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Prrcieirate ForMATION
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Chickens have been shown by earlier workers and by Wolfe, e al. (1, 2) to be
excellent antibody producers. A much more consistent response to minute injec-
tions of antigen has been obtained from chickens than from rabbits. Use of these
antisera has revealed that in some respects they cannot be handled the same as
antisera produced in rabbits. Hektoen (3) found that a diluent of 1.89, NaCl for
titrating fowl antisera by the interfacial method yielded much better results than
the ordinary 0.9%, diluent. Wolfe (1) and Wolfe and Dilks (4) found that with
chicken antisera a marked #n vitro rise of interfacial titer occurred and was com-
pleted within 12 days of the bleeding date. These results can be correlated with
those of Moody, ef al. (5) who found that freshly obtained chicken antisera also
showed an in vitro rise of photroner titer (increased turbidity) when reacted on
successive days. Similar effects have not been demonstrated in antisera produced
in mammals. Further differences in the physico-chemical properties of fowl and
mammalian antisera were presented by Deutsch, et al. (6). His work indicates
that alpha globulin contributes to the antibody precipitating power of the gamma
globulin of chicken antisera. This is not generally considered to be the case with
mammalian antisera.

It is apparent that for the most effective handling of chicken antiserum a
thorough study of the effect of physical factors is necessary. We are attempting
such a study. The first factor being investigated is the effect of varying concentra-
tions of NaCl on the reaction. The methods of study have been nitrogen and
turbidity determinations of specific precipitates. Heidelberger, et al. (7) have
demonstrated the value of the quantitative antibody method in determining the
effect of varying concentrations of salts on the specific reaction of rabbit and horse
antisera. Turbidity measurements, which can be performed rapidly and ac-
curately by the photronrefiectometer, have also been used effectively in similar
studies by Boyden, et al. (8). In their study of various physical factors affecting
the reaction of rabbit antisera, they demonstrated a close correlation between the
turbidity and the nitrogen content of antigen-antibody precipitates.

MATERIALS AND METHODS

Crystalline beef albumin (Armour and Co.), human concentrated gamma globulin
(Cutter Laboratories), and beef serum were the antigens used. 23 anti-beef-albumin sera
were obtained from 115 chickens; some antisera were pooled samples and others were from
individual birds. Three anti-human-globulin sera (one being a pool from two animals) and
one anti-beef-serum (a pool from 12 animals) were also used. The injection procedure
varied, but in most cases multiple injections of antigen were given.

225

€20z Arenuer 90 uo 3senb Aq ypd'5z202009901/+65 | L1 1/522/2/99/3pd-8oie/jounwwil/Bio1eesjeunolj/:dny woy pepeojumoq



226 GOODMAN, WOLFE AND NORTON

Quantitative antibody determinations were made with some antisera. The method was
essentially that of Heidelberger, et al. (9) with the exception that the salt concentration
was varied and one washing of precipitate with 5.0 ml of saline was made. The N content
wag determined by the colorimetric method of Johnson (10). Turbidity measurements
were made by the Libby photronreflectometer (11), according to the method described by
Baier (12). In both methods serial dilutions of antigen were reacted with constant amounts
of antiserum with saline added so that at each dilution the reaction occurred in a 2 ml
mixture. The final salt concentration of the antigen-antibody mixtures varied from ap-
proximately 0.5 per cent to approximately 15.0 per cent. The antigen-antiserum mixtures
were incubated for one hour at 37.5 & 1 C. and were then kept overnight in the refrigera-
tor. With some antisera these mixtures were kept for two days in the refrigerator, but
there was no apparent difference in the results.

The supernatants, obtained by centrifuging the precipitates in the refrigerated centri-
fuge for one-half hour, were saved and tested for the presence of antigen and antibody.
The usual test was by flocculation, in which an antiserum was added to a portion of the
supernatant to test for antigen and antigen (from 2-4 g N) to the remaining portion to
test for antibody. A more precise determination of unprecipitated antigen was made by
another method; in this method 0.5 ml of each supernatant was reacted with a constant
volume of strong antiserum so that the reaction was in the region of antibody excess. Each
mixture was made up to 2.0 ml with saline, and turbidimetric measurements were made
with the photroner after incubation for one hour. This gave s relative measure of super-
natant antigen, since the amount of turbidity was dependent upon the amount of antigen
(see Table II). In order to secure the approximate nitrogen in the supernatant tests, anti-
sera were calibrated for precipitation with known amounts of antigen. Turbidity measure-
ments were then converted to gamma of antigen-N by interpolation. This method was
based on the work of Libby (13) and Bukantz and Bullova (14), who showed the photroner
could be successively used for determination of unknown amounts of antigen.

RESULTS

Typical results demonstrating the effects of various concentrations of sodium
chloride on the chicken precipitin reaction are shown in Figure 1. With each in-
crease in saline concentration a marked increase in the turbidity and in the pre-
cipitate nitrogen resulted. The region of greater precipitation occurred at the
higher antigen concentrations. Similar results have been secured with all antisera
studied. :

A close parallel between the quantitative nitrogen and turbidimetric methods
of assay is evident from Figure 1. The titration of other antisera by both these
methods also showed this parallel. It thus seemed to us that the photroner assay
could yield significant data, indicative of the N content of antibody-antigen
precipitation. Since this method is simple and rapid it was used extensively in the
present study.

A number of experiments were then performed in an attempt to find a basis for
the high salt concentration effects. Our premise was that the increased precipita-
tion in high salt concentration was due either to some non-specific reaction or to
more complete antibody-antigen precipitation.

To determine the specificity of the precipitation with varying salt concentra-
tions two types of controls were used. In one, antiserum and saline alone were
reacted; in the other antigen was reacted with either normal chicken serum or
completely heterologous antiserum. Table I-A records the results for 5 antisera
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SALT CONCENTRATION AND PRECIPITIN REACTION 227

tested against saline alone. There were very small amounts of non-specific nitro-
gen with all the salt concentrations, but the amount in the 87, solution was never
greater than in the 19,. When salt concentrations between 149, and 189, were
used salting out of protein often occurred; at 189 it occurred in the 9 antisera
tested. Two antisera were fractionated (to be explained later), and in the antibody
containing fraction salting out was evident at 179, but not at 8 or 1%.

Table I-B records the reaction of an anti-human-globulin antiserum with beef
albumin in 1.0 and 11.5%, salt solutions. Only insignificant turbidity readings
were obtained with the photroner. Similar results were secured when normal
chicken serum was substituted for the anti-human-globulin serum. From the
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Ficure 1. Comparison of techniques and salt concentration effects; —O—O— quanti-
tative N data; — @—@— turbidimetric data. A pooled antibeef albumin (PC-129) X beef
albumin — overnight readings.

above it is apparent that chicken sera cannot cause flocculation of antigen unless
specific antibodies are present in the sera.

It has been suggested to us that the increased precipitation obtained in high
salt concentrations was due to a co-precipitation of unrelated proteins with the
specifie precipitate. To test this possibility two chicken antisera were fractionated.
The globulins were separated from the albumin by % saturation with ammonium
sulfate. The precipitate was dissolved and fractionated into water insoluble
(euglobulin) and water soluble (pseudoglobulin) globulins by dialysis against
distilled water. Each of the three fractions, after removal of the sulfate ions, was
brought back to the original volume and tested for antibody. The albumin and
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228 GOODMAN, WOLFE AND NORTON

pseudoglobulin did not contain any detectable antibodies. The euglobulin of one
antiserum showed an antibody content equivalent to the whole serum; the similar
fraction from the other antiserum gave 2 decreased precipitation. The euglobulin
fractions of both antisera gave much greater precipitation in 89 salt solution
than in a 19, Figure 2 and Table I show these results. It is thus evident that in-
creased precipitation in the high salt concentration is not due to co-precipitation
of the non-antibody proteins (albumin and pseudoglobulin). It may be added

TABLE 1
Determination of the specificity of precipitates of chicken precipitin reaction
A. Antigerum plus varying concentrations of salt-quantitative technique

.25 ML ANTISERUM -+ 1.75 SALINE
Euglobulin frac-
NaCl conc, oF fon of antibeef- s : PPN aeih . .
woacron | R gfantivect: | Antibeelabumin | Ant A | s
PC-125
pg N
%
1 1 (5)* 7 (74) 7 (16)
2 7 (13) 3 (35) 4.5 (43)
4 6 (108) 6 (26)
8 1 (34) 4 (116) 5 (29) 4 (140) 4.5 (146)
B. Antiserum -+ heterologous antigen-turbidimetric method
.25 ML ANTTHUMAN GLOBULIN No. PC 137 -
1.75 ML OF BEEF ALBUMIN
NaCl cONC. OF BEACTION INCUBATION PERIOD 48 N beef albumin
0.5 1]2] 4| 8]16])32]64]128] 25
% Hy.
1 1 0l112(1i110611}1]0;211
18 ojol1|1]1j0j2{0(1]1|1
11.5 ) 1 011{1{1101010;0{010}0
18 0/0{1/0/0{0/0/0]0|0]0

* The number in parenthesis is the maximum N precipitated at the particular salt con-
centration when antiserum and homologous antigen were reacted; the control value of N
was subtracted from the total N determined.

that Wolfe (unpublished) using the interfacial test also found that precipitins were
present only in the euglobulin fraction.

The antigen-antibody precipitation curves have a definite and consistent pat-
tern which further indicates that no co-precipitation occurs. They show that with
increased salt concentration a significantly greater precipitation occurs only in
the antigen-excess region and not in the antibody excess zone. Such data can be
seen in Figures 1 and 2 and Table II. Table II shows that at antigen concentra-
tions of 8 ug N and lower (antibody excess zone) the precipitation as determined
by the photroner was similar in sodium chloride solutions of 1 to 10 per cent.
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SALT CONCENTRATION AND PRECIPITIN REACTION 229

However, with higher antigen concentrations precipitation increased and super-
natant antigen decreased on raising the salt content. This latter result is shown by
the turbidimetric readings which represent relative amounts of unprecipitated
antigen. Similar results were also obtained with a number of other antisera. Such
data show that where increased precipitation occurred more antigen was pre-
cipitated.
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Ficure 2. Bffects of 1) varying the salt concentrations and 2) fractionation of anti-
serum on turbidity—in an antibeef-albumin-beef albumin system.

Curve A: .5 ml unfractionated antiserum PC-123 4 1.5 ml antigen — overnight read-
ings.

Curve B: .5 m! euglobulin fraction of antiserum PC-123 + 1.5 ml antigen — overnight
readings.

Another type of analysis corroborated the fact that increased precipitation in
higher salt concentrations was a specific reaction. In this study the antigen to
antibody ratios were compared at the points of maximal precipitation, which
were always in antigen excess. Table III records the data for the reactions of an
anti-human-globulin serum and an anti-beef-albumin serum with their homo-
logous antigens in1, 4 and 8 per cent salt solutions. The quantitative N technique
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230 GOODMAN, WOLFE AND NORTON

was used to determine the total amount of precipitate. The supernatant antigen
N (column 7) was determined by the turbidimetrie technique using a calibrated
antiserum. The antibody N precipitated (column 5) was calculated by subtracting
the precipitated antigen N (column 3) from the total precipitate N (column 4).
The ratio of antigen N to antibody N (column 6) could then be easily determined.

TABLE 11
Effect of salt conceniration on turbidimetric measurements of an antibeef-albumin chicken
serum (PC-108)—beef albumin system, including supernatant tests for antigen
and antibody

TURBIDIMETRIC MEASUREMENTS—GALVANOMETER UNITS
cs'o‘iz Kgﬂs-gr ug N antigen per 2.0 ml of antigen-antiserum mixture
Cont. 0.5 i V4 4 8 16 32 64 128 384
%
10 1O 0 14 8 20 34 60 83 98 110 ] 115} 116
A (10) 0 2 2 12 44 80
B (10) T
8§ 10 0 0 8 15 28 48 78 93 101 114 86
A@®) 6 4 2 2 12 39 72
B (8) e e
6 | O 0 6 10 16 30 al 77 92 100 | 101 8
A (6) 1 1 0 2 16 45 85
B () + === -
4 10 0 G 9 15 30 56 84 94 85 31 i
A @) 2 0 2 9 31 73 104
2) 0 0 0 1| 28 66| 85
B (4) S e e
2 10 0 5 10 18 32 54 68 37 14 2
A (2) 2 4 8 23 50 80 92
110 0 6 11 24 38 50 41 21 12
510 0 2 9 16 26 28 18 7 1

* O = overnight turbidity of original test; A = 1 hour turbidity in supernatant due to
excess antigen; B = presence or absence of antibody; number in parenthesis is final salt
concentration (%) used in testing supernatant.

The anti-human-globulin serum gave ratios at the points of maximum antibody
precipitation (in slight antigen excess) of 4.7, 4.7 and 5.0 respectively with the 1,
4 and 8 per cent salt solutions. On the other hand, the total amounts of antibody
N and of antigen N precipitated were greater in the higher salt concentrations
than in 1.09%,. Similar data were secured with the anti-beef-albumin serum also
recorded in Table I1I. The fact that the ratios of the maximal precipitates were
never greater in 4 and 89, NaCl than in 19, NaCl demonstrate the specificity of
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TABLE III
Effect of salt concentration on the N ratio of antibody (Ab) to antigen (Ag) in the precipitate

SALT

ANTIGEN N

ANTIGEN N

TOTAL N

ANTIBODY

RATIO
ANTIBODY

CONC, ADDED PPTD, PPTD. DZFFEIE:EYNCE {ANTIGEN TESTS ON SUPERNANATANT
IN PPT.
.15 ml. antihuman globulin serum (No. 29040-2910) -+ 1.85 ml antigen solution
% #g- ug. “g [7d
1.0 2.3 2.3 30.0 27.7 12.0 | No Ab or Ag
4.6 3.1 39.2 36.1 11.6 | No AR; slight Ag excess (1.5
ug- N
9.3 7.8 44.0 36.2 4.7 | No Algj slight Ag excess (1.5
23
18.5 32.5 Excess Ag (inhibition)
37.0 24.5 Excess Ag (inhibition)
4.0 4.6 4.6 48.3 43.7 9.5 | Excess Ab
9.3 9.3 63.5 54.2 5.8 | No Ab or Ag
18.5 12.5 70.8 58.3 4.7 | No Ai?); slight Ag excess (6
ng
37.0 13.0 69.3 55.3 4.2 | Excess Ag (24 ug N)
74.0 64.8 Excess Ag {(inhibition)
8.0 4.6 4.6 48.3 44.0 9.5 | Excess Ab
9.3 9.3 60.8 51.5 5.5 | No Ab or Ag
18.5 12.5 74.8 62.3 5.0 | No 1}\?; slight Ag excess (6
H“g
37.0 17.0 80.5 63.5 3.7 | Ag excess (20 gg N)
74.0 17.0 77.0 60.0 3.5 | Ag excess (57 ug N)
148.0 73. Excess Ag (inhibition)
.25 ml antibeef-albumin serum (No. PC-134) 4~ 1.75 ml. antigen solution
1.0 .5 5 9.5 9 18 Excess Ab
1 1 16 15 15 Excess Ab
2 2 31 29 14.5 | Excess Ab
4 3.7 51 47.3 12.8 | Traee Ab? Trace Ag (.3 ug N)
8 7 74 67 9.6 | No Ab, slight Ag excess (1
13
16 41.5 Excess Ag, (inhibition)
32 10 Excess Ag, (inhibition)
64 5 Excess Ag, (inhibition)
128 3.5 Excess Ag, (inhibition)
256 4 Excess Ag, (inhibition)
4.0 .5 b 12.5 12 24 Excess Ab
1 i 24.5 23.5 23.5 | Excess Ab
2 2 44 42 21 Excess Ab
4 4 71 67 16.8 | Excess Ab
8 8 98.5 90.5 11.3 | Excess Ab
16 12.4 108 95.6 7.7 | No ANbi slight Ag excess (3.0
ug
32 10.8 94 83.2 7.7 | Excess Ag (21.2 pg N), slight
inhibition
64 67.5 Excess Ag, inhibition
128 39 Excess Ag, inhibition
256 7.5 Excess Ag, inhibition
8.0 .b .5 12 11.5 23 Excess Ab
1 1 23 22 22 Excess Ab
2 2 43 41 20.5 | Excess Ab
4 4 67 63 15.5 | Excess Ab
8 8 93.5 85.5 10.7 | Excess Ab
16 14 116 102 7.3 | No Ab), slight Ag excess (2
ng
32 16.4 116 99.4 6.1 | Excess Ag (15.4 ug N)
64 114 Excess Ag
128 92 Excess Ag (inhibition)
256 50 Excess Ag (inhibition)
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232 GOODMAN, WOLFE AND NORTON

the increased precipitation in high salt concentration. On the other hand the smal-
ler amount of total antibody and antigen precipitated in the 197 salt shows that
with the low salt the precipitation is incomplete. It is also seen that marked in-
hibition occurred in 1.09, at those antigen concentrations in which maximum
precipitation occurred in 4.0 and 8%,. The main difference between the results
with the 4 and 8%, salt as shown in Table III is that with the latter the zone of
maximum precipitation extends further into the region of antigen excess. Addi-
tional increases of salt concentration cause even greater extensions of this zone
(see Table V).

The data in Table III also indicate that at 19, sodium chloride some inhibition
of antibody-antigen precipitation occurs even in the presence of sizable quantities
of free antibody. This is demonstrated by several different types of results. First
of all, when the anti-human-globulin serum was mixed with 4.6 ug N of antigen

TABLE IV

Effect of increasing salt concentration of the supernatants resulting from an antibeef-albumin
(PC-184)—beef-albumin reaction; demonstration of free-excess antibody

gﬁ%};ﬁg%ﬁ 2§ mﬁf&%z SESULTS #G BEEP ALBUMIN IN 2 ¥L OF ORIGINAL MIXTURE.
0% Cont] 51 1t 1 2] a8 {s]32]e6|128]25

%
1 8 S (P U U [T (R T R N N
St |+ |+ |+ |+l -]=|-]-1-
4 8 S P OSO [ NY  ( [ (T [ [ (i
St {4+ ||+ +| -]~
8 8 pr =] |=]=-]=|=]|=]=]=
St |+ ||+ [+~

* .+ = additional antigen-antibody precipitation due to increasing salt concentration
to 8%; — = no precipitation.

t Supernatant of 8% reaction tested for antibody by adding antigen. 4+ = free antibody
present; — = no free antibody present.

the precipitation in 4 and 89, salt was much greater than in the 19, for all the
antigen was precipitated in the higher salts but not in the lowest one. Secondly,
though a negative antibody test was secured with the supernatant of the 1%
mixture positive antibody reactions were obtained with the 4 and 8%, mixture
(these supernatant tests were made in a salt concentration similar to the original).
Lastly, the presence of free antibody was further indicated by the similarity of
the antibody to antigen ratios of the precipitates formed in the mixtures. The
ratios secured at the 4.6 ug N antigen reaction were 11.6, 9.5 and 9.5 respectively
in the 1, 4 and 89 salt concentrations. Such high ratios could only occur in the
antibody excess zone of this particular system in which the molecular weight of
human globulin is about the same as that of chicken antibody (15). Undoubtedly,
then, the mechanism that inhibited complete precipitation of antigen with anti-
body in the 19, salt also prevented the positive test for excess antibody.
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SALT CONCENTRATION AND PRECIPITIN REACTION 233

The experiments performed with the anti-beef-albumin serum (PC-134) demon-
strate even more directly that supernatant tests for antibody carried out in 19,
NaCl are misleading. The original data indicate an equivalence at 4 and 8 pg N
levels of beef albumin, for the supernatants from these mixtures show no antibody
and a small amount of antigen (Table III, col. 7). On the other hand, when the
salt concentration of untreated supernatants from duplicate determinations was
raised to 89, (by addition of 1 m! of a proper salt solution) additional antibody-

TABLE V

Effect of antiserum dilution on completeness of precipitation in varying salt concentrations—
antibeef-albumin chicken serum—beef-albumin system

TURBIDITY MEASUREMENTS (18 :Ix. READING) IN GALVANOMETER
UNITS

ANTISERUM NO. SALT CoNcC. ﬁgﬁ%g}“ #G BEEF ALBUMIN IN 2 ML OF ORIGINAL MIXTURE

Cont.{ .5 1 2 4 8 16 32 64 128 | 384
%

37303660 15 1:2 0| 53| 8|16 |26 | 401 58t/ 66 70175 80
1:4 0| 3| 8| 12|10t 28t 36 |36 | 39|40 | 42
1:8 0| 5 7|12t/ 16t 18|19 |21 {21 (20|20
8 1:2 0| 2| 61021 | 38f 55%| 62|68 74|43
1:4 0] 4] 511194 284/34 35383 3
4 1:2 0 4| 61223 46t 561 58 44|15 2
1:4 0] 4| 614 2311 204126 {16 4| 2| —
1:8 O|— | 5| 71 84 5| 1| O —~| — | —
13743640 8 1:2 0 4 81223 |42f 60f| 68 | 75|76 | 28
1:4 0| 3| 61223+ 30t 34 37,3835 5
1:8 0] 3| 611t 15t 16 |17 {17 |15 8| —
4 1:2 0] 4 61226447 5545340120, 6
1:4 0| 4| 512 [22f 24¥/ 22|19 |11 | 7| —
1:8 0| 2| 5| 8 9f 9| 5{ 3| 3| 3{—
2 1:2 0| 4! 5|11 2436t 31|21 |12 6| —
14 0 3, 611216412 91 7 71— | —
1:8 0} 2| 4y 5%t 4, 3, 3, 3, 3| ——
1 1:2 0| 4 8] 919 |25t 17 11| 8| — | —
1:4 0| 1{ 6 7| 9t 6 5| 6| —|— | —
1:8 0} 8, 2} 2 1| 5| 2| 2|—}—|—

*1:2 dilution means 0.15 ml antiserum plus 1.85 ml antigen in saline; 1:4 dilution
means 0.075 ml antiserum plus 1.925 ml antigen insaline; 1:8 dilution means 0.0375 ml anti-
serum plus 1.9625 ml antigen in saline.

1 Neutralization zone.

antigen precipitation occurred in those mixtures containing originally 4 or more
pg N of antigen. The increased precipitation resulting from the raising of the salt
content was separated by centrifugation after overnight standing in the cold room,
and the supernatants were now tested for antibody by addition of antigen. Posi-
tive tests for antibody were secured in the control tube and in antigens concen-
trations up to 8 ug N. This clearly shows that no real equivalance zone existed in
the reaction run in 1%,. Instead some inhibition of antigen-antibody precipitation
occurred even in the presence of sizable amounts of free antibody.
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234 GOODMAN, WOLFE AND NORTON

The above data are given in Table IV, This table, in addition, records results
showing the effect of raising the salt concentration of supernatants to 8%, when
the original reaction was made in 49,

The completeness of antibody-antigen precipitation in various sodium chloride
concentrations was further studied by antiserum dilution experiments. Table V
records such results. The data demonstrate that antiserum dilution adversely
affects the precipitation in the lower salt concentrations. When a high salt con-
tent such as 8 or 159, was used and the antibody content of the reacting mixture
was decreased by 509, (from 1:2 to 1:4 and then 1:8) the turbidimetric readings
were decreased by approximately 507 in the region of equivalence and maximum
precipitation. On the other hand, a disproportionate decrease in turbidity re-
sulted in lower salt concentrations when the antibody content was lowered. Again

TABLE VI

Effect of sali conceniraiion and dilution of antiserum (antibeef albumin) on speed
of precipitation

ANTISERUM DILUTIONS®
ANTISERUM | SALT 1:2 1:4 1:8
NO. CONC.

Turbidityt Degreet Turbidityt Degreet Turbidityt Degree}
e | Of TEAC- || Of rEAC~ |—r————m——=n| of reac-

thr. | 18 brs. tion thr. | 18hss. tion thr. | 18 hrs. tion

% % %o %

3730-3660 | 15 410 444 92 233 263 89 146 159 92

8 311 379 82 168 214 78 — — | -

4 185 266 70 50 123 40 5 30 17

1374-3640 8 326 396 82 161 225 72 64 109 59

4 196 268 73 72 127 57 21 48 44

2 103 151 65 37 73 51 7 29 24

1 63 102 62 16 40 ( 40 4 11 36

*1:2 dilution means 0.15 ml antiserum plus 1.85 ml antigen in saline; 1:4 dilution
means 0,075 ml antiserum plus 1.925 ml antigenin saline; 1:8 dilution means 0.0375 ml anti-
serum plus 1.9625 ml antigen in saline.

1 Total galvanometer units for complete preeipitation ecurve.

1 One hour reading compared to 18 hour reading.

this shows the untrustworthiness of results when low salt concentrations are used
in chicken antiserum systems.,

The effects of salt concentration and serum dilution on the rapidity of precipi-
tation were also observed. This was done by the photroner method. A comparison
of the one hour and overnight precipitation curves was made, and the results
are given in Table VI. It can be readily seen that the more concentrated the so-
dium chloride solution the more rapid is the precipitation during the first hour of
incubation. It is also apparent that precipitation becomes more rapid on increas-
ing the eoncentration of the reacting antiserum.

DISCUSSION

Our experimental results indicate that antibodies produced in chickens against
serum proteins exhibit in vitro reactions that are very different from those of mam-
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malian antisera. It has been observed with mammalian antibodies that when the
sodium chloride content is increased above 19, a decreased precipitation results.
We have shown, on the other hand, that maximal precipitation of chicken pre-
cipitins during a reasonable incubation period occurs in salt concentrations much
greater than 19, In our opinion a salt diluent of at least 89 is necessary to get an
accurate quantitative assay of chicken antiserum.

The exact reasons for the incompleteness of the antibody-antigen precipitation
in low sodium chloride concentrations cannot as yet be given. However the data
suggest the following explanation: From the antibody excess zone to the antigen
excess zone and inhibition region antibody-antigen compounds of increasing anti-
gen content and increasing solubility are formed. Even in antibody excess, a
portion of these compounds is soluble in a low sodium chloride concentration
such as 1%,. Then the effect of increasing the salt concentration is that of reduec-
ing the solubility of these compounds. Thus certain compounds which, due to
their antigen content would be very soluble in 19} sodium chloride, would be
almost completely insoluble in a higher NaCl concentration such as 8.

An alternative explanation, one postulating a high dissociation of the antibody-
antigen compounds in low salt concentration, is also suggested by the data. The
primary effect of increasing the sodium chloride concentration would then be to
reduce this dissociation and thereby cause greater precipitation.

The whole problem of the behavior of chicken precipitins cannot be solved un-
til much additional information is obtained. Therefore the effects on chicken pre-
cipitins of temperature, incubation time, various ions, pH and other factors are
now being studied.

SUMMARY

1. The effect of varied NaCl concentrations on the reaction of chicken antisera
with serum protein antigens was studied by turbidimetric and quantitative nitro-
gen techniques. The results of the two methods paralleled each other closely.

2. Increasing the NaCl concentration up to that range in which there was some
salting out of chicken serum proteins (14-189;) resulted in marked increases of
precipitation with the maximum occurring at progressively higher antigen con-
centrations.

3. The reaction was solely between specific antigen and antibody, and the effect
of increasing the salt content was to cause a more complete precipitation of this
antigen and antibody.

4. Thus determinations of maximum antibody content could not be made at
salt concentrations of less than about 87.

5. The precipitation also became more rapid with increases of salt concentration
and reacting antibody.

6. The significance of the above results was discussed.

The authors wish to express their appreciation to Drs. E. L. Becker and J.
Munoz of the University of Illinois College of Medicine for their careful checking
of this manuseript. We are also grateful to Dr. M. Heidelberger of the College of
Physicians and Surgeons of Columbia University for his constructive suggestions.

€20z Arenuer 90 uo 3senb Aq ypd'5z202009901/+65 | L1 1/522/2/99/3pd-8oie/jounwwil/Bio1eesjeunolj/:dny woy pepeojumoq



236 GOODMAN, WOLFE AND NORTON

10.

11.

12,

13.

14.

15.

REFERENCES

. Worrg, H. R. 1942 Precipitin-production in chickens. I. Interfacial titers ag affected

by quantity of antigen injected and aging of antisera. J. Immunol. 44: 135-145.

. Wourg, H. R., Norron, 8., Springer, E., Goopman, M. axp Herrick, C. A. 1950

Precipitin production in chickens. V. The effect of splenectomy on antibody forma-
tion. J. Immunol. 84: 179-184,

. Hexroen, L. 1918 The production of precipitins by the fowl. J. Infect. Dis. 22:

561-566.

. Worrg, H. R. Anp Dirks, E. 1946 Precipitin production in chickens. I1. Studies on

the in vitro rise of the interfacial titers and the formation of precipitins. J. Immunol.
52: 331-341.

. Moopy, P. A., Cocuran, U. A. anp Druae, H. 1949 Serological evidence in Lago-

morph relationships. Evolution VIII: 25-33.

. Deurscr, H. R., Nicow, J. C. anp CouN, M. 1949 Biophysical studies of blood

plasma proteins. XI. Immunological and electrophoretic studies of immune chicken
serum. J. Immunol. 638: 195-210,

. HempeLserGER, M., KenvaLL, F. E. anp TeoreLL, T. 1936 Quantitative studies on

the precipitin reaction. Effect of salts on the reaction. J. Exper. Med. 68: 819-826.

. BoypEN, A., Borton, E. anp GEMEROY, D. 1947 Precipitin testing with special ref-

erence to the photoelectric measurement of turbidity. J. Immunol. 67: 211-227,

. HeipersErGER, M., KENpALL, F. E. AnD Soo Hoo, C. M. 1933 Quantitative studies

on the precipitin reaction. Antibody produetion in rabbits injected with Azo protein.
J. Exper, Med. 68: 137-152.

Jonnson, M. J. 1940 Isolation and properties of pure yeast polypeptidase. J. Biol.
Chem. 187: 575-586.

Lisey, R. L. 1938 The photronreflectometer—an instrument for the measurement of
turbid systems. J. Immunol. 34: 71-73.

Baier, J. G., Jr. 1947 An analysis of photoelectric instruments for measurement of
turbidity with reference to serology. Physiol. Zool. 20: 172-186.

Ly, R. L. 1938 A new and rapid quantitative technic for the determination of
the potency of types I and II antipneumococcal serum. J. Immunol. 34: 269-279.
BuxanTz, 8. G. anp Burrova, J. G. M. 1940 Quantitative determination of pneu-

mococcal eapsular polysaccharide by photronreflectometric titration of precipitation
with excess antibody. Proc. Soc. Exper. Biol. & Med. 43: 418-422.
Devursch, H. R. Personal communication.

€20z Arenuer 90 uo 3senb Aq ypd'5z202009901/+65 | L1 1/522/2/99/3pd-8oie/jounwwil/Bio1eesjeunolj/:dny woy pepeojumoq



