17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018

KP-22

Influence of light wavelength and intensity on geosmin production of
Streptomyces coelicolor A3(2)

Motoo Utsumi', Ayako Kanazawa’, Kazuya Shimizu' and Norio Sugiura'

! Faculty of Life and Environmental Sciences, University of Tsukuba

? Graduate school of Life and Environmental Sciences, University of Tsukuba
Keywords: musty odor problem, lake sediment light condition, Actinomycetes, geosmin

ABSTRACT

The occurrence of musty odor concerns originated from microorganisms in freshwater environments has
been reported in all over the world. Actinomycetes are known one of the causal microorganisms to
produce musty odor substances in fresh water environments. Light is one of the most important factors
for metabolic response of actinomycetes. Previous studies have reported that Streptomyces coelicolor
A3(2) produced carotenoid when exposed at blue light, but didn’t produce at red light. Both carotenoid
and geosmin are terpenoids. Furthermore, isopentenylpyrophosphate is common precursor of geosmin
and carotenoid. In this study, we conducted plate culture experiments under different LED light intensity
(0, 1, 10, 20 and 30 umol m™ s™) of white, blue (470 nm), green (525 nm), and red (660 nm) light to
elucidate the factors that influence on geosmin production. Geosmin production of S. coelicolor A3(2)
gradually increased under blue and white light condition between 2.5 and 20 pmol m™ s™ light intensity,
but the production tended to decrease above 20 pmol m™ s™'. This result suggested geosmin production of
S. coelicolor A3(2) increased when exposed short wavelengths light, but decreased at light intensity
above specific level.

1. INTRODUCTION compounds in aquatic environments.

In recent years, the occurrence of musty odor
concerns originated from microorganisms in freshwater
environments like as lakes (including Lake Kasumigaura),
rivers, and reservoirs has been reported in all over the
world"!. Actinomycetes are known one of the causal
produce
2-methylisoborneol (2-MIB), both are responsible for
musty odor in fresh waters. Waterworks are strongly

microorganisms to geosmin and

interested in when geosmin production occurs in the
reservoir, because musty odor compounds can be
perceived by human being at very low concentration level
(ng/L)?), and it is ineffective to remove by conventional
water supply treatment processes such as coagulation,

chlorination®’,

sedimentation, filtration and
Establishment of effective removal methods is essential
for reservoirs in situ, but it is still unclear what

environmental factors control the production of these

Geosmin biosynthesis by Streptomyces coelicolor
A3(2), a strain whose genome has been fully sequenced!”,
is studied”. But the biosynthesis trigger of geosmin
production is still unclear. Light is one of the important
trigger factors for metabolic response of actinomycetes;
as have reported that S. coelicolor A3(2) produced
carotenoids when exposed under blue light (2.4 pmol m™
s™), but didn’t produce under red light (2.4 pmol m™ s™)
(671 Both of carotenoid and geosmin are terpenoids.
Furthermore, isopentenylpyrophosphate (IPP) is common
precursor of geosmin and carotenoid. Therefore, it is
assumed that light influences on geosmin production by
actinomycetes. Based on these backgrounds, we have
studied what kind of environmental factors influence on
geosmin production of actinomycetes. Here, we reported
that the results of plate culture experiments under
different light irradiation conditions (wavelengths and
intensities) to elucidate the factors that influence on
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geosmin production of S. coelicolor A3(2).

2. METHODS

S. coelicolor A3(2) was pre-cultured at 28°C for 2
days in 100 mL YMPD medium (2.0 g yeast extract, 2.2 g
meat extract, 4.0 g Bacto peptone, 2.0 g NaCl, 1.0 g
MgSO,*7H,0, 1.0 g glucose, pH 7.2, per litter) in a 300
mL baffled Erlenmeyer flask, and incubated with shaking
at 120 rpm under dark condition. All medium pH were
adjusted with NaOH solution before autoclaving. Cells
from each 1 mL of cultured medium were harvested by
centrifugation (5,000 x g, 5 min) and were washed twice
with BS medium without carbon source (BS negative; 2.0
g (NH4),SO04, 2.0 g NaCl, 1.0 g MgSO4*7H,0, 0.5 g
K;HPO,, 0.05 g FeSO,4*7H,0, pH 8.0, per litter). After
homogenized weakly by 1 mm glass beads with 1 mL of
sterilized distillated water using Fast Prep system
(Thermo Savent), cell suspension at a final concentration
of 1x10° CFU/mL were spread on SFM agar plate (20 g

soybean flour, 20 g mannitol, 15 g ager, pH 8.0, per litter).

All plates were cultured at 28°C for 7 days under
specified light conditions or dark condition. Under light
condition, we used white, blue (470 nm), green (525 nm),
and red (660 nm) LED light equipment for illuminating at
1, 10, 20, 30 pmol m™ s™ onto the plates respectively.
After 7 days cultivation, 5.0 mL of methanol was directly
added to each plate for geosmin extraction, and then the
plates were kept at room temperature for 30 min. 1.0 mL
of methanol geosmin extracts was collected in glass tube
and added 2.0 mL of n-hexane. After that, these tubes
were stirred for 30 min and then centrifuged at 800 x g
for 30 min to separate the n-hexane and methanol layer.
The n-hexane layer was carefully collected and filtered
through in a Pasteur pipette packed by Na,SO, for
dehydration®™. The extracts were analyzed by GC-MS
QP2010 plus (Shimadzu Co Ltd. Japan) with AOC-20is
series autosampler (Shimadzu Co Ltd. Japan) for
measuring geosmin concentration.

3. RESULTS AND DISCUSSION

After 7 days cultivation, all plate surface of light or
dark condition were filled with S. coelicolor A3(2)
mycelia. On the other hand, geosmin concentration in the
plate was increased under light (white, blue, green, red)
conditions compared with dark condition. Furthermore,
geosmin concentration was gradually increased under
blue and white light condition between 10 and 20 pmol
m? s light intensity. But the concentration tended to
decrease above 20 pmol m™ s™'. These results strongly

suggested that the lights played a key role in the
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induction of geosmin production activity by S. coelicolor
A3(2). Especially short wavelength light such as blue
influenced potently to producing geosmin by S.
coelicolor A3(2). Also the production respondency might
have threshold level of light intensity.

From the previous studies, carotenoid production of S.
coelicolor A3(2) is induced by irradiating of blue light
(2.4 umol m? s™") but isn’t induced when irradiated with
red light (2.4 pmol m™ s™) [*"). In this study, on the other
hand, geosmin was produced by S. coelicolor A3(2)
under green and red light irradiation conditions. Because
metabolic pathway of carotenoid and geosmin has
different parts, we suggested that carotenoid and geosmin
production could be affected by different factors under
long wavelengths light irradiation. In conclusion, it was
indicated that various wavelengths light irradiation would
induce geosmin production of S. coelicolor A3(2).
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Birds Belonging to the Family Charadriformes on the shore

of Lake Kasumigaura

Tomoharu Nojiri

Municipal Official
Keywords: alluvial lowland, plover, Lake Kasumigaura

ABSTRACT

There are a lot of alluvial lowlands on the shore of Lake Kasumigaura-the second largest lake in Japan.
The alluvial lowlands, which are used for lotus fields, rice paddies as well as residences, form the habitat
for shorebirds, in particular, birds belonging to the family charadriformes.7species of the family have
been observed in the lowlands for 11years.

1. INTRODUCTION Revised Edition”, there are 15species of plovers in

There extend alluvial lowlands along the Japan, it means that there are 47% of Japanese

embankment all around Lake Kasumigaura. The lowlands species of plovers in this area.

are used for lotus fields, rice paddies as well as residences
A. Northern Lapwing

They are common winter resident, staying alone,

(Figure.1), forming habitats of birds belonging to the

family ~ Charadriformes (hereafter”plover”). In this

paper, the result of observations on birds of the family in with several individuals or in a large flock. They

sometimes form a flock of over 100 individuals
(Figure2).

the lowlands is to be introduced.

Figure.1 The lowlands and the Embankment of Lake
Kasumigaura; In the left side of the embankment, there
extend rice paddies and a lotus field.

2. METHOD Fugure.2 A flock of Northern Lapwings
(1) Method of observations flying on 14 Dec 2008; In this picture, 102
A. By driving a small car, so-called “’k-car” through individuals are photographed.

narrow trucks among the fields in order to seek B. Grey-headed Lapwing

birds more thoroughly. They would be accidental in the target area,

B. By usmg binoculars o seck  them and.a digital appearing alone or with several individuals (Figure.3).
camera with a 500mm telephoto lens to judge the
kinds of species.

(2) Target area

The alluvial lowlands on the shore of Lake
Kasumigaura.
(3) Term of observations
From 11 Nov 2007 to 31 Mar 2018. Times of

observations are over 250.

3. RESULTS .
7 Species of plovers as follows were observed. Figure.3 Grey-headed Lapwings on 30 Dec 2014
According to “Check-List of Japanese Birds 7"
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C. Pacific Golden Plover
They are common migratory in the target area.
Though they stay in a flock of tens of individuals in rice
paddies, they stay in lotus fields alone or with several
individuals. Though it is said that they are generally
migratory in Japan, they stayed in Dec 2010 (Figure.4).

a0

Figure.4 Pacific Golden Plovers in non-breeding
plumage on 5 Dec 2010.

D. Ringed Plover
They are common winter resident in the target area,
instead of being said that they are rare in Japan. They
stay with several individuals or alone (Figure.5).

Figure.5 A Ringed Plover on 20 Dec 2015

E. Long-Billed Ringed Plover
They are uncommon resident in the target area,
appearing alone or with several individuals (Figure.6).

Figure.6 A Long-Billed Plover on 31 Dec 2016

108

F. Little Ringed Plover
They are common resident in the target area, though
they are generally summer resident in Japan. Breeding
of them were seen in Jun and Jul, while they wintered
(figure.7).

iTi-gure.7 A Little Ringed Plover inSno
on 11 Feb 2011

G. Oriental Plover
They are accidental in the target area as they are said
to be accidental in Japan. A flock of 10 individuals
stayed at the end of Sep 2011.
| SR el - W

— gl - .

-

G|

Figure.8 An Oriental Plover on Sep 2011

4. DISCUSSION
Kentish Plovers and Mongolian Plovers were not seen,
however, they may have been observed somewhere in the
target area, because they generally inhabit in the coastal
area such as the Kasimanada coast in the vicinity of Lake
Kasumigaura.

5. CONCLUSION

7 species of plovers were observed in the alluvial
lowlands and the vicinity on the shore of Lake
Kasumigaura. Most of them wintered.
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Damage to wild birds caused by nets on lotus fields.
~The reason why Lake Kasumigaura cannot become a Ramsar site~
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Lake Kasumigaura is one of major habitats of aquatic birds in Japan. In spite of that, the surrounding lotus
fields hasuda are now covered with anti-bird nets. Since 2004, using prefectural subsidies, anti-bird netting has
been set up on the lotus fields around Kasumigaura in order to protect them from wild birds. Wild birds -
mostly aquatic birds but also rare species such as birds of prey — die because of the nets. According to the data
from Wild Bird Society of Ibaraki, in the 5 years from 2014 to 2018 more than 7000 birds lost their life in the
nets. We conducted a photographic survey to assess the current situation. We found out that the management
of the nets by lotus root farmers is still insufficient and the situation has not improved. Some nets that were
past their service life have been removed, but this did not lead to the reduction of damage to the birds, which
continue to lose their life in the nets. Children on their way to school walk past the fields with ducks tangled in
nets, struggling for their life. We believe that it’'s important for humans to coexist with wild birds and share the
blessings of nature. Our aim is to use photographic and other evidence to gain wide recognition of this serious

issue and to call for measures to solve it, and eventually achieve protected status by registration of the site

under Ramsar Convention.
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The per capita runoff change analysis in a watershed—an
example of Lake Kasumigaura basin

Donglai Ma', Ken Nakamura', Yoshiaki Osawa'

'University of Tsukuba

Keywords: land use/cover changes, comprehensive runoff coefficient, per capita runoff, Lake Kasumigaura basin

ABSTRACT

This research took Lake Kasumigaura Basin as an example and discussed the effect of land use/cover changes (LUCC)
on per capita runoff change through the spatial analysis. The results showed that: 1) Land Use/Cover types have
changed enormously in Lake Kasumigaura Basin in the past 40 years; 2) LUCC influenced the runoff change which

can be described by the increase of comprehensive runoff coefficient from the year 1976 to 2014; 3) Per capita runoff

kept stability, but people would share more rainwater runoff in the future.

1. INRODUCTION

The earth's topography and landforms are the
results of mountain-river-lake-sea interaction. The most
active and the shortest cycle interaction is river-lake. The
energy exchanged day and night, which fully
demonstrated the life characteristics of rivers and lakes.
With the rapid development of Tsukuba city after the
high economic growth period of Japan, land use/cover
types have a great change in Kasumigaura basin. Even
though Japanese government had published a very
scientific master plan on constructing of Tsukuba city,
also the natural river channels were deepened, widened
and leveed during the urbanization process; local natural
environment has deeply changed. Both history and
reality showed that lake play a key role in the flood
control of the middle and downstream “], while natural
lakes have irreplaceable advantages compared with
artificial flood control projects. Lake Kasumigaura is the
extreme end of the watered and has been strongly
influenced by the mainstream for a long time. In addition,
the Lake Kasumigaura development project was
implemented from 1970 to 1995, and large-scale
construction also mass maintenance was carried out. As
watered is a complex and open regional system, its
development was effected by many factors nowadays by
the concept of World-Basin-Urban ! (Table 1). At the
same time, the population has begun to decline and the
proportion of people of working age continues to
decrease. The birthrate is well below replacement level.
Japanese people are aging fast.This research took
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Kasumigaura basin as an example and discussed the
effect of land use/cover changes (LUCC) in upstream
and the changes of comprehensive runoff coefficient,
which can provide a basis for keeping basin healthy and
sustainable development ..

Table 1 Concept of World-Basin-Urban

Scale Description

Global | Extreme weather and climate events, storm surge
caused by sea level rise, salt water intrusion, etc.

Basin | Unreasonable land use, excessive deforestation,
water and soil erosion, river way transformation,
deterioration of river water quality, natural and
geographic conditions and hydrological location
characteristics of a city, etc.

Urban | Impervious area increases, forest and green space
decrease, wetland decrease, drainage pipe laying,
river way artificialization, drainage system aging,

highly intensive population and wealth, etc.

2. METHODS AND MATERIALS

In this research, land use/cover data was obtained
from National Land Numerical Information Service
Download System and then transferred into raster data
by the software of ArcGIS for Desktop V10.3, which
was used to analyze the spatial relationship among each
element in the Kasumigaura basin. The basin boundary
was extracted by the mesh data from Geospatial
Information Authority of Japan and verified by the paper
map from Ibaraki Kasumigaura Environmental Science
Center. Population data was supported by Company of




Infonica.

Weighted average method was used to calculate the
comprehensive runoff coefficient change with the
suggestion of Notification No. 521 from Ministry of
Land, Infrastructure and Transport (Table 2). The
expression is as follows:

n

a;
L
n

Where, w is the sum of runoff coefficient, a, is the
area of the land use typei,n is the total area of the
basin, g, is the runoff coefficient land use type1 .

Per capita runoff calculation is assumed that
precipitation does not change too much over years,
which the expression can be described as follows:

=Y
K
Where, d is per capita runoff, s is total population
in the region, p is the precipitation as a constant.
Table 2 Runoff coefficient Standard

Land use/cover Runoff coefficient (q)
Water 1

Urban area 0.9

Golf 0.5

Dry farming field 0.3

Paddy field 0.2

Forest 0.2

Uncultivated land 0.2
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3. RESULTS

According to the former research ™ ° we
generalized the land use into 7 types of past 40 years
(Figure 1). From the figure 1 we can clearly see that the
land use was changed. Especially in the upstream area,
which named Tsukuba City and Tsuchiura City, urban
areas have obviously increased while forest area
decreased, uncultivated land was effectively used and
golf courses was developed in the downstream area over
time. Fortunately, the lake area has not changed much.

Then we calculated by the generalization, land use
type change is shown in figure 2, while runoff
coefficients change and population change is shown in
figure 3.

From figure 2 we can understand that the urban
area increased by 2.4 times from 1976, while the forest
area decreased by 0.69 times as before. A large number
of golf courses developed in the 1990s, which accords
for 1.61% of the basin.

And from figure 3 there is no doubt the
comprehensive runoff coefficient has huge changed as a
value of 0.61(1976 was 0.46), this means a large number
of rainwater need to be discharged downstream than
before, this increased not only the pressure of the lake in
downstream area, but also a great waste of water
resources. While population showed the same trend with
comprehensive runoff coefficient. But population is
illustrating a downward trend over time, and this means

Legend N

Goll cmirae

km
B o e 0 10 20 40
- Uncultivated land

Figure 1 Land use changes of Lake Kasumigaura Basin from 70’ to 10°. From the left they are successively
the year of 1976, 1987, 1997, 2006, 2014.
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stable per capita runoff in the area will change based on
the function of section 2.

Paddy field Dry farming field
m Forest Golf
® Urban Area m Water

® Uncultivated land
|
2014 | |

| |
0%  20% 40% 60% 80% 100%

Figure 2 Comparison of land use changes in Lake

2006
1997
1987
1976

Kasumigaura Basin

According to government estimates there are 8
million residences in Japan with no one living in them.
But these abandoned houses will stay there for a long
time until management. This means that people need to
share more rain risks even flooding losses, in another
word, the value of per capita runoff will increase.

Urban area would expose more risk under extreme
rainfall without the timely drainage, because there are
more people and wealth concentrated in the city. At the
same time, the channels between the Lake Kasumigaura
and River Tone River have a high risk if there is a
flooding. Water intrusion is possible based on historical
data, even if we did not make such a simulation in this
research. From the year of 1997 the comprehensive
runoff coefficient stayed stable, even in 2006 it showed a
little low value we can sill considered there is no rising
trend, because the social structure of Kasumigaura has
reached saturation.

Thousand
1100 0.65
1000 — : _@‘__
900 0.6
800 ZZ - 0.55
700 - 0.5
600
500 B 0.45
400 0.4
1975 1985 1995 2005 2015
== Population
Comprehensive runoff coefficient

Figure 3 Comprehensive runoff coefficient change and
population change in Lake Kasumigaura Basin
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4. Conclusions

1) Land Use/Cover types have changed enormously in
Kasumigaura basin, i.e. urban area expanded from 2.4
times during the past 40 years;

2) Both the comprehensive runoff coefficient and the
population of the basin increased nearly 1.5 times from
1975 to 2015;

3). Per capita runoff in the area kept stably.

This study warns that the lakes in the downstream
are suffering much more flood pressure than before even
there are less flooding disaster happened recently. Once
the flood comes, the losses are still large will be
inestimable. From the result the comprehensive runoff
coefficient is being stable and has no rising trend, and
per capita runoff in the area kept stably, which means the
social structure of Kasumigaura basin has reached
saturation. To promote regional development, it is
necessary for government to make reasonable and
scientific policies, keep maintenance even evolution with
the background of that the population has begun to
decline, local people in the area also should protect the
environment themselves strictly.
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application of Climates of Global Lake Basins: CGLB?
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http://hydro.iis.u-tokyo.ac.jp/CGLB/#
Fig. 3 Screenshot of height variations of Lake
Kasumigaura observed from ENVISAT.
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