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gain important information in an artificial, in 
vitro system, which can later be applied to 
the physiological process. 

Summary. Electrophoretic mobilities and 
thromboplastic activities of emulsions of mix- 
tures of phospholipids derived from beef brain 
and egg yolk were determined. The studies 
included mixtures of varying amounts of 
phosphatidyl serine in lecithin, phosphatidyl 
serine in phosphatidyl ethanolamine, and 
phosphatidic acid in lecithin. I t  was con- 
cluded that the manifestation of “thrombo- 
plastic activity” by a particular phospholipid 
emulsion will depend largely upon the surface 
charge of the particles. The possibility of 
other factors involved was not excluded. 
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The principle followed until recently for 
preparing fluorescent antibody reagents has 
been to attach to antibody globulins as many 
fluorescent groupings as possible without pre- 
cipitating the antibody. Then, to reduce the 
large amount of resulting non-specific fluores- 
cence, it has been customary to subject the 
fluorescent antibody to multiple absorptions 
with tissue powders, charcoal, or resins. 

Recent reports(1-3) have shown that the 
at  tachmen t of fluorescein is0 thiocyana te 
(FITC) to protein is not a uniform process, 
and that within each fluorescent antibody 
- 
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preparation there may be a marked variation 
in the number of fluorescent groupings per 
protein molecule. Furthermore, it has been 
shown that the specific and the non-specific 
staining properties of fluorescent antibodies 
are related to the number of fluorescent group- 
ings conjugated with antibody. Thus, homo- 
geneous fractions of fluorescent antibodies 
with fluorescein:protein (F:P) ratios of 2 to 
3.5 x 1CP have satisfactorily bright specific 
staining and negligible non-specific staining 
(cf 1).11 Fractions with higher F:P ratios 
stain both non-specifically and specifically. 
These findings have led to the realization that 
it is not desirable to couple more than a cer- 
tain chosen number of fluorescent groupings. 

11 The F:P ratio is a relative measure of the 
weight of fluorescein and protein in a fluorescent 
protein conjugate (Table I) .  
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Griffin and coworkers(4) suggest that ‘(a 
logical procedure for the preparation of sat- 
isfactory conjugates would seem to lie in the 
labeling of high titer antisera or fractions 
thereof a t  low dye-to-protein ratios.” Gold- 
stein, Slizys, and Chase( 1) in addition to 
lowering the dye-to-protein ratio, fraction- 
ated their coupled sheep globulins by salt 
gradient elution from DEAE-cellulose. In 
this way the globulins with bright specific 
and no non-specific staining were separated 
from the excessively coupled globulins. Each 
of their preparations had a fraction with a 
low fluorescein content that did not impart 
fluorescence to specific tissue imprints. The 
portion of such under-coupled globulins was 
too small to influence the brightness of stain- 
ing of the whole fluorescent antibody prepa- 
ration. 

The purpose of this paper is to report ob- 
servations on a series of fluorescent rabbit an- 
tibody globulins prepared by adding differ- 
ent amounts of FITC to protein to provide 
various low dye-to-protein ratios. In each 
of these preparations, a significant proportion 
of the whole preparation contained less than 
the optimal range of fluorescent groupings. 
Inclusion of such material with optimally 
coupled globulins inhibited the brightness of 
specific staining, and thereby the sensitivity 
of the fluorescent antibody technic. 

Elimination of sub-optimally coupled glob- 
ulins from the fraction with bright specific 
staining was obtained in the same step used 
to separate the excessively coupled globulins, 
i.e., chromatography on DEAE-cellulose. 

Materials and methods. A detailed descrip- 
tion of the procedures appears in( 1). Slight 
modifications and a description of new ma- 
terials follow: 

Fluorescein isothiocyanate. A crystalline 
preparation obtained from Baltimore Biologi- 
cal Laboratories (Lot #006652) was used for 
con jugation with an tibody globulins. 

Antisera. Anti-Staphylococcus aureus se- 
rum. A coagulase-producing hemolytic strain 
of S .  aureus was used to immunize 2 groups 
of New Zealand albino rabbits. Preparation 
1 was obtained from a rabbit that received 
intradermal injections of killed S. aureus, and 
was bled 7 days after the last injection. 

Preparation 2 was a pool of sera with agglu- 
tination titers of 1 :4000 to 1 : 65,Ocx) obtained 
from 2 rabbits immunized by the method of 
Stern and Elek(5). 

Anti-ragweed serum. Dwarf ragweed pol- 
len extract was prepared by defatting pollen 
in ethyl ether, and extracting the defatted 
pollen in glass distilled water. New Zealand 
albino rabbits were injected subcutaneously 
with the extract in a stable water-in-oil emul- 
sion containing heat killed Mycobacterium 
bovis. Three weeks after the initial injec- 
tion, the animals were restimulated with 
aqueous ragweed extract injected intrave- 
nously. The animals were bled 5 and 6 days 
after the last injection. Each serum gave a 
rapid flocculent precipitin reaction with rag- 
weed extract. 

All sera were stored without preservatives 
a t  -22OC. 

Preparation of globulins. Serum was di- 
luted with an equal volume of 0.15 M sodium 
chloride and solid ammonium sulfate was 
added to a final concentration of 1.6 M .  The 
precipitate was washed with 2.01 M ammonium 
sulfate in distilled water, redissolved, dia- 
lyzed, and applied to a DEAE-cellulose col- 
umn to secure a chromatographically homo- 
geneous fraction. 

Biuret protein determinations were made 
using the biuret reagent described in (6 ) .  

Conjugation of serum globulins and FITC. 
Two modifications were arbitrarily intro- 
duced. To minimize brief local increases in 
FITC and acetone concentrations, the FITC 
dissolved in acetone was delivered slowly ( 1  5 
minutes to 2 hours) from a tuberculin syringe 
through a fine polyethylene tubing (Clay 
Adams P.E. SO) to the bottom of the rapidly 
stirring react ion mixture. 

In Preparations 1 and 2, the pH was main- 
tained between 9.0 and 9.5 during the ini- 
tial 2 hours of coupling by addition of 0.1 N 
NaOH rather than of sodium carbonate. 

Staining of imprints. Suspensions of S. 
aweus in 0.15 M sodium chloride were 
smeared onto albumin coated microscope 
slides. The smears were fixed for 3 minutes 
in 9570 ethyl alcohol prior to staining. 

Splenic imprints were prepared from rab- 
bits sacrificed 5 days after restimulation with 
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ragweed extract. The indirect technic with 
layering of antigen over the imprint was 
used(7). Ragweed extract (.52 mg nitro- 
gen/ml) was applied to individual imprints 
for 20 minutes. The slides were washed with 
buffered saline (0.15 M sodium chloride, 0.01 
M sodium phosphate, pH 7.2) and stained 
with fluorescent antibody reagents. 

To determine the 
specificity of fluorescence, inhibition tests 
with non-fluorescent antibody globulins were 
performed in the S. aureus : rabbit anti-S. 
aureus system. For the ragweed : antirag- 
weed system, the antigen layer was replaced 
by buffered saline. In addition, spleen im- 
prints from rabbits sacrificed after restimula- 
tion with bovine serum albumin were layered 
with ragweed extract and fluorescent anti- 
body reagents. 

Fluorescence microscopy. A power supply 
with a constant input voltage of 120 volts, 
and an Osram HBO-200 light source were 
used. A Corning 5840 exciter filter and a 
Euphos 2.5  mm barrier filter were used with 
a Leitz Wetzlar darkfield microscope. 

All globulins were reacted with 
FITC for approximately 24 hours. Rapid 
separation of the fluorescent globulins from 
both the acetone and the fluorescent dialyz- 
ables was obtained by passing the neutralized 
reaction mixture through Sephadex G-50 col- 
umns equilibrated with buffered saline ( 1,2, 
8-13). Fig. 1 illustrates the separation 
achieved in the Preparation 2 reaction mix- 
ture. The first peak was the emergence of 
fluorescent antibody which was subsequently 
fractionated on DEAE-cellulose. The second 
peak is identified with acetone, which emerged 
in the same position as added samples of 
ribose. Unreacted fluorescent materials 
emerged in a broad band after the acetone. 
When amorphous FITC was used( 1) ,  traces 
of dialyzable fluorescent materials remained 
on the Sephadex particles despite extensive 
washing with buffered saline. 

Properties of fluorescent antibody globu- 
lins Preparations 1-3. Preparations 1 to 3 
were coupled with FITC at  low dye to pro- 
tein ratios to prevent excessive coupling of 
the antibody globulin and thereby to avoid 
non-specific staining. Table I presents the 

Specificity of staining. 

ResuZts. 

COLUMN VOLUMES 
2 4 6 8 10 

1 1 1 1 1 1 1 1 1 1 1  
I 

W 

FIG. 1. Fractionation of fluorescent antibody 
reaction mixture (Preparation 2) on Sephadex G- 
50. Bed volume 100 ems, 0.15 N NaCl, 0.01 M so- 
dium phosphate, p H  7.2. Flow rate 30 ml/hr. 

FIG. 2. Gradient elution of Preparation 1 on 
DEAE cellulose. Bed volume 110 cm'. Start ing 
buffer 0.01 M sodium phosphate, p H  7.5 with chlo- 
ride gradient. Flow rate 200 ml/hr. 

coupling conditions and the F:P ratios of 
each preparation and of its fractions. The 
F:P ratios of Preparations 2 and 3 were in the 
optimal range (2.0 - 3.5 x for satis- 
factorily bright specific staining and no non- 
specific staining. Preparation 1 was coupled 
a t  a 1% protein concentration and had an 
F:P ratio that was below the optimal range. 

The staining properties a t  1 mg/ml of 
Preparations 1 and 2 were satisfactory with 
regard to the absence of non-specific staining 
while Preparation 3 had traces of non-specific 
fluorescence. However, the specific staining 
of each . preparation lacked the brightness 
seen in imprints stained with homogeneous 
fractions of fluorescent antibodies- with F: P 
ratios of 2 .0 -  3.5  x lor3. Each preparation 
was then fractionated on DEAE-cellulose to 
determine if a significant portion had less 
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TABLE I. Characterization of Fluorescent Antibody Globulins. 

Protein in F:P x 103" 
Preparation reaction FITC added, 

No. Product coupled mixture mg/g protein Whole Low High 

I Rabbit anti-8. mirevs 1 Yo x 1.3 .3 3.4 
2 Idem !! '/" 8 2.7 .ti 3.2 
3 Rabbit ail ti-rag weed ex t r w  t 2 1 0  2.4 .ci 3.5 

* Fluorescein is determined by reference t o  the absorption curve of crystalline FITC read a t  
495 mp, corrected for the weight cmtribution of the isothiocyanate moiety. Protein is deter- 
mined by the biuret method, referred to values obtained with a gamma globulin standard. The 
F:P ratio thus secured does not correct for difference in E, at 495 mp between free and coplju- 
gated fluorescein radicals. 

than the optimal number of fluorescent 
groupings. 

Fractionation o f fluorescent antibody. Each 
fluorescent antibody preparation was dialyzed 
against 0.011 M sodium phosphate buffer, pH 
7.5, and applied to a DEAE-cellulose column 
equilibrated with the same buffer. Globulins 
with very few fluorescent groupings (F:P = 
0.3 - 0.6 x lW3) were not bound to DEAE- 
cellulose and were collected after a column 
volume of buffer passed through the column. 
After this fraction was collected, a gradient 
elution to 1 molar sodium chloride was 
started. The bound fluorescent globulins were 
thus eluted in order, starting with the lesser 
fluorescent and progressing towards the more 
fluorescent globulins. Successive portions of 
the eluate were pooled and concentrated by 
pressure dialysis. The protein concentration, 
relative fluorescein content, and the F:P ra- 
tio of each fraction was determined. 

A measure of the separation obtained by 
DEAE-cellulose chromatography is shown 
under the Low and High columns of Table I. 
In  each preparation there was a 6-&fold dif- 
ference in the fluorescein content of the low 
and the high fraction. The percentage of 
undercoupled antibody globulin in the whole 
preparation varied from 35% to 80%. These 
large quantities of sub-op timall y conjugated 
antibody were responsible for the decreased 
brightness of specific staining of each prepa- 
ration. 

The elution curve in which 80% of the pro- 
tein was poorly coupled (Preparation 1) is 
shown in Fig. 2. The 495 mp absorption rep- 
resents the absorption of FITC. The 280 mp 
absorption represents the sum of the protein 
absorption and a secondary absorption peak 

of FITC. The F:P ratios of the pooled and 
concentrated fractions are shown below the 
curve. In  this preparation, the major por- 
tion of the fluorescent globulins was not 
bound on DEAE-cellulose and was collected 
before the sodium chloride gradient was 
started. 

There was a marked difference in the stain- 
ing by the chromatographic fractions of 
fluorescent antibody preparations. Owing to 
the undercoupling, the whole products stained 
only dully. Table I1 records the intensity of 
specific staining by Preparation 1 and its 
high and low fractions. At equal protein 
concentrations, the staining by the whole 
product fell between the staining of the low 
and the high fractions. When the most 
highly coupled portion (F :P  = 2.4 X l op3)  
was separated and used alone, the brightness 
of staining became acceptable. The staining 
by the low fraction was barely discernible. 

Inhibition tests were performed to deter- 
mine whether in the whole product, the low 
fraction merely diluted the high fraction, or 
whether i t  inhibited the staining by the high 
fraction. Smears of S.  aweus were incubated 
first with the low fraction at  a protein con- 
centration of 7.5 mg/ml or with buffered sa- 
line. After washing the smears were incu- 
bated with the high fraction at  a protein con- 
TABLE 11. Specific Staining by Preparation 1 

and I t s  Highest and Lowest F : P Fractions. 

Protein, Brightness 
Product mg/ml F:P X lo3  of staining 

Whole 1 1.3 -t- 
High 1 .3 + str  
Low 1 2.4 f f f t r  

f f f t r ,  exceedingly faint;  2, one-half; + str, 
one-plus strong; on scale of +++. 
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centration of 1 muml.  At these protein con- 
cen tra tions, approximately equal concentra- 
tions of fluorescent groupings were applied 
by both fractions. Pre-treatment with the 
low fraction inhibited the subsequent stain- 
ing by the high fraction. Such smears had a 
fluorescent staining intensity that was very 
weak (trace) compared to the saline pre- 
treated smears which had acceptable fluores- 
cent staining (one-plus strong). 

Qualitatively similar results were obtained 
with Preparations 2 and 3 containing ap- 
proximately 3 5 c/o of sub-optimally coupled 
globulins. With these preparations the 
amount of inhibition of specific staining by 
the low fraction was much less than that seen 
in Preparation 1 .  

Discussion. These results are presented to 
emphasize the need to use fluorescent anti- 
bodies prepared at  low dye to protein ratios, 
and to fractionate such fluorescent antibody 
preparations into portions with differing fluor- 
escein content. Unless these procedures are 
performed, it will be difficult to secure a re- 
agent that will possess maximal sensitivity 
and maximal specificity. It has already been 
demonstrated by several investigations that 
attaching too many fluorescent groupings to 
antibody globulins is associated with non- 
specific staining. To this we add the obvious 
finding that attaching too few fluorescent 
groupings may markedly decrease the sensi- 
tivity of specific fluorescent staining. If a 
large portion of the preparation is poorly 
coupled, the staining by the whole prepara- 
tion may be so dull as to be unusable. For- 
tunately the use of column chromatography 
on DEAE-cellulose to separate excessively 
coupled globulins from optimally coupled 
globulins also functions to separate sub-opti- 
mally coupled globulins from the desired 
product. Although the meaning of the F : P  
ratio in terms of actual numbers of fluores- 
cent groupings present is not established (14), 
these ratios provide a reliable relative meas- 
ure of fluorescein content per unit concentra- 
tion of protein. Homogeneous fractions with 
F:P ratios of 2-3.5 X 1V have bright spe- 
cific and no non-specific staining at  concen- 
trations of 1 mgJml. 

Each of the fluorescent globulins described 

here was prepared from rabbit serum. The 
same purification and conjugation procedures 
applied to sheep serum have not produced 
fluorescent globulins with more than 5% of 
sub-optimally coupled globulins. A rabbit 
globdin prepared according to the procedures 
described in( 1 )  at  the laboratory of Dr. M. 
W. Chase of the Rockefeller Institute did not 
have a significant undercoupled fraction. Al- 
though the reasons for these differences in 
coupling have not been determined, these 
differences lend emphasis to the need for each 
laboratory to determine the range of hetero- 
geneous coupling in its fluorescent products. 

Summary. 1. Three rabbit immune globu- 
lin preparations were coupled at  1 or 2% pro- 
tein concentration with 8 or 10 mg of crystal- 
line FITC per gram of protein. 2. Each 
preparation was heterogeneous with respect 
to the number of fluorescent groupings 
coupled to individual globulin molecules. 3. 
In these preparations from 35 to 80% of the 
conjugated globulins contained less than an 
optimal number of fluorescent groupings. 4. 
Maximum brightness of specific staining was 
obtained after each preparation was frac- 
tionated on DEAE-cellulose to separate the 
optimally coupled from the under-coupled 
and the over-coupled globulins. 
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I t  has recently been reported( 1 )  that hu- 
man cerebrospinal fluid (CSF) contains cere- 
broside, sphingomyelin, cholesterol, choles- 
terol esters and triglycerides as well as a num- 
ber of unidentified lipids. The present paper 
will present data confirming and extending 
some of these observations. 

Materials and methods. The 14 samples 
of CSF examined in this study were obtained 
through the cooperation of Dr. R. C. Llewel- 
lyn during the course of pneumoencephalo- 
graphic examination. The freshly collected 
samples (20-80 ml) were either centrifuged 
at 25,000 g for 20 minutes or they were fil- 
tered through coarse sintered glass filters, only 
water-clear samples were examined. The su- 
pernates or filtrates were promptly shell 
frozen in a dry-ice ethanol bath and freeze 
dried; the dry residue was extracted with 0.5 
ml chloroform-methanol ( 2  : 1 ) per ml of CSF. 
Extracts obtained by both methods seemed 
to be identical and there were no obvious cor- 
relations to be made relating the resulting li- 
pid pattern to the neurological complaint. 
Because of the large proportion of water sol- 
uble extractives, the chloroform : methanol 
extract, after filteriiig through a sintered glass 
filter (Corning porosity C) , was fractionated 
according to Folch's technic ( 2 ) by addition 
of 0.73% NalCl. The resulting chloroform 
extract was dried over anhydrous Na2S04, 
filtered again through sintered glass, and its 
volume reduced to l/lOth by means of a 
stream of nitrogen with the sample in a water 
bath at  40°C. Twenty-five to 50 p1 of this 
concentrate was generally adequate for analy- 
sis by the paper chromatographic technic 

*Supported by grants from Nat. Inst. Health, 
U.S.P.H.S. 

described elsewhere ( 3 ) .  Our experience has 
shown that when multiple spot-test analysis 
is applied to paper chromatograms their use- 
fulness is greatly extended and serves to quite 
adequately identify various phosphatides. 

Results and discussion. Fig. 1 clearly 
demonstrates the presence of both ethanola- 
mine and choline plasmalogens ; on hydrolysis 
with HgClz (cf. 4) it was possible to show 
that both diester analogs were also present. 
As can be seen from the figure, ethanolamine 
plasmalog en was proportionately greater , 
whereas in plasma the reverse was true; this 
would suggest that CSF is not a simple plas- 
ma transudate. Choline spot-tests verified 
the presence of both lecithin (and choline 
plasmalogen) and sphingomyelin. When com- 
pared with authentic brain cerebroside and 
ganglioside (through the generosity of E. 
Klenk) , no corresponding components, char- 
acterizable by the periodic acid-Schiff reac- 
tion, were observed in the CSF using the ke- 
tone, pyridine, water chromatographic sys- 
tem ( 5 ) .  There was, however, detectable by 
this system, a trace amount of a plasmalogen 
component which occupied a position on the 
chromatogram just above phosphatidyl etha- 
nolamine. Due to insufficient material this 
component has not been characterized fur- 
ther, although it closely resembled cardiolipin 
when compared with a sample of this phos- 
phatide (isolated from dog heart by column 
chromatography on silicic acid). 

A second uncharacterized material could be 
seen between the phosphatidyl choline and 
phosphatidyl ethanolamine, stainable only by 
Rhodamin 6G and fairly rapidly leached by 
the subsequent SO2 washings. This material 
did not give a positive phosphorus reaction. 


