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Selective colony staining as a tool for distinguishing mutant bac-
terial colonies from wild type colonies has the advantage that it makes mu-
tants directly and conveniently visible. Colony staining of fair selec-
tivity has been described before only for carbohydrate nonfermenting mutant
types (Eosin-Methylene Blue, Lederberg, 1947; tetrazolium salts, Lederberg,
1948). In this communication we describe a staining method which allows
a visual distinction to be made between mutant colonies having any desired
growth requirement or lacking the ability to ferment any desired carbohy-
drate or other energy source, and wild type colonies, provided the strain
used can be induced for either alkaline phosphatase or B-galactosidase.

The staining reaction is based on the histochemical naphthol azo-dye
technique for the localization of specific cell enzymes (cf. Burstone,
1962); G-naphthol compounds serving as substrates release free Q-naphthol
enzymatically, which is coupled in situ with diazonium salts to form in-
soluble azo-dyes. Levinthal (1961) was the first to apply this technigue
on bacterial colonies in staining selectively alkaline phosphatase positive

colonies in fields of negative colonies in Escherichia coli using a-naphthol

phosphate as substrate. Naphthol B-D-galactosides similarly allow differ-
ential azo-dye staining of lactose positive E. coli colonies (Vielmetter,
unpublished). Because the dye does not diffuse but is localized within

the colony, large numbers of colonies per plate can be screened.

*Present address: Virus Laboratory, University of California,
Berkeley, California, U.S.A.
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To utilize the high resolution of this technique for the selection of
any type of growth requirement mutant, the fact is used that both alkaline
phosphatase and B-galactosidase are inducible enzymes, the former being
synthesized only at low external levels of inorganic phosphate (Torriani,
1959) and the latter only in the presence of inducing galactosides (cf.
Monod, 1956). Either enzyme system can be used for the indication proce-
dure in the following way: colonies are grown on "carrier" membranes
resting on the agar surface of growth plates, allowing both mutants and
wild type to grow. The carrier membranes are then transferred for some

time onto starvation plates, still lacking growth requirements but pro-

viding conditions of induction for alkaline phosphatase or B-galactosidase.
Th: enzyme is now formed only in colonies able to grow, but not in the
starved mutant colonies. When treated with dye, the mutant colonies remain

unstained while the wild type colonies stain normally.

Mazerials and Methods:

Media: TG: Tris-glucose medium (Echols et al., 1961). TG 0, TG 2 or TG 20
containing 0, 2 or 20 pg/ml P as orthophosphate. TL, TC: TG medium, with
th= glucose replaced by either 0.2% lactose or other carbohydrates. Tryp:
10 g tryptone, 9 g NaCl per liter. Tryp-L: Tryp with 0.2% lactose. For
us2 in petri dishes the media are solidified with 1.2% Difco-Bacto-Agar.
TRIS: 1 M Tris buffer, pH 8. NA: Difco Nutrient Agar. SA: 0.45% agar
in 0.9% saline. SSA: 0.3% agar in HpO.

Carrier membranes for colony transfer: Opaque: Black membrane filters

MF 50 1) or Millipore filters AABP 2) , of 80 mm or 8% mm diameter fit in the

usual 90 mm petri dishes. Filters are "ironed” onto the egar surfece with

a glass rod spreader, to soak them with the medium. Transparent: Cellophan

1) Membranfiltergesellschaft, 34 G8ttingen, Germany.
2) Millipore Corp., Bedford, Mess., U.S.A.

183



Vol. 21, No. 2, 1965 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

PT 600 3) discs are autoclaved immersed in SSA, removed from the hot agar
by stripping off excess agar at the vessel edge and put on agar dishes,

which are then dried for 12 hours by incubation at 37°C.

Pleting and colony transfer: Bacteria are inoculated onto the petri dishes

by pouring 1.5 ml of melted (45°C) SA containing a bacterial suspension.
After solidifying, 1.5 ml SA without bacteria is poured on top of the first
layer. The following plate types are used for different mutant selections:
plating without carrier membrenes on TG 2 for mutants lacking alkaline phos-
phatase (AP”), on TG 20 for AP constitutives, on Tryp-L for mutants lacking
B-galactosidase (lac™), on Tryp for lac constitutives. For growth require-
ment mutants, the following petri dishes with carrier membranes are used.
Growth plates: NA for any auxotrophs, TG 20 containing specific growth

factors for restricted auxotroph classes. Starvation plates: TG 20 (or TC 20

for specific carbohydrate nonfermenting mutants). Induction plates: TG O

inducing for alkaline phosphatase, TL 20 for P-galactosidase and TL O for
both indicator enzymes simultaneously. Colonies are incubated on growth
plates until a size of 0.1 - 0.5 mm diameter is reached, then the carrier
membrane is transferred onto the starvation plate for 3.5 - 4 hours and then
onto the induction plate for 3.5 - 4 hours. All incubations were at 37°C.

Indicator staining (at room temperature): Substrates: NAP: 2 mg/ml naphthol

AS-Cl phosphate h) or naphthol AS-MX phosphate 5) in TRIS. gﬁg: 2 mg/ml
bromo~naphthyl B-D-galactoside %) or naphthol AS-LC p-D-galactoside 5) in
Hp0. Substrates filtered sterile may be stored at -20°C for months.
Azo-dyes: FB: 20 mg/ml Fast Blue RR salt 5)0) in H;0. FR: 20 mg/ml Fast
Red B salt ©)in H20. The solutions are stable for only 10 minutes at 4°C.
For alkaline phosphatase staining, petri dishes are rinsed with TRIS

and then treated with a mixture of 4 ml NAP + 1 ml FB, or pretreated for 10

3} XKalle and Co., 62 Wiesbaden-Biebrich, Germany.

k; Koch-Light Laboratories, Colnbrook, Bucks., England.
5) Sigma Corp., St. Louis 18, Missouri, U.S.A.

6) Serva Entwicklungslabor, 69 Heidelberg, Germany.
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minutes with S ml NAP and then posttreated with k ml TRIS + 1 ml FR. For
B-galactosidase staining, petri dishes are treated with a mixture of L ml
NAG + 1 ml FB (or FR) + 0.5 ml TRIS (final pH of about 7). Substrate-dye
mixtures are poured on the plates immediately.

The development of color is followed by obgservation on the cross-stage
of & stereomicroscope with oblique incident illumination against a dark
background and after sufficient staining (5 - 20 minutes), plates are rinsed
with saline. Colonies may be igolated with glass capillaries (0.05 mm diameter).

Res1lts and Discussion: The advantage of the described selection technique

res:s on its high resolution, allowing 2 x th colonies/plate for quanti-
tative work and up to 107 colonies/plate for mutant isolation. The dye
localization reaches beyond the cellular level: Fig. 1 shows that for
phosphatase stained cells, the dye is distributed in a granular pattern over
the cell surface, the size and number of granules depending on the degree of
induction. Repressed or AP~ cells do not show any staining even when treated

in dense pellets of AP and AP- cells. Therefore the method is useful for

W

Fig. 1 TG 2 grown E. coli K 10 cells were treated in 1 mg/ml
naphthol AS-MX phosphate plus 2 mg/ml Fast Blue RR salt diss.
in 0.9% saline buffered with 0.1 M Tris buffer pH 8 for 45
min. at 259C, washed and concentrated in 0.9% saline and
mounted in glycerol gelatine.
Magnification: 2000 x.
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visualizing details of mixed mutant colonies. This can be seen in the sec-
tored colonies of auxotrophic mutants in Fig. 2.

The method has been applied successfully to the isolation of large num-
bers of various auxotrophic and carbohydrate nonfermenting mutants applying

both indicator enzyme systems in E. coli strains B, C, ML and X 12 and

Bacillus subtilis strains.

We are indebted to Miss Adelheid Schiltte and Miss Ursula Stanior
for their excellent technical assistance. This work was supported by

the Deutsche Forschungsgemeinschaft.

Fig. 2 Broth overnight culture of E. coli K 12 W1k85 treated
mutagenically with 20 pg/ml hl-methyl-N-nitroso-N ! -nitroguanidine
for 80 min. at 20°C. 2 x 10% cells were plated on black MF 50
filter on NA and after growth, starvetion and induction
transfer stained for alkaline phosphatase using Fast Blue
RR salt as dye.
Magnification: 50 x.
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