antibody with antigen should be affected
more adversely by increased negative
charge than that with hapten, since the
protein-protein electrostatic repulsion, in
the case of the reaction with antigen, is
superimposed on that involving the hap-
tenic group. Additional, intermolecular
repulsions may also be involved in the
formation of aggregates of antibody and
antigen.

Finally, it is of interest that the non-
specific electrostatic effect in the inter-
action of the antibody with hapten is
small. With about 65 additional negative
charges in the antibody molecule, the
binding of p-iodobenzoate by antibody
was affected only to a small degree
(Table 1). In untreated antibody at
pH 8, the net negative charge per mole-
cule is about 15 or 16 units; thus the
nonspecific electrostatic free energy of
combination at pH 8 is probably neg-
ligible. This of course does not preclude
the possibility of a very large interaction
of opposite charges in the specific com-
bining region.

ALFRED NISONOFF

Davip PressSMAN
Department of Biochemistry Research,
Roswell Park Memorial Institute,
Buffalo, New York
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Fluorescence Activation Spectra of
a Diphosphopyridine Nucleotide
Dependent Dehydrogenase

In a previous communication from
this laboratory (1), the shift and aug-
mentation of the fluorescence spectrum
of reduced diphosphopyridine nucleo-
tide (DPNH) (2) in the presence of
beef heart muscle lactic dehydrogenase
(LDH) was reported. It was further re-
ported that an additional shift and in-
crease of the fluorescence spectrum oc-
curs when L-lactate is added to the
LDH-DPNH complex, presumably to
form an LDH-DPNH-vr-lactate complex
(3). For DPNH, when activated by
light having a wavelength of 340 mp,
maximum fluorescence emission occurs
at 465 to 470 mu. For LDH-DPNH and
LDH-DPNH-v-lactate complexes, maxi-
mum emission is observed at 445 to 450
mp and 430 to 435 mp, respectively.
Similar shifts in the fluorescence spec-
trum have recently been reported for
other dehydrogenase systems (4).

Since the initial observation that the -

alteration of the fluoréscence spectrum
of DPNH in the presence of horse liver
alcohol dehydrogenase is accompanied
by a shift to shorter wavelengths of the
absorption maximum of DPNH (9) sev-
eral attempts have been made to detect
a similar alteration of the absorption
spectrum of DPNH in the presence of
LDH. However, the magnitude of the
absorption change is so small that it
could be detected only with the very
sensitive spectrophotometer employed by
Chance and Neilands (6).

Since it is well known that only ab-
sorbed light can give rise to fluorescence
emission, it occurred to us that in the
case of LDH and DPNH, only a small
fraction of the absorbed light gave rise
to the fluorescence spectrum. As a re-
sult, rather pronounced changes in the
fluorescence spectrum are accompanied
by minute changes in the absorption
spectrum. In this case, examination of
the activation spectrum should reveal
those changes in the absorption spectrum
which give rise to fluorescence emission
(7). Figure 1 illustrates activation spec-
tra of DPNH, LDH, LDH-DPNH com-
plex, and LDH-DPNH-v-lactate complex
as measured in the Aminco-Bowman re-
cording spectrophotofluorometer (8) in
0.2 ionic strength phosphate buffer, pH
6.61, at 20°C. For DPNH, LDH-DPNH

complex, and LDH-DPNH-r-lactate
complex, the fluorescence monochroma-
tor was set at the wavelength of maxi-
mum emission, For LDH, the fluores-
cence monochromator was set at 465
mu, the wavelength of maximum emis-
sion of DPNH. The addition of pyruvate
to a final concentration of 1.3 x 10-¢*M
to either the LDH-DPNH or LDH-
DPNH-r-lactate systems results in a
rapid change to the activation spectrum
of LDH alone.

It is clear from Fig. 1 that the wave-
length of maximum activation of the
LDH-DPNH complex is about 5 mp
less than that of DPNH, and that a fur-
ther shift of 5 mp is cobserved when
the LDH-DPNH-r-lactate complex is
formed. A striking change in the activa-
tion spectrum of LDH is seen at 285 mu
when enzyme-coenzyme and enzyme-co-
enzyme-L-lactate complexes are formed.
Ternary complexes are also formed when
structural analogs of r-lactate, such as
oxalic, tartaric, tartronic, o-hydroxy-
butyric, malic, and ascorbic acids, are

OPNH-LOH-LACTATE
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Fig. 1. Fluorescence activation spectra of
lactic dehydrogenase and of lactic dehy-
drogenase complexes with DPNH and
with DPNH and v-lactate. The intensity
of fluorescence emission at a constant
wavelength, as measured by recorder de-
flection, is plotted against the wavelength
of the activating radiation. The curve
labeled LDH was obtained with 9.60 x
10-"M LDH. The molecular weight of the
enzyme was taken as 135,000 (10). The
curve labeled DPNH was recorded at a
DPNH concentration of 3.94 x 10-°M.
When DPNH and LDH were each pres-
ent at the concentration used for the
measurement of their separate spectra,
the curve LDH-DPNH was obtained. The
curve labeled LDH-DPNH-L-lactate was
obtained when Na-L-lactate at a final con-
centration of 1.57 x 10°M was added to
LDH and DPNH present in the concen-
trations used for the other curves. The
background fluorescence of phosphate buf-
fer and vr-lactate is negligible at the in-
strument settings employed.
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added to the enzyme-coenzyme complex.
The formation of each of these com-
plexes results in changes in the activa-
tion spectrum similar to those shown in
Fig. 1 for the LDH-DPNH-r-lactate
complex (9).

With the advent of commercial spec-
trophotofluorometers by means of which
either activation or fluorescence spectra
can be recorded, a powerful tool for the
investigation of enzyme-coenzyme inter-
actions is available. Since previous at-
tention has been limited to emission
spectra, it seemed desirable to call at-
tention to the usefulness of activation
spectra for these studies.
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Root Curvatures Induced by
Culture Filtrates of
Aspergillus niger

Abstract. Evidence obtained by paper
chromatography indicates that corn root
curvatures caused by culture filtrates of
Aspergillus niger are caused by the same
compound which causes curvatures and
malformations on the stems and petioles
of bean plants. The R, values obtained
for this compound were substantially
different from those of indoleacetic acid.

I recently reported that when culture
filtrates of the fungus, Aspergillus niger,
are used to treat the growing points of
bean seedlings, severe curvatures and
malformations are produced on the sub-
sequent growth of the plants (I). Mal-
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formations consisted of greatly thickened
stems and petioles, tumorlike stem pro-
trusions, severely twisted stems, and
stems enlarged in only one plane to pro-
duce a stem that was wide and relatively
flat. Most frequently, curvatures con-
sisted of strong downward bendings of
the elongating stem and the compound
leaves. In addition, elongation of the
first and second internodes above the
primary leaves was inhibited. Little or
no effect was noted when corn seedlings
were treated with the culture filtrate.
This report concerns the induction of
root curvatures by culture filtrates of 4.
niger.

The methods used for growing the
fungus on corn steep—glucose medium
and obtaining the culture filtrates were
described in the earlier report (I). Cul-
ture filtrates (pH 5) were extracted
three times with equal volumes of ‘ether;
the ether was removed by evaporation,
and the residue was brought up in water
and diluted to varying concentrations.
Approximately 2.5 ml of the solutions
was used to moisten Whatman No. 1
filter paper (9.0 cm) which had been
previously autoclaved in petri dishes.
Corn seeds (the single cross WF9 x
38-11) were washed thoroughly in de-
ionized water, and six seeds were placed
in each petri dish on the periphery of
the filter paper. The seeds were arranged
in sets of three on opposite “sides” of
the dish and oriented so that the roots
would grow across the dish toward one
another. The seeds were incubated at
27°C and examined at the end of 72
hours.

Figure 1 illustrates the curvature of
the roots when the seeds were germi-
nated on the A. niger extract (bottom)
as compared with seeds placed on water
(top) or on an ether extract of the un-
inoculated culture medium (middle).
In a number of cases the roots on the
A. niger extract formed several complete
circles in a tight coil to give the appear-
ance of a corkscrew. Although no quanti-
tative experiments have been performed,
it has appeared that the best concentra-
tions for producing root curvatures are
between 1/20 and 1/50 of the normal
concentration of the culture filtrate. In
several experiments, no curvatures were
obtained when the seeds were placed on
the A. niger extract at a concentration
equal to that of the unextracted filtrate.
At concentrations ranging from 1/20
to 1/50 of that of the unextracted cul-
ture filtrate, 50 to 100 percent of the
germinated seeds showed strong root
curvatures.

It remained to be shown that the com-
pound responsible for the root curva-
tures was the same as the one causing
curvatures and malformations on the
stems and petioles of bean plants. What-
man No. 3 paper was cut into strips (4 x
40 cm) and streaked 6.4 cm from the

Fig. 1. Roots obtained from corn seeds
germinated on filter paper moistened with
water (top), ether extract of uninoculated
culture medium (middle), and ether ex-
tract of 4. niger culture filtrate (bottom).

top of the paper with 0.1 ml of 10x
concentration of ether extract of A. niger
culture filtrate. For purposes of com-
parison with a naturally occurring growth
substance, similar papers were streaked
with indoleacetic acid (IAA). A variety
of solvents were used to develop the
papers, by descending chromatography.
When the solvent had moved 25 to 30
cm, the papers were dried and cut into
strips 2 cm wide beginning 1 c¢cm above
the origin. These strips were eluted with
6 ml of 95 percent ethanol for 2 hours,
the papers were removed, and the elu-
ates were evaporated to dryness at 50°C
in a forced air oven. The residue was
taken up in 1 ml of water which con-
tained four drops of Tween 80 per 100
ml and used to treat the growing points

Table 1. Ry values of IAA and of the com-
pound produced by 4. niger causing bean
malformations and corn root curvatures,
with various solvents.

Compound Compound
inducing inducing IAA
bean mal- corn root
formations  curvatures
Water
0.85 0.83 0.88
Ethanol (70%)
0.95 0.95 0.78
Phenol (H:O saturated)
0.96 0.95
Isopropanol:NHs:H.O (10:1:1)
0.93 0.93 0.41
Pyridine:NHs (4:1)
0.95 0.95 0.53
Chloroform
0.00 0.00 0.00
Chloroform (H:O saturated)
0.46 0.46 0.17
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