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faster than the acetylcholinesterase is inactivated. Thus,
the lethal dose increased by a factor of at least 280 due
to the presence of the phosphotriesterase. This pesticide
resistance, however, was short-lived since all caterpillars
exposed to recombinant or wild type baculovirus died
after approximately six days. In the moth stage, the LD,
was found to be 1.2 + 0.3 ug of paraoxon.

The results presented above demonstrate that reduced
toxicity to paraoxon and perhaps other pesticides can be
induced in insects by expression of an enzyme that is
known to efficiently hydrolyze these molecules to non-
toxic products. In this manner, a symbiotic relationship
is created between the host insect and the baculovirus.
Similarly, the use of a nonpathogenic bacterium as a
symbiont vector may be feasible for the incorporation of
the phosphotriesterase into other insects.
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Summary. Streptomyces species 3M grew in peptone yeast extract medium with 1000 pg/ml K,Cr,0.. Incubation of
the chromate with different cell fractions in the presence of NADH and NADPH resulted in a decrease of Crf* in
the reaction mixture. The level of Cr®" was reduced by 82.7 % by a particulate cell fraction obtained by centrifugation
at 105,000 x g for 1 h, in the presence of NADH. The reducing enzyme was associated with this cell fraction. The

enzyme was constitutive and reduced Cr* to Cr3*.

Key words. Streptomyces; chromate tolerance; reducing enzyme; reduction of Cr®* to Cr3+.

Chromium compounds are toxic, but there are microor-
ganisms which grow in the presence of chromium?~?.
Various mechanisms have been suggested to be involved
in chromium resistance and reduction. Aerobic hetero-
trophic bacteria accumulated chromium in the extracel-
lular polymer material of the cell; this binding of chromi-
um to the extracellular material was a mechanism of
chromium tolerance®. Reduction, changing the valency
of chromium from the toxic Cr®* to the relatively less
‘toxic Cr**, was reported in rat liver microsomes”’. The
Cr®* tolerant Pseudomonas ambigua G-1 exhibited a
membrane barrier against the penetration of Cr®™ into
the cells as a mechanism of Cr®" tolerance ®. Later it was
shown that Cr®™ reduction in P. ambigua G-1 was due to
a reducing enzyme®, and enzymatic reduction of chro-
mate to Cr®* was reported in P. fluorescens LB 3001°.
There are no reports so far on the reduction of Cr®* by
Streptomyces species.

Materials and methods

A Streptomyces sp. isolated from soil where chrome-
tanned leather had been dumped grew in peptone yeast
extract® (PYE) broth in the presence of 375 pug/ml
K,Cr,0,. The organism was adapted in the laboratory
to tolerate 1000 pg/ml K,Cr,0,. The parent strain was
designated 3W and the adapted strain 3M.
Streptomyces sp. 3M was grown in PYE broth containing
100 pg/ml K ,Cr,0,. After 72 h incubation at 28 °C the
cells were spun down, and the supernatant was treated
with s-diphenylcarbazide!! and assayed for Cr®* at
540 nm. Cr®* in the supernatant was also estimated after
incubation with glucose and sodium azide. Uninoculated
medium containing K,Cr,0, was assayed for 1) Cr®”*
with s-diphenylcarbazide, 2} total chromium with an
atomic absorption spectrometer (Varian, AA3575 series)
using an oxidizing air acetylene flame at 425.4 nm and a
0.1 spectral band pass. Cr(OH)SO, was used as a stan-
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dard. A strain of S. griseorubiginosus (NRRL B-12384)
sensitive to 60 pg/ml K,Cr,0, was grown in PYE medi-
um containing 25 pg/ml K,Cr,0, and the supernatant
assayed for Cré*.

For cell fractionation 3M was grown in PYE broth con-
taining 30 % sucrose and 10 mM MgCl, for 3 days on a
rotary shaker. 100 ug/ml K,Cr,0, was added for induc-
tion, and incubation prolonged for 6 h. Cells were har-
vested by filtering, washed thrice with 0.05 M Tris HCI
buffer (pH 7.4), weighed, frozen for 1-1.5 h with neutral
alumina, thawed, crushed and suspended in buffer. This
was then centrifuged at 9000 x g for 15 min to obtain the
supernatant as a cell-free extract (fraction I), which was
centrifuged at 15,000 x g for 20 min. The sediment was
fraction II and the supernatant fraction III. Fraction II
was suspended in the buffer while fraction 111 was ultra-
centrifuged at 105,000 x g for 1 h. The pellet obtained
was fraction IV and the supernatant fraction V. Fraction
IV was homogenized and suspended in 1-2 ml buffer.
All centrifugations were made at 4 °C.

The protein contents of the cell fractions were estimat-
ed '? using bovine serum albumin as standard. Enzyme
activity was determined by the method of Gruber and
Jennette?. 1 ml Tris buffer (pH 7.4) containing 0.4 mM
K,Cr,0,, 1.6 mM NADH/NADPH and cell fractions
with a constant protein content of 0.323 mg was incubat-
ed at 37°C for 6 h with constant shaking. Chloroform-
isoamylalcohol mixture (24:1) was added, and the mix-
ture then shaken and centrifuged at 3600 x g for 15 min.
The upper aqueous layer was carefully removed and the
concentrations of chromate and NADH/NADPH were
determined spectrophotometrically at 400 and 340 nm.
Tris HCI buffer containing cell fractions with no chro-
mate and NADH/NADPH was used as control. Ab-
sorbances were read with the buffer containing K,Cr, 0,
and NADH/NADPH (without cell fractions) to demon-
strate that no significant amount of chromate was lost
from the reaction mixture during the experiment.
Fractionation studies were also carried out with S. griseo-
rubiginosus and enzyme activities were determined after
incubation with 25 pg/ml K,Cr,0-.

An electron paramagnetic resonance (EPR) spectrum
was obtained with fraction IV on a Varian spectrometer
after incubation with K,Cr,0O, in the presence of NADH
for 15 min. The reaction mixture with chromate and
NADH but without fraction IV was used as the control.
CrCl; was run for comparison. The values of g were
calculated relative to DPPH as reference for which
g = 2.003613. Spectrophotometric estimations of Cr®*
at 400 nm and Cr®* at 595 nm were also made with the
reaction mixture.

For determining the constitutive or inducible nature of
the reducing enzyme, 3W and 3M were grown separately
in 2 batches in the absence of K,Cr,0. After 3 days, one
batch -of each strain was induced with 100 pg/ml
K,Cr,0O, while the other batch was grown without
K,Cr,0,. After an additional 6-h incubation, induced
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and uninduced cells were fractionated and fraction IV
was incubated at 37°C for 6 h in Tris HCI buffer with
K,Cr,0, and NADH. Cr®" was estimated at 400 nm.

Results and discussion

This is the first report on the reduction of C®* to Cr®”
by a streptomycete. Incubation of Streptomyces sp. 3M
in PYE broth in the presence of K,Cr,0, resulted in a
decrease of 25-30% of Cr®* in the culture filtrate. A
decrease of 50% was observed in S. griseorubiginosus.
PYE medium was developed with a low organic content
to reduce binding of chromium to the medium con-
stituents 3. We also noted that Cr®” added to the uninoc-
ulated PYE medium did not decrease. No loss of total
chromium was observed in the uninoculated medium
during the experiment. Addition of 0.5% glucose de-
creased Cr®™" in 3M ; after 72-h incubation 97 % of Cr®"*
was lost from the culture filtrate. This implies that glu-
cose acts as an electron donor in the uptake and reduc-
tion of Cr®" by 3M. Resting cells of Pseudomonas fluo-
rescens LB 300 reduced chromate only if glucose or
another suitable electron donor was present in the medi-
um '°. But in P. ambigua G-1, glucose was not required
for the reduction of chromate®. Sodium azide, when add-
ed at different concentrations to the incubation mixture,
did not effect the loss of Cr®" from the culture filtrate of
3M.

Reduction of chromate (from K,Cr,0O, which is in the
chromate form at pH 7.4) was observed with cell frac-
tions 1 and III of 3M in the presence of NADH and
NADPH. Cr®"* reduction in rat liver microsomes re-
quired NADPH’ and in P. ambigua G-1 required
NADH?®, but in Streptomyces 3M, NADH was a better
cosubstrate than NADPH (table 1). The sedimented frac-
tion IV from the 105,000 x g centrifugation reduced
82.7% of Ct®" in the presence of NADH.

A clear concept of the cellular organelles in Streptomyces
is yet to be reported. Fraction IV of Streptomyces 3M
cells was particulate and probably contained cytoplasmic
membranes '*. The soluble fraction V reduced chromate
to a lesser extent. This is in contrast to the situation in P.
ambigua G-1, in which the soluble fraction of 105,000 x g

Table 1. Decrease of hexavalent chromium when incubated with cel}
fractions of Streptomyces sp. 3M

Fractions Decrease of Cr®* (%) in the presence of
NADH NADPH
I 58.2 30.0
11 36.5 29.5
111 60.4 38.7
v 82.7 80.7
v 6.6 1.9

Reaction mixture: 1 ml of 0.05 M Tris HCI buffer (pH 7.4) containing cell
fraction protein 0.323mg/ml, CrO,>~ 0.4mM; NADH/NADPH
1.6 mM. Shake incubation at 37°C for 6 h. Cell fractions obtained by
centrifugation: I, supernatant of 9000 x g for 15 min; II, sediment of
15000 x g for 20 min; III, supernatant of 15000 x g for 20 min; IV,
sediment from I1I at 105,000 x g for 1 h; V, supernatant of 105,000 x g for
1 h. Results are the average of 3 experiments.
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EPR spectra were run on a Varian spectrometer at 100-kHz modulation
frequency, 0.8 x 10 G modulation amplitude, 5 mW microwave power,
9.43-GHz microwave frequency and 2.5 x 10® gain. Spectra 4, resulting
from incubation of chromate (0.4 mM) with cell-fraction IV of Strepto-
myces sp. 3M (1 mg/ml) and NADH 1.6 mM in 0.05 Tris. HCI buffer pH
7.4 a1 22°C for 15 min, B, ‘A’ without fraction IV, C, CrCl,, D, X,Cr,0,
E, fraction IV.

Table 2. Enzymatic reduction of hexavalent chromium by Streptomyces
spp. 3W and 3M

Strains Cr®* reduced Activity Specific
(%) (units) * activity
(unit/mg
protein)
3w 20.2 1.7 0.02
3W-1 23.7 2.0 0.02
3M 46.1 3.8 0.04
3M-1 61.4 52 0.06

Reaction mixture: 1 ml 0.05 M Tris HC buffer (pH 7.4) containing cell
fraction IV, protein content 0.293 mg/ml; CrO,2~ 0.4 mM; NADH/
NADPH 1.6 mM. Incubated with shaking at 37°C for 6 h.
*unit = amount of enzyme that reduced 1 pmole Cr®*/min.

centrifugation reduced Cr®*. S. griseorubiginosus cells
could take up more chromate from the culture broth than
Streptomyces 3M, but only 87 % of the chromate added
to S. griseorubiginosus cell fraction IV was reduced,
whereas 100 % was reduced in Streptomyces 3M. Appar-
ently chromate uptake, resistance and reduction are not
related in Streptomyces species. No relation between
chromate sensitivity and reduction could be found in
Pseudomonas spp. either 1°.
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Since the decrease of Cr®* was maximal with fraction IV
in the presence of NADH, further experiments were car-
ried out with fraction IV and NADH. The EPR spectrum
of the reaction mixture showed a signal with g = 1.99
and AH = 32. These values were similar to the g and AH
values obtained with the trivalent form of chromium
CrCl; (fig.). When analysed spectrophotometrically the
reaction mixture showed a decrease in absorbance at
400 nm, with a corresponding increase in absorbance at
595 nm. A 400 values measured after 2, 4 and 6 h incuba-
tion were 0.61, 0.58 and 0.40, while A A, values were
0.20, 0.34 and 0.56. These results show that Cr®* was
reduced and Cr** was formed. The Cr®* reducing en-

- zyme was constitutive. Fraction IV of the uninduced

parent (3W) and the adapted strain (3M) could reduce
Cré* (table 2). The computed t-values calculated by the
difference method show that the observed differences
(table 2) were highly significant (p < 0.001). The reduc-
ing activities of the chromate uninduced strains were less
than those of the induced strains. A 3-fold increase in
specific activity of the reducing enzyme was observed in
the chromate-induced 3M when compared to the unin-
duced 3W.
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