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Quantitative Studies of
Immunofluorescent Staining*

Relationships of Characteristics of Unabsorbed Antihuman IgG Conjugates
to their Specific and Non-specific Staining Properties in an Indirect

Test for Antinuclear Factors t

ERNST H. BEUTNER,1 MARION R. SEPULVEDA & EUGENE V. BARNETT

Reproducible titres of indirect immunofluorescent (IF) staining with antinuclear factor
(ANF)-containing sera could be obtained with different antihuman IgG conjugates by
quantitative adjustments of their characteristics. Conversely, one ANF yielded a broad
range ofANF titre (80-640) upon appropriate adjustments ofthe conjugate characteristics.
The same and related characteristics ofthe conjugates also afforded a basisfor quantitatively
defining the conditions under which non-specific staining (NSS) appeared. The salient
characteristics of the anti-IgG conjugates include: (1) their strength of antiglobulin
(expressed as units/ml ofprecipitating antibody or ,ug antibody N/ml); (2) their apparent
fluorescein concentration (in ,ug F/ml); (3) their protein concentration (in mg/ml).
Optical and immunologic sensitivity ratios are calculatedfrom these conjugate characteris-
tics. Optical sensitivity (expressed as fluorescein concentration to protein concentration
(FIP) ratios), immunological sensitivities (expressed as units/i % protein) and the
dilution employed serve to characterize quantitatively anti-IgG conjugates adequately to
define their specific and non-specific staining properties.

While the literature now contains much valuable
information on the significance of over- and under-
conjugated proteins in immunofluorescence studies
and on methods of fractionation by chromatography
and gel-filtration (Curtain, 1961; Goldstein, Slizys
& Chase, 1961, 1962; Goldstein, Spaulding & Hunt,
1962; Dedmon, Holmes & Deinhardt, 1965), these
and other similar reports provide little information
on the quantitative relationships that immunofluores-
cence (IF) staining reveals. Some studies on quanti-
tation of mixed, indirect, and direct IF staining
(Frommhagen & Spendlove, 1962; Beutner, Hol-

borow & Johnson, 1965, 1967; Johnson, Beutner
& Holborow, 1967; Holborow, Beutner & Johnson,
1967; Pittman et al., 1967; Hebert, Pittman &
Cherry, 1967) yield some insights into methods
and approaches as well as information on rela-
tionships of conjugate characteristics to their
staining properties. Using as a model system the
detection of human antinuclear factor (ANF) on
mouse liver sections in an indirect immunofluo-
rescent staining technique, an analysis is made of
methods of reproducibly defining conjugate charac-
teristics.

METHODS

IMMUNIZATION

A modification of the method of Strauss et al.
(1964) was employed, using a 0.01-M phosphate
starting buffer of pH 7.9 to elute the IgG fraction

* This is the second part in a series of papers, the first of
which appeared in Immunology, 1967, 12, 327.

t This study was supported by United States Public
Health Service Research Grant AM-10537.

of human serum from the diethylaminoethyl (DEAE)
cellulose column in preparing the immunizing anti-
gen. This IgG fraction, emulsified in a 1: 1 ratio
with Freund's adjuvant,2 was injected into the fore
and hind legs of goats and rabbits. Goats received

' Professor of Microbiology, School of Medicine, State
University of New York at Buffalo, N.Y., USA.

2 Supplied by Difco, Detroit, Michigan, USA.
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I ml of this antigen in each of 7 weekly multisite
injections; each 1 ml of the antigen contained 1 mg
of IgG in the complete adjuvant with Mycobacterium
butyricum. Rabbits, on the other hand, received
from 5 to 27 multisite intradermal injections of
I ml, containing 0.1 mg IgG, over a period of 29-53
weeks, the initial one being in complete adjuvant as
above and subsequent ones in incomplete adjuvant'
A standard gel-diffusion precipitation titration (as
described below) served to assay. the amount of
antibody in the serum (unit value) from trial bleed-
ings. When these tests revealed an adequate titre,
the animals were exsanguinated. All sera gave
single lines in immunoelectrophoretic tests (de-
scribed below).

PROCESSING ANTISERA AND CHARACTERIZING
CONJUGATES

Antisera to human IgG prepared and selected as
described above were fractionated, conjugated and
characterized as described in the following outline.
The methods employed were adaptations or minor
modifications of those described by Coons & Kaplan
(1950), Grabar & Williams (1955), Riggs et al.
(1958), Marshall, Evelend & Smith (1958), Gold-
wasser & Shepard (1958), Kaufman & Cherry (1961),
McKinney, Spillane & Pearce (1964a, 1964b,
1966), Beutner, Holborow & Johnson (1965),
Holborow, Beutner & Johnson (1967), or previously
unreported methods.

Selection of antisera
Immunoelectrophoretic tests ofantisera with normal

human serum (Grabar & Williams, 1955; Crowle,
1961):

(1) Normal human serum is electrophoresed in 1 %
agar I in barbital buffer (ionic strength orl/2 + 0.05;
pH 8.6) at approximately 45 volts for 2 hours on a
plate cut on a standard 25 mm x 75 mm microscope
slide with a standard die.2 Later tests are performed
with antigens electrophoresed for 45 minutes.

(2) Antisera to human IgG, their globulin frac-
tions or the conjugates prepared from them are
placed in troughs. Plates are incubated for 24 hours
and then read and photographed.

Assays of unit values of sera and also of globulins
or conjugates). These are made by the standard gel
diffusion precipitation test (Beutner, Holborow

1 Agar, Nobel, supplied by Difco, Detroit, Michigan,
USA.

' Obtained from LKB Produkter AB, Stockholm, Sweden.
Die-type 6808A.

& Johnson, 1965) and serve as an approximate
measure of the amount of antiglobulin.

(1) 1% agar in buffered saline is poured into a
depth of 1.5 mm on microscope slides in trays.

(2) A standard pattern is cut in agar with tem-
plate of the following dimensions: 3

2.5 mnm

0 0 0

00 0 0I'7.Smm

(3) The central wells are filled with 1 mg pro-
tein/ml solution of human IgG prepared in a
DEAE-cellulose column or commercial Cohn FII.4
The peripheral wells are filled with serial twofold
dilutions of antisera to human IgG, i.e., undiluted,
1/2, 1/4, 1/8, 1/16 and 1/32. Alternately, antisera
are tested at serial twofold dilutions starting with a
1/4 dilution. Dilutions are made in buffered saline.5

(4) Plates are incubated at room temperature for
24 hours and then read. The highest dilution giving
a visible line of precipitation afforded a measure
of the titre or unitage. For example, a serum having
a titre of 1: 16 by this test contains 16 units/ml.

(5) Sera for globulin preparation and conjuga-
tion were selected on the. basis of their unit values.
Sera containing less than 4 units/ml are of little or
no value for conjugation. For optimal conjugates
sera should contain at least 16 units/ml and pre-
ferably 32 or more units/ml. For the experimental
basis of these generalizations, see Results section
(Table 9).

Antibody nitrogen determinations (optional). The
human Cohn fraction II purified by chromatography
on DEAE-cellulose at pH 8, 0.01 M phosphate
buffer is used at a concentration of 1 mg/ml weight
per volume in saline. This preparation was shown

' In more recent studies a linear pattern with 2 rows of
6 wells, 7.5 mm between rows and 10 mm between wells has
been used. One row is used for the 1-mg IgG/ml and the
other for anti-IgG dilutions.

' Obtained from Pentex Inc., Kankakee, Ill., USA. Lots
22 and 25.

6 Phosphate-buffered saline of pH 7; 0.35 M PO, 0.115
M saline.
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by immunoelectrophoresis against anti-whole human
serum to contain only yG. Quantitative precipita-
tion tests are performed with the Cohn fraction II
as antigen and with the fluorescein conjugates as
antibody. The amount of protein in the precipitate
is estimated by the micro-Nessler method; the
amount of antigen-nitrogen added was subtracted
from the total quantity of specific precipitate nitro-
gen in order to obtain the antibody nitrogen.
Preparations of globulins from selected antisera (see
Coons & Kaplan, 1950)
(1) Sera were diluted in 4 volumes of buffered

saline (0.115 N sodium chloride, 0.035 N phosphate,
pH 7.0).

(2) A volume of 4M ammonium sulfate at room
temperature (20°C) was added to the diluted serum
in equal volume. (The molarity of the ammonium
sulfate was checked by its specific gravity; 4M
ammonium sulfate has a specific gravity of 1.2462.)
The globulin fraction was allowed to precipitate out
at room temperature (20°C) for 1 hour on a magnetic
stiffer.

(3) The precipitated globulin fraction was cen-
trifuged and washed with 2M ammonium sulfate
(specific gravity 1.1342).

(4) The precipitate was reconstituted in a volume
of buffered saline equal to half the volume of the
original serum and dialysed overnight against
200-400 times this volume of 0.15 N saline (Kauf-
man & Cherry, 1961).

(5) The protein concentration of dialysed globulin
was determined by the biuret method.

(6) The protein concentration of a small sample
of globulin fraction was adjusted to 10 mg/ml. The
unit value or titre of anti-human IgG antibody was
determined by the standard method described on the
preceding page.

Conjugation of globulin fraction (modification of
method of Marshall, Evelend & Smith, 1958)
(1) The composition of standard conjugation

mixtures is calculated on the basis of the following
criteria:

(a) The total volume of the final conjugation
mixture is adjusted to yield 10 mg of total pro-
tein/ml (to achieve this, the protein concentration
must be 15.6 mg/ml or more in the globulin to be
conjugated).
(b) The volume of carbonate buffer (0.5 M C03,
pH 9.5) is adjusted to 15% of the total volume of
conjugation mixture or 1.5 ml/100 mg of protein.

(c) The amount of fluorescein isothiocyanate
(FITC) 1 per/mg of protein may be adjusted in
accordance with the unit value of anti-IgG in the
globulin fraction (adjusted to 1% of protein/ml)
according to-the following schedule (see preceding
page for method of determining unit values).

Units/lI % Approximate Indicated
protein/ml molar F/P (±20 %) mg FITC/I00 mg

in globulin fraction desired protein
1 1 0.4
2 2 0.7
4 3 1.2
8 4 2.0

The reason for adjusting the FITC input in
accordance with unit value is that the indicated
use dilution, and therefore the final fluorescein
concentration, is a function of the unit value.
Since one type of non-specific staining (fluoro-
chroming) is a function of the fluorescein con-
centration, it becomes necessary to adjust the
FITC input in accordance with the unitage to
maintain low, or negative, levels of non-specific
staining (NSS). These relationships are developed
in greater detail in the Results section of this report.
The classification of types of NSS is given in
Table 3 and the accompanying text.
(d) The amount of 0.15 N saline equals the differ-
ence between the total volume of conjugation
mixture and the sum of the volume of the protein,
the carbonate buffer and the FITC solution.
(2) Reagents are added to a flask on a magnetic

stirrer under refrigeration (4°C) as follows:
(a) The selected amount of globulin fraction;
(b) The calculated amount of carbonate buffer
(see above);
(e) The calculated amount of 0.15 N saline (see
above);
(d) FITC dissolved in the carbonate buffer saline
mixture (see above);
(3) The pH of conjugation mixture is checked;

all mixtures should yield values greater than pH 9.1.
If the pH is lower, sufficient carbonate buffer to
bring the conjugation mixture up to pH 9.1 must
be added. Conjugation mixtures are held at refrige-
ration temperature and agitated gently with a
magnetic stirrer, shaker or other mixing device
for 14 to 24 hours.

(4) The conjugation mixtures are dialysed against
large volumes of pH 7 phosphate buffered saline

I Obtained from Baltimore Biological Laboratories,
Baltimore, Md., USA. Chromatographically pure FITC.
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(for composition, see above) with repeated changes
of buffer until the dialysate reveals po fluorescence
upon examination in ultraviolet light. (The light
source of a fluorescence microscope is used for this
purpose.) The dialysis bag is tied tightly to prevent
an increase in volume.

Characterization of conjugates
(1) Determinations of unit values as described on

p. 588 and for some selected conjugates, antibody
nitrogen determinations are carried out. Table 1

TABLE I
COMPARISONS OF THE UNIT VALUES OF SELECTED

CONJUGATES AND THE ANTIBODY NITROGEN CONTENT

Conjugate No. Titre a Antibody nitrogen(units/mI) (M'g/mi)b

255 2-4 61

254 4 156

256 4-8 162

257 4-8 186

258 8 293

265 16 847

a Standard gel-diffusion precipitation titrations of conjugates
against 1 mg IgG/ml serve as a method for assaying unit
values; the highest dilution which gives a visible line of preci-
pitation contains I unit/ml (see Methods section for details).

b Antibody nitrogen concentrations were carried out at the
Hyland Laboratories, Los Angeles, Calif., USA.

summarizes the results of a comparison of these two
methods. The data reveal a rough proportionality
between antibody nitrogen concentrations of conju-
gates and their unit values.

(2) Protein assays are performed by the modified
biuret method; i.e., reactions are read at 560 m,u
rather the usual 540 m,u (Goldwasser & Shepard,
1958), to avoid interference from fluorescein ab-
sorbency.

(3) Fluorescein assays (estimated values):
(a) Conjugates are diluted in 0.1 N sodium hy-
droxide usually to 1: 50 or 1: 100.
(b) A solution of fluorescein diacetate (FDA) l
serves as a reference standard, as recommended

1 Obtained from Nutritional Biochemicals Corporation,
Cleveland, Ohio, USA. Control No. 6609 was used in this
laboratory. In the original report on this method technical
grade FDA was purified by recrystallization from acetic
anhydride (McKinney, Spillane & Pearce, 1964a).

by McKinhey, Spillane & Pearce (1964a). For the
preparation of the standard solution of fluorescein,
a sample ofFDA (50 g-60 g) is accurately weighed
and placed in a 250-ml beaker. To this is added
25 ml of a freshly prepared solution of hot con-
centrated alcoholic sodium hydroxide. This is
gently swirled and warmed on the hot-plate until
the FDA is completely hydrolysed. The solution
is quantitatively transferred to a 500-ml volu-
metric flask and made up to volume with distilled
water. (This solution may be kept in a brown-glass
bottle under refrigeration for over 6 months; it
should be shaken before use.) Appropriate dilu-
tions are made using 0.1 N sodium hydroxide, to
prepare a series of solutions with concentrations
between 1 ,ug and 3 ,ug of fluorescein/ml.
(c) Readings are made at 492 mp or 493 m,t, i.e.,
the wave length of maximum absorption in the
visible region. The optical density is a linear
function of the concentration. Readings at
320 mu (with a mercury-vapour lamp) afford a
correction for irrelevant absorption of protein
and fluorescein in the 492 m,-493 m,u range.
(d) Observed values of FDA extinction coefficients

(EFDA or Emeg/ml at given wave length) are as

follows:
McKinney et al This paper This papery19 ta. (uncorrected; (corrected ;(1964a, 492 mM) 492 m,s-1/2x320 mp)

0.208 0.223 ± 0.0144 a 0.210 ± 0.0078 *
* + 2 standard deviations of 11 readings.

The FDA reference standard was re-checked with
each essay; i.e., the 11 readings referred to in the
second and third columns were made in 11 assays
performed over a period of 16 months.

It is recognized (Brighton et al., 1967, and per-
sonal communications) that the extinction coefficient
of conjugated fluorescein is not the same as that of
the FDA standard. Thus the fluorescein assay
described above entails a systematic error and
further systematic errors are caused by differences
in the degree of conjugation of different proteins
in the conjugation mixture. Therefore, fluorescein
assays performed by the methods described here do
not afford meiasures of the absolute concentration of
conjugated fluorescein, but only of its apparent
concentration. The term fluorescein concentration
(of conjugates) is used here with these understandings
and reservations.

(4) Optical sensitivity ratios are fluorescein
concentration to protein concentration (F/P) ratios;
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they are calculated from the assayed concentrations
of fluorescein and protein and their molecular
weights.

F = fluorescein concentration expressed as fluo-
rescein diacetate (FDA),

P = protein concentration,
F/P = molar fluorescein to protein ratio,
416.4 = molecular weight of FDA,
156 000 = molecular weight of human IgG,
Ec = the 492-m, extinction of conjugate (corrected),
dil = dilution,
EFDA = extinction coefficient (corrected) of FDA,
i.e.! EFDA = E`Yl 492m,u-y2x320mp = 0.210

(± 0.008 = 2 standard deviations; see above).
Then,

156 000 mg F/ml
F/P= x

416.4 mg P/ml'

0.375 x 103 ug F/ml x 10-3
mg P/ml

0.375 pg F/ml
mg P/ml'

Obviously, since the assayed fluorescein concentra-
tions are apparent concentrations the derived optical
sensitivity ratios are also apparent F/P ratios. More
specifically, the mode of expressing optical sensitivity
ratios in this report may be defined as " the apparent
mean molar F/P ratios of conjugates prepared from
chromatographically pure FITC ". The term
" mean " is added to this definition on the basis of
observation by Goldstein, Slizys & Chase (1961)
and others. The use of pure FITC is included in
this definition on the basis of the work of McKinney
et al. (1964, 1966). Since the EFDA remains essen-
tially constant (see p. 590) it is possible to pool
constants as suggested by Nairn (1962). However,
in the studies reported here, the fluorescein con-
centrations of conjugates in and of themselves pro-
vide the basis for measuring the level of NSS. Thus
constants are not pooled in this study.

(5) Immunological sensitivity ratios are expressed
as units of antiglobulin per 10 mg of protein or, for
the sake of brevity, as units/I %P. Since conjugates
were adjusted to an initial concentration of approxi-
mately 10 mg of protein/ml or 1 %P, the initial unit
value of such conjugates is also an expression of
their immunological sensitivity ratio. Therefore,
the latter may, under these conditions, be referred to
also as units/i %P/ml.

(6) The staining properties of monospecific anti-
IgG conjugates are defined on the basis of the
following:

(a) Optical sensitivity ratios (see (4) above);
(b) Immunological sensitivity ratios (see (5) above);
(c) Use dilutions (see following section).

METHODS OF IF STAINING, EXAMINATION

OF PREPARATIONS AND ANALYSIS

OF STAINING PROPERTIES

Procedure for indirect IF staining
Human sera are tested for antinuclear factor

(ANF) with conjugates prepared and characterized
by the methods described in the previous section.
Sera and conjugates are diluted in phosphate buffered
saline (0.115 N sodium chloride, 0.035 N phosphate,
pH 7.0). Sections are washed between successive
steps in processing with the same buffer. Conjugate
dilutions are expressed as units/ml (see p. 588). The
steps in the indirect IF staining procedure for ANF
on mouse liver sections are as follows:

(1) Antigen: mouse liver is rapidly frozen in
liquid nitrogen and sections 4 ,u thick are used
unfixed unless otherwise indicated.

(2) Controls and sera: sections are exposed for
30 minutes to one of the following solutions:

(a) Buffered saline, or
(b) Normal sera at 1 : 10 dilution and serial two-
fold dilutions, or
(c) Positive ANF sera at 1 : 10 dilution and serial
twofold dilutions.
(3) Sections are rinsed and washed with buffered

saline for 30 minutes.
(4) Sections are treated for 30 minutes with

anti-human IgG conjugate, containing 4 units/ml
or more and with a given molar F/P ratio is diluted
to a designated number of units/ml.

(5) Sections are rinsed and washed with buffered
saline for 60 minutes.

(6) Sections are mounted in a drop of 90% glycerol
+10% buffered saline (with a coverglass) and read
immediately.

Microscopic examination of sections for IF staining
and NSS staining
In this study, examinations were carried out as

described previously by Beutner et al. (1962, 1965).
That is, a Zeiss fluorescence microscope with an
HBO200 mercury vapour light, a UG-2 exciter filter,
a cardioid darkfield condenser, neofluor objective
and standard x 12.5 ocular on a monocular tube
were employed.
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Analysis ofstaining properties ofconjugates
Specific IF staining. Chessboard titrations are per-

formed with serial twofold dilutions of ANF-con-
taining sera of patients and two- or four-fold dilu-
tions of conjugates. One serum of patient B which
contained a high titre of ANF was used for most of
the chessboard titrations in this study. The use of
dilutions of conjugates in these chessboard titra-
tions is expressed in I of 3 ways, depending on the
circumstances:

(1) As absolute use dilutions, e.g., 1/64; employed
for illustrative or explanatory purposes;

(2) As concentrations of antiglobulin in absolute
use dilution, e.g., 1/8 unit/ml; or

(3) As concentrations of fluorescein in absolute use
dilution, e.g., 20 ,ug/ml; employed for analysis of
non-specific staining (see below).

Identification ofIgG nature ofANF. The serum of
patient B was fractionated by DEAE-cellulose chro-
matography. The IgG fraction of this serum was

eluted with the 0.01 M phosphate, pH 7.9 starting
buffer and concentrated by dialysis against sucrose.
The calculated optical density of this fraction was
1.38. By standard immunodiffusion tests it was
found to contain approximately 1 mg IgG/ml but
no detectable IgM or IgA. Titrations on mouse liver
sections yielded ANF end-points of 20 with 1/2
and 1/8 units of the conjugate. The B-Il fraction
obtained with a 0.1 M phosphate, pH 7.9 buffer was
found by immunodiffusion assays to contain approxi-
mately 2 mg IgM/ml and 6 mg IgA/ml. The calcu-
lated optical density (OD) at 280 m,u, i.e., OD x dilu-
tion, of this fraction was 38.8. The fraction showed
no reactivity when first tested for ANF; on repeated
testing of a re-chromatographed fraction B-IL, a
doubtful (±) nuclear staining reaction was obtained
with 1/2 but not with 1/8 unit/ml of conjugate at
the lowest B-IL dilution tested. (The dilutions of
these serum fractions were made with reference to
the original serum volume.) These findings are
summarized in Table 2. Titrations with antihuman

TABLE 2
CHESSBOARD TITRATIONS OF ANF STAINING REACTIONS
OF DEAE-CELLULOSE FRACTIONS OF A STANDARD SERUM

DEAE-cellulose
elution buffer

(extinction at 280 mis)

0.01M P04, pH 7.9

(1.38)

Fractions
of sera
tested

B (whole serum)

B-I

(II

0.1M P04, pH 7.9

(38.8)

uG)

B-Il

(other than IgG)

Buffered saline

Normal serum

ANF staining reactions
Dilutiost with Conjugate No. 259:

a

Diluteste (units/mI b)
11/2 1/8 1/32

1:80

1:160

1: 320

1: 640

1:10

1: 20

1: 40

1: 80

1:10

1: 20

1:40

1:10

3 b 5

2 2

2 1

0 0

0

3 2 0

2 1

0 0

0 0

0

0

0

0

0

0

0

0

0

0 0

a 3 = +++; 2 = ++; I = +; D = doubtful; 0 = negative staining.
b As defined in footnote to Table 1.
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TABLE 3
CLASSIFICATION OF TYPES OF NON-SPECIFIC STAINING OBSERVED IN INDIRECT

IMMUNOFLUORESCENCE WITH TISSUE ANTIGENS

Types of Role of Where seen Controlling factors
non-specific staining conjugate

1. Autofluorescence None Untreated tissue Nature of tissue

2. Stain of IgG in tissue Direct IF stain Saline controls Nature of tissue (conjugate) a

3. Fluorochroming Fluorochrome Saline controls (see Fig. 1 & 2) Conjugate characteristics, nature of tissue

4. Stain for non-immunolo- Indirect IF stain Serum controls (see Table 8) Control sera, conjugate characteristics,
gically bound IgG nature of tissue

a The conjugate is listed here as secondary factor because it has been found that staining of tissue IgG may remain constant
over the same range of conjugate dilutions that yield constant specific indirect IF staining for antibodies in high-titre human sera.

IgA and IgM conjugates adjusted to 1/4 unit/ml
and whole serum B were negative. This observation,
as well as those shown in Table 2, indicate that
the anti-IgG conjugates used in this study detected
the IgG type of nuclear antibodies in the selected
serum but not immunoglobulins of other types.

Analysis of non-specific staining. NSS in indirect
IF staining of tissue antigens may be classified into
4 types. The relationship of each of these types of
NSS to the tissue antigen, the patients' sera and the
conjugates, is listed in Table 3.
As indicated, the first two types of NSS listed may

be regarded as a function of the tissue antigen itself
although autofluorescence cannot, strictly speaking,
be regarded as a form of NSS. While the second
type of NSS (direct IF staining of tissue IgG) can

be altered by an adjustment of conjugate charac-
teristics, these adjustments also alter specific IF
staining. On the other hand, the 2 latter types of
NSS (3 and 4 in Table 3) appear to be, in part,
independent functions of the conjugate characteris-
tics and the staining technique. Since the object of
this study was to investigate the relationship of
conjugate characteristics to specific and non-specific
staining with a view toward achieving "clean "
reactions, only the 2 latter types of NSS were
analysed further in these investigations. The nature
of the third and fourth types of NSS are considered
in greater detail in the Results section. It is assumed
throughout these studies that conjugates are dialysed
free of unbound fluorescein or at least that the
concentration of unbound fluorescein is insufficient
to give rise to NSS.

RESULTS

CHARACTERIZATION OF CONJUGATES

A group of 15 unabsorbed conjugates prepared
from rabbit and goat antisera to IgG purified on
DEAE-cellulose all yielded single lines in immuno-
electrophoretic tests with normal human serum.
Gel-diffusion precipitation tests of these conjugates
adjusted to approximately 10 mg of protein/ml

1 Details of the preparation, characterization and testing
of these conjugates will be reported by C. T. Triftshauser
et al. at a later date.

afforded a measure of the unit values or absolute
antiglobulin levels as well as the specific activity
ratio. The observed unitages of these conjugates
together with their fluorescein (F) and protein (P)
concentrations and their molar F/P ratios are listed
in Table 4. (For details of procedures for these
determinations see Methods section.)
The molar F/P ratios of the 15 conjugates listed

in Table 4 ranged from 1.5 to 9.7 (expressed simply
as the apparent number of fluorescein molecules per
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TABLE 4
BIOCHEMICAL AND IMMUNOLOGICAL CHARACTERISTICS OF ANTIHUMAN IgG CONJUGATES

Conjugate Antibody Fluorescein b Protein F/P c
No. source a (Mg/ml) (mg/ml) ratio Units/mi

271 G 46.9 11.6 1.51 (1.5) 4

258 R 46.5 10.8 1.61 (1.6) 8

262 R 57.9 10.3 2.10 (2.1) 8

256 R 73.7 12.1 2.28 (2.3) 4 (8) e

257 R 68.9 11.1 2.32 (2.3) 4 (8) e

254 R 71.0 10.9 2.44 (2.4) 4

263 R 57.9 8.0 2.71 (2.7) 8

272 G 86.0 11.4 2.82 (2.8) 4

259 R 114 10.8 3.97 (4.0) 16

264 R 123 9.4 4.85 (4.9) 8

265 R 139 10.1 5.15 (5.2) 16

273 G 169 11.6 5.45 (5.5) 4

268 R 165 9.1 6.81 (6.8) 4 (8) e

269 R 235 9.4 9.36 (9.4) 4 (8) e

270 R 237 9.2 9.65 (9.7) 4

a Species of antibody-producing animal: G = goat; R = rabbit. All animals were immunized with human v-globulin prepared
on DEAE-cellulose. All sera gave single lines of precipitation in the v-globulin region of immunoelectrophoresis. All sera and
conjugates were used unabsorbed.

b Fluorescein concentration expressed as microgrammes of fluorescein diacetate per ml.
c F/P ratios are fluorescein to protein ratios expressed as molar ratios. They are calculated by the following formula:

F/P = 0.375 g fluorescein/ml (See also Methods section.)mg protein/ml
dZ Units/ml determined by gel diffusion precipitation titration with conjugate dilutions (see Methods section).
e Some conjugates yielded divergent titres on replicate unit value determinations. For such conjugates the higher unit value

s given in parentheses.

molecule of protein), while conjugate unit values
ranged from 4 to 16 units/I %P. In all, 4 of the
conjugates yielded variable unitages on repeat
titrations, as indicated in Table 4.

Relation of conjugate characteristics to their specific
IF staining properties (plateau titres of sera and
plateau end-points of conjugates)
In Table 5, the staining reactions observed in

chessboard titrations with serial dilutions of 3 of the
conjugates (listed in Table 4) and serial dilutions of
a serum containing an ANF (anti-nuclear factor)
of the IgG type are given. Table 2 summarizes the
evidence for the IgG nature of this ANF. The
upper part of Table 5 lists conjugate dilutions both
in terms of the absolute or " use dilution" and in

terms of the " relative dilutions factor " or the unit
value in the use dilution.
The results summarized in Table 5 reveal that

constant or " plateau titres " of ANF are main-
tained over a range of conjugate dilutions in chess-
board titrations for each of the 3 conjugates.
However, the height of the plateau titres increased
with increasing F/P ratios of the conjugates, i.e.,
conjugates with F/P ratios of 2.2, 4.8 and 9.1 yielded
plateau titres of 160, 320 and 640, respectively. Also
the amount of NSS observed in the controls in-
creased with conjugates of increasing F/P ratios.
Thus, the titration with 1/4 unit/ml of C-270 cannot
be accepted because the strong nuclear NSS inter-
feres with the reading of specific IF staining. Indeed,
the rest of the chessboard titration with C-270
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TABLE 5
CHESSBOARD TITRATIONS WITH A STANDARD ANF-CONTAINING SERUM AND 3 SELECTED

CONJUGATES OF RABBIT ANTISERA TO HUMAN IgG

Nuclear staining with ANF and non-specific staining (NSS) reactions with controls a

F/P = 2.3; F/P = 5.2; F/P = 9.7;
Conjugate No. 257; Conjugate No. 265; Conjugate No. 270;

4 (8) units/ml b 16 units/ml 4 units/ml

Relative dilution
factor (units/ml) 1/2 1/4 1/8 1/16 1/32 1/64 1/2 1/4 1/8 1/16 1/32 1/64 1/4 1/8 1/16 1/32 1/64 1/128

Use dilutions 1/8 1/16 1/32 1/64 1/128 1/256 1/32 1/64 1/128 1/256 1/512 1/1024 1/16 1/32 1/64 1/128 1/256 1/512

ANF dilutions:
1:40 3 3 3 2 1 D 4 4 3 3 2 1 3 2 2 2 0 0

1:80 3 3 1 1 1 D 3 3 3 2 1 1 3 3 2 2 0 0

1:160 1 1 1 1 1 D 2 2 2 1 1 0 2 2 2 2 0 0

1:320 D D D D 0 0 1 1 1 1 0 0 2 2 1 1 0 0

1: 640 0 0 0 0 0 0 D D 0 b 0 0 1 2 1 D 0 0

1:1 280 0 0 0 0 0 0 0 0 0 D D D

1:2560 0 0 0 0 0 0 0 0 0 0 0 0

Controls (NSS)
Cytoplasm 0 0 0 0 0 0 D 0 0 0 0 0 3 2 1 D D D

Nuclei 0 0 0 0 0 0 0 0 0 0 0 0 1 D D 0 0 0

Plateau titres (ANF) 160 320 640 c

Plateau end-points
(conjugate) (units/ml) 1/32 (1/16) 1/16 1/16

a As defined in footnote to Table 2.
b Observed unit values of 4 to 8.
CThis plateau titre is open to doubt because non-specific staining was obtained over the plateau range of the conjugate

(see text).

(to the right of the vertical double space) may be
questioned because of the extensive nuclear and
consistent cytoplasmic NSS. An analysis of the
relation of conjugate characteristics to NSS follows.
The highest conjugate dilution which yielded
plateau titres of ANF, i.e., the plateau end-points of
the conjugates, remained approximately propor-
tional to their unit values. Thus, C-257, C-265 and
C-270 had plateau end-points of 1/32 (or 1/16), 1/16
and 1/16, respectively.

Table 6 summarizes the results of 21 chessboard
titrations comparable with those in Table 5 per-
formed with the same strong ANF-containing
serum and the 15 conjugates listed in Table 4. The
column headed PEP lists plateau end-points of
conjugates in units/ml while the body of the table
lists plateau titres in terms of the number of titra-

tions with various ANF end-points. F/P ratios
correspond to those given in Table 4.
The plateau end-points listed in Table 6 ranged

from 1/8 to 1/32 units/ml, with a median of 1/16
units/ml of conjugates. Median plateau end-points
of 1/16 units/ml are also obtained with strong
primary antibodies of the IgG type in other indirect
IF systems. Thus, the use of 1/4 unit/ml of un-
absorbed anti-IgG conjugate for the detection of
strong IgG antibodies affords approximately a
fourfold (2- to 8-fold) excess of conjugate over the
plateau end-points. Again (as in Table 5), plateau
titres increased with increasing F/P ratios of con-
jugates. As indicated in Table 6, ranges rather than
single plateau titres were obtained in most chess-
board titrations. Of 6 duplicate chessboard titra-
tions, 5 yielded reproducible plateau titres of ANF;
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TABLE 6
SUMMARY OF CHESSBOARD TITRATIONS WITH A STANDARD ANF-CONTAINING

SERUM AND 15 CONJUGATES FROM ANTISERA TO HUMAN IgG

Plateau titres; I
Conjugate PEP a No. of titrations with given end-points b F/P c

No. (units/ml) ratios

271 1/8 3 - - - - 1.5

258 1/16 2 2 - - - 1.6

262 1/16 2 3 - - - 2.1

256 1/32 (1/16) d 6 5 - - - 2.3

257 1/32 (1/16) -_ -_ _ 2.3

254 1/8 3 2 - - - 2.4

263 1/16 2 3 - - - 2.7

272 1/32 - 5 5 - - 2.8

259 1/8 - - 3 - - 4.0

264 1/16 - _ 1 7 - 4.9

265 1/16 - - 7 1 - 5.2

273 1/32 - 3 3 2 - 5.5

268 1/16 (1/8) d - - - 3 - 6.8

269 1/32 (1/16) d - _ _ 2 2 9.4

270 1/16 - - - 2 - 9.7

a PEP = plateau end-point.
b i.e., the number of titrations within the plateau range yielding the indicated titres.
c As for Table 4.
d Ranges of unit values observed (see Table 4).

C-271 apparently gave aberrant ANF titres (160)
in 3 titrations. Conversely, 81 out of 84 of the titra-
tions listed in Table 6 appear to follow a rational
pattern. The results of some calculations with
these data, as well as an interpretation of the ob-
served relationship, appear in the discussion.
Table 7 shows examples of chessboard titra-

tions with sera containing weak ANFs. In the 4
examples given, plateau titres ranged from 10 to 40.
The patterns of these chessboard titrations differ
from those of strong ANFs in the plateau end-
points of conjugates; they ranged from 1/2 to
1/8 units/ml with a median of 1/4 unit/ml for
the titrations shown in Table 7 as well as for 5
other weak ANFs that were tested. Thus 1/4
units/ml affords a minimal (and in some cases a
subminimal) concentration for the demonstration
of weak ANFs.

Relation of conjugate characteristics to their non-
specific staining properties (fluorochroming and
staining of non-immunological binding of IgG)
Four types of NSS and the conditions under which

they appear are shown in Table 3. One type is
fluorochroming; this property of conjugates, which
is their capacity to act as a fluorescent dye, can best
be seen in saline controls, i.e., in preparations treated
with saline and conjugate. In other studies, such
NSS appeared to be a function of the F/P ratios of
conjugates as well as of the fluorescein concentration
in their use dilutions (Fromhagen & Spendlove,
1962; Beutner, Holborow & Johnson, 1967; Pitt-
man et al., 1967; Hebert, Pittman & Cherry, 1967).
General observations suggest that other factors,

notably the thickness of sections, also play a signi-
ficant role. Fig. 1 and 2 summarize the studies on
the relationships of these various factors; they show
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TABLE 7

CHESSBOARD TITRATIONS WITH 4 SERA CONTAINING LOW TITRES OF ANF

Sera

Kus

Hej

Per

Ruh

Controls:

saline

NHS-nuclei

NHS-cytoplasm

Dilution

1:5

1:10

1: 20

1:40

1:5

1:10

1 :20

1: 40

1:5

1:10

1: 20

1: 40

1 :10

1: 20

1: 40

1: 80

1:10

ANF staining reactions: a
Conjugate No. 256 (4 units/ml; F/P = 2.3)

1 b 1/2 b 1/4 b 18 b 1/16 b
1/4C 1/8C 1/16C 1/32 C 1/64 C

1 1

D I

0

0

2

0

3

2

1

D

D

0

1

0

3

2

1

2 3

1 2

1 1

0 0

0

0

0

0

1 1

D 0D

D 0

D 0

2 0

11 D

0 0

0 0

2 1

2 1

1 1

D D

2 2

2 1

1 D

0

0 0

0 0

0 0

D

0

0

0

0

0

0

0

D

D

0

0

0

Plateau
titres

Plateau
end-points
(units/ml)

1:10 1/4

1: 20 1/2

1: 20

1:40

1/8

1/4

a As defined in footnole to Table 2.
b Units/ml.
c Dilutions.

the types or degrees of NSS observed in saline
controls as variously shaded dots in positions
corresponding to the F/P ratios of the conjugates
used and the fluorescein concentration of their use
dilutions. Fig. I illustrates the types and degrees of
NSS observed on mouse liver sections cut at 4 ,t
(the thickness used throughout the rest of these
studies) while Fig. 2 depicts the NSS patterns seen
on sections 6 tu thick.
The data in Fig. 1 on the 4-zt-thick sections indicate

that conjugates with F/P ratios in the range 2.5-5.0

yielded moderate cytoplasmic NSS and some nuclear
NSS with a high frequency at dilutions which con-
tain 21 ,tg/ml or more of fluorescein. This may
be referred to as the " NSS threshold " concentration
of fluorescein. Under the particular experimental
conditions, no NSS threshold appeared with con-
jugates having F/P ratios below 2.5. On the other
hand, a conjugate with an F/P ratio of 5.5 yielded
nuclear NSS at dilutions containing upwards of
12 jtg/ml of fluorescein. This lower NSS threshold
was maintained also for a conjugate with an F/P
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FIG. I
DEGREES OF NON-SPECIFIC STAINING OBSERVED ON

4-61 SECTIONS OF MOUSE LIVER TREATED WITH
CONJUGATES OF VARIOUS F/P RATIOS AT DIFFERENT

DILUTIONS

ratio of 6.8 (see Table 8). The studies illustrated in
Fig. 2 indicate that 6-,u-thick sections have an NSS
threshold concentration of 8 ,ug of fluorescein/ml
with conjugates having F/P ratios in the range of
2-5. That is, the NSS threshold of the 4-,u-thick
sections is about 2.5 times greater than on 6-p,-thick
sections. As indicated in Fig. 2, conjugate dilutions
which contain higher concentrations of fluorescein
(20 ,g/ml or more) yield more intense NSS on

6-,u-thick sections. Two conjugates with F/P ratios
of 1.4 and 1.5 had NSS thresholds at about 12 ,g/ml
under these experimental conditions.
Another type of NSS occurs with normal serum

controls on the mouse liver sections. These controls
frequently gave stronger NSS than did the saline
controls (this generally holds true in indirect IF
staining). The observation that normal human
serum and saline yield the same levels of NSS if
followed by an antibody-free conjugate (labelled

FIG. 2
DEGREES OF NON-SPECIFIC STAINING OBSERVED ON

6-6 SECTIONS OF MOUSE LIVER TREATED WITH
CONJUGATES OF VARIOUS F/P RATIOS AT DIFFERENT

DILUTIONS

human IgG) serves to demonstrate the nature of
the NSS observed with the anti-IgG conjugates.
Thus Table 3 refers to this type of NSS as staining
of non-immunologically bound IgG.

In Table 8, some types and intensities of NSS seen

with a standard 1/10 dilution of a normal serum

control and serial dilutions of the 15 conjugates
characterized in Table 4 are shown. The serial
conjugate dilutions (expressed in units/ml) extended
only over the range that also yielded ANF staining.
The number of dashes following the 1/4 units/ml
indicate the number of additional twofold dilutions
tested.
Under the experimental conditions summarized

in Table 8, the minimal unit values in conjugate
dilutions that yield clean normal serum controls
increased with increasing F/P ratios. This relation-
ship is essentially the same as that observed with
plateau titres of specific ANF staining (see Table 6).
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TABLE 8
INFLUENCE OF NORMAL HUMAN SERUM ON NSS OF MOUSE LIVER SECTIONS

IN INDIRECT IF STAINING WITH CONJUGATES OF VARYING F/P RATIOS

Relative dilution factor of conjugates (units/ml)
Conjugate Nuclear _ Cytoplasmic NSS a F/P

NSS a Strong Moderate Minimal b ratios

271 2 b 1 1/2 1/4 - - - 1.5

258 2 1 1/2 1/4 - - - 1.6

262 2 1 1/2 1/4 - - - 2.1

256 2 1 1/2 1/4 - - - - 2.3

254 2 1 1/2 1/4 - - 2.4

257 2 1 1/2 1/4 - - - 2.3

263 2 1 1/2C 1/4 - - 2.7

272 2 1 1/2 1/4 - - 2.8

259 2 1 1/2 1/4 - - - 4.0

264 2 1 1/2 1/4 - - - - 4.9

265 2 1 1/2c 1/4 - - - 5.2

273 1/4 1/8 1/16 1/32 1/64 5.5

268 1/4 1/8 1/16 1/32 1/64 6.8

269 1/4 1/8 1/16 1/32 1/64 9.4

270 1/4 1/8 1/16 1/32 1/64 9.7

a With normal serum 1:10.
b Dashes indicate further serial twofold dilutions.
c Variable reactions: moderate to minimal in different experiments (strong to minimal with 1 unit of 259).

The NSS observed with conjugates having F/P
ratios of 5.5 or greater (below the horizontal line in
Table 8) corresponds to that seen in saline controls,
i.e., the fluorochroming NSS superseded that due to
non-immunologically bound IgG under these con-
ditions (see Fig. 1 for comparisons with saline con-
trols). Conjugates with F/P ratios of less than 5.2
yielded clean normal serum controls at dilutions
containing 1/4 unit/ml or less.

Interrelationships of conjugate characteristics, spe-
cific and non-specific staining properties and con-
jugation procedures

Several observations point to the desirability of
employing conjugates at a relative dilution factor of
1/4 unit/ml: (1) for the detection of strong ANFs, this
dilution affords a 2- to 8-fold excess over the plateau
end-point; (2) for weak ANFs, this dilution corres-
ponds to the median plateau end-point; (3) normal

serum controls (at 1/10 dilution) yield minimal NSS
at this dilution with conjugates having F/P ratios of
less than 5.2. Given a relative dilution factor of 1/4
unit use dilution, a synopsis of the relationships
between FITC input, conjugate characteristics (i.e.,
optical sensitivity or F/P ratios and immunological
sensitivity ratios or units/I % P) and their NSS and
indirect IF staining properties can be made. Fig. 3
shows such a synopsis. The amounts of FITC
required to obtain various F/P ratios by each of
2 methods appear at the top of Fig. 3. That part of
the figure below the F/P ratios shows the calculated
fluorescein concentrations that maintain at a
relative dilution factor of 1/4 unit use dilution with
various immunological sensitivity ratios (1.2 or 4
units/1% P). These data, together with the observa-
tions given in Fig. 1 and 2 and in Table 8, are the
basis for estimating the levels of NSS (due to fluoro-
chroming) that occur with conjugates of various
F/P and immunological sensitivity ratios. The bar
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FIG. 3

SYNOPSIS OF RELATIONSHIPS BETWEEN FITC a INPUT, CONJUGATE CHARACTERISTICS
AND THEIR NON-SPECIFIC STAINING AND INDIRECT IMMUNOFLUORESCENT

STAINING PROPERTIES 1'

a FITC = fluorescein isothiocyanate (BBL chromatographically pure).
b The upper 2 sections show the relationship between FITC input (i.e., the amount of FITC used for conjugation) and F/P

ratios of resulting conjugates. The third section contains calculated fluorescein concentrations in dilutions containing X4 unit/ml
made from conjugates with various initial unit values and a range of F!P ratios. The fourth section (with bar graphs) shows estimated
levels of NSS for conjugates with various initial unit values and a range of F/P ratios when diluted to X, unit/ml. The fifth (lowest)
section indicates relative plateau indirect immunofluorescence titres expected for various F/P ratios.

c Method A = method used in this study.
a Method B = method reported by McKinney, Spillane & Pearce (1964b).
e At %4 unit/ml relative dilution factor.

graph in the body of Fig. 3 shows the NSS levels
expected under these various conditions. The
relative plateau titres of ANF that occur with con-

jugates of various F/P ratios are at the bottom of
Fig. 3 (see Table 6 for the relevant experimental
observations). These estimates of levels of specific
and non-specific staining afford a basis for the
selection of optimal conjugate characteristics. The
area in Fig. 3 marked " optimal conditions "
represents 1 selection that may be made, i.e., con-

jugates with 4 units/I %P/ml or more and F/P ratios
between 3 and 5. Such conjugates would be expected
to have relative ANF titres of 400 ±1 doubling
dilution (i.e. titres of 400 ± 1 doubling dilution with

an ANF having a titre of 100 with a conjugate
whose F/P = 1).
As indicated in Fig. 3, conjugates with F/P ratios

between 3 and 5 should contain at least 4 units/ml
if they are to be used at a relative dilution factor
of 1/4 unit/ml. The antiglobulin level of some

antisera is too low to obtain such unit values. Raw
antiglobulins that are weaker can yield conjugates
that give clean IF staining under the conditions
prevailing in these studies if they are employed at
lower F/P ratios; for this purpose, smaller amounts
of FITC must be used in the conjugation process.
Table 9 shows the salient factors that maintain
these relationships.

FITC INPUT (mg/100 mg PROTEIN)
METHOD AC 0.3 0.7 1 .2 2.0 2 7 3 .6

METHOD 8d 0.3 0.7 1.0 1.4 1.7 2.1

CONJUGATE CHARACTERISTICS
F/P RATIOS

UNITS/ml
CONJ. USE DILUTIONSe 1 2 3 4 5 6

FLUORES-
CEIN

CONCENTRA- 1 1/4 6.7 13.3 20.0 26.7 33.3 40.0
TIONS
(pg/ml) 2 1/8 3.3 6.7 10.0 13.3 16.7 20

IN CONJUGATES
(10 mg 4 1/16 1.7 3.3 S.0 6.7 8.3 10
PROTEIN/ml)

NSS 1 1/4

2 1/8

4 1/16

8 1/32 CONDITIONS

16 1/64

32 1/128

SPECIFIC IIF:-RELATIVE ANF TITRES
100 200 2-400 400 4-800 4-800

EZJ NONE

09m MODERATE (4p. SECTIONS)
MODERATE (6p.6 SECTIONS)

WHO 81238 NUCLEAR NSS
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TABLE 9
RELATIONSHIPS BETWEEN PROPERTIES OF RAW ANTISERA, FITC INPUT

AND CHARACTERISTICS OF FINAL CONJUGATES

Units/ml Units/1% P/ml a Desired Method A c Mean Method B
cl

Estimated
in serum in globulin b F/P mg FITC/g efficiency mg FITC/g efficiency

and conjugate ratio protein (input) protein (input) (%)

1 Not usable

2 Doubtful utility

4 1 (2) 1 3 77 3.4 70

8 2 (4) 2 7 66 6.8 69

16 4 (8) 4 20 51 13.8 67

32 8 (16) 4

64 16 (32) 4

a The upper limits of expected unit values are given in parentheses.
b Adjusted to 10 mg protein/ml.
c Method A as described in Methods section. FITC (fluorescein isothiocyanate) chromatographically pure. The F/P ratios

obtained in this study varied d 25 % about the desired level.
d Method B: McKinney, Spillane & Pearce (1964b). Data obtained by interpolation.

Antisera to human IgG which have either I or
2 units/ml appear to be of little or no value in the
preparation of conjugates by the methods used
in this study since they yield globulins which either
have no detectable unitage or have only 1 unit/i %
P/mI. Antisera containing 4 units/ml would be
expected to yield globulins and conjugates con-
taining 1 or possibly 2 units/1% P/ml. As indi-
cated in Fig. 3, a conjugate containing 1 unit/ml
should have an F/P ratio of 1 if it is to yield clean
IF staining at a relative dilution factor of 1/4 unit/
ml. By the methods used in this study, an input of
3 mg of FITC/g of protein yields conjugates with

F/P ratios of 1 ± 25%. The comparable relations
for raw antiglobulins with higher unitages are listed
in Table 9. The unit value of conjugates correspond
to the unit values of the globulin fractions from
which they are prepared if both are adjusted to
10 mg of protein/ml. Thus, the latter affords a basis
for the selection of the amount of FITC indicated
for conjugation. It is interesting that the efficiency
of conjugation as reported by McKinney, Spillane
& Pearce (1964b) (last column of Table 9) is greater
than that attained by the methods described in this
report. This may be due to the differences in the
buffering techniques employed in the 2 methods.

DISCUSSION

The detailed analyses of one indirect IF staining
system revealed that a number of useful predictions
can be made on the basis of the cogent characteris-
tics of conjugates. Furthermore, it is evident from
these studies that an accurate listing of conjugate
characteristics, even in the absence of an analysis
of their relations to the observed staining proper-
ties, may serve to define the system and render it
reproducible if other parameters are kept constant.
The essential features of the system employed are
the use of human antibodies of the IgG variety,

and unabsorbed conjugates of antihuman IgG anti-
sera. First, some comments on the rationale of the
selection of methodology must be made, after which
we may consider the predictions that can be made
on the relationships of specific and non-specific
staining properties of conjugates and their physico-
chemical and immunological characteristics. The
selection of indirect IF staining on mouse liver
sections was determined by the experimental needs.
Previous studies (Beutner, unpublished data) indi-
cated that conjugates fractionated by DEAE-
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cellulose chromatography according to the methods
of Goldstein, Slizys & Chase (1961) yielded the
same titre with a standard ANF-containing serum
as a crude unfractionated conjugate of a comparable
F/P ratio. Furthermore, the 2 types of conjugates
yielded equally clean (i.e., NSS-free) staining
reactions. These observations point to the usefulness
of using unfractionated conjugates of crude ammo-
nium-sulfate-precipitated globulins of high titre
antiglobuiins. (Obviously, the methods of Goldstein,
Slizys & Chase have considerable fundamental and
potential practical importance, despite these obser-
vations.) Moreover, analyses of the staining pro-
perties of unabsorbed conjugates seemed indicated
before comparable studies of absorbed conjugates
were undertaken but, in the light of the findings
presented in this report, similar analyses of the
relationship between staining properties and charac-
teristics of more purified and absorbed conjugates
now seem to be called for.

In these studies, conjugates of antihuman IgG
analysed for fluorescein (ug F/ml), protein (mgP/ml)
anti-IgG (units/ml) concentration were essentially
characterized by 2 activity ratios. The F/P ratios
afford a measure of optical sensitivity ratios while
units/I % P afford an estimate of the immunological
sensitivity ratios. Under appropriately defined con-
ditions the optical sensitivity ratios measure the
approximate amount of fluorescence per antibody
molecule and the immunological sensitivity ratios
are estimates of the proportion of antibody to total
protein in the conjugate.
Our studies revealed that titres of specific staining

for ANF are a function of the optical and immuno-
logical sensitivity ratios if all other parameters are
kept constant. Specifically, the plateau titres of
ANF are a function of the F/P ratio or optical
sensitivity ratio of the conjugates. For the first
4 conjugates (F/P = 1.5, 2.3, 3.9 and 6.8) which
yielded constant plateau titres (T) in this study
(rather than titre ranges) the relationship appeared
to be

(FlP) x 1.65'n = T- x 2n.
(F/P) T

For example, a serum which has a plateau ANF
titre of 80 with a conjugate having an F/P of 1.5 may
be expected to give an ANF titre of 160 with another
conjugate having an F/P of 1.5 x 1.65 or about
2.5 and a titre of 320 with a third conjugate with
an F/P of 2.5 x 1.65 or about 4.1. The equation
serves to relate the physicochemical characteristics

of conjugates to their most important immuno-
fluorescent staining property-the titres obtained
with patients' sera.
The plateau end-points of conjugates (i.e., the

highest dilution of conjugate that yields constant
or plateau ANF titres) are functions of their immu-
nological sensitivity ratio (units/I % P) their initial
concentration if other conditions are held constant.
For example, a conjugate with 4 units/I % P/ml
(i.e., an immunological sensitivity ratio of 4 units/
1% P and a concentration of 1 % P/mI) has a plateau
end-point at a 1/64 dilution and a conjugate with
16 units/I % P/ml will have a plateau end-point at
about a 1/256 dilution. In other words, for a given
serum the number of units per ml at the plateau
end-point is constant. This observation serves to
relate the immunological properties of conjugates
to their immunofluorescent staining reactions. For
future studies it may be desirable to express anti-
body concentrations in immunochemical terms
(e.g., mg of antibody protein/ml) rather than as
titres.
The relationships expressed in the two preceding

paragraphs may be summarized as follows: in
chessboard titrations (such as those in Table 5) the
height of plateau titres of patient antibodies is a
function of the optical sensitivity ratio of conjugates
while the extent of the conjugate dilutions at their
plateau end-point is a function of the antiglobulin
concentration (or immunological sensitivity ratio
and initial protein concentration of conjugates) if
other factors are kept constant. The methods of
measuring and expressing optical and immunolo-
gical sensitivity ratios may well be improved and
changed. However, it appears now that these
relationships between the physicochemical and
immunological characteristics of conjugates and
their specific staining properties do provide a func-
tional basis for the measurement of specific immuno-
fluorescent staining reactivity of conjugates.

Non-specific staining due to treatment of prepa-
rations with conjugates (i.e., fluorochroming NSS),
for a given conjugate under standardized conditions,
is a function of the fluorescein concentration in the
conjugate dilution used for staining. That is,
fluorochroming NSS occurs at or above a given
fluorescein concentration referred to as the NSS
threshold. This fluorochroming NSS threshold
(which may be expressed as ,ug F/mi in the use
dilution) is a function of the F/P ratio of the con-
jugate; in other words, for a given system, the NSS
threshold is lower (i.e., lower concentrations of
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fluorescein give NSS) with high F/P ratios of con-
jugates. Thus, fluorochroming NSS in a given sys-
tem is a function of both the fluorescein concentra-
tion in the use dilution of conjugate and its F/P ratio.
In the light of reports by Goldstein et al. (1961),
conjugates with similar F/P ratios which are prepared
by different methods may yield different NSS
thresholds under comparable conditions. In brief,
the factors that influence the degree of fluoro-
chroming NSS of conjugates include (1) their
method of preparation, (2) the antigen tested, (3)
their F/P ratio, and (4) the F concentration at the
dilutions tested.

Since optical sensitivity ratios (F/P ratios) play a
governing role in both the specific and non-specific
staining properties of conjugates, the control of
this factor assumes considerable importance. Ob-
viously, the F/P ratio of a conjugate is a function
of the FITC input in the preparation of conjugates
and the purity of the FITC. As might be expected,
the details of the method of conjugation are also
involved; thus, the relationships between FITC
input in conjugation and the F/P ratio of the
resultant conjugate observed in these studies differed
somewhat from those found by McKinney et al.
(1964b), although the purity of FITC employed in
both studies was about the same.
The virtues of the procedures evolved in these

studies of characterizing a labelled antiglobulin
lie in their simplicity and usefulness. It is necessary
to determine only the specificity of the antiglobulin
(anti-IgG, IgA, IgM, etc.), its unit value (or antibody
protein concentration), its fluorescein concentration
and its total protein concentration. These pro-
perties may be determined by the manufacturer and
the user has only to record them, the activity ratios
derived from them and the dilution at which the
antiglobulin was used. The Annex to this report
summarizes the recommended specifications for
commercial preparation of unabsorbed antihuman
IgG conjugates and at least one manufacturer is
ready to market conjugates that are characterized
in this way.'
We may expect that if all such reagents placed

on the market were appropriately labelled and
correctly used according to the indicated designa-
tions, significant improvements in the reproducibility
of the indirect IF staining obtained with them would

1 National Laboratories, Stockholm, Sweden.

be seen. It must be kept in mind that the various
relationships that these factors bear to the specific
and non-specific staining properties of a conjugate
are of importance only in understanding and
describing the behaviour of a conjugate and not for
defining the method of use nor for rendering a given
procedure reproducible from one laboratory to
another. To render an indirect IF staining procedure
reproducible it is, of course, necessary not only to
list the basic characteristics of the conjugate em-
ployed and the dilution at which it is used but also
to describe the other steps in the procedure and the
optical system employed. With such a characteri-
zation of conjugates and procedure we may expect
that titration of indirect staining reactions will
become reproducible. Some investigators may wish
to analyse the relationships of the conjugate charac-
teristics to their staining properties in the system
under consideration, as has been done in this report,
though this is not essential for defining the system.
However, such an analysis obviously provides a
useful guide to the selection of optimal conjugate
characteristics.

If we define an antibody as " an immunoglobulin
which gives sensitive and specific reactions in an
accepted serological test ', then the demonstration
of the sensitivity of an indirect IF staining reaction
becomes essential for proving its antibody nature;
such a demonstration of sensitivity may be achieved
by titrations. The use of reproducible methods
of titration in indirect IF staining, therefore, assumes
an importance both in terms of qualifying the method
as an acceptable one and in terms of demonstrating
that a given IF staining reaction may be regarded
as the reaction of an antibody. (For the demon-
stration of the latter, many immunologists require at
least a 10-fold and preferably a 100-fold difference
between the dilution of the control sera and the
dilution of a positive serum at the titration end-
point.)

It is generally agreed that a method must be
reproducible from one laboratory to another before
it may be regarded as a valid scientific tool. Indeed,
it seems evident that some set of procedures such
as those outlined in this report are necessary for
valid indirect immunofluorescent testing and that
comparable procedures need to be evolved for
characterizing and iiieasuring all immunofluorescent
staining procedures if they too are to be regarded as
valid.
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RESUME

Quinze conjugues non absorbes pr6pares a partir de
serum de chevre ou de lapin anti-immunoglobuline
G(IgG) humaine ont donne une ligne de precipitation
unique en presence de serum humain normal au cours
d'epreuves immunoelectrophoretiques. Pour obtenir un
systeme defini, ces conjugues ont e caracterises par a)
leur titre, determine par la methode de precipitation-
diffusion en gel dans des conditions normalisees, b) leur
concentration en fluoresceine (F) et en proteines (P),
c) leur rapport F/P, d) leur rapport de sensibilite immu-
nologique exprime en unites pour 1% de proteines et
d) la dilution employee.

Les proprietes colorantes des conjugues ont e eva-
luees par coloration d'immunofluorescence indirecte sur
des coupes de foie de souris en prenant comme modele
un serum contenant un facteur antinucleaire (ANF) de
type IgG. Des titrages en echiquier au moyen de dilutions
en serie de serums contenant de l'ANF et de dilutions en
serie de conjugues ont donne des titres d'ANF constants
pour toute une gamme de dilution des conjugues. Diverses
correlations ont e definies: a) pour une teneur donn6e
en ANF, le point terminal des titres constants est pro-
portionnel a la force du conjugue; b) les serums de titre
eleves ont un point terminal a 1/16 unite par millilitre,
tandis que les serums de faible titre ont un point terminal
median a 1/4 unite par millilitre. Les titres constants
d'ANF sont proportionnels au rapport F/P des conjugues.
Deux types de coloration non specifique semblent

independants des caracteristiques du conjugue: celle due

a l'effet de fluorochrome que l'on observe si l'on emploie,
au lieu de s6rum, du solute physiologique, et la coloration
non specifique de l'IgG non liee immunologiquement.
L'effet de fluorochrome se marque lorsque les dilutions
du conjugue ont une teneur en fluoresceine qui d6passe
un certain seuil. Cette concentration seuil varie de facon
inversement proportionnelle avec le rapport F/P du
conjugue. Les dilutions minimales du conjugu6 qui
s'accompagnent d'une coloration non sp&cifique due a
l'adherence non immunologique de l'IgG sont fonction
du rapport F/P.
Sur la base de ces resultats, on a pu fixer les caracteris-

tiques d'un conjugue qui permettent d'obtenir une colo-
ration specifique optimale avec un minimum de colora-
tion non specifique. Les conjugu6s dont le rapport F/P
est de 4 environ et qui renferment 4 unites ou plus d'anti-
immunoglobuline G par millilitre donnent une coloration
ANF maximale et une coloration non sp&cifique mini-
male, ai la condition d'etre utilises a la dilution de 0,25
unite par millilitre. Les fractions globuliniques des anti-
serums bruts contenant environ 8 a 16 unites par milli-
litre fournissent de telles preparations lorsqu'elles sont
conjuguees a 21 mg d'isothiocyanate de fluoresceine
par mg de globuline. Les conjugu&s prepar&s a partir
d'anti-immunoglobulines de titre plus faible donnent
des colorations specifiques en immunofluorescence s'ils
sont obtenus par apport de plus faibles quantites d'iso-
thiocyanate de fluoresceine.
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Annex

INDICATIONS AND SPECIFICATIONS FOR THE MANUFACTURE
OF FLUORESCEIN-LABELLED ANTIBODIES AGAINST HUMAN IMMUNOGLOBULINS

1. Preparation and testing of anti-IgG antisera
1.1 Animals may be immunized with purified human
IgG prepared by DEAE-cellulose chromatography.
1.2 Raw sera should be tested by immunoelectro-
phoresis with pooled whole normal human serum.
Only sera which yield 1 line of precipitation in the
IgG region should be used for conjugation. Other
methods which are at least as satisfactory may be
used.
1.3 Raw sera may be titrated for their unit value of
anti-IgG. This provides a useful guide to the
selection of sera for conjugation.

2. Preparation and testing of conjugates

2.1 Globulin fractions of antisera may be prepared
by ammonium-sulfate-precipitation or by other
methods.
2.2 This globulin fraction of antihuman IgG anti-
sera should be conjugated with FITC isomer I that
is at least 75% pure.

2.2.1 Optical sensitivity ratios (F/P ratios) in the
desired range may be achieved with an FITC
input of 20 mg/g of protein if certain standard
methods for conjugation are employed. The exact
input of pure FITC varies somewhat with the
method of conjugation and the purity of the FITC.
2.2.2 Unconjugated FITC derivatives should be
removed from conjugates by, e.g., dialysis or
gel-filtration methods. Their complete removal
may be checked by examination of dialysates

under UV light or by other equally satisfactory
methods.
2.2.3 Protein assays should be performed on
purified (2.2.2) conjugates. The protein concen-
tration should be adjusted to 10 mg/ml with
buffered saline.

2.3 The purified conjugates should be lyophilized
and sealed under nitrogen before final assays of
protein fluorescein and antibody concentration are
performed.

2.3.1 For control purposes, fluorescein or anti-
body assays or both may also be performed
before lyophilization; if this is done, then repeat
assays must also be carried out on samples taken
after lyophilization.

2.4 Samples of lyophilized conjugates should be
taken for F (fluorescein) and P (protein) assays.
The samples should be reconstituted with distilled
water or as directed by the manufacturers.

2.4.1 Protein assays should be performed by the
modified biuret methods of Goldwasser & Shep-
hard (1958) or other methods which are shown to
be equally or more reliable.
2.4.2. The fluorescein assays should be performed
using a fluorescein diacetate reference standard as
directed by McKinney et al. (1964b) and a correc-
tion for 320 m,u absorbency (or other equally
reliable methods).

2.5 The optical sensitivity ratio or the F/P ratio of
conjugates should be calculated in terms of both
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their weight ratios and their molar ratios. Weight
ratios of 8 to 13 jug F/mg P or molar F/P ratios of
3-5 are satisfactory for ANF titrations although
other F/P ratios may be selected.
2.6 Samples of lyophilized reconstituted conjugates
(as for 2.4) should also be used for assays of anti-
IgG antibody concentration. These may be per-
formed as follows:

2.6.1 Antibody nitrogen determination (see
Kabat's immunochemistry) is recommended at
present.
2.6.2 Anti-IgG protein concentration assay
methods are more efficient and just as reliable as
antibody nitrogen determinations. The method
for antibody protein determinations will be
described in the literature in the near future.
3.6.3 Rough estimates of anti-IgG concentrations
may be obtained by unit value determinations
(Beutner, Holborow & Johnson, 1965). Such
assays may be used to supplement the other assay
methods (2.6.1 or 2.6.2) but not to replace them.
2.6.4 The following relationships are found be-
tween the 3 methods ofassaying anti-IgG antibody
concentrations:

160 ,tg antibody nitrogen/ml 1 mg
antibody protein/ml 4 units/ml.

2.7 Immunological activity ratios should be calcu-
lated from the assayed protein (2.41) and antibody
(2.6) concentrations. These may be expressed as
follows:

2.7.1 ,ug antibody nitrogen/mg protein; or
2.7.2 mg antibody protein/mg protein (or simply
as antibody protein/protein); or
2.7.3 Units/I % P or units/I % P/ml;
2.7.4 Either 2.7.1 or 2.7.2 or other method of at least
equivalent reliability should be used; units/1 % P
may serve only as a supplementary assay method.

2.8 Assays of non-specific (NSS) staining activity
of conjugates may be performed by testing a range
of conjugate dilutions on some standard antigen.

The method of testing should be described ade-
quately. The NSS may be evaluated by microscopic
examination graded as strong, moderate, negligible.
Alternatively, more objective measurements may
be made (Pittman et al., 1967).

3. Specifications for anti-IgG conjugates
3.1 Conjugates should be prepared from relatively
pure FITC and should be free from detectable
amounts of unbound fluorescein.'
3.2 The conjugates (and/or the raw serum from
which they are prepared) should yield only a single
IgG line of immunoelectrophoresis without absorp-
tion.
3.3 For ANF titrations, conjugates may have
molar F/P ratios of 3.0-5.0 or a weight ratio of
8.0 ,tg-13.3 ,tg F/mg P. (Other F/P ratios may be
selected.)
3.4 For ANF titrations conjugates should contain
at least 160 Htg of antibody nitrogen/10 mg protein
or 1 mg of antibody protein/10 mg of protein.

4. Labelling ofsamples
Lyophilized conjugates should be labelled as follows:

CONJUGATED ANTIHUMAN IgG (UNABSORBED, FREE OF
UNBOUND FLUORESCEIN)

Reconstitute with ... ml distilled water (or other diluent).
Properties of reconstituted conjugate: [protein should be
10 mg/ml ± 10 %]
... mg/ml protein anid... nicg F/ml; therefore,
...ztg F/mg P; i.e., molar F/P = ... [optical sensitivity
ratio]
... Hg of antibody nitrogen/ml or . . . mg of antibody
protein/ml and therefore,
... jig of antibody nitrogen/10 mg of protein or ... mg
antibody protein/mg total protein [immunological sensi-
tivity ratiol
Non-specific staining the threshold on ... is ... jugF/ml.

1 A report on a method for assaying the purity of FITC
is now being prepared by Cherry, McKinney and their
associates.


