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INTRODUCTION

The Ouchterlony immunodiffusion assay, developed by the

Swedish physician Örjan Ouchterlony, is used for the detection

of antigens and antibodies and determination of homologies

between antigens (1, 2). The assay is also a common laboratory

exercise in undergraduate immunology and microbiology classes

for illustrating antigen-antibody precipitation reactions to stu-

dents (3–5). In the Ouchterlony assay, a series of samples (the

antigens) are placed in the outer wells of a gel plate, and antibod-

ies (antiserum) are placed in the center well, after which they dif-

fuse out and form different geometric precipitation lines in the

gel (Fig. 1). The intersecting lines may produce full identity

(no spurs), partial identity (with one spur), or a nonidentity

where the two lines cross completely (two spurs), as shown in

Fig. 1 (6, 7). One of the drawbacks of this assay in a teaching

environment is the time it takes for high-molecular-weight

protein antigens and antibodies to diffuse toward each other in

the gel, as the assay can take up to 48h to fully develop.

Furthermore, proteins are unstable and degrade over time, and

antibodies can lose specificity, especially if stored at room tem-

perature. In addition, the antigens and antibodies are the cost-

liest consumables for this assay. Conversely, inexpensive inor-

ganic ionic salts have a long shelf life of several years, even at

room temperature, and are of low molecular weight, which

allows them to have faster diffusion rates in the agarose gel,

resulting in quicker reactions that students can observe within a

laboratory class time. Thus, in this study, we present a lab exer-

cise for undergraduate immunology laboratory, and related,

courses where various inorganic salt solutions are used as simu-

lated antigens and antibodies (antiserum) to mimic the geomet-

ric patterns formed in the Ouchterlony assay.

(This laboratory exercise was presented at the Microbe

2019 Annual Conference in San Francisco, CA [8].)

Learning objectives

From conducting this lab, immunology laboratory stu-

dents will be able to:

1. Detect antigen-antibody precipitation complexes in

agarose gels.

2. Observe the presence of a unique antigen or antibody.

3. Understand the conditions resulting in the antigen-

antibody precipitation line.

4. Identify the homologies between antigens as fully

identical, nonidentical, or partially identical by the

precipitation spurs that are formed.

PROCEDURE

Safety issues

Students and instructors should follow manufacturer’s safety
instructions when working with the salt solutions and agarose.

All chemicals, experiments, and student activities in this study

were approved by Florida Gulf Coast University’s Environmental
Health and Safety office and institutional review boards.

Furthermore, the ASM biosafety guidelines were followed

during the creation and use of these protocols, and instructors

can refer to those ASM guidelines for standard laboratory

practices and personal protection (https://asm.org/Guideline/

ASM-Guidelines-for-Biosafety-in-Teaching-Laborator).

Materials

The instructor can prepare the salt solutions in advance

and store them at room temperature. Ionic salt solutions

used in this exercise include 2.0 M BaCl2, 0.2 M AgNO3, 1.0

M MnSO4, 0.2 M NaCl, 1.0 M CuSO4, 1.5 M MgSO4, 0.2 M
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Na3PO4, and 0.2 M NH4Cl. All salt compounds can be pur-

chased from Sigma-Aldrich (St. Louis, MO). A 1.2% agarose

solution can be prepared by heating 1.2 g of pure agarose

(Sigma-Aldrich) in 100ml of deionized water using a micro-

wave for 2 min on high power and can be kept in a 60°C

water bath until ready to be poured into 60-mm by 15-mm

petri dishes (Thermo Fisher Scientific, Waltham, MA) by

the students.

Experiment

Ouchterlony plate preparation by the students.
Students can make their own Ouchterlony plates by pouring 5ml

of melted 1.2% agarose (kept at 60°C) into 60-mm by 15-mm pe-

tri dishes, after which the plates can be left at room temperature

for 5 min for the agarose to fully harden. Students can use a

Feinberg agar gel cutter (Shandon Scientific Co., London,

England) or the ends of glass Pasteur pipets to cut equidistant

6.5-mm-diameter circular outer wells and one 9.0-mm center

well into the hardened agarose (Fig. 1). A printed diagram outlin-

ing the Ouchterlony plate with the hole markings can be used by

the students as a guide for cutting the holes if glass Pasteur pipets

are used for cutting the agarose (see Appendix 1 in the supple-

mental material). Toothpicks work well to lift the cut agarose

plugs from the Ouchterlony plates.

Results obtained from the Ouchterlony assay using
inorganic salt solutions. As shown in Fig. 1, the simulated

antigens are added to the outer wells (50ml/well) and the

antiserum (antibodies) to the center well (70ml/well). Table
1 shows different combinations of salt chemical reactions

(simulated antigen-antibody reactions) that will produce the

precipitation lines and spur formation showing full identity,

partial identity, and nonidentity. Deionized water can be used as

a nonreacting simulated antigen. Precipitation and spur lines

start developing in the gel after 15 min and will fully develop

within 60 min. Results should be recorded by the students dur-

ing this time frame, as the lines will slowly thicken and become

distorted as time passes. An example datasheet table to record

results along with a set of discussion and quiz questions are con-

tained in Appendix 1 in the supplemental material. The instruc-

tor can modify the precipitin line development time range by

slightly changing the agarose concentration, since higher agarose

concentrations slow the salt diffusion rates and, conversely,

lower agarose concentrations increase salt diffusion rates (9).

Furthermore, the concentration of salt solutions can also be

modified to affect the precipitation line thickness. Figure 2A

shows an example of full identity (continuous precipitation line);

the adjacent simulated antigens are NaCl in the outer wells, and

they react with the antiserum (AgNO3) placed in the center

well. Partial identity can be observed between AgNO3 and

CuSO4 (the simulated antigens) in Fig. 2C; one spur is formed

on each intersection after reacting with the antiserum (BaCl2),

placed in the center well. To generate nonidentity spur formation

(2 spurs), as shown in Fig. 2D and E, AgNO3 and MnSO4 are

added to the center well (simulated antiserum) and Na3PO4 and

FIG 1. The Ouchterlony immunodiffusion assay and the different
geometrical precipitation line patterns formed in the agarose gel.
The antiserum is placed in the center well, and the antigens are
placed in the outer wells. Precipitation lines form between the
center well and outer wells, and depending on the homology
between adjacent antigens, various geometrical spur patterns
develop at the intersection, such as full identity (no spur),
nonidentity (two spurs), and partial identity (one spur).

TABLE 1

Precipitation reactions of inorganic salt solutions used for simulating antigen-antibody reactions of the Ouchterlony double immunodiffusion assay

Spur identity

Center well
(simulated
antibody)

Outer wells
(simulated
antigen)

Precipitation reaction at the equivalence zone
(antibody + antigenfi immune complex product)

Example
figure

Full identity AgNO3 NaCl AgNO3 (aq) + NaCl (aq)!NaNO3 (aq) + AgCl (s) Fig. 2A

Partial identity BaCl2
AgNO3 2AgNO3 (aq) + BaCl2 (aq)! Ba(NO3)2 (aq) + 2AgCl (s) Fig. 2B
MgSO4 MgSO4 (aq) + BaCl2 (aq)!MgCl2 (aq) + BaSO4 (s)

Partial identity BaCl2
AgNO3 2AgNO3 (aq) + BaCl2 (aq)! Ba(NO3)2 (aq) + 2AgCl (s) Fig. 2C
CuSO4 CuSO4 (aq) + BaCl2 (aq)! CuCl2 (aq) + BaSO4 (s)

Partial identity BaCl2
AgNO3 2AgNO3 (aq) + BaCl2 (aq)! Ba(NO3)2 (aq) + 2AgCl (s) Fig. 2F
MnSO4 MnSO4 (aq) + BaCl2 (aq)!MnCl2 (aq) + BaSO4 (s)

Nonidentity
AgNO3 Na3PO4 NH4Cl (aq) + AgNO3 (aq)!NH4NO3 (aq) + AgCl (s)

Fig. 2D and E
MnSO4 NH4Cl 2Na3PO4 (aq) +3MnSO4 (aq)! 3Na2SO4 (aq) + Mn3(PO4)2 (s)

No precipitation Any salt H2O No precipitation reactions occur with water Fig. 2A, B and F
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NH4Cl are added to alternating adjacent outer wells as the simu-

lated antigens. Additional partial and full identities are shown in

Fig. 2B and F, outlining the chemical reactions from Table 1. The

list of chemical precipitation reactions shown in Table 1 is not ex-

haustive, as other ionic salt compounds not listed may also pro-

duce similar precipitation lines and spur formation.

CONCLUSION

In this laboratory exercise, inexpensive salts solutions

that are highly stable at room temperature are used to

mimic the antigen-antibody precipitation reaction of the

Ouchterlony assay. Diffusion of low-molecular-weight

inorganic salts as the simulated antigens and antibodies

on an agarose gel produces precipitation reactions

that are faster than those of high-molecular-weight pro-

tein antigens and antibodies. Students in a combined lec-

ture and laboratory immunology course were able to

finish this laboratory exercise within class time (2 h and

15 min), which also included a lecture that was interca-

lated into the laboratory exercise. Students showed an

increased interest in the laboratory exercise and had a

good grasp of antibody-antigen reactions and determi-

nation of antigen homology (identity), as they per-

formed well in the post-lab discussion and quiz (see

Appendix 1). Thus, this simulated laboratory exercise is

a time-saving, inexpensive, and efficient way to depict

reactions of the Ouchterlony assay to students in the

classroom.

SUPPLEMENTAL MATERIALS

Appendix 1: Student laboratory exercise background,

materials and methods, datasheet, discussion questions,

instructor’s salt precipitation chart, and quiz questions.
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