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[Abstract] The presence of intracellular glycogen can be detected by the following iodine staining
technique. Cells with glycogen stain dark brown, whereas in its absence they remain with a pale
yellowish color. It is hypothesized that iodine atoms fit into helical coils formed by the αpolyglucan to form a coloured glycogen-iodine complex. Here, we have studied the expression of
Streptococcus mutans (S. mutans) genes that control the biosynthesis of this polysaccharide
(Asencion Diez et al., 2013). Thus, we expressed glgC and glgD genes coding for both ADP-Glc
pyrophosphorylase subunits in Escherichia coli (E. coli) AC70R1-504 cells to complement the
deficient accumulation of glycogen by this strain (Iglesias et al., 1993). In control cells or in those
where an inactive protein was expressed, the synthesis of the polysaccharide was undetectable
by this iodine staining technique.
Materials and Reagents
1. Cells: Non-transformed E. coli AC70R1-504 or harboring plasmids with the S. mutans
glgC and glgD genes, separately or combined
Note: This strain has a deficient production of the ADP-glucose pyrophosphorylase
enzyme in absence of complementary plasmids (Morán-Zorzano et al., 2007).
2. Luria-Bertani (LB) liquid medium
3. Antibiotics: Kanamycin (US Biological, catalog number: K0010) and spectinomycin
(Sigma-Aldrich, catalog number: S4014)
4. Inducers: Isopropyl β-D-1-thiogalactopyranoside (IPTG) (Sigma-Aldrich, catalog number:
I6758) and nalidixic acid (Sigma-Aldrich, catalog number: N4382)
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5. Plasmids: pMAB6/glgC, expressing S. mutans glgC (induced by nalidixic acid) and
pMAB5/glgD, expressing S. mutans glgD (induced by IPTG)
Note: These plasmids are compatible and bear resistance to spectinomycin and
kanamycin, respectively (Asencion Diez et al., 2013).
6. D(+) Glucose (Sigma-Aldrich, catalog number: G5767)
7. Iodine crystals (Biopack Medical, catalog number: 2000162300)
Equipment
1. 1.5 ml microcentrifuge tube (Deltalab, catalog number: 200400)
2. Microcentrifuge (Beckman Coulter, model: 22R)
3. Shaker (at least 200 rpm) at 37 °C (Thermo Fisher Scientific)
Procedure
1. Inoculate non-transformed and transformed E. coli AC70R1-504 cells onto 3 ml of LB
medium with appropriate antibiotics to ensure plasmid permanence. Then, grow at 37 °C
until an OD600 ~0.8 is reached. Usually the initial inoculate comes from a saturated
culture.
Induce protein expression for 3 h at 200 rpm and 25 °C in presence of IPTG, nalidixic
acid or both, depending on the genes being expressed.
Note: Temperature, inducer concentration and other conditions are specific for the
system in order to assure a correct expression level of soluble and active protein.
2. Afterwards, to stimulate glycogen production, add glucose to a final concentration of
0.2% (wt/vol) and further incubate (under the same conditions) for 1 h.
3. Withdraw an aliquot of 0.1 ml and centrifuge it in a 1.5 ml microcentrifuge tube at 16,000
x g for 5 min. Aspirate supernatant carefully, leaving a compact cell pellet in the bottom of
the tube.
Note: The pellet should be as dried and compact as possible to avoid drops sliding down
the walls of the tube.
4. Turn upside down the microcentrifuge tube, so an iodine crystal could be placed in the
cap of the closed tube. After 5 min at room temperature, iodine vapors stain the cell pellet
if glycogen has been previously produced.
Note: The specific amount of iodine in the crystal is not critical, as it only provides an
excess of the compound present in vapors.
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Representative data

Figure 1. Iodine staining of cells accumulating different amounts of glycogen. Iodine
staining of cell pellets from E. coli AC70RI-504 (from left to right): Untransformed cells
(lacking ADP-Glc PPase, negative control), transformed to express GlgC (catalytic subunit of
ADP-Glc PPase forming homotetrameric enzyme, low positive sample), transformed to
express GlgD (non-catalytic, inactive, subunit of ADP-Glc PPase, negative sample), or to
express GlgC/GlgD (heterotetrameric ADP-Glc PPase, high positive sample). The staining is
mainly qualitative and as much it could be established a semi-quantitative scale based on the
visualization by eye (or scanner).
Notes
1. The culture conditions and induction of recombinant protein synthesis (temperature,
concentration of antibiotics and inducers) should be appropriate for other specific cases.
If the growth of different cells varies, the procedure should be adjusted to make sure
similar OD are reached to ensure similar metabolic conditions.
2. After 5 min, remove iodine crystal to prevent darkening of the walls of the microtube to
facilitate the acquisition of the image. The staining may fade always after few hours, but
they could be re-stained.
3. Before exposure to iodine vapors, the pellet should be as dried and compact as possible
to avoid drops sliding down the walls of the tube, which will cause smearing. After
aspiration, a small and long piece of paper filter could be used to remove tiny amounts of
the remaining liquid.
4. Traditionally, this type of staining has been done in plates (Greene et al., 1996). But, one
of the advantages of this technique is that it could be used with any type of cells and
expression systems, such as BL21 (DE3) E. coli and pET derivative vectors (Ballicora et
al., 2007; Kuhn et al., 2010). In those cases, cells cannot be efficiently grown in plates in
presence of IPTG.
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