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Abstract:- Zinc is an important micro-nutrient for plant
growth and functioning and its homeostasis is a tightly
regulated process involving various proteins. NcZNT1 and
NcMTP1 proteins naturally occur in Noccaea caerulescens, a
zinc-hyperaccumulating  plant, which is capable of
accumulating extreme zinc-concentrations. We analyzed the
zinc-transporting capabilities of these two types of zinc
transporters looking at zinc tolerance of tobacco BY2 cells
transformed with either of the two transporters. BY2
suspension cells were transformed with NcZNT1 and
NcMTP1 by means  of  agrobacterium-mediated
transformation, and cell suspension was then plated on
selective medium. After one week, cells were transferred to
plates containing different zinc concentrations, and one and a
half week later callus development was scored. Callus growth
was observed only in the non-transformed control and in the
NcMTP1 transformed control on a non-selective plate. On the
positive control plates (BY2 transformed with the DsRed-
encoding construct), no callus was observed and no DsRed
expression was seen. Treatment of the cells with
agrobacterium appears to have a very devastating effect on
cell viability. However, calli may need more development
time. It will be possible to determine transformation success
and zinc transporter efficacy, based on callus development on
plates with different zinc-concentrations.

INTRODUCTION
A small number of plant species has metal
hyperaccumulating properties. These plants accumulate
metals to a very high level in their shoots, without suffering
from toxicity effects (Hassan and Aarts., 2011; Verbruggen
et al., 2009). Hyperaccumulating plants are interesting
from an environmental point of view, as they may be used
for phytoremediation of contaminated soils (Dickinson et
al., 2009). One such hyperaccumulator is Noccaea
caerulescens, which is capable of accumulating a.o.
cadmium and zinc. In 2000, Lasat et al. identified a zinc
transporter in N. caerulescens which they denoted ZNT1.
The N. caerulescens ZNT1 gene shows highest homology
to Arabidopsis ZIP4 gene, which was discovered by Grotz
et al. in 1998. It was further researched and characterized
by Hassan (2013), who confirmed the localization of the
ZNT1 gene in the plasma membrane while characterized it
as a functional Zn transporter protein. Lasat et al. also
analyzed the expression levels of ZNT1, and they found

that in N. caerulescens, it was continuously expressed at a
high level, but in related species such as T. arvense, which
does not have the Zn hyperaccumulator function, the ZNT1
was expressed at much lower level, unless Zn deficiency
occurred.

Additionally, in 2001, Assuncéo et al. identified the MTP1
gene, an orthologue of the Arabidopsis AtMTP1 protein
which is located in the vacuolar membrane (Hassan., 2013;
Desbrosses-Fonrouge et al., 2005). Transport of zinc into
the vacuole is an effective way to detoxify the ions. For
this reason, AtMTP1 mutants show a hypersensitive
reaction to zinc, which confirms the essential role of the
AtMTP1 protein in zinc accumulation and detoxification.
These findings are further underlined by the results of
Hassan., 2013, who concluded that introduction of the
ZNT1 or the MTP1 gene in Arabidopsis confers tolerance
to zinc stress. This property makes both zinc transporters
very interesting topics for further research.

Fast growing cell suspensions of tobacco (Nicotiana
tabacum L. cv. BY?2), are for a long time in use to study
plant physiology and molecular biology (Nagata., 1987).
The BY2 cells have a doubling time of 11 hours and can be
used for production of recombinant proteins and primary or
secondary metabolites (Nagaya et al., 2000). To make a
good expression of a foreign gene possible in cultured cells
an appropriate promoter and cis-element is necessary
(Nagaya et al., 2000). It was shown by An (1985) that a
transformation frequency of up to 50 % could be obtained.
Success of the transformation was highly dependent on the
physiological state of the cells, nature of the
Agrobacterium strain used. Highest transformation rates
were obtained when using cells in the exponential phase
(An., 1985). The present study was aimed at
Agrobacterium mediated transformation of Tobacco BY?2
cell suspension with NcZNT1 and NcMTP1 genes to further
understand their role in these cells.

MATERIAL & METHODS
Experimental set-up

Transformation was done in Petri dishes on a Whatmann
filter paper. After two-three days, agrobacterium was
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washed of and filter papers were transferred to selective
agar plates. Six days later, some of the filter papers were
transferred to selective plates with different Zinc-
concentration. For final set-up, see table 1.

BY2 cells

BY2 suspension cultured cells were obtained from Corrie
Hanhart (Wageningen UR). Weekly, 4 ml of cells was
subcultured in 40 ml BY2 culture medium (30 g/l
saccharose, 4.41 g/l MS Salts (without vitamins, stored at
4°C) (M 0221, Duchefa Biochemie, the Netherlands), 200
mg/l KH2P04,100 mg/l myo-inositol, 1 ml/l Thiamine
stock solution (stock = 1 mg/ml in H,0, stored at 4°C), 0.2
ml/l 2,4-D stock solution (stock = 1 mg/ml in 0.1 N KOH
in HO, stored at 4°C)) in 250 ml Erlenmeyer and
incubated at 25°C on rotary shaker. For experiment,
suspension in log-phase (3 days after subculturing) was
used.

Gene material

Vectors containing the zinc transporters were Kindly
provided by Zeshan Hassan: vector BG0073 with
kanamycin  selection marker, containing Noccaea
caerulescens ZNT1 coding sequence under control of 35S
promoter, and vector BG0014 with hygromycin selection
marker, containing Noccaea caerulescens ZTP1 coding
sequence under control of 35S promoter. For positive
control, vector pKGW with kanamycin selection marker,
containing DsRed coding sequence under control of
constitutive promoter, was kindly provided by Teun van
Herpen.

Agrobacterium for transformation

Two lines of Agrobacterium tumefaciens AglO strain were
transformed with BG0073 and BG0014 construct. Of each,
single colony was picked and transferred to 100 ml
erlenmeyer flask containing 5 ml LB + antibiotics. Flask
was incubated on shaker overnight at 28°C. For pKGW-
DsRed, 5 ml LB + antibiotics culture in 50 ml tube was
inoculated with small drop of glycerol stock (taken with a
toothpick). Tube was incubated on shaker overnight at
28°C.

Transformation of suspension cells

Agrobacterium overnight cultures were spinned down and
redissolved in 1-2 ml MS liquid medium (4.4 g/l
MS+salts+vitamins, 30 g/l sucrose, 0.2 mg/l 2,4 D, pH5.7
with KOH). 40 ml 3 day old BY2 cell suspension culture
was filtered using Whatmann filter, and cells were
resuspended in same volume of MS liquid medium. 4 ml of
cells suspension was mixed with 100 ul agrobacterium
culture and transferred to Petri dish with Whatmann filter
paper on the bottom. Petri dishes were sealed with parafilm
and incubated for 2 to 3 days at 28°C in the dark without
shaking. After incubation filter papers were washed with
3x10 ml liquid MS +500 pg/ml Cefotaxim and transferred
to selective plates containing MS agar + kanamycin or
hygromycin ((4.4 g/l MS+salts+vitamins, 30 g/l sucrose,
0.2 mg/l 2,4 D, pH5.7 with KOH, 8 ¢/l agar, 50 pg/ml
kanamycin or 20 pg/ml hygromycin). Washing liquid of all

plates with same transformation vector (containing
suspension cells) was collected in 50 ml tube and cells
were spinned down at 500 rpm for 3 min. Pellet was
resuspended in 30 ml liquid MS +500 pg/ml Cefotaxim,
spinned down again and resuspended in 4 ml/plate. Cells
were transferred to selective plates containing washed
Whatmann filter paper and spread out evenly over the filter
paper. Plates were incubated for 6 days at 28°C in the dark.

Growth of transformed cells on Zinc gradient

After 6 days of selection on MS+kanamycin or hygromycin
plates, filter papers were cut into two and transferred to
selective plates (MS agar + antibiotics) containing different
concentrations (0, 50, 100, 200, 300 or 500 uM) of zinc
(see: table 1). Plates were incubated for two weeks at 28°C
in the dark.

Analysis of calli

Calli were scored by the professional eye of Prof. Dr. Ir. P.
Bijman wunder supervision of Rector Magnificus L.
Woittiez. Plates were observed under a binocular and
pictures were made with Nikon digital camera. DsRed
positive controle plates were observed with fluorescence
binocular, using DsRed bandpass filter. A small piece of
filter paper was cut off and examined under Carl Zeiss
fluorescence  microscope. Additionally, cells were
resuspended, put onto a microscope slide and analyzed.

RESULTS & DISCUSSION

Callus growth was observed on only four plates, including
both negative control plates and the non-selective plates of
the BG0014 and BGO0073 transformation. No callus was
found on the positive control plates.

No callus growth was observed on most of the plates
Despite the acclaimed ease and success rate of BY2
suspension transformation (An, 1985), we observed little or
no callus growth on any of the plates containing
transformed BY2 cells. One possible explanation is that the
incubation period was too short. Indeed, it could be that in
a few more weeks, calli will start to develop. However, on
the negative control plates (where no agrobacterium had
been added) there was plenty of callus present, showing
that the incubation period was certainly long enough for
development of callus from healthy BY2 cells.

A second likely explanation is that in fact, there were no
living transformed BY?2 cells, and therefore the kanamycin
or hygromycin inhibited callus growth in all non-
transformed cells. Our methods were different from the
protocol (Petrasek et al., 2003) in that we transformed the
tobacco cells in a petri dish on top of a filter paper. Also,
we did not try different concentrations of agrobacterium,
but instead we used only one. Therefore, absence of living
transformed cells can have two main reasons. First of all, it
could be that all agrobacterium attached to the filter paper
and therefore did not reach the BY2 cells. According to the
Petrasek  protocol, successful progression of the
transformation is visible by a milky-white color of the
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medium during the co-incubation of tobacco and
agrobacterium. We did not observe this; in our plates, the
medium remained clear. This observation speaks for the
explanation that transformation did not progress very well.
Secondly, it may be that we had too many agrobacteria,
leading to aggressive infection and death of the BY2 cells.
Our observation that even on the plates without antibiotics,
no or very little callus developed, speaks for this
explanation. Apparently, the agrobacterium treatment
somehow inhibits the development of those cells that were
in touch with it; the only cells that were not in touch, the
negative control cells, develop callus very abundantly.

Negative control callus was growing on selective medium
with kanamycin

We observed some callus growth of the untransformed
negative control cells on a selective plate containing
kanamycin (Fig. 1). Callus growth was definitely not as
abundant as on the plate without kanamycin, but still
clearly visible by the naked eye. This result shows that
kanamycin pressure was probably too low, either because a
too low concentration was added or because the kanamycin
was of bad quality (old). In fact, we used only half of the
concentration that was recommended in the Petrasek
protocol, so this could explain the escape of a large number
of untransformed cells. Also, it could be that the high cell
density allows some cells to live and proliferate on top of
eacho ther, thus reducing the effect of the kanamycin in the
medium.

No red fluorescence was observed in the positive control
As there was no callus in the negative control to analyze,
we placed the complete plates under a fluorescence
binocular. However, we did not observe any red
fluorescence, indicating that there was no expression of the
DsRed gene. Additionally, we analyzed the suspended cells
and small pieces of filter paper with cells under a
fluorescence microscope. In none of these samples, red
fluorescence was observed, even though small cell clumps
could be seen in the bright field image of the positive
control plate without antibiotics. This shows that the cells
are alive but are not forming callus (Fig. 2). Possibly, in a
few more weeks still some callus will grow.

No difference was observed between the different zinc
concentrations

As no callus at all was observed on any of the zinc gradient
plates, naturally we did not observe a difference between
the plates (Fig. 3). This makes discussion of these results
rather trivial. However, also in this case, we hope that in a
few weeks still some callus will develop.

CONCLUSIONS
It is concluded that maybe in a few more weeks, some
callus would be observed, is not (necessarily) a wishful
thinking since the protocol of Petrasek et al., 2013
describes that resistant colonies arise only three-four weeks
after incubation on the selective plates. We have scored

conclusions; if in another two weeks we still do not
observe any callus, than we can say that the transformation
for some reason did not work, or that are cells for some
reason do not proliferate. What we do know is that the
starting material is healthy and that the medium
composition is good; the abundant callus development on
the negative control plate confirms this. Now, we can only
wait to see if still some callus will develop on the other
plates.
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[Zinc] (UM) BG0014* BG0073* Positive control* Negative control*
0 no antibiotic 1x1 1x1 1x1 1x1

0 1x1 1x1 1x1

0 1x1 1x1

0 2X% 2x% 1x%

50 2x% 2x% 1x%

100 2XxY% 2XxY% 1x%

200 2x% 2x% 1x%

300 2x% 2x% 1x%

500 2XxY% 2XxY% 1x%

Table 1: Experimental set-up. In total, four transformations
were done: two different zinc-transporters (BG0014 with
hygromycin selection marker and BG0073 with kanamycin
selection marker), one positive control (DsRed with
kanamycin selection marker) and one negative control (no
transformation). For each transformation, one batch of cells

was plated on MS plate without antibiotics. In total, four
positive control transformations, 2 negative control
transformations and two times nine zinc transporter
transformations were carried out and put on plates with
filter paper. After 6 days on selective plates, the filter
papers were cut in half and transferred to zinc selective
plates. * in nr of plates x nr of filter papers

[Zinc] (UM) GB0014* GB0073* Positive control* Negative control*
0 no antibiotic A little bit of callus A lot of callus None A lot of callus

0 None None Some callus

0 None None

0 None None None

50 None None None

100 None None None

200 None None None

300 None None None

500 None None None

Table 2: Callus growth on control plates with and without
antibiotics and on zinc gradient plates. No callus growth
was observed on the zinc gradient plates and on most of the

selective plates, apart from the negative control selective
plate which showed some callus growth.

Figure 1: Negative control plates with callus. Left: no antibiotic was applied and a lot of callus growth was observed. Right: on negative control plate with
kanamycin-containing medium also some callus growth was observed.

Figure 2: Transformed cells without antibiotic selection medium. Left: BG0014 shows a little bit of callus formation. Right: BG0073 shows a lot of callus

formation.
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Figure 3: Example plate selective medium with or without zinc gradient. For BG0014 on selective medium, no callus growth was observed. The plates of the
Zinc gradient also showed no callus formation.
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