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Abstract

A source of D-xylose was required for the enhanced production of D-glucose isomerase of Streptomyces
sp. strain K~17. D-glucose supported the luxuriant growth of the organism as well as D-xylose, but D~
glucose isomerase activity was hardly detected in the D-glucose-grown cells. When the D-glucose-grown
cells were incubated aerobically for a few hours in 0.5% xylose solution in 0.05M phosphate buffer, pH
7.0, it was found that inductive formation of D-glucose isomerase occurred in the cells without multipli-
cation, In the non-growth phase of cells the inductive formation of D-glucose isomerase occurred because
a source of nitrogen for the synthesis of enzymes was obtained from turnover of protein accumulated in
cells. D-ribose, L-arabinose, D-glucose, D-mannose, citrate, succinate and tartrate could not induce the
formation of D-glucose isomerase, but D-xylose could induce. Inductinn of D-glucose isomerase was rep-
ressed by D-glucose and its catabolites; glycerol, succinate and citrate. Inductive formation of the enzy-
mes in the non-growth phase was stimulated by Ba2*, Mg?" and Co?*, and inhibited by Cu?*, Cd2*,
Ag* and Hg?*. The synthesis of enzymes in the induction system composed of 0.5% xylose solution was
disrupted by actinomycin D, streptomycin, chloramphenicol, kanamycin, tetracycline, p—chloromercuribenzo

ate, arsenate and 2, 4-dinitrophenol, but not disrupted by mitomycin C and penicillin G.

*Present address: Dept. of Biology Education, Hyosung Women’s University, Daegu, Korea

in Pediococcus pentosaceus and Lactobacillus plan-

Introduction
tarum were studied by Dobrogosz and De Moss” and

Almost Streptomyces isomerases were an inducible
enzymes requiring the presence of D-xylose as an
inducer in the culture medium for the production
18 According to Magasanik®, the production of
some inductive enzymes were repressed by their ca-
tabolites. The relations between induction and re-

pression for the formation of L-arabinose isomerase

Chakravorty?®, respectively. Bhattacharya and Chak-
ravorty® were studied that the catabolite repression
of L-arabinose isomerase in Salmonella typhimuri-
um LT2 was reversed by cyclic 3, 5-adenosine mo-
nophosphate (AMP) and cyclic 3,5-AMP had no
but the

cyclic nucleotide enhanced synthesis of the enzyme

effect on the induction in normal cells,
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in ethylenediamine tetraacetic acid (EDTA)-treated
cells.

There were a few reports about the induction
and repression of L-arabinose isomerase™ but few
reports on the D-glucose isomerases. The induction
and repression of D-glucose isomerase in Strepto-
myces sp. K-17 was initially reported in the pre-
vious paper!®. When the intact cells grown in the
D-glucose containing medium without D-xylose as
an inducer, which has very low activity of D-glu-
cose isomerase, were suspended and incubated in
the D-xylose solution, the isomerases were synt-
hesized inductively. The inductive formation of D-
glucose isomerase in Bacillus coagulans and Strep-
tomyces sp. were studied by Danno'? and Takasa-
kit2. The bacteria without enzyme activity wasin-
cubated for the inductive formation of the isomerase
on the medium containing pepton and D-xylose as
energy source and inducer by Danno!P and Takasa-
kil® whereas Rhee and Seu!® induced the enzyme
formation on the special condition without nitrogen
source.

In the present investigation the effect of the
induction on the above condition without nitrogen
source, catabolite repression and antibiotics on the
process of the enzyme synthesis are discussed.

Materials and Methods

Microorganism

The microorganism used in this study was Stre-
ptomyces sp. strain K-17 as a potent producer of
D-glucose isomerase 21314,  which was similar to
Streptomyces antibioticus'®. The microorganism
was maintained on the agar slant previously desc-
ribed!®.

Cultures

One loop of the microorganism was inoculated
to 100ml of the media in a 500 m/ shaking flask.
The medium was composed of 1.0% peptone, 0.05
9% K,HPO;, 0.05% MgSO4-7H:0, 0.1% NaCl
and 1.0% D-glucose. The microorganisms inocul-
ated were incubated at 30°C for 26 hr on the sha-
ker.

Assay of cell mass

Five ml of the intact cell mixture was filtered

through a Toyo No.2 filter paper. The retained

solid on the filter was washed three times with
distilled water, and dried at 90°C until the constant
weight. The cell mass was calibrated from the
standard curve by the determination of the soluble
protein concentration in the dried cells prepared
by the method of Schmidell®.

The filter paper and the retained cells were added
to 10m/ of N-NaOH, and were heated in a water
bath at the boiling temperature for 30 min. After
the filtration the soluble protein concentration was
measured by the Lowry’s method!” using a Bausch
and Lomb Spectronic 20 spectrophotometer at 660
nm. The cell mass represented as mg of cell per
ml of the medium.

Enzyme activity

To determine D-glucose isomerase activity the dr-
ied cells prepared as described in the previous paper
18 were used as a enzyme source. Five to twenty
five mg of the dried cells were added to the reac-
tion mixture which was composed of 5ml of 0.2M
glucose solution containing 2X10™3 M MgSOy and
5ml of 0.2M phosphate buffer, pH 7.2. After the
incubation at 70°C for 60min, amounts of D-fructose
converted from D-glucose were determined by the
method of cysteine carbazole sulfuric acid!® as de-
scribed in the previous paper'®. One unit of the
activity was defined as the enzyme quantity which
copverted to 1mg fructose per m/ reaction mixture
per min,

Enzyme induction

The cells obtained from the liquid medium con-
taining 1% D-glucose instead of D-xylose as an
inducer were aseptically washed twice with 0.9%
saline and once again with the distilled water. The
washed cells contained about 75% moisture. After
1.5g of the washed cells were suspended in 15m!
of 0.1M phosphate buffer, pH 7.0, which was ste-
rilized previously, 15ml of the suspension were
added to 15mZ of 1.0% D-xylose in a 500ml shak-
ing flask which were boiled for 15min (the intact
cell mixture). The intact cell mixture in 0. 5% D-
xylose was incubated at 30°C on the shaker for the
enzyme induction,

Concentration of D-xylose

The liquid obtained after the filtration of the
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intact cell mixture, carried out in order to deter-
mine the cell concertration, was used to measure
D-xylose content consumed during the induction by
the method of Somogyi and Nelson?.

Total RNA

The total RNA in the cells was fractioned by
the method of Schmidt-Thanhauser and Schneider
2D, The content of the fractionated RNA was
determined by the absorbance at 260nm in Schim-
atzu double beam spectrophotometer model UV-
200.

Reagent

Chloramphenicol from Kukje pharm. Co., mito-
mycin C from Takeda pharm. Co. in Japan, ox-
ytetracycline crystal HCl from Kupung pharm. Co.,
streptomycin from Donga pharm. Co. and actino-
mycin D from Makor Chemicals Ltd. in Israel
were obtained.

Results

Induction pattern

For the enzyme induction the cells grown in the
medium containing 1. 09 glucose without an inducer
were incubated in 0.59% D-xylose in 0.059% phos-
phate buffer, pH 7.0, at 30°C with constant shak-

ing. The induction pattern represents that the en-
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Induction pattern of D-glucose isome-
rase in Streptomyces sp. strain K-17.
Cells grown in the medium containing
1.0% glucose were induced in 0.5%
xylese solution. O—(, enzyme acti-
vity; A—A, cell mass; @—@, total
RNA; ©—@, content of xylose.
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Fig. 2. Induction of D-glucose isomerase in

Streptomyces sp. strain K-17. Cells
grown in the medium containing 1. 0%
glucose (@©—@). 0.5% xylose (O—
Oy, or 1.0% xylose (—@®) as a
carbon source were induced in 0.5%
xylose solution.

zyme formation arose to be propotional to the
induction time. Also the concentration of D~xylose
in the intact cell mixture and total RNA in the
cells were decreased to be propotional to the indu-
ction time. The cell mass estimated by the Lowry’s
method was not changed during the enzyme indu-
ction. So the cell growth was not shown because
any nitrogen sources were not added to the induct-
ion system. The total RNA content in the cell
seemed to be decreased because the degradation of
RNA by RNase occurred much more than the for-
mation of m-RNA for D-glucose isomerase on the
non~growth phase without multiplication, even th-
ough m-RNA for the enzyme was synthesized
(Fig.1). The induction was carried out on the
non-growth phase without the multiplication unless
otherwise stated. The washed cells grown in the
0.5%
xylose or 1. 0% xylose were induced in 0. 5% xylose

liguid medium containing 1.0% glucose,

solution. If the amout of the enzyme formed was
presumed 100 after the induction for 11hr, the
level of the enzyme activity before the induction
was 4%, 53% and 73% of that activity on the
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Fig. 3. Induction of D-glucose isomerase in
the starved cells. Cells were induced
in 0.5% xylose solution, after starva-
tion at 30°C. @—@, enzyme activity
of no induced cells; O—(O, enzyme
activity of induced cells affer starva-

tion.

cell grown in the liquid medium containing 1. 0%
glucose, 0.5% xylose or 1. 0% xylose, respectively
(Fig. 2).

Effect of starvation on the enzyme induction

The cell protein seemed to be turnover to the
enzyme protein during the induction because the
enzyme was produced on the non growth state
without the addition of nitrogen sources. If the re-
servoir of the cell protein was consumed, enzyme
production would be stopped in the above condit-
fon. To exhaust the reserved protein in the cells,
the cells were starved in the M/15 phosphate bu-
ffer, pH 7.0, at 30°C on the shaker. After the
starvation, the cells were induced by the usual
method. The enzyme formation was induced weakly
after the starvation for 60 hr and was not induced
in the cells depleted of protein for the enzyme sy-
nthesis after 110 hr (Fig. 3).

Induction and repression of the D-glucose

isomerase in Streplomyces sp.

The effect of carbon compounds as an inducer
on the enzyme formation in the non-growth phase
was investigated. After each 0.5% of D-glucose,

D-xylose, D-ribose, D-arabinose, D-mannose, ci-

trate, succinate and tartrate was added to the in-
duction system, cell mixture was incubated at 30°C
for 10 hr.

D-xylose among the carbon compounds was only
an inducer (Table 1). During the induction with
0.5% D-xylose, 0.5% catabolite which was easily
assimilated was added to the induction system. The
enzyme induction was not affected by D-fructose

and D-sorbitol, but the enzyme formation was we-

Table 1. Effect of carbon compounds as an
inducer on the enzyme formation in
the non-growth phase.

Inducer Relative
(0.5%) activity (%)
D-xylose 100*
D-ribose 0
L-arabinose 0
D-glucose 0
D-mannose 0
citrate 0
succinate 4
tartrate 0

*The activity obtaining with 0.5% D-xylose as
an inducer was set as 100%.

Table 2. Effect of sugars and their catabolite
as a repressor for the enzyme indu-
ction. Cells were induced in 0.5%
D-xylose solution containing 0.5%

concentration of each compound.

Carbon compounds Relative
(0.5%) activity (%)
D-glucose 25
D-fructose 105
D-mannose 66
D-galactose 63
D-sorbitol 133
D-maltose 82
L-arabinose 86
glycerol 89
citrate 22
succinate 55
none 100*

*The activity obtained with 0.5%D-xylose only
as an inducer was set as 100%.
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akly repressed by the addition of D-mannose, D-
maltose, D-galactose, L-arabinose, glycerol and
succinate, and strongly repressed by the addition
of D-glucose and citrate to the induction system
(Table 2).

It was demonstrated by the results presented in
Fig. 4 that D-glucose isomerase formation in this
organism was specially sensitive to the repression
by the high concentration of D-glucose and citrate.
This phenomenon initially described by Magasanik
® seemed to be catabolite repression. When 0.5%
glucose was added to the induction system in the
middle of the induction period, enzyme formation
was repressed in the same way as D-glucose was
added to the system at the beginning of the indu-
ction (Fig.5). The phenomenon of catabolite rep-
ression by D-glucose was investigated on the growth
phase which the bacteria were allowed to grow in
the medium containing 0.5% D-xylose as an ind-
ucer. The enzyme formation was not repressed by
less than 0.2%
repressed by more than 0.4% of D-glucose (Fig.

of D-glucose, but considerably
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Fig. 4. Effect of D-glucose and citrate on the

repression of enzyme formation in the
non-growth phase. Cells were induced
in 0.5% xylose solution containing
various concentration of D-glucose (O
—Q) and citrate (©—¢Q). The isom-
erase activily was same as Table 2.
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Fig. 5. Glucose repression of D-glucose iso-
merase formation in non-growth pha-
se. Cells were induced in 0. 5% xylose
solution (O—Q). 0.5% glucose was
added to induction system at (0 (@—
@) and 4hr (@©—@). Arrows repere-

sented the addition time of glucose.
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Effect of D-glucose on the repression
of enzyme formation in the growth
phase. Cells were grown with addition
of various concentration of D-glucose
to the medium centaining 0. 5% xylose.
The activity was same as table 2.

Fig. 6.

Effect of metal ions on the enzyme induction

To investigate the effect of metal ions on the
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enzyme induction, 1073M metal ions were added
te the induction system. The enzyme formation
was inhibited by Cu?*,Cd?* and Ag*, was activa-
ted by Ba%*, Mg?* and Co?*, and was not affected
by Ca?*, Mn®' and Zn?* (Table 3). The induced
formation of the enzyme was remarkably activated
by the addition of 1073M Ba2?*, 1073M Co?* and
5X1073M Mg?* to the induction system (Fig. 7).

Table 3. Effect of metal ions on the enzyme

induction.

Metal ion iﬂi&ge 5

1073M Ca?* g1
Mg?* 121
Ba?? 148
Mn?* 95
Co? 180
Cu?* 43
Caz 36
Ag” 38
Hg? 62
Zn?* 90
none 100*

*The activity obtained without metal ions was
set as 100%.
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Fig. 7. Enzyme induction as effected by the

concentration of metal ions. O—0,
Co?"; @—@, Baz'; ©—@, Mg?.

Effect of antibiotics and inhibitors on the
enzyme induction

The effects of antibiotics on the enzyme induction
were investigated to clarify whether the enzyme
synthesis initiate from DNA synthesis, transcription
level or translation level on the non-growth phase.
The D-glucose isomerase activity obtaining without
the addition of antibiotics was represented as 100
%. The enzyme formation was inhibited by actin-
omycin D, chloramphenicol, kanamycin, streptom-
yein and tetracycline, but not inhibited by mitomy-
cin C and penicillin G (Table 4). Also the induced
formation of the enzymes was inhibited by 1073M
arsenate, 5X1073 M 2, 4-dinitrophenol and 5X1073
M p-chloromercuribenzoic acid (p-CMB) as well
as antibiotics (Table 5).

Table 4. Effect of antibiotics on the enzyme

inducticn in the non-growth phase.

Relative

Antibiotics (ug/mi) activity (%)

none 100*
mitomycin C 5 100
actinomycin D 5 9
chloramphenicol 50 21
kanamycin 10 32
streptomycin 50 17
tetracycline 50 35
penicillin G 100 100

*The activity obtaining without antibiotics was
set as 1009%.

Table 5. Effect of inhibitor on the enzyme in-
duction in the non-growth phase.
Inhibitor R )

none 100*
Na-arsenate 1073M 52

107'M 72
p-CMB** 5x107M 33

107*M 93
2-4-DNP*** 5x1073M 33

5X10™*M 104

*The activity obtained without inhibitor was
set as 100%.

**p_chloromercuribenzoate

*#%2. 4-dinitrophenol
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Discussion
Almost Streptomyces isomerases were inducible
enzymes requiring the presence of D-xylose in the
Takasaki

¥ reported Streptomyces sp. capable of using xyl-

cultured medium for the production 5.

ans, thereby producing the inducer in the medium

from xylans. Streptomyces sp. strain K-17 also

required D-xylose as an inducer for the isomerase
production on the non-growth phase as well as the
growth phase? (Table 1).

In this experiment the induction of D-glucose
isomerase was carried out on the non-growth phase
without the addition of any nitrogen sources. If
Streptomyces sp. strain K-17 was grown in the
medium eliminated D-xylose as an inducer, little
amounts of D-glucose isomerases were produced in
the cells. On the non-growth state without the
addition of nitrogen source, the enzyme proteins
were synthesized. So the nutrients in the cells were
exhausted by the starvation in M/15 phosphate
buffer, pH 7.0 at 30°C. The enzyme formation was
decreased as a result of the absence of the protein
for the enzyme synthesis in the cells by the starv-
ation (Fig.3). The enzyme proteins seemed to be
synthesized by the turnover of the cell proteins
in the presence of the inducer on the non-growth
state. But Danno'® and Takasakil? carried out the
induction of D-glucose isomerase on the growth
phase to which D-xylose as an inducer and polyp-
eptone as a nitrogen source were added.

Danno' suggested that de novo synthesis of
protein was required for the induced formation of
D-glucose isomerase. The induced formation of D
~glucose isomerase by Streptomyces sp. sirain K-17
on the non-growth state was inhibited by actinom-
yein D as an inhibitor of RNA synthesis, and str-
eptomycin, chloramphenicol, kanamycin and tetr-
acycline as the inhibitor of protein synthesis, but
not inhibited by mitomycin C as an inhibitor of
DNA synthesis and penicillin G as an inhibitor of
cell wall synthesis. So the enzyme formation on
the non-growth state seemed to require the de novo
synthesis started from the transcription level (Table
4).

Since the inductive formation of D-glucose iso-

merase on the same condition was inhibited by
the wuncoupler for the phosphorylation; arsenate
and 2,4-DNP, the participation of ATP seemed
to be attendant on the enzyme formation. The
enzyme induction by D-xylose was activated by
Ba2*, Co?* and Mg?*.

Co?* as a protector for heat denaturation were

Mg?* as an activator and

applied for the activity of D-glucose isomerase in
It can be deduced

that the enzyme formation was activated by Mg?*

Streptomyces sp. strain K-172.

and the inactivation of the enzyme was reduced by
Co?* (Table 3).

The synthesis of the inducing enzyme was limited
due to catabolite repression by D-glucose and its
related metabolites® 2223,  Tahara?® reported the
induction of polygalacuronase by Aspergillus niger
was repressed by some catabolites derived from
glycolysis while Nisizawa?® reported the induction
of cellulase by Trichoderma viride was repressed
by the compounds of glycolysis and the intermedi-
ates of TCA cycle.

repression for D-glucose isomerase formation by

The phenomenon of catabolite
Streptomyces sp. strain K-17 was the same as the
latter (Table 2).

Since the catabolite repression in the sugar met-
abolism was excluded in this experimental conditi-
on, the special state, added only D-xylose as an
inducer and energy source without the nitrogen
source, would be prepared for the best condition

of the enzyme synthesis.

Streptomyces sp. strain K-179 2% Btk
Bk 2 ¥ E ANAE inducer 24 D-
xylose & H 8% sz g}, =#:H D-xylose &
A @5 105 gluose ¢ 21 el S
o REEEER DR $2 FAE RobA o) A&
oA 0.06M Q1 A 3 (pH 7. 0) o] FEAA 0.5
7hste PRI R AR g W BHR
2} induction pattern & FHETF £5 B BEEEREC] 10
AR 2 A A ke wpel AAde 2 stz
oo} u]#H A D-xylosed <ol AP ort cell
mass o] e} A9 BEe] AR o) BEHR
B9 ARl 9ojkam Awh, A RNA o)
Feid e 289 Wpskgieh. olshe] FHEFES

% xylose &
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7F8lA] %+ non-growth phase o] A & EBERIEE )
ARl dolvts AL Mladd 45 dE &
BB turn-over o] &t} A& starvation EE
oA & 4= glglth D-xylose ©] 9o D-ribose, L-
arabinose, D-glucose, D-mannose, citrate, succin-
ate @ tartrate = inducer 24198 F37F At
B389 induction B, D-glucose S 714 & 7 -$- cat-
abolite repression o] ¢ o]y} o v succinate 1} citrate
of AANE AetA BERAERe] A=At o]k
72 @42 growth phase o & w}grtx A&
vehi gleh, Induction B, Ba2*, Mg?* @ Co?* 7}
BERAENE EAF oH, Cu?f, Cd?¥, Ag* ¥ Hg?
st 2o BHEe] BRARS HESNYS, miton-
yein C 9 penicillin G = BEFEARY 4% 74
Za1g o1}, actinomycin D, streptomycin, chlora-
mphenicol @ tetra cycline 5o 3 7s1A {HE
g9t = p-CMB % uncoupler §] arsenate & 2-4~
DNP o] 93| A= AR HES AT
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