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Antibody Activity in Different Chicken Globulins.* (29823) 
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AND ALBERT A. BENEDICT 

Department of Microbiology, University of Hawaii, Honolulu 

Earlier we reported that chickens given a 
single injection of bovine serum albumin 
(BSA) synthesized macroglobulin ( 19s class) 
hemagglutinins (HA) in the early phases of 
antibody production, which was followed by 
the synthesis of increasing amounts of low 
(7s class) molecular weight HA( 1). Subse- 
quently we reported (2) that primary-re- 
sponse antisera had most of the precipitating 
antibody associated with 7s (y-globulin, y s s )  
fractions, and that these fractions were in- 
efficient for agglutinating sensitized red cells. 
Rosenquist and Gilden ( 3  ) were unable to 
detect specific interaction between 19s chick- 
en globulin and BSA by the Farr antigen- 
binding( 4) and precipitin techniques. These 
methods were used in the present study, and 
in addition, antibody was identified by radio- 
immunoelectrophoresis (RIE) ( 5 )  and pas- 
sive hemagglutination. Further evidence was 
obtained that some specific activity was as- 
sociated with the macroglobulins, and that 
antibody presumably of the YIA-type was also 
synthesized. 

Materials and methods. Primary antibody 
responses were induced in either adult white 
leghorn or adult white rock Cornish (Kimber 
Farms Strain K44) hens by a single intra- 
venous injection of either 40 mg of BSA or 
human serum albumin (HSA) (Pentex) or 
140 mg of bovine 7-globulin-p-azobenzoate 
(6 ) .  Hyperimmune sera were obtained by 
giving repeated injections of antigen in com- 
plete Freund’s adjuvant. The birds were bled 
6 days following the last injections. The 
anti-BSA sera of 30 primary-response and 
of 18 hyperimmune-response chickens were 
each pooled, and the globulins concentrated 
by repeated precipitation with Na2S04( 1) .  
These preparations were fractionated by gel 
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filtration on Sephadex G-200 employing a 
column 4.5 X 40 cm in size, and 0.1 M Tris 
buffer in 1 M NaCl (pH 8.0) as the eluting 
buffer ( 7 ) .  Fractions were assayed for anti- 
body by the tanned-formalized-cell method 
(8) ,  by double diffusion in high salt agar (8 
percent NaCl) (2),  by the Farr technique( 4), 
and by RIE(5) .  Antigens were labeled with 
1131 according to the method of Talmage et 
aZ(9). The antigen binding capacity (ABC) 
(yN 1131 BSA bound/ml serum) was calcu- 
lated according to Farr(4). For RIE, whole 
chicken antisera were electrophoresed and 
rabbit anti-chicken globulin antiserum and 
labeled antigen were added together to the 
troughs. Anti-chicken macroglobulin anti- 
serum was made specific by immunization of 
rabbits with macroglobulin-rich fractions, and 
by adsorption of the antiserum with 7s glo- 
bulins. Specific antibody and labeled antigen 
were detected by autoradiography. Primary 
anti-BSA sera were fractionated by col- 
umn chromatography in die t hylaminoet hyl 
(DEAE) cellulose as previously reported ( 1 ) . 
For this purpose, the following buffers were 
used for stepwise elution: Fraction A: pH 
6.4, 0.1 M sodium phosphate, Fraction B: 
pH 5.8, 0.2 M sodium phosphate, Fraction 
C: pH 5.4, 0.3 sodium phosphate, Fraction 
D: pH 4.7, 0.4 M sodium phosphate, Frac- 
tion E: pH 4.4, 2 M NaCl in 0.4 M sodium 
phosphate. Analytic ultracentrifugation and 
zone ultracentrifugation in sucrose density 
gradients were carried out as previously de- 
scribed ( 1 ) . 

Results. Sephadex fractionation. The re- 
sults of fractionation of primary and hyper- 
immune anti-BSA globulins are shown in 
Fig. 1. Analytic ultracentrifugation of the 
first peak (fraction No. 6) had a major 
component with an uncorrected sedimenta- 
tion coefficient of 17.4s and a trace of 7.9s 
material. The second peak (fraction No. 14) 
had a single component with an uncorrected 
sedimentation coefficient of 7.5s. Most of 
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FIG. 1. Fractionation of chicken anti-BSA primary 
and hyperimmune globulins by Sephadex G-200 gel 
filtration. Dashed line = protein; solid line = he- 
magglutinins ; bars = precipitins (gel diffusion) ; 
arrows with Nos. = antigen binding capacity ( r N  

BSA bound/ml fraction) ; insert = autoradiogra- 
phy of radioimmunoelectrophoresis of (top) primary 
fraction No. 14, (middle) primary fraction No. 6 ,  
and (bottom) normal chicken serum. 

the primary HA were eluted in the first peak 
(Nos. 1 to lo) ,  and hyperimmune HA were 
in the fractions (Nos. 10 to 20) which con- 
sisted of the 7s globulins. This shift in syn- 
thesis of high to low molecular weight HA 
was shown previously by other fractionation 
procedures ( 1 ) . Fractionation of primary 
Sephadex fractions in the first peak (Nos. 3, 
6, 8, 10, 1 2 )  by zone centrifugation in su- 
crose gradients revealed rapidly sedimenting 
HA in each. Trace of 7s HA was found in 
fraction No. 14. Hyperimmune fractions Nos. 
6 and 8 each had small amounts of rapidly 
sedimenting HA and fraction Nos. 11, 14, 
and 19, each had only 7s HA. In contrast 
to the HA, both primary and hyperimmune 
precipitins and most of the binding antibody 
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(ABC) were located in the lighter fractions. 
However, primary antisera had low binding 
activities in the heavier fractions, and these 
proved to be heavy antibody. The high mo- 
lecular weight fractions eluted in the same 
fractions after recycle through fresh gel, and 
on recycle both HA and binding antibodies 
were associated with the heavier molecules. 
When examined by zone ultracentrifugation 
the binding activity of the primary-response 
7s Sephadex fraction (No. 14) sedimented 
as light antibody, and most of the binding 
activity of the 19s Sephadex fraction (No. 
8) sedimented as heavy antibody (Table I). 

DEAE fractionation. Previously i t  was 
shown( 1) that most of the HA of primary 
anti-BSA sera appeared in chromatographic 
fractions C, D and E, and some activity in 
fraction B. The HA in fractions C, D and E 
are heavy antibodies, and the HA in hyper- 
immune sera (fractions A and B) are of the 
7s class(1). In the present report, most of 
the binding antibodies and precipitins of pri- 
mary and hyperimmune anti-BSA sera were 
associated with fractions A and B (7s frac- 
tions) similar to the findings obtained by 
Sephadex fractionation (Fig. 1).  For ex- 
ample, the ABC values of the peak protein 
DEAE fractions A, B, C, and D of a primary 
anti-BSA serum were 5.601, 4.96, 4.34, and 
0.1 1 , respectively, and precipitins were de- 
tected by gel diffusion in only fractions A and 
B. The results of zone ultracentrifugation of 
the peak protein DEAE fractions are shown 

TABLE I. Density Gradient Zone Ultrmentrifu- 
gation of Sephadex-Separated Chicken Anti-BSA 

Antibodies (Primary Response). 

% 0.2 Fg N IlSl BSA bound 
by Sephadex f ractioa No. 

Gradient fraction 6" 14t 

0:. 
0 

3 5.1 
4 10.0 
5 24.0 
6 17.1 
7 54.4 
8 97.3 
9 56.4 

1 0  (bottom) 44.5 

7.0 
26.3 
39.8 
94.8 
93.3 
684.7 
18.1 
19.1 
15.0 

7.6 

* Heavy (19s) fraction. 
t Light (75) fraction. 
$ Values obtained afteT subtracting normal 

serum control. 
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TABLE 11. Density Gradient Zone Ultracentrifu- 
gation of DEAE-Cellulolse-Separated Chicken Anti- 

BSA Antibodies (Primary Response). 

% 0.2 pg N BSA bound by 
DEAE fraction 

Gradient fraction A B C D  

1 (top> 3.0" 0 2.4 0 
2 .7 0 0 0  
3 3.8 .G 2.0 0 
4 10.6 24.5 11.9 0 
5 56.2 43.1 22.6 0 
6 4.1 13.9 11.0 0 
7 0 3.3 12.1 0 
8 0 8.0 51.4 2.8 
9 0 .5 13.5 0 

1 0  (bottom) 0 1.2 9.2 0 

* Values obtained after subtracting normal serum 
controls. 

in Table 11. Fractions A and B contained 
the 7s antibodies as detected by the Farr 
method and fraction C had predominantly 
heavy antibody although some binding 7s 
antibody was evident. Low binding activity 
was found in the heavy fraction of fraction 
D;  however, this is of questionable signifi- 
cance. It was interesting to note that the 
ABC/mg of protein of fractions A and B 
were 2.63 and 10.42, respectively. Although 
3 to 5 times more globulin is eluted in frac- 
tion A than in B, the concentration of anti- 
body is approximately equal in both frac- 
tions. This finding is being further investi- 
gated. 

Radioimmunoelectrophoresis. Fig. 1 shows 
that the RIE detected the 7s y-globulin arc 
in primary fraction No. 14, and that specific 
binding by antibody resembling yl-macro- 
globulin occurred in the heavier fraction (No. 
6) .  All primary anti-BSA and anti-HSA anti- 
sera contained both 7s 7-globulin and ylll- 
globulin antibodies (Fig. 2-b, -d) . In addition, 
some primary-response antisera had activity 
associated with presumably the yl *-globulin 
(Fig. 2-d). Hyperimmune antisera had no 
ylAI-globulin binding, and showed greatly in- 
creased 7s 7-globulin activity (Fig. 2-e). A 
few ( 5  of 28) hyperimmune antisera were 
shown to have ylA-globulin activity. The 7s 
fractions of primary antisera obtained by 
zone ultracentrifugation had the expected 7- 
globulin antibody (Fig. 2-h, -i, - j) ,  and the 
heavy fraction had ylM-globulin antibody 
(Fig. 2-1). There were greatly attenuated 7s 

arcs and no Y1M antibody in primary anti- 
BSA and anti-HSA sera which had been 
treated with 0.1 M 2-mercaptoethanol (ME) 
(Fig. 2-c) . Similar treatment of hyperimmune 
sera yielded attenuated 7s activity with the 
appearance of binding activity in the anti- 
body wells (Fig. 2- f ) .  Some ME-treated hy- 
perimmune sera had binding by antibody ex- 
tending from the well towards the anodal 
end. Partial inactivation of 7s chicken anti- 
body had been noted previously ( 1 ). Employ- 
ing I13'-BSA-p-azobenzoate as antigen, RIE 
of &day primary anti-benzoate antisera re- 
vealed specific Y1A antibody and possibly a 
lesser concentration of y-globulin antibody 
(Fig. 2-g). No ylu antihapten antibody has 
been detected in 1 2  sera analyzed. The anti- 
benzoate antibody was found by RIE in zone 
ul tracentr i f ugal fractions intermediate be- 
tween the 7s and 19s antibodies. Prelimi- 
nary experiments demonstrating an ti-benzo- 
ate by equilibrium dialysis attest to this ob- 
servation. 

Discussion. The tanned-cell method for de- 
tection of antibody, particularly in early pri- 
mary chicken and rabbit antisera, is mislead- 
ing, since this technique might be more sen- 
sitive for detection of heavy antibody than 

FIG. 2.  Radioimmunoelectrophoresis (autoradiog- 
raphy) of chicken antisera. a, normal serum; b, pfi- 
mary anti-BSA; c, primary anti-BSA treated with 
0.1 M mercaptoethanol; d, primary anti-HSA; e, 
hyperimmune anti-BSA ; f, hyperimmune anti-BSA 
treated with 0.1 M mercaptoethanol; g, primary anti- 
p-azolbenzoate ; h through m, sucrose gradient cen- 
trifugal fractions 4 through 9, respectively. Centrifu- 
gal fractions 4 through 6 represent 7s y-globulin and 
fraction 8 represents TIM globulin. Homologous Im- 
labelled antigens and rabbit anti-chicken globulins 
added to troughs. 
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the precipitin (2 ,  lo) ,  or the Farr methods as 
reported here. In this connection, 19s rabbit 
anti-A antibody is 750 times more efficient 
at agglutinating human group A red cells 
than 7s antibody(l1). Also, we have ob- 
served that the binding method demonstrates 
mainly ’IS, and hemagglutination mainly 
heavier rabbit anti-BSA antibodies. In fact, 
hemagglu tina tion might measure an tibody 
not measured by the precipitin method, since 
rabbit anti-BSA precipitins were shown to 
migrate electrophoretically as y-2 globulin 
and the HA as 7-1 and p-globulins(l0). 
Thus, the hemagglutination method is of 
questionable validity for following the se- 
quential synthesis of 19s and 7s antibodies 
to certain antigens. Heavy antibody was de- 
tected by the Farr method in Sephadex, 
DEAE, and ultracentrifugal fractions of pri- 
mary antisera, and the antibody resembled 
the ylM-type as detected by RIE of whole 
primary serums and of fractions containing 
heavy globulins. The Y1M antibody was not 
found in hyperimmune sera (Fig. 2-e), and 
specific rabbit anti-chicken macroglobulin 
antiserum revealed only ylnf activity. 

The ylA-protein is an immunoglobulin 
which may sediment in the centrifuge be- 
tween the 7s and 19s antibodies(l2), and 
in the present study, a few anti-protein anti- 
sera had these antibodies. However, the na- 
ture of the antigen may play some role in 
the synthesis of different chicken immunoglo- 
bulins. In contrast to anti-BSA and anti- 
HSA antibodies, all anti-benzoate antisera 
analyzed showed specific binding by the Y1A’ 

globulin, and in contrast to the predominance 
of 7s antibody in primary anti-BSA sera, 
primary chicken anti-bacteriophage +X 174 
neutralizing antibodies are mainly heavy ( 13). 
Furthermore, we have observed that primary 
chicken anti-bacteriophage precipitins are 
mainly 19s globulins, and that a high con- 
centration of the 19s antibodies are synthe- 
sized following a second injection of bacterio- 
phage. 

Rosenquist and Gilden(3) reported no evi- 
dence of chicken 19s anti-BSA antibody, and 
state that “since normal chicken macroglobu- 
lin agglutinates latex particles( 14) and sheep 
red blood cells . . . ., it follows that methods 

used to concentrate macroglobulin may con- 
centrate nonspecific agglutinating factors.” 
All antisera used in the present and previous 
studies( 1,2,10) had been heat-inactivated 
and adsorbed with normal sheep erythrocytes 
to eliminate non-specific agglutinins. Fur- 
thermore, normal chicken macroglobulin 
similarly heated or treated with EDTA fails 
to agglutinate latex particles ( 14) ; whereas, 
specific hemagglutination is not inhibited by 
EDTA (2). The specificity of the chicken 
anti-BSA HA has been attested to by inhibi- 
tion studies and by the characteristics of the 
antibody response following immunization ( 1, 
2).  Finally, in the present report 19s anti- 
body was demonstrated by RIE and by the 
Farr method, although admittedly the he- 
magglutination method seems to be more sen- 
sitive for detection of 19s antibody in pri- 
mary an tisera. 

Summary. Hernagglutination is of ques- 
tionable validity for following the synthesis 
of 19s to 7s chicken anti-BSA antibodies, 
since only small amounts of the major anti- 
body population (7s) are measured in early 
primary antisera. The 7s antibodies in pri- 
mary antisera were demonstrated by antigen- 
binding methods (ammonium sulfate salting 
out procedure and RIE) . Radioimmunoelec- 
trophoretic patterns localized anti-BSA and 
anti-HSA primary antibody activities in the 
7s y-, YlA’, and ylM-globulins; however, only 
a few of these sera had Y1A activity. No Y1M 

antibody was detected by RIE in hyperim- 
mune antisera. All anti-azobenzoate antisera 
had 7- and ylA-glObUh antibodies, but no 
activity in the ylM-globulin. The species of 
chicken antibody synthesized seems to be re- 
lated to the nature of the immunizing anti- 
gen. 
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A Micromethod for Determination of Serum Triglycerides." (29824) 
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Any study of the lipid metabolism of in- 
dividual infants or small animals necessitates 
the employment of suitable micromethods in 
order to keep to a minimum the volume of 
blood serum that is required. Micromethods 
for determination of cholesterol and phos- 
pholipids are available but the original tri- 
glyceride method of Van Handel and Zilver- 
smit (1 ) called for the use of 1 ml of serum 
although a subsequent report by Van Handel 
(2) decreased the volume of serum to 0.5 ml. 
Brody and Carlson ( 3  ) independently devised 
a serum triglyceride method similar in prin- 
ciple to the Van Handel methods( 1,2) but 
which employed 1 ml of serum. In the pres- 
ent study, the method as detailed by Van 
Handel(2) was scaled down without loss of 
accuracy so that duplicate determinations for 
measurement of serum triglyceride concentra- 
tion can be performed on 01.1 ml serum. 

The concentration of reagents and their 
preparation are essentially those described by 
Van Handel(2). A 20-80 mesh fraction of 
Zeolitet was prepared from the 20 mesh 
grade by partially pulverizing and sifting it. 
The material was activated by heating a t  
125°C for 4 hours and placed in a tightly 
stoppered bottle. I t  was found that the 20-80 
mesh fraction was as reliable as the 80-100 
mesh fraction for human serum analyses and 
easier to handle. 

For each serum sample, 0.2 g portions of 

*This work was supported in part by USPHS 

t W. A. Taylor Co., Baltimore, Md. 
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Zeolite are placed in a series of 15 ml glass- 
stoppered centrifuge tubes. 1.0 ml of chloro- 
form is added to each tube and the contents 
agitated on a mechanical mixer.$ 0.1 ml of 
serum is placed in each tube, mixed, and an 
additional 1.0 ml of chloroform is pipetted 
into each tube. The tubes are stoppered, 
mixed mechanically for 2 minutes and there- 
after occasionally before being allowed to 
stand overnight. Phospholipids are quantita- 
tively adsorbed on the Zeolite. A standard of 
purified corn oil(2) or glyceryl tripalmitin in 
chloroform is treated in a similar fashion. 

After standing at  least 4 hours, or over- 
night, the extracts are filtered through What- 
man #540 filter paper into stoppered tubes. 
Duplicate 0.5 ml portions of chloroform ex- 
tract are placed in 15 X 125 mm test tubes 
and evaporated to dryness in a water bath. 
A stream of air is introduced to accelerate 
the removal of the last portions of solvent. 

The glycerides are saponified by heating in 
the test tubes with 0.5 rnl of 0.4% KOH 
(w/v) in ethanol for 20 minutes a t  60-65". 
One extra tube with alcoholic KOH is added 
to the series to serve as a reagent blank. The 
tubes are stoppered with glass marbles to 
minimize evaporation and only the bottoms 
of the test tubes are immersed in the water 
bath in order to avoid loss of glycerol by 
volatilization. 

After saponification, the tube contents are 

$ Turbo-Mixer, TechniLab Instruments, Los Ange- 
les, Calif. or Vortex Mixer, Scientific Industries, 
Springfield, Mass. 


