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like activity for Streptococcus faecalis, Lacto-
bacillus casei and sulfonamide-treated Esche-
richia coli. The activity of the steroid differs
from that of thymine but is of the same order
of magnitude.
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We are indebted to Lederle Laboratories Division,
American Cyanimid Company for the supplies of
pteroylglutamic acid and pteroylglutamic acid an-
tagonists used in this study.
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Medicine, St. Louis, Mo.

Kondo(1) observed hemolysis in mixtures
of sheep erythrocytes, suspensions of Serratia
marcescens, and fresh guinea pig serum. He
attributed lysis to the enhancement of bac-
terial hemolysin by guinea pig complement.
A recent brief note by Fisher and Keogh(2)
described the lysis by complement of eryth-
rocytes which had adsorbed bacterial com-
ponents and anti-bacterial antibodies. The
observations of these authors have been ex-
tended in the present report.

Materials and methods. (1) Antigens. Tri-

chloroacetic extracts(3) were prepared from -

Salmonella typhosa O 901 and from Escheri-
ckia coli, strain H. After dialysis against
water, the extracts were concentrated to con-
tain approximately 0.5 mg solids per ml,
sodium chloride was added to obtain iso-
tonicity, the reaction was adjusted to pH 7,
and sterility was attained by Seitz filtration.
In another experiment human plasma, in place
of bacterial antigens, was used.

(2) Antisera and complement. Seitz fil-
tered, heat-inactivated immune sera from four
rabbits were employed. One of each of the
immune sera was prepared by immunization
with E. coli, S. typhose, human serum, and
washed sheep erythrocytes. For the detection
of rabbit serum adsorbed on the surface of
erythrocytes, a chicken immune serum against

1. Kondo, S., Z. Immunitits., 1923, v36, 76.

2. Fisher, S,, and Keogh, E. V., Nature, 1950, v165,
248.

3. Boivin, A., and Mesrobeanu, L., C. R. Soc. Biol.,
1933, v112, 76.

rabbit euglobulins, absorbed with rabbit
serum albumin and pseudoglobulin, was used.
Aliquots of immune sera, employed in some
experiments, were freed of normal hemag-
glutinins by double absorption at 37°C (two
15 minute periods) with 0.5 ml packed eryth-
rocytes for each ml of serum. The fresh
pooled serum from at least 3 normal guinea
pigs, diluted 10-fold in saline, served as com-
plement.

(3) Erythrocvtes and “semsitization.”
Erythrocytes from sheep blood preserved in
Alsever’s solution, rabbit cells from fresh de-
fibrinated blood, and human type O cells from
citrated blood were used. The cells were
usually washed twice in saline, and a 1% sus-
pension was then prepared, using as suspend-
ing fluid (a) antigen solution or immune
serum dilution, respectively, and (b) salt so-
lution (controls).* With occasional agita-
tion, these cell suspensions were incubated
one hour at 37°C, the cells were then washed
twice in saline, and 1% cell suspensions in
saline were prepared of both “sensitized” and
“non-sensitized” (control) cells.

(4) Hemolysis titration. 'Twofold serial
dilutions of antigen solution or of immune
serum, respectively, in 0.2 ml amounts, were
prepared in duplicate. To both series of tubes
were then added 0.2 ml amounts of a 1:10
dilution of complement. One series of tubes
received 0.2 ml amounts of 1% sensitized

* Cells which were exposed to solutions of bacterial
antigens or to serum proteins in the manner just
described will be referred to as sensitized cells.
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cells, the other series equal amounts of non-
sensitized cells. A serum or antigen control
tube, in which complement was replaced by an
equal volume of saline, a complement control
tube, in which serum or antigen was replaced
by saline, and a cell control tube containing
erythrocytes and saline, were also set up. The
total volume in each tube was brought to 1
ml by the addition of saline. The results were
read after one hour incubation at 37°C.

Results. (1) A summary of findings per-
taining to the lysis of erythrocytes sensitized
with different antigens upon exposure to the
corresponding immune sera, and complement
is presented in Table I. It may be seen that
sensitization of red cells was accomplished by
human plasma as well as by bacterial extracts.
Further, the results show that sensitized cells
were lysed even in high dilutions of the im-
mune sera specific for the sensitizing agent
(1:400 to 1:12800), and that removal of
normal hemagglutinins from such sera failed
to depress the hemolytic activities against
sensitized cells significantly, while hemolysis
of non-sensitized cells was completely abol-
ished. No lysis occurred when either comple-
ment or immune serum, or both reagents were
omitted. An antigenic relationship between
E. coli, strain H, and S. typhosa O 901, evi-
dent from cross-agglutination,t expressed it-
self in the lytic action of the anti-S. tyvpkosa
serum on erythrocytes sensitized with E. coli
extract (1:200), and by the lysis of red cells
sensitized with S. zyphosa extract in the pres-
ence of anti-E, coli serum (1:1600). Red cells
sensitized with the bacterial extracts occa-
sionally were darkened, and tended to clump.
To ascertain whether these noticeable changes
in the erythrocytes could cause increased sen-
sitivity toward lysis by complement, a 2%
suspension of such cells was prepared in
saline, and a routine complement titration(4)
was carried out, using two units of ambo-
ceptor. Both normally appearing, non-sensi-

fIn slide agglutination tests(5), using suspensions
of living cells, the anti-S. typkosa serum still ag-
glutinated E. coli when diluted 1:25, and the anti-
E, coli serum still agglutinated S. typhosa when
diluted 1:3.

4. Boyd, W. C., Fundamentals of Immunology,
Interscience Publishers, Inc., New York, 1947,
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tized cells, and discolored sensitized cells were
equally sensitive to complement. (0.2 m! of
a 1:40 dilution of guinea pig serum was the
least amount that caused complete lysis in
the presence of 2 units of amboceptor).}

(2) Attempts were made to reverse the
process by sensitizing erythrocytes with non-
hemolytic immune sera, and to induce lysis
by adding such cell suspensions to serial dilu-
tions of the corresponding antigens in the
presence of complement. The available rab-
bit immune sera proved to be unsuitable for
the sensitization of sheep cells, since dilutions
smaller than 1:10 contained sufficient normal
anti-sheep antibody to induce lysis of these
cells when complement was added. Recourse
was therefore taken to the use of rabbit eryth-
rocytes. Red cells from the defibrinated
blood of two rabbits were washed in saline,
exposed (in 1% concentration) to a 1:4
dilution of rabbit anti-E. coli immune serum
for one hour at 37°C, washed once, made up
to a 1% suspension in saline, and then added
in the usual manner to serial dilutions (from
1:10 to 1:25600) of the E. coli extract, in the
presence of complement. No lysis ensued.
Upon overnight storage of the test in the ice-
box, hemagglutination was evident in the
tubes containing sensitized cells and extract
dilutions from 1:10 to 1:640. Sensitized cells
were not agglutinated by the higher extract
dilutions, or in the absence of bacterial ex-
tract. Non-sensitized cells were not agglu-
tinated.

Since agglutination, but not lysis, had oc-
curred in the previous experiment, an attempt
was made to test the efficacy of sheep erythro-
cyte sensitization with a 1:4 dilution of the
E. coli antiserum (absorbed with sheep red
cells). Aliquots of 0.3 ml of a 1% suspension
of sensitized cells, and equal volumes of a
similar suspension of non-sensitized erythro-
cytes, were added to 0.3 ml volumes of serial

} Similarly discolored sheep cells, obtained by
treating 5 ml of a 1% suspension in saline with
0.25 ml of a commercial 3% solution of Hy0, for
5 minutes at 37°C, proved to be more sensitive
to a sample of fresh guinea pig serum which pos-
sessed normal sheep cell agglutinins than untreated
cells. Untreated cells were lysed in dilutions less
than 1:3; while treated cell were lysed even by a
1:20 dilution of the guinea pig serum.
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PROTOCOL AND TABLE II.
Fixation of Complement by Sensitized Erythrocytes in the Presence of Corresponding Antigens
or Antisera, Respectively.

1 2 3 4 3 6
E.coly E. coli
0.2mlot 1% antigen  antiserum® 6. pig com-
erythroeyte solution dilution plement (1:5  Saline
Tube suspensions (0.2 ml) (0.2 ml) dilution) ml ml
A Sensitized 1:8 — .2 4 Incubated for 1 hr in
with &, coli ice bath, then cen-
antiscrum® trifuged and super-
B 77 1:16 — 2 4 nate deeanted
C ” Saline -— .2 4
D Nensitized - 1:10 .2 4
with £. coli
antigen dil'n
E ' — 1:40 2 4
r ’? — Saline 2 4
e - ————— Supernites —-— Sedimented cells
7 8 9 10 11
Aliguots of 0.15 ml to (.50 ml of diluted supernates
(incrvements of (L05 ml) were added to 0.2 ml fresh
2% shieep eryvthroeyte saspension 4+ 2 units ambo-
Naline, ceptor incubated 1 hr at 37°C Saline, Degree of
Tube ml 015 026 025 030 035 040 045 (.50 Saline ml hemolysis
Degree of hemaolysis
A 2 n 1 1 3 3 4 4 4 0 1 Incubated 0
B 2 0 1 1 2 3 4 4 4 0 1 1hr 0
C 2 0 1 2 3 4 4 4 4 0 1 at 0
D 2 0 0 9 0 1 2 2 2 0 1 37°C 4
K 2 0 \] 0 1 1 3 3 4 0 1 4
F 2 0 1 1 2 4 4 4 4 { 1 0

Key to symbols - Same as in Table 1.

¥z The antiserum had previously been absorbed with sheep erythrocytes.

twofold dilutions of a chicken anti-rabbit
euglobulin serum (absorbed with sheep eryvth-
rocvtes). After 1 hour at 37°C, and over-
night incubation in the icebox, sensitized
erythrocytes were agglutinated by chicken
serum dilutions up to 1:160. while non-sensi-
tized erythrocytes were agglutinated in dilu-
tions up to 1:20 only.

In view of this evidence of actual adsorp-
tion of rabbit euglobulins onto the surface of
sheep erythrocytes, it now appeared desirable
to investigate whether at least some of the
adsorbed euglobulins were E. coli agglutinins.
Serial twofold dilutions of the E. coli anti-
serum used in sensitizing sheep erythrocytes,
and similar dilutions of a sample of the same
serum which had not bheen emploved in the
sensitization of the sheep erythrocytes, were
tested for E. coli agglutinins. The results of
the agglutination tests(3) showed that a re-
duction in E. coli agglutination titer from
1:1024 (prior to its use for sheep erythrocyte

sensitization) to 1:236 (after sheep cell sensi-
tization) had occurred.

Since erythrocytes sensitized by their ex-
posure to E. coli antiserum had apparently ab-
sorbed some E. coli agglutinins, as shown by
the results of the previous experiments and by
the agglutination of such cells by E. coli
antigen, it remained to be seen why lysis of
such cells did not take place in the presence
of E. coli antigen upon addition of comple-
ment. In order to determine whether the
sensitized ervthrocvtes combined with comple-
ment at all in the presence of E. coli antigen,
a complement-fixation test was carried out by
the method outlined in Protocol and Table I1.

It may be seen from column 9 of the table
that complement was fixed in appreciable
quantities only by those sheep cells which had

5. Edwards, P. R., and Bruner, D. W., Serological
Identification of Salmonella Cultures, University of
Kentucky Agricultural Experiment Station, Circular
54, 1942.



INDOLEACETIC Acip 0N GROWTH AND REDUCING SUGAR

been sensitized with E. coli antigen and
which subsequently were exposed to E. coli
antiserum (tubes D and E). Fixation of com-
plement by these cells during the incubation
in the ice bath was followed by their lysis on
subsequent exposure to 37°C (Column 11,
tubes D and E). Sheep cells which had been
sensitized with E. coli antiserum failed to fix
significant amounts of complement when they
were exposed to dilutions of E. coli antigen
solution (Column 9, tubes A and B)." Subse-
quent incubation of these cells at 37°C failed
to result in their lysis. (Column 11, tubes A
and B).

Summary. The data presented in this paper
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confirm and extend the recent observations of
Fisher and Keogh(2). Erythrocytes from
sheep, rabbit, and man, which have adsorbed
extracts from E. coli and Salmonella typhosa,
or human plasma, are lysed in the presence of
complement and of corresponding immune
sera for the adsorbed antigens. Evidence for
the specificity of the reaction has been pre-
sented. Neither appreciable complement fix-
ation, nor lysis occurred when erythrocytes
first sensitized with non-hemolytic immune
sera were then exposed to complement and
the corresponding antigens.

Received May 29, 1950. PS.EBM, 1930, v74.

A Direct Relationship between Indoleacetic Acid Effects on Growth and

Reducing Sugar in Tobacco Tissue.*
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Forke Skooc AND BETTY JANE RoBINSON (Introduced by W. H. McShan)
From the Department of Botany, University of Wisconsin, Madison, Wis.

Numerous attempts have been made to
relate the effects of auxin (indole-3-acetic
acid (I.A.A.); naphthalene acetic acid; and
related compounds) on growth of plants with
specific changes in metabolism and cellular
constituents. In the case of toxic effects of
2 4-dichlorophenoxyacetic acid (2,4-D) de-
creases or temporary rises and subsequent de-
pletion of available carbohydrates have been
reported(1-4). An increase in reducing ca-
pacity in tissues, measured by staining, has
been obtained from treatments of bean stem
cultures with 2,4-D(5).

* This project is supported in part by the Uni-
versity Committee, on funds from the Wisconsin
Alumni Research Foundation, and in part by a
grant in aid from the Cancer Society upon recom-
mendation of the Committee on Growth of The
National Research Council.
© 1. Mitchell, J. W, and Whitehead, M. R., Bot.
Gaz., 1940, v101, 668.

2. Mitchell, J. W. and Brown, J. W., Bot. Gaz.,
1945, v1Q7, 120.

3. Sell, H. M., Luecke, R. W., Taylor, B. M. and
Hamner, C. L., Plant Physiol., 1949, v24, 295.

4. Weller, L. E,, Luecke, R. W., Hamner, C. L,
and Sell, H. M., Plant Physiol., 1950, v25, 289.

Recently Christiansen and Thimann(6)
have demonstrated a decrease in reducing
sugar in Pisum stem sections and Avena
coleoptile sections grown for short periods of
time in solutions of various compositions
with auxin concentrations which promote
growth, However, they report a similar de-
crease in controls without L.A.A. and even
greater decreases of sugar from the addition
of respiratory inhibitors, which completely
stop growth, such as iodoacetate, arsenite, and
fluoride. In general, tests on changes in
composition associated with auxin treatments
which promote growth have been carried out
in short time experiments under conditions
leading to net decreases in dry weight of the
tissues, and where their continued growth
was precluded. ' It was of interest, therefore,
to carry out analyses for changes in cell con-
stituents in tissues supplied with I.A.A. in
media adequate for continuous growth over
periods of several months. The experiments
reported here, with tobacco stem segments

5. Gall, H. J. F., Bot. Goz., 1948, v110, 319.
6. Christiansen, G. L., and Thimann, K. V., 4drck,
Biochem., 1950, v26, 230.



