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SUMMARY

 

The newly developed Animal Research Kit (ARK) offers a simple and eco-
nomic way of biotinylating mouse primary antibodies for background-free immunostain-
ing of mouse and rat tissue specimens. Biotinylation involves the use of a biotinylated goat
anti-mouse immunoglobulin Fab fragment mixed with a mouse primary antibody and sub-
sequent blocking with normal mouse immunoglobulin. Because a reliable immunoenzyme
double staining procedure on human tissue specimens with two unlabeled mouse primary
antibodies of identical subclass is almost impossible, we have tested the performance of
ARK biotinylation of one primary antibody in a multistep indirect/direct staining protocol.
The multistep double staining procedure involved the subsequent application of an unla-
beled mouse monoclonal antibody (MAb) 1 detected with an enzyme-labeled EnVision re-
agent, normal mouse serum for blocking, followed by a biotinylated mouse MAb 2 and en-
zyme-labeled streptavidin. Alkaline phosphatase and peroxidase enzymatic activities were
developed last. Double staining results obtained with an ARK biotinylated reagent were

 

compared with a truly biotinylated reagent using 

 

N

 

-hydroxy succinimide–biotin for conju-
gation. It appeared that both biotinylation procedures revealed identical double staining
results. Although a limited number of antibody combinations have been tested, it is clear
that this double staining procedure will be successful for many antibody pairs.

 

(J Histochem Cytochem 48:1431–1437, 2000)

 

I

 

mmunoenzyme double staining

 

 has become a
valuable investigatory tool frequently applied in many
biological sciences. For many applications, the long-
lasting character of colored reaction products has
been considered an advantage over high staining accu-
racy but rapidly fading fluorochrome signals. Before
starting an immunoenzymatical double staining proce-
dure, many considerations and selections should be
made. Most important is the choice of a proper dou-
ble staining concept (Mullink et al. 1987; Van der
Loos et al. 1993; Brandtzaeg et al. 1997; Van der Loos
1998,1999). Of the available immunoenzyme double
staining concepts with commercially available mouse

monoclonal antibodies (MAbs), two staining proce-
dures are regularly applied: (a) the indirect–indirect
staining procedure based on two MAbs of different Ig
isotype or IgG subclass (Tidman et al. 1981), and (b)
the indirect–direct multistep procedure combining an
unlabeled and directly biotin- or fluorochrome-conju-
gated primary antibody, employing the biotin or fluo-
rochrome as hapten for enzymatic detection (Van der
Loos et al. 1989; Newman et al. 1989; Oliver 1990;
Gillitzer et al. 1990). However, on many occasions we
have encountered the situation of two mouse MAbs of
identical subclass, both commercially available only as
an unlabeled purified IgG fraction. At this point, all
reliable concepts are ruled out, leaving only the possi-
bility of a sequential double staining procedure (Na-
kane 1968; Sternberger and Joseph 1979), which makes
identification of co-localization of mixed-stained struc-
tures highly uncertain (Valnes and Brandtzaeg 1984;
Brandtzaeg et al. 1997).
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The Animal Research Kit (ARK) was originally de-
signed for background-free immunohistochemical stain-
ing with mouse primary antibodies on tissue specimens
from any species, including mouse and rat. The proce-
dure is based on in vitro labeling of a mouse primary
antibody with a biotinylated anti-mouse Fab frag-
ment, resulting in biotinylation of the primary anti-
body. Remaining biotinylated anti-mouse Fab frag-
ments are subsequently blocked with normal mouse
immunoglobulins (Tuson et al. 1990). After the suc-
cessful application of ARK biotinylated antibodies for
human tissue specimens was feasible (H Göbel, per-
sonal observation), the idea arose to employ this way
of biotinylation for an indirect–direct multistep double
staining procedure (Van der Loos et al. 1987,1989) ac-
cording to the scheme in Figure 1. For detection of the
first unlabeled primary antibody, a non-streptavidin–
biotin-based two-step EnVision/ goat anti-mouse, horse-
radish peroxidase (HRP), or EnVision/goat anti-rab-
bit

 

1

 

mouse, alkaline phosphatase (AP) (Bisgaard and
Pluzek 1996) technique was used. The EnVision poly-
mer technique yields a staining efficiency comparable
to that of a three-step streptavidin–biotin method
(Sabattini et al. 1998; Vyberg and Nielsen 1998). Af-
ter blocking of all free anti-mouse binding sites of the
EnVision reagent with normal mouse serum (Van der
Loos et al. 1987), a second primary antibody was ap-
plied in a biotinylated format. Depending on the
choice for the enzymatic label for the EnVision re-
agent, the double staining procedure was finished ei-
ther with the application of streptavidin/AP or strepta-
vidin/HRP. The enzymatic activities of AP and HRP
were developed in this order in blue and red respec-
tively.

In this study we have compared on serial sections
the use of an ARK–biotinylated reagent with a “true”

 

N

 

-hydroxy succinimide–biotin conjugate. After ob-

serving no difference between the ARK biotin reagent
and “true” biotin conjugate, six straightforward mouse
primary antibody combinations with identical IgG
subclass were tested on cryostat and paraffin-embed-
ded tissue specimens, including the application of
heat-induced antigen retrieval (Shi et al. 1997).

 

Materials and Methods

 

Tissue Preparation

 

The following human tissue specimens were used for cryo-
stat sections: two tonsils with nonspecific changes obtained
at surgery from young children and two aortic segments
with atherosclerotic lesions obtained at autopsy. Tissue sam-
ples were snap-frozen in liquid nitrogen and stored at

 

2

 

80C. Six-

 

m

 

m cryostat serial sections were cut and dried
overnight under a fan. Tissue sections were numbered and
stored dry at 

 

2

 

80C. On use, the sections were fixed in pure
acetone (10 min, 4C) and briefly air-dried. Endogenous per-
oxidase activity was blocked with 0.1% sodium azide 

 

1

 

0.3% peroxide in 50 mM Tris-HCl-buffered saline, pH 7.8
(TBS; 20 min, room temperature) (Li et al. 1987), followed
by TBS washing. The following human tissue specimens were
formalin-fixed (approximately 48 hr) and paraffin-embed-
ded: one skin melanoma, two breast carcinomas obtained at
surgery, and two carotid arteries with atherosclerotic lesions
obtained at autopsy. Six-

 

m

 

m paraffin sections were cut and
rehydrated in xylene and graded alcohols. Endogenous per-
oxidase activity was blocked with 0.3% peroxide in metha-
nol (20 min, room temperature) and washed three times
with distilled water.

 

Reagents

 

Primary antibody pairs used for double staining are listed in
Table 1. EnVision/goat anti-mouse IgG, HRP (EnVision/
GAM–HRP), EnVision/goat anti-mouse+rabbit IgG, AP
(EnVision/GAM

 

1

 

GAR–AP), normal mouse serum, normal
goat serum, AP-conjugated streptavidin, HRP-conjugated
streptavidin, and ARK kit (consisting of a biotinylation re-
agent and a blocking reagent; other kit components were not
used in this study) were from DAKO (Glostrup, Denmark).

 

d

 

-Biotinyl-

 

«

 

-amidocaproic acid 

 

N

 

-hydroxy succinimide
(ANHS–biotin) ester was from Roche/Boehringer (Mannheim,
Germany); 3-amino-9-ethylcarbazole (AEC), naphthol-AS-MX-
phosphate, Fast Blue BB (cat. no. 3378), and levamizole were
from Sigma (St Louis, MO).

 

CD68, EBM11/biotin

 

The IgG

 

1

 

 fraction from 10 ml anti-CD68, EBM11 was puri-
fied using a Agarose–protein A column and buffers from
Pierce (Rockford, IL), according to the instructions of the
manufacturer. The yield was 1.3 mg of purified anti-CD68,
EBM11 in 1.5 ml Tris-HCl (50 mM, pH 7.8) stored at

 

2

 

80C in 500-

 

m

 

l aliquots. One aliquot (

 

5

 

 430 

 

m

 

g) was biotiny-
lated with ANHS–biotin ester according to the instructions
from the manufacturer (Roche/Boehringer), using a molar
ratio of biotin ester and immunoglobulin 10:1. After biotiny-
lation, the conjugate was tested immunohistochemically by
applying a 60-min incubation at room temperature. AP-con-

Figure 1 Schematic representation of the multistep double stain-
ing procedure using an unlabeled primary antibody and an ARK–
biotinylated reagent. Figures in parentheses refer to step numbers
in Table 2.
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jugated streptavidin was used as second step, and Fast Blue
BB as chromogen. The optimal dilution of the CD68,
EBM11/biotin conjugate was found near 1:200.

 

In Vitro Biotinylation with ARK

 

The DAKO ARKulator (cat. no. S3953), a software applica-
tion based on Microsoft Excel, was used for calculation of
the reagent volumes needed for in vitro biotinylation. The
regular working dilution of the antibody (equal to the dilu-
tion used for a regular three-step streptavidin detection tech-
nique), specific mouse immunoglobulin concentration of the
antibody, and desired working volume were input data, and
the volumes of primary antibody, buffer, biotinylation re-
agent and blocking reagent were read-outs. The in vitro bio-
tinylation of the second mouse MAb with biotinylated goat
anti-mouse Fab fragments was done according to the instruc-
tions with the ARK reagents. For example, for the anti-CD68,
EBM11 antibody, 2.5 

 

m

 

l of antibody (395 

 

m

 

g/ml specific
IgG) was first diluted in 468 

 

m

 

l TBS, and 10 

 

m

 

l biotinylation
reagent (goat anti-mouse Fab/biotin) was added. After incu-
bation for 15 min, 20 

 

m

 

l of blocking reagent (normal mouse
immunoglobulin) was added to block the unbound biotiny-
lation reagent (5 min). The reagent was now ready for use.
Input data of the other primary antibodies were based on
the dilution and IgG concentration as presented in Table 1.

 

Double Staining Procedure

 

Antisera and antibody–enzyme conjugates were diluted in
TBS 

 

1

 

 1% bovine serum albumin (BSA). TBS washings
were performed between all steps (three times for 2 min),
and all incubations were performed at room temperature
unless otherwise stated. Normal goat serum was applied
first for blocking nonspecific binding. The multistep double
staining technique was performed as previously described

 

Table 1

 

Primary antibody pairs used in this study

 

Antibody
combinations Clone Source

 

a

 

Mouse
lg type

Concentration
(

 

m

 

g/ml) Dilution Detection Staining pattern

MMP-9 7-11C Calbiochem lgG

 

1

 

1:50 EnVision/HRP Metalloproteinase-9 (gelatinase B)

CD68 EBM11 DAKO lgG

 

1

 

395 1:200 bioARK-Strep/AP Pan macrophage

MMP-9 7-11C Calbiochem lgG

 

1

 

1:50 EnVision/HRP Metalloproteinase-9 (gelatinase B)

CD68/biotin EBM11 This paper lgG

 

1

 

1:500 Strep/AP Pan macrophage

CD163 BerMAC3 DAKO lgG

 

1

 

1:200 EnVision/HRP Parafollicular macrophages

CD68 EBM11 DAKO lgG

 

1

 

395 1:200 bioARK-Strep/AP Pan macrophage

CD163 BerMAC3 DAKO lgG

 

1

 

1:200 EnVision/HRP Parfollicular macrophages

CD68/biotin EBM11 This paper lgG

 

1

 

1:500 Strep/AP Pan macrophage

CD62e, E-selectin 1.2B6 DAKO lgG

 

1

 

1:100 EnVision/HRP Activated endothelium

von Willebrand factor F8/86 DAKO lgG

 

1

 

245 1:100 bioARK-Strep/AP Endothelium

CD8 C8/144B DAKO lgG

 

1

 

1:100 EnVision/HRP T-supressor/cytotoxic lymphocytes

CD4 MT310 DAKO lgG

 

1

 

100 1:100 bioARK-Strep/AP T-helper/inducer lymphocytes

CD25, IL-2R ACT-1 DAKO lgG

 

1

 

190 1:100 (

 

5

 

1.9

 

 m

 

g/ml) EnVision/HRP Activated T-lymphocytes and monocytes

CD3, Leu 4 SK1 BD lgG

 

1

 

6.25 1:20 (

 

5

 

0.3 

 

m

 

g/ml) bioARK-Strep/AP T-lymphocytes

lgG

 

1

 

 control DAK-GO1 DAKO lgG

 

1

 

100 1:52 (

 

5

 

1.9 

 

m

 

g/ml) EnVision/HRP Blanc

CD3, Leu 4 SK1 BD lgG

 

1

 

6.25 1:20 bioARK-Strep/AP T-lymphocytes

CD25, IL-2R ACT-1 DAKO lgG

 

1

 

190 1:100 EnVision/HRP Activated t-lymphocytes and monocytes

lgG

 

1 

 

control DAK-GO1 DAKO lgG

 

1

 

100 1:320 (

 

5

 

0.3 

 

m

 

g/ml) bioARK-Strep/AP Blanc

Ki67-antigen MIB-1 Serotec lgG

 

1

 

1:50 EnVision/HRP Proliferating nuclei

Cytokeratin MNF116 DAKO lgG

 

1

 

128 1:20 bioARK-Strep/AP Epithelial cells

CD68 KP-1 DAKO lgG

 

1

 

1:50 EnVision/AP Macrophages

 

a

 

-actin HHF35 DAKO lgG

 

1

 

62 1:200 bioARK-Strep/HRP Smooth muscle cells

Vimentin V9 DAKO lgG

 

1

 

1:50 EnVision/AP Mesenchymal and some tumor cells

Melanoma HMB45 DAKO lgG

 

1

 

55 1:50 bioARK-Streo/HRP Melanoma cells

 

a

 

DAKO (Glostrup, Denmark); Calbiochem (La Jolla, CA); BD (Becton–Dickinson, San Jose, CA); Serotec (Oxford, UK).

 

Table 2

 

Multistep immunoenzyme double staining protocol 
combining one unlabeled and one ARK–biotinylated
primary antibody

 

1. Mouse Ab 1 60 min
(or overnight, 4C)

2. EnVision/GAM-HRP

 

a

 

Undiluted 30 min
3. Normal mouse serum 1:10 15 min
4. Mouse Ab2 ARK-biotinylated 60 min

(or overnight, 4C)
5. Streptavidin/AP

 

a

 

1:100 30 min
6. Visualization of AP activity in blue with Fast Blue 5–15 min
7. Visualization of HRP activity in red with AEC 10 min

 

a

 

When the primary antibody 1 provides strong and intense staining, it is op-
tional to replace Steps 2 and 5 by EnVision/GAM

 

1

 

GAR/AP (undiluted) and
streptavidin/HRP (1:400), respectively.
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(Van der Loos et al. 1993; Van der Loos 1999). The subse-
quent incubation steps can be found in Table 2. Dilution of
the primary antibodies and the applied detection system are
shown in Table 1. Figure 1 represents a scheme of the dou-
ble staining procedure.

After application of all the immunoreagent steps, first AP
activity was developed in blue (5–15 min, RT) using Tris-
HCl buffer (100 mM, pH 8.5) and including naphthol-AS-
MX-phosphate as substrate (0.2 mg/ml) and 1 mM levami-
zole (0.12 mg/ml) as inhibitor of endogenous AP activity.
Just before use, Fast Blue BB was added as chromogen (0.2
mg/ml). After rinsing the sections with TBS buffer, HRP ac-
tivity was developed in red (5–15 min, RT) using AEC as
chromogen (0.5 mg/ml) in sodium acetate buffer (50 mM,
pH 5.2). Just before use, 0.01% perhydrol was added as
substrate.

Controls consisted of replacing one of the primary anti-
bodies with a nonimmune mouse antibody of identical sub-
class. Specific IgG concentration and Ig isotype/subclass
were matched with the specific primary antibody from the
original double staining experiment. For the CD3/CD25

 

combination, the detailed conditions of the matched IgG

 

1

 

controls are given in Table 1. All primary antibodies in Ta-
ble 1 were also used for single immunostaining, using the
two-step EnVision/HRP technique. After the double staining
experiments, a comparison was made with the original sin-
gle staining slides.

 

Results

 

The two multistep double staining experiments, accord-
ing to the scheme in Figure 1 using either an ARK–bio-
tinylated or an ANHS–biotinylated anti-CD68, EBM11
antibody performed on serial sections showed identi-
cal results with respect to both single and double
stained structures (Figures 2 and 3). Three additional
antibody combinations on cryostat sections are shown
in Figures 4–6: von Willebrand factor/E-selectin, CD4/
CD8, and CD3/CD25. Figures 7–9 represent double
staining experiments performed on paraffin sections

 

Figure 2

 

Acetone-fixed cryostat section from an aortic segment, showing a detail of the intima of an atherosclerotic lesion. Immunohis-
tochemical double staining was performed with anti-CD68 marking macrophages in blue (AP) and anti-MMP-9 marking the gelatinase A de-
grading enzyme in red (HRP). Gelatinase A is abundantly present in the extracellular space in this lipid-rich atherosclerotic plaque. A few
macrophages appear in a purple mixed color, indicating co-localization (arrowheads). (

 

A,C

 

) ARK–biotinylated anti-CD68. (

 

B

 

) CD68/ANHS–biotin
conjugate. 

 

C 

 

is a detail of 

 

B

 

, showing double staining in the cytoplasm of some macrophages (purple mixed color) and single stained mac-
rophages (blue). Bars 

 

5

 

 100 

 

m

 

m.

 

Figure 3

 

Acetone-fixed cryostat section from tonsil, showing an overview of a follicle center (F) and adjacent parafollicular area (P). Immu-
nohistochemical double staining was performed with anti-CD68 marking macrophages in blue (AP, cytoplasmic staining) and anti-CD163,
BerMAC3 marking activated macrophages in red (HRP, membrane staining). The macrophages in the parafollicular area are mostly double
stained whereas the “starry sky” macrophages in the follicle center are all single blue. Because of separate cell compartments, a purple
mixed color is absent. (

 

A

 

) ARK–biotinylated anti-CD68. (

 

B

 

) CD68/ANHS-biotin conjugate. (

 

C

 

) Detail of the parafollicular area from 

 

A

 

, show-
ing double stained macrophages (red and blue) and single stained macrophages (blue). Bar 

 

5

 

 100 

 

m

 

m.

 

Figure 4

 

Detail of an acetone-fixed cryostat section from tonsil. Immunohistochemical double staining was performed with ARK–biotiny-
lated anti-von Willebrand factor in blue (AP) and anti-CD62e, E-selectin in red (HRP). Normal endothelial cells stain single blue; activated en-
dothelial cells at sites of inflammation with upregulated CD62e show a purple mixed color. Nuclear counterstain with methyl green. Bar 

 

5

 

100 

 

m

 

m.

 

Figure 5

 

Detail of an acetone-fixed cryostat section from thymus of a 1-year-old infant. Immunohistochemical double staining was per-
formed with ARK–biotinylated anti-CD4 in blue (AP) and anti-CD8 in red (HRP). Immature thymocytes in the cortex (C), co-expressing CD4
and CD8, show a purple mixed color. Matured thymocytes in the medulla (M) stain either single blue (CD4, T-helper/inducer cells) or single
red (CD8, T-suppressor/cytotoxic cells). Bar 

 

5

 

 100 

 

m

 

m.

 

Figure 6

 

Detail of an acetone-fixed cryostat section from tonsil, showing the parafollicular area. Immunohistochemical double staining
was performed with ARK–biotinylated anti-CD3 in blue (AP) and anti-CD25, interleukin-2 receptor in red (HRP). Resting T-lymphocytes
stained single blue; activated CD25-positive T-lymphocytes showed a purple mixed color. Some CD25-positive monocytes stained single red.
Bar 

 

5

 

 100 

 

m

 

m.

 

Figure 7

 

Detail of formalin-fixed, paraffin-embedded breast carcinoma. The tissue section was pretreated with heat-induced antigen re-
trieval using citrate pH 6.0. Immunohistochemical double staining was performed with ARK–biotinylated anti-cytokeratin, showing a blue
(AP) cytoplasmic staining of the epithelial cells and anti-MIB-1 showing proliferating nuclei in red (HRP). Because of separate cell compart-
ments, a purple mixed color is absent. Bar 

 

5

 

 100 

 

m

 

m.

 

Figure 8

 

Formalin-fixed, paraffin-embedded carotid artery, showing the thin fibrotic cap at the intima of an atherosclerotic lesion. The tis-
sue section was pretreated with heat-induced antigen retrieval using citrate, pH 6.0. Immunohistochemical double staining was performed
with ARK–biotinylated anti-

 

a

 

-actin, staining smooth muscle cells in red (HRP) and anti-CD68, showing macrophages in blue. Because of sep-
arate cell types, co-localization is absent. Bar 

 

5

 

 100 

 

m

 

m.

 

Figure 9

 

Detail of formalin-fixed, paraffin-embedded skin melanoma. The tissue section was pretreated with heat-induced antigen re-
trieval using citrate, pH 6.0. Immunohistochemical double staining was performed with ARK–biotinylated anti-HMB45, showing tumor cells
in red (HRP), and anti-vimentin, showing all cells of mesenchymal origin in blue (AP). A number of HMB45-positive tumor cells also express
vimentin, marked by a purple mixed color at sites of co-localization. Brown melanin pigment is abundantly present. Bar 

 

5

 

 100 

 

m

 

m.
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after heat-induced antigen retrieval with citrate buffer:
Ki67/cytokeratin, vimentin/HMB45, and CD68/

 

a

 

-actin.
All primary antibodies involved in this study dis-

played comparable staining patterns with either single
or double immunoenzyme staining and matched the
staining pattern descriptions provided by the supplier.
In all performed control experiments, the replaced an-
tibody revealed completely negative staining.

 

Discussion

 

In this study we have demonstrated equal double
staining results with either ARK–biotinylation or a
true biotin conjugate, thus showing that the method of
biotinylation did not affect the outcome. Therefore,
the DAKO ARK, although designed for different pur-
poses, can be used successfully for in vitro biotinyla-
tion of unlabeled anti-human mouse MAbs to be used
in a multistep double staining protocol. The obvious
advantage of ARK–biotinylation is the requirement of
only minute amounts of a primary antibody compared
with traditional ANHS–biotin conjugation. Eight tested
antibody combinations show distinct basic colors and
occasionally a mixed color at sites of co-localization.
Unwanted crossreactions among the applied reagents
were never observed.

An alternative double staining procedure with two
antibodies of similar IgG subclass resembling the
present technique, was described by Eichmüller et al.
(1996). In our opinion, these authors used a less opti-
mal double staining procedure because of the follow-
ing reasons, which are overcome in the presently de-
scribed double staining procedure. (a) The in vitro
labeling of a primary antibody with biotinylated
whole anti-mouse Ig antibody instead of the presently
used biotinylated Fab fragments will result in large
complexes, which may lead to avidity problems with
the primary antibody. (b) The incubation sequence of
alternating immunoreagent steps and enzymatic devel-
opments is less ideal compared to the application of
all immunoreagents first, followed by two subsequent
enzymatic developments. (c) The first staining se-
quence using a classical two-step detection has rather
poor sensitivity/efficiency compared to the presently
applied EnVision polymer two-step technique. (c) An
accurate calculation of the used biotinylation reagent
volume based on the mouse primary antibody Ig con-
centration is lacking.

Nevertheless, some limitations of the present dou-
ble staining procedure should be noted. First, the
ARK–biotinylation is based on a calculation requiring
a specific mouse Ig concentration. Consequently, only
purified commercial antibody products with a known
mouse immunoglobulin concentration, which should
be stated in the data sheet, can be properly employed
for in vitro ARK–biotinylation. Second, the observa-

 

tion of a mixed color at sites of co-localization is gen-
erally limited to two antigens that occur with almost
equal staining intensities (Van der Loos 1999). When
the antigens are present at varying antigen densities,
one colored reaction product may overwhelm the other.
In such instances, separate observations applying a
two-color double fluorescence technique (Brandtzaeg et
al. 1997) or a combination of a fluorescent AP tech-
nique with epipolarization of an immunogold/silver
method (Van der Loos and Becker 1994) might be
preferred. Finally, the blue AP reaction product using
Fast Blue as chromogen is rather diffusely localized
and is not as sensitive/efficient compared with HRP
activity visualization using aminoethylcarbazole. There-
fore, the application of AP in blue is restricted to strongly
expressing antigens independent of a sharp localiza-
tion. The present double staining protocol offers the
possibility of a reversed color combination, either us-
ing differently labeled EnVision and streptavidin re-
agents or selecting the other primary antibody for
ARK–biotinylation (Table 2).

Although the eight tested double staining combina-
tions in this study still are limited, one can assume that
the ARK–biotinylation procedure, in combination with
the multistep indirect/direct double staining technique,
can be theoretically applied for an indefinite number
of mouse monoclonal primary antibody pairs. This
double staining protocol is completely independent of
the mouse antibody Ig (sub)class and the availability of
primary antibodies in a conjugate format. The general
protocol outlined in Table 2 may serve as a “blueprint”
for many successful double staining combinations.
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