Immunochemical Studies with
Tomato Leaf Proteins

Crude protein preparations from plant
tissues frequently give nonspecific pre-
cipitation reactions with rabbit serum,
which complicate their study by immu-
nochemical methods. Such nonspecific
reactions have been avoided by purifica-
tion of the crude protein preparations or
by absorption techniques. Both these pro-
cedures remove some of the plant pro-
teins which one may want to study.

In an investigation of the effect of
Fusarium infection on leaf proteins of
tomato, a nonspecific reaction with nor-
mal rabbit serum was observed. We
wanted to study as many of the plant
proteins as possible, hence purification
or absorption of the crude protein ex-
tracts was not desirable. It seemed that
this nonspecific interaction involved se-
rum proteins other than the immune
globulins; therefore the fractionation of
serum was examined as a possible alter-
native method of eliminating the non-
specific precipitation reactions. The anti-
gen preparation was obtained from leaves
of the tomato variety Bonny Best. The
leaves were frozen in liquid air, ground
to a fine powder with carbon dioxide,
and freeze-dried. Two and one-half
grams of the dry powder were extracted
at 4°C for 24 hours in a glass tube re-
volving on a dialysis wheel with 430 ml
of 0.05M phosphate buffer (pH 7.4) con-
taining Merthiolate (1:5000). The cold
protein extract was filtered through glass
wool and centrifuged in the “Spinco”
ultracentrifuge (at 2500 rev/min for I
hour, with a No. 30 rotor). The crude
extract, which contained 121 pg of pro-
tein nitrogen per milliliter, was concen-
trated to approximately 50 ml by per-
vaporation by means of dialysis (7). This
concentrated protein extract, containing
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588 pg of protein N per milliliter, was
brown in color due to the formation of
melanin. The melanin was not removed
by dialysis; it was prevented from form-
ing in later experiments by addition of
ascorbic acid to the extraction medium.
The concentrated protein solution [in
0.05M phosphate buffer, containing Mer-
thiolate (1:5000)] was stored in the
Deepfreeze.

For the immunization of the rabbits,
32 ml of the concentrated protein solu-
tion was mixed with 16 ml of a 1-per-
cent aluminum ammonium sulfate solu-
tion as an adjuvant [in 0.9-percent saline,
containing Merthiolate (1:5000)]. This
mixture was adjusted to pH 7.0 with
sodium hydroxide and diluted to 120 ml
to give an antigen solution with 160 pg
of protein N per milliliter (approxi-
mately 0.1 percent protein).

Before the immunization, a sample of
normal serum was obtained from each
rabbit. For the immunization, 0.5 ml of
antigen solution was injected into each
rabbit on four days of the first week, 1.0
ml of antigen solution on each of four
days of the second week, 2 ml of antigen
solution on four days of the third week,
and 3 ml of antigen solution on each of
four days of the fourth day. The blood
was collected seven days after the last
injection, and the serum was stored in
the Deepfreeze (2).

Part of the sera was subjected to am-
monium sulfate fractionation (2, 3); an-
other aliquot was used for the prepara-
tion of the y-globulin fractions by alcohol
precipitation (4). Ring tests were con-
ducted with the antigen and the rabbit
serum preparations after various degrees
of purification. The antigen solution gave
positive ring tests with the homologous
antiserum and with normal rabbit serum.
This indicated that the whole unfrac-
tionated normal serum or antiserum gave
a nonspecific precipitation with the crude
plant protein antigen. This nonspecific
precipitation reaction also occurred with
both vy-globulin fractions prepared by
ammonium sulfate precipitation. When
the antigen was tested with the y-globu-
lin fractions obtained by alcohol frac-
tionation (4), no precipitation reaction
could be detected with the ¥y-globulin
preparation from normal serum. There
was a strong positive ring test between
the antigen and the v-globulin fraction

from the homologous antiserum. The ring
tests were repeated with six independ-
ently isolated preparations of y-globulin
fractions. Each time the same results
were obtained, indicating that the non-
specific precipitation reaction can be
avoided if the rabbit serum is sufficiently
purified and that this can be achieved by
alcohol fractionation of the sera.

To investigate further the specific pre-
cipitation reaction between the antigen
and the y-globulins obtained by alcohol
fractionation, experiments were carried
out to determine the equivalence point
and the amount of nitrogen in the pre-
cipitate formed by the interaction of
the y-globulin fraction with increasingly
large amounts of antigen. Increasingly
large amounts of the antigen in 0.5 ml
of 0.05M phosphate buffer (pH 7.4)
were added to 0.5-milliliter aliquots of
the v-globulin preparation. After storage
for 48 hours under refrigeration, fol-
lowed by centrifugation (in an Interna-
tional centrifuge, for 30 minutes at 3000
rev/min, with rotor No. 845, refriger-
ated), the supernatants were decanted
and used for the determination of the
equivalence point. The precipitates were
washed with 5 ml of ¢old saline, centri-
fuged as above, decanted, and drained.
The washed precipitates were used for
the nitrogen determinations (5). The
point of equivalence for 0.5 ml of y-glob-
ulin preparation was reached when be-
tween 80 and 160 ug of antigen had been
added. The results of the nitrogen deter-
minations on the precipitates are given
in Fig. 1.

The curve in Fig. 1 shows a region of
antibody excess with little precipitate for-
mation and an equivalence zone of maxi-
mum precipitation, followed by a region
of antigen excess in which little or no
precipitate is formed. Maximum precipi-
tation, as judged by the amount of pre-
cipitated nitrogen, was observed at a
level of approximately 160 ug of antigen
per sample. The highest amount of anti-
body N precipitated occurred at a level
of 80 ug of antigen per sample; this in-
dicated that the antibody titer of the
v-globulin fraction used was approxi-
mately 11 pg of antibody N per milli-
liter.

The results of this investigation show
that tomato leaf proteins give nonspecific
precipitates with rabbit serum. Specific
precipitation reactions between tomato
leaf proteins and the homologous rabbit
antiserum can be obtained if the y-globu-
lin fraction of the antiserum is prepared
by alcohol fractionation before being
used for the serological tests. The results
demonstrate that such a precipitating
system shows characteristics commonly
found in antibody-antigen reactions, such
as specificity, position of the equivalence
point relative to the maximum of pre-
cipitation, and solubility of the antibody-
antigen complex in excess antigen; this
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Fig. 1. Amount of nitrogen precipitated
in a precipitating system consisting of an
alcohol-fractionated—globulin preparation
from rabbit antisera and increasingly large
quantities of the crude plant protein
antigen.

indicates that nonspecific precipitation
reactions are absent.

This elimination of the nonspecific
precipitation reaction by leaf proteins
should make it possible to investigate
more adequately by immunochemical
methods the proteins from higher plants;
such studies, as they relate to patholog-
ical conditions, are being continued (6).
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Renal Lesions Produced by
Group A, Type 12, Streptococci

Group A, types 12, 36, and 3, and
group C streptococci (I) were grown in
Todd-Hewitt broth for 24 hours; each
resulting broth culture was inoculated
through a glass side arm into a diffusion
chamber, and the end of the side arm
was sealed in a flame (Fig. 1). The
chamber is a modification of the one de-
scribed by Eschenbrenner and Francis
(2).

The chambers were fabricated from
sheet Plexiglas 3 mm thick. The rec-
tangular pieces with rounded corners
measured 20 by 28 mm, and the center
hole had a diameter of 12 mm. A hole
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1 mm in diameter was drilled in one
end, and a 10-mm length of hot capil-
lary tubing was inserted. Membranes of
dense porosity (3) were glued to each
side of the center hole with chloroform-
Plexiglas cement. This cement was also
used to seal the junction between the
glass tubing and the chamber.

Uninoculated and streptococci-con-
taining chambers were placed intraperi-
toneally in 8-month-old CFW female
mice.

It was noted that uninoculated cham-
bers and those containing sterile Todd-
Hewitt broth remained in mice for 3
months without evoking renal lesions.

Chambers inoculated with type 12
(nephritogenic) streptococci were im-
planted intraperitoneally in mice and re-
moved after 24, 48, and 72 hours, re-
spectively. Seven days later the kidneys
were removed and the contents of the
chamber was cultured to check for con-
tamination. No organisms other than
streptococci were found. These kidneys
showed proximal tubule necrosis and
desquamation of the lining epithelium,
moderate thickening of basement mem-
branes, and adhesions between the glom-
erular tuft and the capsule, with debris
and red blood cells in the capsular space.
Minimal proliferation of cells of the
glomerular tufts was noted (Figs. 2
and 3).

Type 12 (non-nephritogenic) strepto-
cocci were implanted as described above,
and the chambers and kidneys were re-
moved after the same intervals as in the
previous experiments. No evidence of
renal lesions was present. To further
confirm this, mice were allowed to re-
main alive for 30 days. At the end of
the period no abnormalities were noted
in the kidneys.

Type 3 and group C streptococci were
used in the above manner without pro-
ducing renal lesions within 30 days. Iso-
lation of the contents of the chamber
revealed pure cultures in each case.

Type 36 streptococci were inoculated
into chambers, but leak was purposely
made to determine the effect of this type
on the mice. Death occurred in 3 to 5
days, with generalized bacteremia; or-
ganisms identified as streptococci were
isolated from the peritoneal cavity, the
blood, and the kidneys. The kidneys
were characterized by microabscesses
and the picture of acute pyelonephritis.
It is interesting to note that implanta-
tion of properly sealed chambers bear-
ing type 36 streptococci produced no
renal lesions within 1 month.

A streptococcal extract (4), prepared
after the method of Pappenheimer, when
placed in chambers according to the
previously described procedure, pro-
duced no lesions in the kidneys.

In summary, renal lesions were found
in mice bearing diffusion chambers con-
taining nephritogenic type 12 strepto-
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Fig. 1. Modification of chamber described
by A. B. Eschenbrenner and R. D. Francis.

Fig. 2. Photomicrograph of mouse kidney
immediately after exposure to type 12
streptococci, in chamber, for 5 days
(hematoxylin and eosin stain). (About

x 400)

Fig. 3. Photomicrograph of mouse kidney
exposed to type 12 streptococci, in cham-
ber, for 48 hours. Kidneys removed 7 days
later (hematoxylin and eosin stain).
(About x 400)

cocci but not in mice bearing diffusion
chambers containing non-nephritogenic
type 12 streptococci.
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