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ABSTRACT

Bacterial virus [2 and its RNA were examined

sucrose density gradient analysis

and electron

to elucidate the mode of ozone utilizing

mnicroscopic techniques. The inactivation

kinetics of the virus f2 by ozonation showed that the viruses were rapidly inactivated during

the first 5 sec of the reaction and were further inactivated at a slower rate during the next

10 min at 0.09 and 0.8mg/l ozone concentrations,

The wvirus coat was broken by ozonation

into many pieces ol protein subunits and the adsorption of the viruses to the host pili was

inversely related to the extent of the breakage of the virus.

from the virus particles during ozonation,

retaining

The viral RNA was released

reduced infectivity to the spheroplasts.

The RNA was resistant to ozone, but ozone inactivation of the RNA enclosed in the protein

coat could not ruled out the possibility that the RNA was secondarily sheared by a reaction

with the broken coat protein.
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ol e LK BHMED) A BiEHE 4g
= BHe EHko] dere Aesden
glbri] T T 0T T BMEHEA 2 %53

WA BRREAA A7) = dAT g

HlERel 44H9A geoma o ¥e 2
vt (Berg, 1970). Virus & &3} o 2] 7=
BUkdel A o FS BEAYLS {Linos
iGEES] Az glew (Kim 25 1980; Nebel
%%, 1975; Sommerville % 1972), (Kol = 2
+ KR . 2 5 amoebic cyst 1} virus ¢} 3¢
O BYiEe] e G Mol W Byl o
Hh e LBEREE R EE T
Sirh(Katzenelson %, 1974; Venosa, 1972)

selu} whE e o} Wol e} virus o] o3
Bl Bl A A= BlAE Higeot ’hﬁﬁ‘é’* 2.
2 Y3 9l& el Pavoni & (1972) 2
TAA "] 74 % secondary effluent & o Z oz
B & w] gl E] o} ¥ f2 phage 7} TR s =
72 E?MF%OH A8 Aoletzm i o
Riesser % (1976)<- poliovirus type 27} o &

BEHe o) 3te] il A S #lEtste AL
Haoll RAZHE EERo) Jﬂ]ﬁiﬂﬂﬁb— #IEsF A o
DeMik 5} DeGroot (1977)3% 9 Fo] &f= s
%ol bacteriophage ¢x 174 & FEHA 7 o2 A
HHEEE = virus coat 7l BEEE S BR
S0 o @Rk 458 DNA 7} mims o x
sl v, Christensen 53 Giese (1954) % #%
ol o &k o &9] #E o purineol 1} pyrimidine
ol k8] {EMSs] W Eoletz . Prat 4
(1968) =} Scott (1975)= E. coli DNA & {§iH
3 EHol A pyrimidine base 7} ¢ Eo ) sld
BEE S BERY = cytosine o]}
uracil B} thymine o] ¢]-$- oj m] A KRS
= mEAA A J—i‘i‘)r virus 7} ¢ Eo| ¢
B 01“*71] BEs A e TR BES
old wa3 glomn q%-o] virus RNA v} coat
proteinof o & {FH-2 wsAd YA @t

RNA & Afstz Qe bacterial virus f2 =
WHEACEBE) $Eol enteric virus o} o $- 4
% i) ol Hsu & (1966)e] 9 oked g0
Z enteric virus o] FEWIce] model = WA
2 Bk 2& PIgeES (Cramer %, 1976; Kim

ool r&

T E 2

base =

= AL
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%, 1980; Olivieri %, 1975: Pavoni a1972;
Shah and McCamish, 1972)0j & zle] FHAIE of
gkoh. Hsu % (1966) & poliovirus b 2 virus
2] RNA = iodine jgio] o 3]o ikl =
i iodine ion 2] ‘LE7} B ol wel BES
HE o flikdohe A ¥Ehiel o, Olivieri
% (1975) & chlorme, bromlne 1e] 2 iodine
0] virus {2 & oyl 4 S = 5 freRer &b
B, LK MEEl W (k] Az oz
o A Bl ok

2 Fe] BEBIS Pives) =9 bacterial virus
{2 = single-strand 2 % RNA and ofr} 1. 2} 9]
Faol waA e FAg
The 2 HRE o] 9l = (Weber and Konigsberg,
1975) = el kel o9 BEs R
enteric viruss} v - ¥ifblsl 7] @) $o} (Cramer
4, 1976) ATERS] bR E Bitele] oFe] (&
g virus of B2 R Alo] o

structural protein

ME R B

1. Virus o| B¥ol &%

Bacterial virus f2 (ATCC # 15766-B)=
Escherichia coli K-13 Hfr (ATCC # 15766) =
#EZ {lifste] Tryptone Yeast Extract
(TYE) broth medium o 4] #4554 # Loeb o}
Zinder (1961)¢] ammonium sulfate FHpko o}
2t SEEA ok, of lysate &= cesium chloride o}
0.65g/l 2 #i&3te] Beckman L2-65B ﬁ,gg [)
SHERl A 125,000xg 2 48417t B AAA
DB blsire] e virus band &
Bl 8.0g/i NaCl & fgsb= pH7.09
0.01M Wil REW S (Hste] 4°Ceoll A 244
e #EHakad vh. o] virus BBtE whAl =%k
e WEARAKSE (sl 5.0%10" PFU
(Plaque Forming Unit)/mlz 3 48} 3 {§m3-
a 72 —70°C ol Er@istqd of. Virus 3¥he E.
coli K-13 ¢ %32 {fifiste] Adams (1959)2]
overlay method o] 2} &}o] FgeEabal o},

2. Virus RNA o| Tritium H#
Virus 28] RNA = Oeschger ¢ Nathans
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(1966)8) Jjikel whet (PH]-uridine & fiFs}sl
t}. Uridine, thymine 27 3 arginine, lysine,
histidine %9} ofv] =[S FoRslhis Bk
E. coli C-3000-38% 11 9] tris pyruvate glucose
(TPG) medium o] A 7 37°C o] 4] 4%
sl 4 24417 BiERE ¥ 3mCie) CH)
~uridine & HIIIES ) v 3037k 1) 2

10 MOI (multiplicity of infection)2] HZ=
bacterial virus 2 & A 21 & obA 2447k

ol grygslgd vh. Virus RNA o [*HJ-uridine
o2 B33 2 virus 3= Yamamoto 9} Alberts
(1970)¢] JjEel uwhel polyethylene glycol 6000
o (st AR el A AR Jitkel
o} FAHE FEhTel ol HIE @ 7hR —T0°C of
frmiakgl o

3. Virus £2 2| Infectious RNA ®E

f2 ¢l RNA =
Hofschneider ¢} Delius (1968)¢] phenol fo]
ul-2} 2ml 9] virus sample o 4] HiHisle] 4°C
o] MREMIAE HMete b4 eml 2 HA S
o WSl o Fow EET RNALE oF

Bacterial virus infectious

yiskhtol -2 phenol & 73] Mriistyl e}
o] 2ml 9] ethyl ether & 6w I T ZEH

Fp2-B EEA 7] o2 A FRRIsl & ethyl ether &
siZed] BHdzdlth. RNA o) infectivity 4= Hofs-
chneider o} Delius (1968)2] Jigkel whet AiA
Vodiel #EgeE E. coli K-132]
R wEEd .

spheroplast &
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4. Virus 2} RNA Q| o Egnig

o ZEmism Linde model SG-4050 ozone
generator & FfH3 Kim £ (1980)¢] @& &
ER# . o &2 0.01M NaClo| @&= pH?. 0
o] ImM BEEETC BEAR. TR
= Shechter (1973)2] spectrophotometer o]
web e ow BB R = 2mg/l BLRe
eFEwel 1M P R F SRR A4
sho] o Egiskchvd glohch. BB virus oF RNA
b 13 1009 Wiz 254+1°C 9] o FW
of  —uEAZE pEIEEE F o 0.2068/1 9
fifsked 1% 109 %Rl
2O e BE ARA o

sodium

thiosulfate ;¥ &

5. Sucrose Density Gradient & S

Sucrose gradient 3= 0.01M {EEEERMEIHI] #F
W3} 5~179% £ 5~2%9) sucrose & THEQ)
th. Iml 9] virus == RNA ZpBE 1iml 2
sucrose gradient & pJ@o] @3 4°CoA] 110,
000Xg =+ 149,000x g & 4 =3 8A 7+ Bl
45HEs)l 3 ISCO fractionator model 1805 FiJi
st} Lfgo e 15 i 25 &4 Ydishel
t}. 7+ fraction &
infectivity, ;z&] 2 [®H] radioactivity & M@
g ob. virus & infectivity &= 0.01M <l 4-gks-
o} 0.2 2447k FEHTE F- WEN
vity: 10ml ¢] Biofluor cocktail (New England
Nuclear)o] 1ml ¢} fractiong {i&3}e} Packard
Tri-carb model 3375 liquid scintillation spect-

rometer - flifisle] 5 -7k WESHS o

refractive index, virus g]

radioacti-

Table 1. Ozone inactivation kinetics of bacterial virus f2 at (.09 and 0.8mg/!

ozone concentration

Reaction time

0.09mg/! ozone treatment

0.8mg/l ozone treatment

(sec) Ozone residual Virus survival Ozone residual Virus survival
(mg/1) (PFU/ml) (mg/!) (PFU/ml)

0 0.090 5.3x10° 0.80 5.3x10°

5 L7X10% 2.6x10%

10 0.086 6.2X10% 0.75 6.8x10*

30 0.085 3.3x103 0.68 5.2x10%

60 0.083 5.6x10? 0.64 2.0x10°
120 0.080 5.0%10% 0.53 1.0x10°
600 0.065 4.6x10" 0.03 0
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Virus survival of untreated control virus
f2 ( @ ) and samples which were treated
with 0.09mg/l ozone for 5 sec ( @ ) and
with 0.8mg/! ozone for 30 sec (A). The
viruses were centrifuged at 110, 000 g for
4 hrs. in three separated 5~209, sucrose eradi-
ents. Each fraction of 25 drops was collected
and dialysed. All three samples showed
their PFU peaks in fraction number 9.
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Fig. 2. Tritium radioactivity of untreated control
virus f2 ( @ ) and samples which were
treated with 0.09mg/! ozone for
( W) and with 0.8mg/! ozone for 30 sec
( & ). The viruses were centrifuged at
110,000>(g for 4 Lrs. in three separated 5~
20% sucrose gradients. Fach fraction of 25
drops was collected and analyzed for the
radioactivity of the virus RNA. The
radioactivity peaks were moved Up to the
fractions of number 2 by ozcnation, Note
a minor peak of the control virus sample
in fraction number 3,

5 sec
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Fig. 3. Tritium radioactivity of untreated naked
RNA ( @ ) and samples which were trea-
ted with 0.09mg/! ozone for 5 sec ( W)
and with 0.8mg// ozone for 30 sec ( A ).
The naked RNAs were centrifuged at 110,
000X g for 4 hrs. in three separated 5~20%
sucrose gradients, Each fraction of 25 drops
was collected and analyzed for the radioac-
tivity of the RNA. The radioactivities of
all naked RNAs showed their peaks in
{fraction number 3.

e 25 % gko] 37 fraction o 4

activity o] THEe] ‘hebyte}. o] &= Fig. 29) #

Slel L{:sh;cbhrﬂ virus RNA = o Z ] 95

of HE R HilhE ol d&ee veble

ol naked RNA £ 9ol foje] #bik: e

33 e frkael.

o Zpipel] 9]¢l virus RNA o Wipi-e &H)
S5 o BRI virusS) BEHRSL LA
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9] A 7R virus gokte Yy m%

AT
we BTHRME e 2 WY HBRe Fig. 49
e ok L ZEEE 6x ?L—S— gt
icosahedral JEfES] virus S-& Jodidr Al ae

el piliof Wi o 3o (Fig. 4A), 55
B} virus of A &= (Fig. 4B) wiE= virus -
& BTk HAg Migel virus £ piliof
WA= el 29 el v BRI virus 30k
Al 7y um%?ﬂ' virus plobe) kgsrel
virus & %3 279 Bfupe TiEE o Hift
33z 9ok (Fig. 4C).

S FEH) 2] virus f2 ¢ naked RNA ¢
AATHEel e el virus of A #EHIZE RNAS)
AR HsE EEER S Table 20 s
of Shth. FWEIA virus e iz Ry H39
RNA ¢ #:ffltE #% Slogst 3log o MAE
Rl o1} naked RNA o] 5ol &= 1log LI
Mdkol VhelvbA pskeh. BRIEEEE  virus 5}
T2 5E HEHIEE RNAS] 858 = 247k 7log 9}

HO"

mHJ

5loge] WiArol Jksle] naked RNAX 2log dio
et ek ek v} 2l naked RNA =

virus coat [Noj| {k {#3E RNA »o} o F ﬁﬂl
o kBl AHpEAS] w) & At e Enfdk
t}.

RNA 7} #iiE o] o1& = ¢ virus coat o
{743 Wl o ol gk NEME S vt f skl
sty ske] 919 F7hx] RNA &
sucrose gradient of A .04 BESH 3 =} fraction
9] [PH] radicactivity & Z3#73} #i53% Table 3

5~17%

Table 2. Survivals of f2 virus, RNA extracted from previously ozonated virus, and naked

RNA treated with (.09 and 0.8mg/! ozone, and their survival fractions

0.09mg/!) ozone treatment

0.8mg/! ozone treatment

Sample Untreated
P control Virus or RNA Survival Virus or RNA Survival
(P¥FU/mil) survival fraction survival fraction
(PFU/mi) (—logN/No) (PFU/m!) (—1logN/No)
Virus 5.3x10° 8.7x10 1. 64108 5.2:10° 4.96107
RNA extracted from
previously ozonated 6.2X10° 9.8x10? 1.58:410° 8.5<10° 1.37:010°
virus
Naked RNA treated 4.5:<10° 3.6 10* 8.00<10° 7.7.<10° 1.71:X10%

with ozone
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Fig. 4. Electron micrographs of the mixtures of E. coli K-13 and untreated control virus (2

(A) and viruses which were treated with 0.09mg/l ozone for 5 sec (B) and with
0.8mg/l ozone for 30 sec (C). The viruses adsorbed to the host bacteria were
stained with 2% uranyl acetate. The control viruses were intact and many of them
adsorbed to the host pili. Some of the viruses treated with 0.09mg/! ozone for 5sec
were still intact and adsorbed to the pili. Most of the viruses treated with 0.8mg/!
ozone for 30 sec were broken down to many capsid subunits. Magnification is
X32, 000.
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Table 3. Sucrose density analysis of ozonated naked RNA and RNA extracted from the

virus previously treated with ozone

Radioactivity in CPM

Fraction Ozonated naked RNA RNA extracted from the ozonated virus
number
Untreated 0.09mg// ozone (.8mg/! ozone  Untreated 0.09mg/l ozone {.8mg/! ozone
control treatment treatment control treatment treatment
1 57.8 58.2 103.2 107.9 159.0 115.2
2 172.4 191.2 403.5 117.5 256.8 405.9
3 527.2 567.7 1083.8 238.5 315.2 679.8
4 992.6 1069.8 1644.1 614.7 886.7 618.3
5 1486.3 1494.0 1495. 4 1083.3 784.4 298.5
6 1718.9 1489.7 898.4 1502.6 356.7 183.6
7 1387.0 1177.4 340.6 1471.6 282.4 99.9
8 908.6 823.6 170.5 1200.3 223.4 79.1
9 556.9 479.4 75.5 887.5 222.6 65.9
10 265.8 301.7 40.5 515.1 178.7 63.9
11 168.4 129.1 28.8 335.0 157.4 634
12 92.8 73.6 19.0 167.9 142.8 58.1
13 49.9 42.3 11.8 131.9 139.8 60.4
14 27.0 41.3 11.5 102.7 132.6 58.5
15 43.0 42.2 5.7 110.8 67.3 56.0
3t 2.
Naked RNA 9} ¢ &3 2] g virus o A HEJ3H % ®
RNA = 3 6% fractionols] 714 =&
radioactivity v}eERW ol HRpEHLEE  EElol Al A rEgol Al #1%<s]l Dbacterial virus 2 ¢ 1)

naked RNA®= 5% o]z o £ virus o
A HEHITE RNA 3= 4% fractiono] 4 7}# =
-2 radioactivity v} L5 ol 7 SRS Rbtell
A e 4%, ¥ 3F fractione A £
% 7} &8 radioactivity & vhelycl. ohA
wralnl o ZpEMo] o] 3le] naked RNA & sedi-
mentation velocity 3= <k7} #{Lgd) Hdle] o
FEME 3 virusol A Helligk RNA o
mentation velocity 1= zA Wi/ hslalel. o] =
naked RNA 7} virus (el st RNA »c}
2o gk WHol Atk 2 HEnkshe o
= gl Table 2 9} /Lfflbe] &9} kol virus
¢l RNA 1= naked RNA xnv} o ZEHd o
stol o wol AUGHELE ActE Aol ok

sedi-

T e Fo BMHEUE Venosa (1972)¢] ¢l
el whel alol KELES 2 FAAE u]% SR
et A g g 93 A 01 Eﬁw}ﬂ alrh,
S0 PR EHE 5B L & 10 4509

I B IS Katzenelson % (1974);]— Young

#} Sharp (1977)e] g virus o] Hiffie] o} &k

AUIE @ A bk @l kel REERe)
FgE virus e 25 I Hiizlx —70°C
of MAFE A o] TS oslel g

virus o) WE4URBE WIS A ek ghe}.

S FEREME] o2 virus 9 sucrose gradient
Sy i (Fig. 2)e) Al #%%x] 3% fractiond] radio-
activity 4= HHRMH e o 2 e virus
ol A Pithisl RNA 2 A zsch. divisld #HR
Bro g {lifl3l naked RNA ¢ radioactivity =
25 3% fractionol A 7} I=9kz o Z i3
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4

bAl e virus o] B HIEIAL R o A 2 2k7h
o] sl virus KOFE BlgdE 9l o) W) Fol o}

S Fpitfel ol gk virus o PEEE-e WITHMEE
BER Bine @PlE ooy o MR E o
Zof Pl MERFRNCl LhGisle] Minshal k.
SEREHl et BuEd EOE 9 T2 ik
BE (= bacteriophage f2 (Zelazo 9} Has-
chemeyer, 1969)¢} R17(0’challaghan %% 1973)
i pHell 4] 4M2] guanidine hydrochloride
pitetel R 11s9) HHRE(RSE S o &
st glet. o Sl o8 ‘Tl oo
i RNA & 474538l poliovirus (Riesser
5, 1976)9} DNA Z #4535l bacteriophage
#X174 (DeMik ¢t DeGroot, 1977)ol A = Jg%:
HAeh ol HHE TREAES cysteine,
tryptophan, methionine 5} 78 olum| - A& o
Foz EHY S BlEg Mudd 4% (1969)¢
3o} olul =k tryptophan 3+ methionine
o] £33 eFo oete] FUEstAl JfEStl:
Previero % (1967)8] el a4l #EWls of.
L el 93 virus 2 9] BiEE o] virus g 9] %
2+ 7B¢iTio] cysteine, tryptophan, methionine
59 oblwAg @adT Qvhe FEE B
& % gt

RNA of gt o &9 Wil dajs B @
471 ¢leh. Christensens Giese (1954) 9} Scott
(1975)+= purine 3} pyrimidine o] 2 Z o]
olste] UV MmifAso] 8L ol 8- g ov
Christensen 3 Giese (1954) =2 3 Prat 4
(1968)-2 pyrimidine base % %3] thymine o]
cytosine o] v} uracil wv} o & fuKetA SES
e B fEstgloh. Uracilo] thymine wr}
o Fell st fEHe WA okedd
2] naked RNA 7} o 2o o) slo] fKHiMko)
vk MRE Y 4+ vk 28y virus
F 2R 389 = virus RNA 9 22 <
Wbkl el gk S ok el 2 Fe 9
sho] WodE & BML" RAHS O Clkibe.
2 RNA & j@iste] AUnHk{L A 71+ wiHEh=
e 4 gl

C

e

i

virus 2

[Vol. 18, No.3,

B %

Mg Y: virus £26] 9 g ozone of FYEyHEMN:E [PH)
~uridine -& RNA of jff #8}e]
ik ETHEMST W5ge] el %WIsgle}l. Virus 2
€ 0.0998} 0.8mg/l9 = ZEHwdA 5 HE G HEM
fE8 77k slog & 7log o MBHEE wgod I #
105y 5akell = woh shubgh iz AR el
th. Virus £2 & o FgEmlel] o) sled HEIP] o Hdo)
B o g WMAEE M or 95w myiEse
ol wel dh-Efel pilie] ME=EE AEE WA
gt o) wuke] gie] fk3te] RNA &= gt on ¥
e e §iEY RNA B A+ 2&o W B
o] ZAluk RNA 7} virus K |U7iat €7 &frdel g
ool S EREWHEST MnElglg. o] RNA S

sucrose gradient 43#;

MmEE e A A Bl STt
BEE Fa J8E EwI.
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