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Abstract

In order to design a ground-source heat
pump, the temperature profile and the ice
formation and melting during heat extraction
and recovery in the ground must be
documented. Computer simulations were used
for investigations with a direct expansion heat
pump on evaluations of heat extraction levels,
various heat pump operations, and the fill
material of vertical heat exchange tubes. Actual
operational data were recorded at the Hokkaido
National Industrial Research Institute (HNIRI),

It became clear from simulations that the tube
diameter has little effect on the heat extraction
rate and that the effect of the tube length is
nearly proportional to the heat extraction rate.

These results are of usefull applicability to
heat extraction from the ground in static water-
saturated condition. When heat extraction rate
levels are too high, they act to decrease initial
soil temperature from the start of one year to the
next; therefore it is necessary to inject heat
artificially during the heat recovery period.

Nighttime operation combined with a heat
storage system, when electricity rates are low,
reduces energy costs while generating a small

increase in investment costs.

REH 6.3.29

1. Introduction

Compared to air-source heat pumps, ground-
source heat pumps (GSHP) have the advantage
that the heat extraction rate is not dependent on
outdoor temperature and that the frost formation
problem can be avoided. When GSHPs are used
for floor heating, they generate a low
condensation temperature while increasing the
coefficient of performance (COP).

Worldwide, there are thousands of heat pump
units installed of both ground-coupled type and
direct-expansion type. Several research projects
related to these have been carried out. There are
many factors which can affect this type of heat
pump. Results produced in one country may not
be valid in another because of different
climates, ground conditions, energy prices and
other costs.

Hokkaido National Industrial Research
Institute (HNIRI) has developed a test plant for
investigating the effect of soil conditions close
to the heat extraction surface and the efficiency
of the heat pump installation. This paper reports
the investigation of the characteristics of GSHP
using computer simulations of heat transfer
from the soil to the heat exchanger.
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2. Heat pump sysiem

From 1985 to 1986, Hokkaido Electric Power
Co. in Sapporo performed work on direct-
expanSion systems”, Heat was extracted using 7
vertical tubes (60.5mm o:d., 20m). The results
showed that the heat extraction rate for volcanic
ash was approximately 23-29 W/m and that
COP was 2.3-2.8. -

The system at HNIRI consists of two 20-m-
deep wells (30 m distance between the wells)
and a heat pump unit as shown in Fig. 1. Itis a
direct-expansion system. The heat pump was
from Maekawa Co. (MYCOM) and the
refrigerant was R22. The low temperature
refrigerant' gas is transported from the
evaporators installed in the ground to the
compressor which is an open reciprocating type
with a rated power output of 1.5 kW and
displacement of 5.4 m3/h. The temperature out
of the compressor is 33 C. The hot gas
condenses in a shell and finned tube condenser
where water is heated to 30 “C. The warmed
water is supposed to be used for floor heating.

" The hot liquid refrigerant expands in the
expansion valve, and a mixture of gas and
liquid flows into the evaporators (heat

collection tubes).

Vertical heat exiraction tube

Direct expansicn heat pump system.

3. Two-dimensional computer program

To investigate the temperature changes in
soil during heat extraction and heat recovery, a
simulation program called NRAD, was used.

3.1 Description of the program

The Norwegian Institute of Technology - The
Foundation for Industrial and Scientific
Research (NTH-SINTEF) Refrigeration
Engineering has developéd a computer
program, NRAD, for simulation of two-
dimensional non-linear heat conduction. This
program can also be used for three-dimensional
problems in cases of ax1symmetr1c geometry,
such as for the test plant at HNIRI.

NRAD is a "finite element method" progrém
using Galerkins method for solving the
temperature distribution. The differential

equation in the model is:

Ax2L 2 ) v=pe
(Yaxz Y +qu=pc

For axisymmetric cases, it is:
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Material properties dependent on temperature
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are defined in Tables 1 and 2. The latent heat of
ice is included in the values. The geometry can
be defined by specifying nodes or points
building up a group of four-sided elements.
Temperature, heat flux, convection and
radiation boundary conditions can be defined in
groups of nodes. Initial temperatures can be
given in the specified data set. The exactness of
the simulation results depend on the accuracy of

the input data.

3.2 Simulation model of heat transfer

~ The simulation geometry for the soil around
the tube was defined to give results as close to
the real situation as possible, but at the same
time was defined to reduce the amount of

nodes, due to limitations of computation and
computer calculation time. The distances
between the points were chosen smaller near the
heat extraction surface where the temperature
conditions changes rapidly. The defined
geometry is shown in Fig. 2.

During the measurements of the water
content in seil of the test plant, it was found that
a small layer 4 m below the surface was not
saturated, while the rest was saturated. To
simplify the model, it was assumed that the soil
was saturated at all Jayers. Shift of water was
not considered. Both thermal conductivity and
volumetric heat capacity are higher in the
saturated condition. The soil consisted of

different layers of materials, but the uppermost

Table 1. Volumetric heat capacity and thermal conductivity for soil saturated by water.

Temperature range C | Volumetric heat Thermal conductivity
capacity J/m3K W/mK
-30.00 - -10.00 1.86 X 106 2.6619
-10.00 - -1.00 2.14 X 106 2.6495
-1.00 - -0.10 1.36 X 107 2.6247
0.10 - -0.01 6.79 X 108 2.5378
0.0l - 0.00 7.61 % 109 2.0414
0.00 - 20.00 2.82 X 106 1.4209

Table 2. Volumetric heat capacity and thermal conductivity for sand saturated by water.

Temperature range C Volumetric heat Thermal conductivity
capacity J/m3K WimK
-30.00 - -1.00 2.04 X 106 2.5867
-1.00 - -0.10 1.46 X 107 23811
-0.10 - -0.01 7.22 x 108 2.5511
-0.01 - 0.00 8.18 X 109 2.4328
0.00 - 20.00 2.83 X 106 1.1288
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Figure 2. Defined geometry for the simulation model.
(numeric means point number, numeric with under
line means node number)

11 m was volcanic ash. Specification of all the
layers in the simulation was not practical, and
therefore it was assumed that a homogenous
soil of volcanic ash existed in all the layers.
Radiation from the sun and the surroundings
and convective heat transfer were not included.
Also, heat transfer caused by rainwater
infiltration into the soil was not considered. All
of these factors are important, but would make
the simulation model too complex. During the
winter, the layer of snow acts as insulation, and
the influence of these factors are of less

importance. In the summer, the heat recovery

also will depend on these factors. Thus, the

result is a conservative approximation of the

real temperature distribution of the soil.
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3.3 Input data for simulations

Knowledge of the thermal properties of
actual materials is important for calculation of
heat transfer during cooling and freezing. In
general, water content is one of the most
significant factors. In addition, the soil .
composition, especiaily the particle size and
quartz content, affects the heat transfer.

Thermal conductivity variation is a
complicated phenomenon, and various
empirical methods have been developed. For
simulations, the model introduced by Kersten?
and improved by Johansen and Frivik® was

used.

A=A"(A-A9K(S) main equation
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Sub equations

Ab=an?® Conductivity in dry
state
A=A PA 0 Conductivity in
saturated state
AzASA Conductivity of
particle
K =S, Frozen state
K =alogS +1 Unfrozen state
Variables
n=l-p /p. Porosity
§=—N Py Saturation
conp,
q Quartz content
Parameterst
a=0.034, =21
a=0.68 and (.94 Depending on the
nature of the soil
and sand:
Conductivity
Water (.57 W/mK
Ice 2.3 W/mK
Quartz 7.7 W/mK
"Rest"  2.0/3.0 W/mK  Depending on

the nature of the

parent rock*
tBased on Kersten's experimental data®
}Smaller case: coarse-grain, upper case: fine-
grain of clay fraction greater than 2 %

+Smaller case: granitic origin

To find the thermal conductivity when both
frozen and unfrozen soil exists within the same
volume, the following interpolation was used:

A=A HA +A)v

where v is the ratio of unfrozen water content

to total water content.

To estimate the content of unfrozen water in
soil depending on the temperature, an
approximation had to be done using values for
silt” because no other data was available, These
values are shown in Fig. 3. The values for sand
were also taken from this figure.

Volumetric heat capacity of soil and sand for
the various temperatures depends on volume
ratios of dry soil or sand, unfrozen water,
freezing water and ice. The volumetric content
of water in soil or sand was examined by
measurement. For épeciﬁc heat capacity of dry
soil, values from Kasubuchi® were used, while
the values for sand had been given by the
Norwegian manufacturer. Both values for soil
and sand as fill material around heat exchange
tubes were calculated using the above methods.

The values are respectively shown in Tables
1 and 2.

In all of the simulations, the initial
temperature of fill material was chosen to be 7
C in the total geometry, according to test

measurements done at the time.
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Figure 3. Unfrozen water content as function of
temperature®.
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3.4 Examined physical and operational
conditions

An evaluation of sand as fill material around
the heat exchange tubes was executed. Because
of different heat transfer properties, the
conditions in the ground will be different. As
for the rest of the soil, the sand will be saturated
by water. Soil temperature distribution during
constant heat extraction rate was examined. To
know the lowest wall temperature and therefore
the necessary evaporation temperature will be
of importance for determing the dimension of
the heat pump system and for evaluating energy
consumption. Examination of the heat recovery
situation during the summer also will provide
valuable information for determining necessary
hieat injection into the ground. Simulations
considering constant evaporation temperature
were executed and the variation in the heat
extraction rate could be visualized. V

In Japan, electricity rates are considerably
higher in daytime than at night. Accumulation
of the heat produced by running the heat pump
at night could reduce the energy costs of
operation. In cyclic operation, e.g. 8 hours
running and 16 hours resting, the heat
extraction rate should be 3 times that of
continuous operation to obtain the same energy.

A simulation has been executed to evaluate
the temperature distribution in the ground
compared to continuous operation. The lowest
temperature that occurs after 6 months of heat
extraction indicates the dimensioning situation
for the compressor. An estimation of
‘ Comp'rressor' volume and resulting power
consumption weré executed to evaluate the

overall economy of cyclic operation.

4. Results

4.1 Results of continuous heat pump

operation
4.1.1 Test pipe design

An outdoor heat pump plant was built for full
scale tests. A rough estimation of the pipe size
may be deduced from simulation data. To
maintain a constant heat extraction rate from a
well under steady state conditions, three
parameters — depth of well, pipe diameter and
surface temperature — should be determined. In
general, the procedure of optimization of the
well is complicated, since the ground
conditions, heating and cooling demand and
costs all will matter.

In this non-commercial case, the costs will
not be taken heavily into consideration. The
cooling capacity was set at 1 kW under steady
state conditions and the surface temperature
was desired to be approximately -8°C. Then it
remains to calculate the pipe diameter and
depth. From the simulation results, the heat
extraction rates for d=100, 200, 300 and 400
mm are plotted in Fig. 4. The pipe is 20 m long.

As seen in Fig. 4, when the diameter is
doubled from 200 to 400 mm, a 25% increase in
the heat extraction rate results. Reducing the
diameter to 100 mm causes a 16% reduction in
heat extraction rate.

In general, the smallest diameter would
probably be chosen to reduce the cost of drilling
and materials. To compensate for the reduced
cooling capacity, the pipe would be lengthened.

From Fig. 4, it can easily be understood that
the cooled or frozen soil itself rapidly becomes
the major hindrance to efficient heat transfer.

As mentioned, optimization of the pipe
requires the implementation of several
parameters, both physical and economical. This
simplified estimation indicates that a 100 mm
pipe should be preferred rather than one with a
200 mm diameter. The length should be 23.2 m

-6 -



if a heat extraction rate of 43.1 W/m is used. A
reduced diameter will increase the refrigerant
velocity by a factor of 4, and the pressure drop
will increase. However, due to the very low
initial velocity, the temperature loss caused by
the pressure drop will be of negligible
significance.

In average, the heat extraction rate was 1 kW
from the 20 m long and 100 mm diameter pipes
during 6 months of -8°C surface temperature.

At the end of the period, almost steady state
conditions occurred, and the heat extraction rate
declined to 0.84 kW or 16% less than desired.

The smaller surface of the 100 mm tube
requires less liquid refrigerant to be kept wet,
hence the recirculation ratio of refrigerant can
be reduced. A deeper well results in a larger soil
volume as heat source. In this case, a small
refrigerant pump is to be placed at the lower
part of the well. A sufficiently small pump
should be chosen to meet the small well
diameter.

An important point is the freezing of the soil.

Some problems may occur when the soil
freezes and thaws several times. To avoid these
problems, it is often recommended that freezing
of the soil should not be allowed. A sufficiently
large area of the pipe is then required. There
may be several optimal sizes depending on the

usage of the heat source.

4.1.2 Distance between two wells

The distance between the two wells should be
kept as small as possible without permitting any
significant temperature interference. A great
distance between wells results in long suction
pipes in this direct-expansion heat pump
system. This leads to high pressure drops and
high degrees of superheating of the refrigerant
gas.
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Figure 4. Variaticn of heat extraction rate as function of pipe
diameter at constant temperature -8 °C.
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From the simulation results, Figs. 5 and 6, it
seems that the temperature of the soil is almost
unchanged at 10 m from the well and shows
only a small change (0.85 K) 5 m from the well
after 6 months of heat extraction. The
temperature continues to decrease after the heat
pump is turned off. After an other 6 months
without heat extraction, the temperature
decreases to 5.75°C from the original soil
temperature of 7°C at a point 5 m from the well,
and to 6.56°C at 8 m. The effect of sunshine is
not added, but it may have a significant
influence in the upper part of the soil volume. A
distance of 15-20 m should be énough to avoid
temperature interference. The frozen zone has a
thickness of about 0.55 m after the 6-month
period.

4.1.3 Constant heat extraction rate

Examinations of 1.00 kW and 2.00kW
constant heat extraction rates were executed for
a period of one year, e.g. 6 months with heat
extraction and 6 months without. Sand was used
as fill material. Figures 5 and 6 show the
temperature development for different distances
from the tube for these cases. The temperatures
represent values at the depth of 5 m beneath the
surface. In the case of 1.00 kW, the lowest
temperature was -5.7°C after 6 months. The
frozen zone around the tube was about 0.55 m.

After the stop of the heat removal, the
temperature in the frozen zone rose to the
melting level rapidly because of high thermal
conductivity and low volumetric heat capacity.

During ice melting, the temperature remained
roughly constant. The period for the ice melting
in this case was about 125 days. After 6 months
of heat recovery, the temperature did not reach
the same level as before the heat extraction. The

soil temperature therefore will be lower and

lower every year if no heat is injected.

Radiation from the sun, heat convection and
conduction, and rainwater infiltration of course
influence the upper part of the ground.

This 12-month period of simulation started
with undisturbed ground conditions, therefore
poorer conditions must be expected, even if
heat recovery from the ground surface is added.

To achieve equal start conditions in every
year, heat must be artificially injected into the
well.

.In the case of 2.00 kW heat extraction, the
situation becomes worse. The ice doesn't melt
during the heat recovery. The temperature level
in the ground — and therefore the evaporating
temperature — is much lower during heat
extraction. The lowest temperature is calculated
to be -15°C. Compared to the 1.00 kW case, this
lower temperature will result in higher energy
consumption for heat pump operation,

4.1.4 Constant evaporating temperature

Figure 7 shows the heat extraction rate for
various evaporating temperatures with sand as
fill material. If the heat pump is operated to
maintain a constant evaporating temperature,
the heat extraction rate must decrease due to
smaller and smaller differences between
evaporating and soil temperatures. The soil
reaches a steady state condition after 20 to 40
days and the heat extraction rate then begins to
stabilize. Figure 8 shows how the level of
evaporating temperature influences the soil
temperature for the various distances during the
first 14 days.

4.2 Cyclic heat pump operation
4.2.1 Simulation model and input data

Continuous heat extraction of 1.00 kW was

-8 -
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chosen to compare continuous and cyclic heat
pump operation. Sand was used as fill material.
In order to collect the same amount of energy
during 8 hours of operation, a heat flux
resulting in 3.00 kW of heat extraction is
necessary for cyclic operation. Such a
fluctuating boundary condition was too
complex for the simulation program. In periods
where the average temperature changes rapidly,
like the first heat extraction day, the numerical
errors in the calculations would be too large. -
But when the temperature is stabilized, as in
the last 24 days of the 6-month heat extraction
period, the accuracy of the simulation would be

reasonable. Because the same amount of energy

is collected in both operations, the results from"

continuous operation simulation after the first
156 days were used as a basis for input to the
simulation of cyclic operation for the last 24
days. Before making a cyclic operation
simulation, the initial soil temperatures for such
an operation had to be examined. Values
resulting fror'n‘ simulation of continuous
operation were used directly in the 24 days
preliminary simulation. The following was

observed in this test:

* A phase displacement exists in the
temperature fluctuations comparing
maximum values for two different distances

from the well (points 1 and 2 in Fig. 9).

* The temperature amplitude decreases with
increasing distance from the well and is
negligible at about 0.50m.

* The temperature amplitude remains almost
constant for the same node within this 24-

day period.

* During the 16 hours resting, consumption of

heat for melting ice makes the rise in

temperature smaller nearby 0°C.

When starting the 3.00 kW heat extraction,
there were 16 hours of resting in advance. The
soil temperatures at the beginning of the 8 hours
of operation will be higher than that of
continnous operation. Thus the initial
temperature was adjusted. The adjustment was
done for the nodes where temperature
differences between continuous operation
simulation and the test simulation were shown,
based on the above observations. Except for the
start temperature and heat extraction value, the
input data was the same as for continuous

operation. The results are shown in Fig. 9.

4.2.2 Cyclic operation for 24 days

The temperature fluctuations for the last 4
days of heat extraction are shown in Fig. 9 for
different distances from the well. The values for
the 5 m depth are plotted. The influence of

latent heat can be seen in Fig. 9 in the

increasing part of the temperature profile. The

phase displacement of the maximum and
minimum values can be seen when comparing
the temperatures for different distances at the
same time. The lowest temperature was
calculated to be -12.4°C. The frozen zone is the

- same as for continuous operation, i.e. around

0.55m from the tube. Figure 10 shows the
temperature profile in the ground for various
moments of heat extraction and resting. The
temperature fluctuations easily can be
visualized for the various distances. There are
no fluctuations around 0.50 m.

Figure 11 shows the temperature differences
between continuous and cyclic operation for
two different distances over the last 10 days of
heat extraction. The average value for cyclic

- 10 -
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operation seems not to be equal to the value for
continuous operation. The latent heat is
dominant in the rise of temperature close to
0°C, and therefore the rate of increase becomes
small. This difference decrease as the distance
from the well increase. The reason should be
that more of the total temperature fluctuation, in
this case, is within the latent heat dominant
area.

The temperature distribution for cyclic
operation during heat recovery is shown to be
the same as for continuous operation. The same
amount of energy is collected in both cases.

During actual cyclic heat pump operation of
this plant, the heat extraction rate did not reach
3.00 kW because the compressor capacity was
too small. Therefore, the compressor must be
changed to a one large enough to extract 3.00
kW at -12.4°C. To estimate the size of the new
compressor, a calculation was made using a
process dimensioning computer program
developed at NTH-SINTEF Refrigeration

Engineering. A rough estimation shows that the
compressor volume must be increased 35 %.
Since the average temperature level is lower
(Fig. 11), the average COP of cyclic operation
will be lower than for continuous operation. In
addition, there are inverter losses running on
partial load. But the total energy costs for cyclic
operation will be lower for the following

reasons:

*  The nighttime electricity rate (11PM -
7AM) is 7 Yen/KWh and the daytime is 21
Yen/kWh.

*  Power consumption is 1.55 kW in cyclic
operation, which actually only occurs in the

of

temperature, while the power consumption

condition lowest evaporation
is 0.44 kW in continuous operation using
the smaller compressor.

*  Energy costs of cyclic operation will be
even lower, since 1.55 kW is the maximum

power consumption.

- 12 -
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5. Conclusions

The simulation of the ground heat source
system, together with measurements during
operation, give important information on
physical phenomena about heat transfer in the

soil under various operating conditions.

1)  The extraction rate from the soil keeping
the evaporating temperature constant reaches
a steady state condition after a certain period

of time.

2) = The constant heat extraction of 1.00 kW
level shows a change in initial ground
temperature from +7°C in the beginning of
operation to +4.7°C before starting operation
the next year. Without any artificial heat
injection during the summer, the initial
temperature will decrease each year, until a
steady state condition occurs, even when
radiation from the sun and heat conduction
and convection are included. A constant 2.00
kW heat extraction rate results in even lower
temperatures in the beginning of the next
year, therefore such a high level rate is not
recommended for operation. Since the
evaporating temperature will become much
lower during operation, the COP for the heat

pump also will be lower.

3) To avoid a decreasing tendency in soil
temperature from one year to the next, heat
should be artificially injected into the
ground. If the heat pump can be used for air-
conditioning during the summer, heat can be
recovered. The temperature of the ground as
a heat sink will be relatively low, which can
increase considerably the COP of an air
conditioner compared to outdoor air-based

units.

4) In the case of constant 1.00kW heat
extraction rate, the thickness of the ice layer
is about 0.55 m after 6 months of heat pump
operation. Around 10 m from the well, there
seems to be no temperature change. This is
important to know if more than one well is
considered. When energy from the sun is
included, a distance between two wells of
10-15m should be enough to avoid

temperature interference.

5)  Comparison of cyclic and continuous heat
pump operation, collecting the same amount
of energy from the ground, shows lower
energy costs for cyclic operation, because of
lower nighttime electricity rates. Even
though the average temperature level and the
COP of heat pump are lower, only about one
third of the energy cost is needed. Additional
costs for a necessary heat accumulation
system and increased investment costs
caused by a larger compressor should be
compared to energy savings in order to
determine if such an operation is

recommended. The physical difference in

soil in the case of cyclic operation is only
local and can be visualized only about 0.50m
from the tube surface,

Nomenclature

c= specific heat capacity, J/m’K

T= temperature, K

t=time, h

A = thermal conductivity in x respective y
direction, W/mK

A = thermal conductivity in r respective z
direction, W/mK

g, = internal heat generation rate, kW

P = density, kg/m?

Ke= Kersten number
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A = thermal conductivity, W/mK

A= thermal conductivity, saturated state,
W/mK

A °= thermal cbnductivity, dry state, W/mK

A = thermal conductivity, frozen state, W/mK
A = thermal conductivity, unfrozen state,
W/mK

p = density, dry state, kg/m’

p = specific gravity

Subscripts:

r - "rest”

8 “solid"

w "water", "ice™
q - ‘"quartz"
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1. BBIEAVVDRE
1.1.ZL&IC

AV ZREBBINLOERETH S,
FREAYVUCRIEEPEETHE L 2B
LTWa»b6THE, ThbdbbI VORI
ik Ay ethagm oRIGERCIGL T
FEDOEBIINUBEMENEL S, TR
JGDBIZ WL D OBENHLEE., FTF0
FOXEDORIVMEOR bFE DAY
YERIGL., ZRPBUITIIHEEL THDTERD
RGO DAV VRREL TN, KIG
HOBROCEEOA YV I 25T E0E
NTLBEHB, L, COEBLAZTHIET.
IHhHWHESHBCRIET S, KBRSV H
HERBRBEADOBE R, BREMONE
HH DTS RISEE YA BE RN GEE
D il REIA TV AR, BhEkY)
b IHTRIEOBREEHREZ > TL 3,
ZOWEIZZAY > OEESL 1 20RFTH
5, RREAY YOERTRLZTOLEBAY
RAEBRETIBEORSCOFICHZELT,
BROFTho-rE2RELEI LT,
T, AV IMMERTEROpHLBETH 5,
pHB 7 VA VM TIREROHS VDS
M d, i, B TREEo RO S
LPRTORBAZEFEE LR EANTY Vdif 4
VRIGHICH BT 2, I TRERYEL T
VYDORIGEOTHEEO RIS % &TEIC W
THBTZL. ILREMBORBILE LTI,
AV BB BN g 20T H
ZVLBEBRETEAVCORIGE £ THLD

¥HEH 6.3.18

EF2OMIBEFETHA S, EELITONL
BTV ORIBEOHEZA YV ORI
HOBEMEPVBERNEMZHATS20ICHEL
TWna3DT., YV URICOERERH L BT
RENCED DT, EHELIBERNC [V
KBS AN - NBEEHORE] 2170
7o, M, BBELAVCORIGICET 2 H
XEFHELZVEVIRATH 7O THIRIE
B XIJVAEVER, RZVAFROLTV UK
IGEDBH S, DWTRNA, DNA.
T A RDNADA Y V47, S bR KB
WM. ZNNAXYA 2204 VAL EDRE. &
EHLEERA LG, TS EHNTEIE
KEo2TEHRE L THRERBEDA AT EH
hEEOTHE, BEMNLTHANEEE CH
). 2)2ZHEaInlz0,

1.2 BRIBBR EE AV ORI

BRMERIRS DAV VR 2B L
DL LTI < id Christensen 5 (1954 DAY
L BUVEIOW P DO®EMND L, Ll
ZOHFEHICE O AR B, Scott® 0B 134
VAL AREBYEOUVEINOZL, F0#
WA THLBBOLILA LY DBWTHH I,
FELRIZORIGH 2 EER B IO~ 7S
74 ~(HPLOYTHET L /2. E#BICIZUVIRIIY
DAL IBBEROIMTH-T, X271t
YRR VAF R FREPROBBERED
RIGERE L ARBEOEETHRL S, #l% T
ARV RIIZVAFREINCLIEH>THE2
R, RISEEEHIE., FAF 7oL
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OIH
0=f-0- HZO Base
OH
H
NHz NH1
CHs )\,D )kﬂ:
M
Base )j N H;NJ\ l\ 5
I
Thymine(T) Cytosine(C) Guanine(G) Adenine(A)
2 '-deoxy-
ribonucleo- dTHP ' dCMP dGMP dAMP
tide
1. FHFURIILAF FOWRE
Scheme I
Rl x 1
P S T N: a?
J\ —~Ha07 o‘[\z/g' 3 OLN—_-?;
o
1 3 2
Scheme I
o
. N) 3. H20 HN}\;,N—!—H e nu/\?’"" i
KNJ\‘ ""z"z HNJ\ wE MN \"/6\"”'
4 H ]
-] aH
mc”\ou Né’\,‘
RS Tow, ~HI0 e 'N' OH
045.H0 ’ 5
Qe o o
AN E-OH —
s, ) HN_ KM
° ¥
%

3. JPURUL ML LVEOFA T VR

B(AGMP). ¥4 ¥ ¥F I T VBATMP), 74
FTFPNERACMP), FAF T T IVER
(AAMP)T ZhZH#15CT 5 x10'. 1.6x10%
14x10°. 2 x 1M Thotz, 104 - & -
R EhbdTHENILERLTLSY
dAAMPOD A >V RIEHEAME L & ki3, BT T
ZUBRERBERPEOTVLELEDTH S,
BEIEEDOL YV oM E . Kolonkob
97D ic X2 h 72 A e X DA VA IRER
TRE N5, BRI Matsui 5199235 b &

Concentration, mM

Time, min

2. PAFLIRROLAFROATOBR
HEHRE, &1aMEHT7.8): AYVBRE,
2 mg/1; F#E, 330 ml/min

!

—é 0 j\“‘O* —
ps \ B D\dAgP
E 0.05 [ \
= MP
I B,
S o0} \\ \
5 A ® lo)
g \
® 0.5t y \
]
5 0.20 \A dTMP
5 dGMP \
<T

0.25 \

0.27

0] 20 40 60
Time, min

H4. FAELUKRRILATF KESBOA TR
EARE, 1 mM (dGMP, 0.24; dCMP, 0.24; dAMP,
0.26; dTMP, 0.26mM; pH 7.8) ; #A YV RE,
2mg/t; FE, 330 mi/min
VRITTZOF VRN L
22OTH3ICIhZz2RT, dAMPD A V' 53 fifk
TR TFVOZERGINT 4V RIG
RO T. AV U5 IRETAOHT P
ANCEBHERTOFENIBE V. DDO0T
HZBEN-ZYaVNVEEOYNBERIET
hott, FVURIGOBLEME R ABOF A4 X
VIRXIZVvAFFREEMERCTH4ICTR
Lz CHEDIFEBHF L DRIGEYE DI
HLTHTNBEI Lah5,
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traFTO trnalle

E5. AV REBTOYUARNABKU A VO 2 RNAD
RRRIPOULT I RSN RKEBINT -

HHR, 200ug(2 mi, 0.15MNaCl); #YV > ¥E,
0.1mg/; &, 70mimin; 2°7C.
tRNA 1), KB, 2), 29/, 3). 898,
4), 16%R4
tRNA®1), k@, 2), 89/
Aon
c
c -
C
PG+ C
» G -°C
C-G
Um+ A
C-G
-n’G - C
. U-Aggcccl »a
A u lG ----- A
‘(G CUG wccd'GG Y. C
G . o » "C * (8]
( DAV C+GAG
Uu-A
C "G
G-C
g
u n‘G<
n! 68
®6. 7OUARNADAY > 3mES
AWEE : P ,~100% - ~70%
»,20~30% ; - ca.10%

1.3.RNAE AV DORIG

DT (19504 ) A V" /i3 radiomimetic gas
Lwbhic, Thbh. XFHS CDNASHN
T3 s (GHIE. CHIH > OREHFRIERIC
EELTWA)LDIC, V2T HDNASHDY]
MR ahAnsThE, UL, Zh
BEELOTFRICIOTHAMIIER LD
WCHHBEOBIBICE SO T ZIRBICYIkiIh 5
DTH-oTY, XEEEHC X VBN DKL S
BETIZOHS AN L 28N & XEL
%2, EFLELT IS A7 7—RNA (tRNA)
THEEZRLTAL D, t(RNAGHIRORICH
STTI/BERXIVVAZTKOBENERR
BEESOTWE, "P2ERLL OV S
VA7 7 —RNA (tRNA™)E A VaAf b5
A7 7—RNA ((RNAWZ O TH Y ok 58
UIMOBE /PRI L 1, BRIKEI %217 o 70k
B (51654 L Em & 8T & BT
RECELEFRLTWVS, —FH. %
YH—ETHREOWBE AZREL(HME6)",

Aon
c
C
A
G - C
& &
¢ mgl*
G G=u
G-C c w0
Y S Aueccc® A
DGA 2 s e o @ Gi
D cucTG, 6CGGG.,. ¢
»G ... =Cp ! AOTU
G 0 GAGC l't;
v l:’DA ~iG . A G A g
v ) A
G:C »
»G* C
WG
cG%ﬁ
1] tA
1 AV
B7. 4VO4 L ARNADA Y kgt
SREE © P> ~60% ; »,20~30%
- ca.10%

S ¥4¢D30,000cpm/miE & 2 ml (4 — 2 MRNA1T00 4 g/mi, 10mM Mg?, 0.15M NaC1&Z8:)I2 4y  MEO. ImgN\OMEKRH 2% 2°C

ICBNTHETOM/mmTI6FBL /. * SR LI-HFHARER.
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TTITTUBEDLTV O IGERE D
MO EERNANLEY., ERTFTICEVT
YT VIREOAVERNICA Y E RIE
LWTWa ZEehaghsd, t(RNADEREET
B—AHON TR EmMIUELTHS
DT, OGO T = UEEDHEG100%
IO, FHTRNADT X/ Bl#ORBTH
BT FaANEFELTFARIAL—TFD
30D T URER. 100%BEI TV
P, UL, 20X REOBIRIRET b8
W3 Tuhbok, ThbbAV I ER
Y E D S ML, BEa~DL YV DR
BIELINELETHE, COEI A
VYDZHHAMANDRIGOE S &, FBIE
MHESNORIGOEI DB EEE. 71
AREERCEBL2E LS L TEHEEER S,
(RNART 3V — 4R Ic 77 = VA D A
Tesb, AV A E TREL TV EAT A
I 2 RPOWM DO 7 Z VEEHNRIG LR
LHTWEMT7), B, XV ERNAZ Y
SV -HFRBEETUET 2 LEGBLT
WB T VBB THEYIK R, T
RbbERECLVBIES 7 BT KN
ZEHUIM B I AH. IHIZTF A I RDNA
DETEE LR ZDTI TN,

FV ks EEOELE 7 VT S
VRNAIZ DWW TS L, BB I 7=
CEREOMBREELTOARLD, LIE0
T RN INIEXICTTIITI/
B EMEE4% CERTFL. 22077 =2
BEOWETEREERS3%ICER LAY,
bbb, O 3IBEEFEOWEEDORERR
FAOBMOEZEOEILTEL S I L TR
LTWwd, SHICEFTORNATREDITH
535h, ZNTEWFA 77 4V ADRNATMY-
RNA)E 3 & 260000 B EL > TH Y .
TAUT YR, BMORNADZ F THENIEI
BRT S, FITEY 2 ZTMV-RNAICER &
W, ZOHEBOEL L B ORE 2 A,
RREIMSDLEDTH2Y, Bprdkbh

3B TREBEREEI/ e NS T 4 —
(HPLC) T2 I & 2 2\ hs, IS % EE T
LT UREDRLGBE XD LTS,
TMV-RNAZ #3258 L #1590 77 =
BED 5 BLHPLCE O KEE D 5 B K15 H3u iR
SINTOLHBEEEH Y. (RNADFERESD
¥ TTMV-RNATIE LD A A= XL LT
TG DAV X B EBRRINE Y E 2
BIEHHEETH S, .

1.4. 7522 RKDNAE AV U DRIE

DNARZHLBABEBRZ L DTEELTO
L0, CORDT7FVEEEFIVERD
WA UEBENICRIGT 2 2 & H3H B
LB, BEME S 7z—RBEDDNAT
FVFFIVEEEFBENCRIGL. 20O
RIGHEERT 7= - F L 2 hist 2 BR LT
WE2EBEOBOF I VEEDZENL D H,
“HLEEABER DTV BREFRICINALE
BEGPRESHERELZLETHS S,
—FHOF I VBEREORISHOE S 3BT
NBH, HEEADNAOA Y iz k2 EERE
ZBHLETHETHSL, 2HH#HDNAICLZVTH
VI DEEINR ST VUBRE, Y
BREZFhFANERDZ N VERE, 77
ZUEREL OKEREVAEEICLZD, D
KWETELFABEIWELCRELRST
— R BEERSDILDI DTV, AV &SI
EHT UL DOV TR 4T 5,

FREADNARERRBERZ L >2TWVE, &
NZEHETEL D, EFAVELTHELLHE
B EE%R &£ 575 A2 3 FDNA(closed circular
DNA, ccDNA)# & O HiF72, T DccDNAZ K E
ABEEKD 2EOWHTA Y e RR3E
ZEELICHEYIM»E CHEIKDNA(open
circular DNA, ocDNA)IC 7% 5 Z & H3EEXIKE T
Hehod Btz (H10)", KBETORIREA Y >
1047 TecDNAREEL TE V. HEE
TXORIGHHELELTWS, Z4tidccDNA
AIKFTRHMBLI-BETHL I L HZEKRL
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E
O
£o 0 T ey,
o¢ 9 —,
D003 F AGMP 1
c 0061  ocump,AMP 1
g I 1 ) ! 1 L ]
<

>

z

T

&

£

0 20 40 60 B0 100 120 140
Time , min

B8, ZNIEYFA D04 IVARNADA T AL BAEML
HHE, 10mg(40ml,pH6.9) . AV RE, 0.1mg1: H&E, 70mimin; 27T

20 Q<Q=O=g=g @ -
3 W
~ o
Té 0.0 .\.\ Q’i i
E 0.
\: \o
E \o
g 0.10 . : \ . ?
o 1
=]
uy
e 0 O—0—0=Q=—— (®) q
¥ . Q\Q_\t_\\\g—\o
3 T~
5 0.05 N
1 L 1 1
0 30 60 90 120

Time of Ozonization {min)

ES. F4MmEDNADA Y 5K
SR, 108mg(20ml,pH6.9); AV RE, 0.1mg/; EE, 7Omimin; 2¢C
(@) MEHDNA : O—0O, dCMP; [—[J, dAMP;
A—4, dGMP; ©—@, dTMP.
(b) REMDNA: O—O, dCMP, dAMP: A&—a, dGMP, dTMP

1 2 3 4
-—0C DNA—
-—CC DNA—

E10. #V R TS 2 2 K pBR322 ccDNAD 1 KNFPHO—-Z 7 INBRABNT—
SR, 50 pg(1ml, a) 7%, b}0.15MNaCl);
A/ RE, 005mgA; FE, 70mli/min; 2°C,
RGBSR 1 1), 0% 2), 29 3), 54 4), 104
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®11. FS5X X K pBR322 DNADOHIRE R R

TWAd, TOHDICDOTHIBEZIR (X
IDZ2ER L, WELLETZS 7 A MIRY
ANTRLTH B, HBIcASREDE SH
OEFED3000~3300bpDETH V. £ DIRERL
g LIER. BE25000RE
MFI VRPN RETH I, K12
AT I OTWMBEOEFALEL TccDNA
[ZocDNAICBIBI L 2= 2 b3, 20D
THOWEHUINE., HEEROTMICE>TED
HBDZHHBABEORRZEIRI 27
& RecDNADI S DIEHODO A P VA ERICM
HoT. TOAMVAZRET L R
o) YT AT IVESICEANS &
BIEIRTHELEHESINS,

AT, HHAEAKBODccDNAZ M HE X
TWBTHDS5h, HOFEEIXccDNADHEIE
PRECTS, REMBEOL OREEALICA
VURERLEDTHS 5, il MR
T, Fhbb, L —FHEER LD S BHHA
MEERERANOF I VRE, 7= UERED
FVERIGLTWe, TOZERTTICR
R —HYPFHOF IV, ZT7VEEDF
VURIBEMNEOWIE LR —HT 5, #HY)
Wiid C fth DT T RERERIPATCE &
DPTTGEN O T, ThbbF I VEREMNET
LELTVAY, TDEI3H877AIROHER

THEEANOF Y OERG., #lERc A>T
FroA YV UHBEEDNAL HH URICKEGT
B RBTEEDOTHS S, BRERKCE
VUHABERL SVFIRRNICADTWE D
MEEENH LI, THIZDNTIE 3 TIERS,

2. THEMERE. yONIHEFV VDR
i

2.1. 3L IS

CITRMRERSY LAY ORI %E AT
B LD, MBEOBREERS S LEHE L BN
HWTEOWYHLH, BEEFLCHOTRIF
FZU AR REHE. VKX RI7ERE
b MR D S, £ ORI
PEEL. IhEHBET ) EE HEG0
~40%) DI I REEIEE . PR, KA Y
KO THEHELHEAYHEOECOBERTS
bbb X EB0~T70%) 0 TFET S, Y HE
HoORBAENEREICE - TELS, &
VUBIDARHEA_ERGICERICRILT S
ZrtRTTR gAY CORIE] OBET
RN AL I ek - i 3 P wa iR e i
BRSO T KA L TA RN R
LARZEOFY R EM S EITH
BHTh5,

2.2 . FEANMEHRBRE AV VDORRG

AV EEYE O RISOWIIZ19504F
RizHE Y. CORBICARMIEBRO _H
& OB R LA Criegee #1957 & U TR
&R, 2T Mudd S O { RIS
H&EMIUCTRET", Lo L. RISHERE RIS
HCb LA LBCEREETREETHZ D
THFIRELEVTWL D, flz .
Goldstein(1968) 5 i3V / v VB2 B A Y 8
b, —ERBEATTY - S I HVPBERK
L7-2 & #ESRTHR LYY, IgEOA Y VB
{ETREHEMEA YV DA A RIBIZE 2T,
Ha oAV RIEYLLEFEREI AT
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CTGAANGCCAG
GACTTCGGTC

CTGGTTTTTT
CACCAAAAAA

YY v
TTCTACGGGG
AAGATGCCCC

AGGATCTTCA
TCCTAGAAGT
A 1

CTTGGTCTGA
?AACCACACT

CATAGTTGCC
GTATCAACGG

A Ak

TTACCTTCGG
AATGGAAGCC

TGTTTGCAAG
ACAAACGTTC

Y Y Y
TCTGACGCTC
AGACTGCGAG

CCTAGATCCT
GGATCTAGGA
LA

CAGTTACCAA
GTCAATGGTT
AALLA

TGACTCCCCG
ACTGAGGGGC
/

Hinf T

MAAAAGCGTT
TTTTTCGCAA

CAGCAGATTA
GTCGTCTAAT

Y
AGTGGAACGA
TCACCTTGCT

TTTAAATTAA
AAATTTAATT
AL AA

TGCTTAATCA
ACGAATTAGT
AL A

TCGTGTAGAT
AGCACATCTA

GGTAGCTCTT
CCATCGAGAA

CGCGCAGAAA
GCGCGTCTTT

Y Yy
AAACTCACGT
TTTGAGTGCA

AAATGAAGTT
TTTACTTCAA
AAL AL

GTGAGGCACC
CACTCCGTGG
A ALk

AACTACGATA
TTGATGCTAT

Hap IIX
/

GATCCGGCANM
CTAGGCCGTT

v Y
AAAAGGATCT
TTTTCCTAGA

Y YYY
TAAGGGATTT
ATTCCCTAAA

[

TTAAATCAAT
AATTTAGTTA
YV VY

TATCTCAGCG
ATAGAGTCGC
A A

e

ACAAACCACC
TGTTTGGTGG

Y
CAAGAAGATC
GTTCTTCTAG

—

Y 1 v

TGGTCATGAG

ACCAGTACTC
A

CTAAAGTATA
GATTTCATAT
AAL A A

ATCTGTCTAT
TAGACAGATA

——

CGGGAGGGCT
GCCCTCCCGA

B12. 7SR5 K pBR322 ccDNAD KA B THRE L 1= ocDNAD S RBIEE
KARFIVBEIUIPUREOAREEOBEETT.

3107

3139

GAAAAAAAGGATCTCAAGAAGATCCTTTGATCT
CTTTTTTTCCTAGAGTTCTTCTAGGAAACTAGA

B13. FJUICEKB TS I F pBR322 ccDNAD RLTHF DI
EAPREEBRFO+FHEMES SMENZTRM(3107~3139, 3203~ 3238bp) DIEREFI kS B (NaCl 572

)

KRR EEOREETT

-9 -

3200

3400

GCTGGTAGCG
CGACCATCGC

YYY v YY
CTTTGATCTT

GAMNACTAGAA

ATTATCAAAR
TAATAGTTTT
A A ARAL

TATGAGTAAA
ATACTCATTT
AAL

TTCGTTCATC
AAGCAAGTAG

3070

3140

3210

3280

3350

3238

TATCAAAAAGGATCTTCACCTAGATCCTTTTAAATT
ATAGTTTTTCCTAGAAGTCGATCTAGGAAAATTTAA

-

ATAGT TTTAA

T+A
T*A

. . >.‘

>>'¢'i>"*lﬂﬂ*'!'-l
HOoA>XO0)>

o =
A
»G G~
TG
RN



R'CH = CH~CH,~CH =CHR ——>

Y = VHWIC & o TARIMBERTER H ke X
e 7V -SOAVERDIEEEEL. &5
CHEBE IR E D . oMK OEE.
ezl a7 oREEEREBET
B LT A, Mudd(197)PR - DAY
YRIGRAYV COEERBTH-T. ThH’
BEELERINZOR?R 7T RS
WHEDRIGHHIBICTEEBLELTVE,
THRITITRE FEROBIC X EB{EKES
TR537-DINVBEDOBBLE B T h5,
CHEBBIRRIG L BT 3, Teige(1976) 5™
REFLDOY VIBEO_ERETHRITL. T
RTOAEMBRIBLSIXIGT RO
BRICKEOERERVE LR, T4bh,
FVTY YRBOBBRILEIEZLHT. EX
W ZERENDAV VURIDTH D L #R
L7z, Pryor5(1982)"° 0 & & % AT HIT.
ARIRUSRATR IS A Y 2 MAZ I RA Y D A4
FURWEZFDRBLER L7 -5

DVANCHEZHET H5HCRLED 2 SOHBBEL

BIEM, FLi@a»s5hnELTW3,
SHICHRBERORE L L 2MENE DD
bokoh, Tl AV UrHAREZEBAT
LEHERERA YV VHIRE O O S S
ERIGTELAEEZI > TRV EBRRT
W5,

e
0 0
~ ™~
o/ 0 0
o, | | .
R'CH = CHR—=—>»RC — ﬁR-—» RCHO + @ER
H
lHZO
HO—O0
SR
HO/

RCOOH+H,0 RCHO+H,0,

Hoso R'CHO( COOH}
20 RCHO(COOH)
cHotcooH) T M
CH>

“CHO(COOH)

4. FEafpsipBEd Y/ ORE™

2.3. 5 NOEEFI VDRI

RNZEOXY RIS 5 w0
WL L TGese5(1952). Previero5(1963)D &
ONHBY, RRIBRT I BEBRES
ELTWVARDTEIINIEEFT YV VORIGE
WOK., B Zzofotry e B Rk
W7 S BB OIS EERT 5, Y
CORIBHER G R, Vv LI ERYE D KIEH
2BV TR T TR S EA VoA
F RSB T B0, TI BEAY
YORITR -ERGE2HT2AEERET I
JER, SHEETLTIBAY. i,
VATA Y MV T T AFF
FRTy, CRAFT VRAFUEENED
RIGEEZEL TV, MI5cER 3 RI64
B, $lR1ICOREDFLEDHINE
L&D RISHE EE & Db T 15,

HELREANIEYA 7T 4 VA(TMV)D A
VL2 RERLOMTECHLD, T,
WHWRRZEDOT I JBRARLERL 7 2
JBREBREPEY AV ORI AL,
ERITMG PP s Rl N B i N i VAR s e %
Y. VAT A VHBBENCARI NI, 2o
EOLXVYRICOEEER EgE 4y .
DRG] OET &R, BBEENDRG
THELEE»R2T7VAF A 2 (GSHP =

s 0 1y
HOOCCHCH,-SH . HOOCCHCH,S0,H
VAT A DAT A Ut
bl W O
HOQCCHCH,-$-S-CH,GHCOOH
vRT Y
o NH-CHO
@—]—CH GH -, @EP‘
2GHCOOH -~ C-CH,CHCOCH
NH, NH,
VT N’ =hbipdg L=
N NH,
HO—@ CH,CHCOOH _ 0, HO @-CHzCHCOOH + oz
Foyy 0H
2, A=-YeFOo4vdzznrszy
NH, NH, o

1
HOOCCHCH,CH,-5-CHy
ATz

—_— -

HOOGCHCH,CHy-S-CHy
AFRZYARLBAYF

®15. 73ROV URGERD
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®R1. A/ EEHBRORIGETEHD

kBEH, pH7.0

2. XBRBRRRROBRF)>

‘ k, X10° M~ 'sec”!' | X& Pon—
[$2] Sucrose 0.0003 23) )
[73/BRU~TFF] 23)

Alanine 0.008 23)

Leucine 0.01 23) EFEER

Isoleucine 0.01 23)

Valine 0.01 23)

Glycine 0.04 23) -

Threonine 004 |23 DRISF

Serine 0.08 23)

Phenylalanine 0.27 23)

Histidine 220 23) —

Y VIER AR

Methionine 400 23) BERF

Tryptophan 700 23

Cysteine > 100,000 23 zof

\ Gluthathicne > 100,000 23

(#1274 YRUPUFA)

3 - Hexenoic acid 130 23)

Linoleic acid 100 24)

Methyl linoleate 110 24)
(£ @ fi&]

Ascolbic acid 6,000 3b)

a - Tocopherol 75 3b)

Urc acid 140 24)

=BT Fe¥r—+, NADHSE Fay
F—%, D-HEFE Fr¥r—¥, FEFE Fr
Y =, a2 ) 8 ) VEFE FryF—+,
Y tr—l-3-) YEBFE FrR¥F—-E

Frseabean o, 2RIV, AFH/V

=hAE RN Mg™ - Cal* . ATPase (F)-ATPase

NAD-NADPH } S vaAae Fedd—+
EBT /X VT, BHTF 2 NF+ VT,
Enzyme Il (RAKR=/—-NEAEVEEHAARLE
TYAT = T—HHR), CattigaFk, KTHEsSE.
Nat/H+antiporter.

Tyt vAT7 -4, CTP:PA T
VA7 25—+, PGEApEE CLAKBE
PSFHpifEeos—+

O-HREARERE, UDP-s/Aa—Ak Fr5—¥, &

REARBREA

60

B~
o

N
O

Remaining amount of amino acids, %

t — Glu, Lys, Thr,Val,
Ala,Gly, arg,lle,
Pro, ssp,Leu,Ser.

40 60

Time, min

H16. 7 I/ EESHOAV SRR

HHERE, 36.8 mM(pH 6.9, TMV 5 mg/ml DESD & >
A RE 40 mg/l DA
v—BERESHZAHE 330 ml/min THREIZM

NOBE7I/ER;

EDUF, 2T

Remaining amount of amino acids, °/

100
LALa_ Gly, Phe,
Atg, Ile, Pro,
80 F Asp, Leu, Ser,
Glu,Lys, Th,

Val.

100 O

Infeclivity, %
(&) ]
)

6] 5 10 1 20 25 30
Time, min

B17. SNAEHFA 01V ARERCEART VINIHE
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Ji. o7 I MR BBEEZT Eh ok
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R a A4 - B(GPDH) % ¥ hiA Vi i b Kb
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A-SHEDRE S W THfEDik DR E L DVT
FTREM IR O-SHE, MY F b7 7 U5RE,
AF AR, L AF Y VREOBILIE

L2?, BHUHBEBLOMEORILTT A,
AV YV F - LAYV 2 X 2 RFESELEV
{OMDOERYF 77 rBEOR, 62010 k
DR T 7 VBENN-RLVILF I LA
BibahaleBRRLBEI LY, VR
ARV -ETIOHGE 1EOMN) S N7 7
CREEDBN-RAVINVF XL CEEL,
DE2DODOFEBRBEL W, LoV R
X2VFT—ETIFDHDODFERREDbNLY,
JIZTHEHLAVWCEF 1 HOREBEOWIET
EEAPBELTVEILETHS, ML, BH
LBIZOHeTHF Y ERVRITEDOR
JBicBOT, EHASHEH BV MY ST
TUBRELZEORBENRONCE, ThEHED
BLO&ER. HEBEbhlD X2 7E80
BEIEATEZIEa5, REILEVLT
BHIEOBENE -BHCAY B EShED
FTHEE, MEOEERPEACEET
22 DREFPHOCBERELEDOAV O
RIGERBREEB B TAL»0REE2E
LTWBEZZBIENTESL, bAAIZH
BEBRICRERLS bOOBERNBEELTL
DL EKELDELDELOTE2ICHTY,

3. UAIVADFREHLHIE. WEHRE
3.1.3Lsic

BEPY A NVAREEIEEE S EPRETL
THEE 2 WIICERAL T & 2 R T H 5975,
FRTRMERED L D BB TEERRE
REDTHDID, MDADDIEHHTH
ﬂ é 35)o

| BHFEOZEH - EEkORH - SRBTEEE

E% s
2. MURaRE DR - M A E M D28 (LT
AN & 0 Ca>eMg?, RNAZ: ¥ 3R T 5,

3. RNAR Y RY — LD 5

4 Btk F -3 F ORRMEDNADIEE
—J7. UANWAEBDNAD B LIIRNAE The
AL — MR IEPLETETVS
B, EEMENORE. FHic DT DNAH
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5OBRNAOEFM~OBANEESI NS
ZHOMMAMEESNSE, #IT. VA4 NVAR
WL ERE LT

. A= MR BOPRE RO S

2. A— MR EOEMML O — FABEIC

B3

3. DNA. RNAD#EE

TEBRHTFLENS,
FTTCCHEFERA2EOIEBEL YV DR
Jo. MIRIEIE 2 RGNS 2 RIS IR, X >
NRIBEFVORIEE 1 BLU2 THMAL
TEDT. ThHLZRBUICEELRDSL T A4
WADRMMEACHERE. REESEEZI TCAL
Do

3.2. AV ICED VA N AREH LIS

FV NS L BT 4 VAR ERLOHEERT
RIS RALhE IS >TE%
. AWHHACRBICET AR DR, ¥
A WADIEIEIDNADH B2 L IRNAZ S E LT
BMAMEL WBERF DX 2 OB —
MPLEERYI->T WS, a—MNX sl E R
—HHL. BLTH T, SO A I 0H
FFPbREY Ty NTTETE, ¥
ANWVAHBRI L TO BRIV Dh0 B
H3H O FEHEBOBIICE., (a)8>
NZEa-bOFAV U IC L ZEEBEREO
B OMEAERR. (b)Y / LDNAXZRNAD
AV NIELBHEE, ORFEBLEERSL,
THIELTH AV N X 2 REM (LB A
VYDRINZELEDORIG, Bl ORI L
I,

FHELEIZNITHA 7T 4 VA(TMVIO A
MM E ST Lot hico0Tad L
LI RE S, TMVIRE &300nm. BEE
IBnmDBHEAR Y 4 V2T, FLCEZ8nmod
Zhibb, RNARZ OHEDNE L Z 5T
HELTEY DA I ZDIS % (w/wWhiR 28
THH(H18), T TIZHDTMY - RNAD 4T A
TTVRBOBANBBECRE S IS

(B L AV > DORIG] OETHL Dz LAY,
—77. [ RN, X278V >0
RIS OETTMVAEHEOR ST 2 — b
AN ERY Ty bEO 3@ RNY
Th77 098, AMOFOT D5 EH,
1OV AT 4 D5 BHHEEIShTVE D
& BT, B TMY S RER{L S h
HTHENCATHDORNAD 7 = i s
HEBIES RT3 I LR S A7 (197,
AV UBRRIGLETI/ BEEONE#
Bloomer 5 7R § ##47 BI(B20)7h> 5 & T\ 7272
X7, THLERNADHESHEOI—
DEHRHFABLTHEY . CR6HSFEN
BLCRARL TV A0 E 2 »RFRHTH- 2.
FleR7Ba— MCREIHARNAYY
DEIRCAVVICIDTERTEhL ST
EHHERETALENH oI, FITTMY
PHRNAZED L. W2 b Y 5 A48k
L. COFEFRNAETMVE V7 B & > FtE

Protein
Subunit

TMV Protein Coat

Ala 14 Lys 2
Arg 11 Phe 8
Asp 18 Pro 8
Cys 1 Ser 16
Glu 16 Thr 16
Gly 6 Tyr 4
Ile 9 Trp 3
Leu 12 Val 14

Total 158

B8 FINAEFAIDANADFZ NI EA B EEDY
1y bO7 I/ BEER
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SERE, 102 mgAGml,pHBE9): 2T, AV

REAOMgNDA YV —BFRRES HZ & FK#330ml/min
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é?ﬁ}/lf’?‘ FELBERFEIOT RIS 24 —T
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0
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1 1
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. .
6400 1000
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NalOa NaB PH 4 5
KHC-3H.OH

Disk axis
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B ring
—Arg  =Trp
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B22.
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Recovery of RNA and infectivity of TMV

Time ( min)
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EEICREDIT L.

OTMVOD Bt @ MU F 0 LEBRNAOHIE



re— 285 RNA

. -— TV protein

<3
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BoNly NIBEDIONRIPI2ULTP I ETA
20T IVESIKE
EHIHE2ICF L

1, 5645 2), 109 3), 20%. 4), #EEHH

LT MY F o LAEBTMVEERTMV)ZE D
(2. ThEHOTAHY VICLBTMVORE
VEALBEAT D K it % 17 2 727, 2212 TMV O+
VAN X DR OE T E Y IE L
7o BERTMV 22 5 D EEERNA D R ([ ER) %
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—J . RNAHH O, REshlza— 2>
INZHEREL 7 /) —VILHER ALY
BEREEAR LI, BHRLIZ I8 % E
V72V T7IRFA AT IVERKENIZH
F72H3(E23), sAED. 23T 1 %SDSIF W
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WP T35, ZORBYDTF 4 22750 % X
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MbFLFBOT7I /BT EEEZ2T 50
T B SR EER O S RO &
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20 LEFERNAOW F A3mb>THEL -6 O
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5, SHLICIDEBLAF 7 UBEN X
NRIZBTI/BERERE L. o, 72
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EDOVTRIA L TRV, #7Y FOH
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AV E Y RERE SRR Ay 4L
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UEEMBICELEL, Z0%E32#BAbh
TELTRNADRH B xh o, 7K %
BT B2A4DDTFREDI BT L IVAD
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DEEL TS ZEMHHLL, 2o ki

WEAPHIULUDIEERE TR %
BOF7%, FEEESIhAT 4 Vv 2ApBEED
H I NA-RNAGSEUIBIE L TBYEL LT
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A NVZADRERLE T TCICdRRIL D2
RURTBEAV ORI, AFHICAD A
RV EBBORIGICEZbDTHDI,
TTIYARTFA>. MV T bho77>. AFF
=y, Fuvy, CAFYY FIv, T
ZUVORIBENBOI L EBALEY, 0
T EBMEDOEANCTHEDO T A VAT H A
THBUCAEHILIhEHEHTH S,

3.3. FVVICLDREHIE
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THFADNETIAY RS M ee, B
OBV TRBEEPELZRERRTHLZ LT
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FEHERIEESL B EVY. TTICAY Y
BREBOERCHENLFROFRIZIOLT
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VR Chhrbs 7 AI AL, MR
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B25. AV RMBIZES E.coli HB101 R MEAL (X 250)
EUELMET, 2 X 10°B/mlI(100ml, MO 1E18) ; 2°7C
BEICRE DT/,

a) RMIE; b) 403RIMIE

la 1b 2a 2b Z2a 3b 4a 4b

ll --oc DNA
“*"linear DNA

~-CC DNA

B26. E.coli HB101 AV BBl EB3 TS 2 FpBR322
ccDNAD in situ B{E
FHEFIE2ICEL. BTSZAIFDI1I%PHO—2
Baxm
a)arhko—-J
b/ ung: 1), 109 2), 20%;
3), 305 4), 40%

AV RE 10mg/|DA Y Y —BFKEE N 2= FKE 670m|/min T

1900

(%),
S

(%)

Survivors
s
o

survivor

Remaining ccDNA

0 | I I
0 10 20 30 40

Time (min)

B27. A/ NTED Ecoli HB101 OBEEHNETSAI K
pBR322 ccDNAD 5k
EHIIR25ICAL
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F7:0cDNAL Y @ > VBEIT 33 R A
VOUMBRRFITE b ICHINL AR T — I ko
TV ZEMRVWEEIRE, Zhbfl SR
I K% TOYOPEARL HW75S Z i % 4 5 L2
0V 2574 - CHBRERE %70, ccDNA
BLRocDNALEDRXDY - 7L Y
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IZccDNADTRFR E RBROERE 2T L7,
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LR d0HIEICE 24 OEBBET L
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BLTLAAY VI THEEX»ZORME
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BOKET % Hd 2 REEDNADT Y VIZ L
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AV N E BRI LI EEMHNTT 5,
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VBT e Ry d—E"h E ot
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Lhbd, IRNEFTOBRENFEETHRHILD
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BEIMR I ELRODRELDOIEWVD T
YT 5 EKonev(1982) 12455 L 72", Konevid
BERE Candida utilis & B Erwinia carotovora O
MR 2 A IE L THRORE OMERL
P Y 7T e ROEREBRE ZH L.
MEVELZLMEDNELLBLNI DT
NORGBEOBEREHEEL TS, F7-.
R BOFE S TALDIRE OBL oM {14k
MEMBETAEIEBRBLE, &, kil
A7 ORI B R koY, &b

‘KoneviZiRO L 3W|EL TS, BREELS

/oA R THEE L IzErw.carotovora DAY
VMG Cutilis® F 2T H L2565 T & o 72 b3,
BE  RFAULAVVEDODLHETEHELLS
Erw.carofovora OFIMBEED F ALY —)b
B RIGT 2 ERMORIT Cutilis DFHD50
G0 1. U ERBR{LYDLEHEL
KEFEREZ 25D 1 L5 X D IZErw.carotovra
DD F VN X 2 BLEB OB &k
OMMBRES EB—KLTLRY, &T,
Konev(198NE3. AV > OBRHI O BN X 32
BRE»OGEZMRT I8 Y) ., EEHR
CROTTREEMEY 20 FEMEDHE
BOMETICH O, BB LU -MREE % R
Wil ko THRHRIFLIELZ L 2
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B ETHBY, T ICHEIEDKonevD W%
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DEEESRDTHE, A6, PUFDE
77 O, SHEDRAD). IBE O EE
YRR LY O MEG). TIREREORAW. BAE
BHACH T2 REMT 2B BEEM O
6). PHLELTHZ, REOBILY—T DM
FMB@LrPe kLD L. NI F 7T
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b, BRI TR VB ELDD
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JEEDRIETR VL ERRTLEY, &5
\2. Candida utilis I DVT LM, £0
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Disinfection Mechanism with Ozone

Nariko Shinriki

The inactivation mechanism of bacteria and viruses with ozone was discussed by reviewing 59
references. The guanine moiety of RNA and the thymine moiety of DNA were first attacked by
ozone, and ozonolysis of only a few bases caused RNA or DNA to lose their functions. In the case
of proteins, any amino acid moiety such as cysteine, tryptophan, methionine, tyrosine, histidine and
cystine was preferentially degraded by ozone according to the structure of the protein molecule,
resulting in the loss of its function. The reaction retes with ozone were usually in the order of
cysteine, gluthathione, NADH> tryptophan, methionine, histidine> olefine, PUFA, guanine and
thymine. Asa fe-sult, viruses are inactivated by ozone attack on the reactive amino acids of capsids
and/ or on the guanine or thymine moieties of RNA or DNA. The inactivation of bacteria is
supposed to be caused first of all by the selective inactivaﬁon of specialized protein complexes in
the cell membrane. '
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