pushed through an extruder
with a polycarbonate filter with a 60 nm pore size to yield vesicles with a diameter
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of approximately 80 nm. The vesicle diameter was determined using dynamic light
scattering. Stealth vesicles were made in a similar way, only with addition of 2, 5, 10,
20 and 30% of PEG phospholipids (1,2-Distearoyl-sn-Glycero-3-Phosphoethanolamine-
N-[Methoxy(Polyethylene glycol)-5000] (Ammonium Salt) (Avanti Polar Lipids)). The
microinjection experiments were conducted according to Vos et al, 1998 [226]. In short,
borosilicate needles with filament were back-filled with vesicle solution and mounted
onto a micro-needle holder and attached into a screw type syringe (Gilmont Instru-
ments, Barrington, Illinois) via water-filled fine polyethylene tubing. The needle holder
was placed into a micro-manipulator (model N0-303, Narashige Scientific Instruments,
Tokyo, Japan) mounted on an Eclipse TE-2000-S inverted microscope (Nikon, Tokyo,
Japan). Images were collected with a 63x, 1.4 NA DIC lens with a Cell Map IC (BioRad,
Hemel Hampstead, UK) confocal laser-scanning microscope.
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