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ABSTRACT

Bacterial virus {2 and its RNA were examined to elucidate the mode of ozone utilizing
sucrose density gradient analysis and electron microscopic 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/! ozone concentrations. The virus coat was broken by ozonation
into many pieces of protein subunits and the adsorption of the viruses to the host pili was
inversely related to the extent of the breakage of the virus. The viral RNA was released
from the virus particles during ozonation, retaining 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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4o bacteriophage ¢x 174 & THIA A o2 A4
HEE=E 9 virus coat 7} Bis & S B
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1. Virus 2| &¥o BE

Bacterial virus 2 (ATCC # 15766-B)+=
Escherichia coli K-13 Hfr (ATCC # 15766) &
Kt {#ifste Tryptone Yeast Extract
(TYE) broth medium o] 4| 35X # Loeb 9}
Zinder (1961)¢] ammonium sulfate Jjgko] o}
2} 4ypEs)cl. o) lysate & cesium chloride 9}
0.65g/l & f4{r3to] Beckman L2-65B &>
Srisol A 125,000 g B 48417 FHAA A &
LOHEES) Il KR virus band &
fIelod  8.0g/l NaCle 4sts pH7.09)
0.01M Bl RS HiHslel 4°Coll A 24B%
ok BEHTskglch. o) virus RtE oA =X
Z 58 WA S @slel 5.0x10® PFU
(Plaque Forming Unit)/ml/z 3438 5 %
W77 —70°C ol friisleich. Virus ®ktE E.
coli K-13-¢ #4:% fiffislel Adams (1959)9
overlay method o ¢]3}o| ¥EEIS o

2. Virus RNA ¢| Tritiom M
Virus f2¢] RNA = Oeschger ¢ Nathans
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(1966)9 Jjgkel wet (*H]-uridine & HiFis}sl
t}. Uridine, thymine 2] 3 arginine, lysine,
histidine -9} ofv] x5S kel BERPEH
E. coli C-3000-382- 1! 9] tris pyruvate glucose
(TPG) medium o] #4474 37°C ol 4] Z5E
pegst A 2447 %Y ¥ 3mCig) (H)
-uridine & FINFIESI] ohA] 3087 sEfEst 2
10 MOI (multiplicity of infection)9] &=
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EoF #3453ty el Virus RNA o [*HJ-uridine
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(1970)9] Jjgke] ule}l polyethylene glycol 6060
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Bacterial virus {2 9] RNA =
Hofschneider ¢} Delius (1968)¢] phenol o)
w2} 2ml 9] virus sample o 4  #Hi{isle] 4°C
o] WREARAKE HHste oA 2ml 2 3 A5}
of HHstth oFo R EET RNA = o F
oRiol 2 phenol & 55%3 Brizetr] ¢k
o] 2ml ¢} ethyl ether 2 69 EMa I ZmH
b A o84 788l ethyl ether &
5648 BR%Ed b, RNA 9 infectivity &= Hofs-
chneider 9} Delius (1968)9] Fjphio] ube} (i
Wigiel XEMisE E. coli K-139] spheroplast &
HLz mEdd. '

infectious
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4. Virus 2} RNA o] o =g
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generator & FIFE Kim & (1980)9] 45L&
il . 2 &2 0.01M NaClo] @& pH7.0
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HBtE 13 1009 tE=z 2541°C Y L EBW
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2 BEEL A A
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Sucrose gradient &= 0. 01M BEERE W %
f#gt 5~17% =& 5~2%9] sucrose 2 wE3L
. Iml2] virus = RNA ZR¥E 11ml g
sucrose gradient o] o] @i 4°ColA 110,
000Xg == 149,000Xg & 4 == 8A 7 Bl
53#E8 % ISCO fractionator model 1802 FI|#
sto] Loz 15 =i 25 Wed isgl
t}. 7+ fraction o}
infectivity, zz2] 3 [°*H] radioactivity & %
g ch. virus o] infectivity = 0.01M ¢l A9} 3
qo2 2447 ES F WEN .o radioacti-
vity: 10ml ¢} Biofluor cocktail (New England
Nuclear)o] 1m! ¢] fractiong jJ24&3%be] Packard
Tri-carb model 3375 liquid scintillation spect-

rometer & {jifjste] 5%+ WEsIg o}

refractive index, virus 9]

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

ozone concentration

Reaction time

0.09mg/! ozone treatment

0.8mg/! ozone treatment

(sec) Ozone residual Virus survival Ozone residual Virus survival
(mg/1) (PFU/ml) (mg/l) (PFU/ml)
0 0.090 5.3%10° 0.80 5.8x10°
5 8.7x10* 2.6X10°
10 0.086 6.2x10* 0.75 6.8x10?
30 0.085 3.3X10° 0.68 5.2x10?
60 0.083 5.6x10? 0.64 2.0Xx10°
120 0.080 5.0x10* 0.53 1.0x10°
600 0.065 4.6x10! 0.03 0
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Fig. 1. Virus survival of untreated control virus
f2 ( @ ) and samples which were treated
with (.09mg/! ozone for 5 sec ( B ) 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 gradi-
ents. Each fraction of 25 drops was collected
and dialysed. All three samples showed
their PFU peaks in fraction number 9.

| BTRANE BE

o Z&A e 5 3FA &L control B ﬂl"ﬂo; virus
= ﬁ*ﬁ el E. coli K-13 3} Ji{rebe] E5iidol
frEsr 3 formvar ¢ carbon o %
o~rid olf A1

coat ‘0'¥ uranyl acetate T

¢ Phillips EM-300 &
ENE Hilis)e] ?..1,4\5}

9/04
negative staining 3} %
HifigE 0. 2 80kV ¢
t}.
# =R

Bacterial virus £29] ¢ %ol o] 3l FiH iUt
Table 1.3} zbc}h. 0.99 9F 0.8mg/l o) & TR«
ol 4] JEIRE virus i B L 5 FEkel &
A BWRGS vhebller 28 10051l 4
Betedt BN E 2o Folcl

o FYEPIE slx e virus szE] 3 0.09my/!
o) o EFsiol A 5 ok 28] Bk (g )
9} 0.8mg/l 9] o ZofA 30fEor A @l gk
BE) viruse] AzbAl RBE 5~20% sucrose
gradient o} A} K& LD e 3 25wk K
#:&t fraction o /l:ffata Qle v

virus

sirus = Fig. 1

18, No.3,

e ‘
B R
=<0 B
E -0
O 8t Z
Ssh dee
= =
Qg 3
/-" \ N —.02 )

g \ @
\\
I,
R S s U
8 10 12 4 16 18
FRACLC.’ NUMBER

Fig. 2. Tritium radioactivity of untreated control
virus f2 ( @ ) and samples which were
treated with 0.09mg/l ozone for 5 sec
( ®) and with 0.8mg/l ozone for 30 sec
( & ). The viruses were centrifuged at
110,000 g for 4 hrs. in three separated 5~
209 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 ozonation. Note
a minor peak of the conircl virus sample
in {raction number 3.
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Fig. 3. Tritium radioactivity of untreated naked
RNA ( @) and samples which were trea-
ted with 0.09mg/! ozone for 5sec ()
and with 0.8mg/! ozone for 30 sec ( A ).
The naked RNAs were centrifuged at 110,
000xg 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.
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99) AzbA virus KL HLMES WET
AT BTEME R BYdl = Fig. 4o

vebug Qloh. e EHEME kA &L Had
icosahedral JZi&e] virus £ Ky FAA

o piliol BF=E Y ov (Fig. 4A), FHEH
3} virusol A& (Fig. 4B) #i#id virus RiF
£ XAA fAET #HiES virus £ piliof
BES ] ARtz BmkEe virus 3B
oA <kzke] EEF virus PSte Ko
virus & —ES 2719 B gl B
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S ERM 23t virus f2 9} naked RNA ¢
A o ZREF virusol 4 HHE RNAS
RS HEYR KRRERE Table 20 £RH
o Yok BEEY virusst 2z ¥H F39
RNA o 4:fflke £% 5logo} 3log o WA E
B9 21} naked RNA o] #iio]| & 1llog LI
Wpstol ehbx roteh. MEEE virus o}
D25 HES RNAS EBA = z7 7log 9t
5loge] Pidol H3lel naked RNAE 2log ulol
WAstAl gokch. chA el naked RNA &
virus coat Wel 7i:fst= RNA ¥} o ZEHE
of ket AEHEAER] o) ¢ Avte AL B
t}.
RNA 7} FHislo] 9l& w e} virus coat [oj
FAEE = o & o) & TiEHE S ot B
K#ss) fstd 919 Fr14 RNAE 5~17%
sucrose gradient of A .03 43Sk & 2 fraction
2] [®H] radioactivity & #3#3l &5 = Table 3

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

RNA treated with 0.09 and 0.8mg// ozone, and their survival fractions

0.09mg/!) ozone treatment

0.8mg/l ozone treatment

Untreated
Sample control  Virus or RNA Survival Virus or RNA Survival
(PFU/mi) survival fraction survival fraction
(PFU/ml) (—logN/No) (PFU/ml) (—logN/No)
Virus 5.8x10° 8.7X10* 1.64x10° 5.2 10° 4.96x<107
RNA extracted from
previously ozonated 6.2.410° 9.810% 1.58.10° 8.5.,.10° 1.37 % 10°
virus
Naked RNA treated 4.5X10° 3.6x10* 8.0010° 7.7410° 1.71X10*

with ozone
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Fig. 4. Electron micrographs of the mixtures of E. coli K-13 and untreated control virus f2

(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 Dbacteria 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 3sec
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

»32, 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
mumber Untreated  0.09mg/! ozone 0.8mg/! ozone Untreated 0.09mg/! ozone 0.8mg/l ozone
control treatment treatment control treatment treatment
1 57.8 58.2 103.2 107.9 159.0 115.2
2 172.4 191.2 408.5 117.5 256.8 405.9
3 527.2 567.7 10838.8 238.5 815.2 679.8
4 992.6 1069.8 1644.1 614.7 886.7 613.3
5 1486.3 1494.0 1495.4 1088.3 784.4 298.5
6 1718.9 1489.7 898.4 1502.6 356.7 188.6
7 1387.0 1177.4 340.6 1471.6 282.4 99.9
8 908.6 828.6 170.5 1200.3 228.4 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 19.0 167.9 142.3 58.1
13 49.9 4..3 11.8 131.9 139.8 60.4
14 27.0 41.3 11.5 102.7 132.6 59.5
15 43.0 42.2 5.7 110.8 67.3 56.0
% Zch.
Naked RNA ¢} ¢ Zx] 2] 8 virus o 4] Hiiligt £ =

(o

RNA &= Jt3 6% fractiono]d 714 %&
radioactivity el ont FHEEEGE  Elkel A
naked RNA: 5% 283 o ZEI virus o
A HEHIZE RNA = 4% fractiono A 714 =
& radioactivity 7} ZERLS 9l = MMKREEE kbl
A HiEE 4%, BET 3% fractiono]y £
& VA E& radioactivity & ‘FeRyc}. c}A
wrabed @ ZEEPR] 2] 8o naked RNA 9] sedi-
mentation velocity = ¥z} ##([3td] JLole] o
FWHME g virusol A Hifligh RNA ¢
mentation velocity = =LA Wi/hsbadl o}
naked RNA 7} virus ol f£758t= RNA wr)
2 & A F EHII0l Zde AL Hukste o
£ =4 Table 2 9] /7L #5Jte} 2ol virus
2] RNA = naked RNA mc} o & )§5lo] 9
st o wo] AiEMALE ehE Aol

¢

sedi-

o] =

A 4icihol A1 ZE"l Dbacterial virus f2 o o
gk o Eo] PR Venosa (1972)0 o] hof
fahd whel el KL o FoAM = ol R
ekl A G0k LUl o gk Aol FREAE ok
2 EY BWMRE ¥ 5B = & 10 e
T EEFE(:B-2 Katzenelson ¢ (1974) 7 Young
=} Sharp (1977)o] 9§ virus o] Hifiel] o] &t
WIS B A e s hehd ARl
AR virus JpHE =F Q08 [ —70°C
of (R1Es gl en] ETMEHe 2 okel ofwa
virus o EYELE T WisEs A orgket.

o ZRFRELA] &2 virus & sucrose gradient
5t (Fig. 2)oll A #l¥s=l 3 # fraction?] radio-
activity &= HEAED 94 o2 Bifd virus
ol A Witisl RNA 2 47sch o vhspad B8
o 2 {3t naked RNA o] radioactivity =
25 3% fractionol A 74 =9tz o ZER
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chemeyer, 1969)9} R17(0’challaghan % 1973)
< rof: pHoll 4] 4Me] guanidine hydrochloride
= sl Ae 11se MRBAES oS
Blsigch S ERBe og HAHE 9w
W= RNAE 443+= poliovirus (Riesser
% 1976)¢} DNA & 473l bacteriophage
¢X174 (DeMik ¢+ DeGroot, 1977)ol A = #H%:
ek ol ERE HAK cysteine,
tryptophan, methionine 3} 72 ojn] 48 ¢

oz REEYSY Bzt Mudd % (1969)9
g9l olulx Adh tryptophan = methionine
of #33 ool sl HUESA KiMERHHE
Previero % (1967)¢] %ol © 3l 4 U= of.
2. Fd 93 virus 2 9] B o] virus] & %
=k JREEe] cysteine, tryptophan, methionine
B9 obelmie @z U HHE RY)
-@. /'-_ o)r/}

RNA of gt o] g g B2 &
#4:7) ¢lc}. Christensens} Giese (1954) %} Scott
(1975)%& purine 7 pyrimidine o] ¢ Z ol
olste] UV Mifedso] #{Ls sl e-& #Ed o
Christensen 3} Giese (1954) 8] = Prat &
(1968) & thymine o)
cytosine O]u} uracil B} o & st A S
vbe M5S fgfEslel of. Uracil o] thymine xc}

2.E 46}04 fEmE WA gevtd
9] naked RNA 7} ¢ Z o] o afo] HEHithol
2ohe fERE REIE 4 A e
5 oM Y& = virus RNAS & &
ol o gk OIS o Eut il 2% o
kel Wid F gLd KT b TEy e
£ RNA & #@#hslol AN A7 & wigiks
P 4 el

pyrimidine base % #}3]

virus f2

virus
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AEY: virus 120 o) gk ozone o FiE#(ES [PH]
-uridine & RNA o {453} sucrose gradient 43#7
b ETEEME % osid &8st . Virus {2
T 0.09 8 0.8mg/le] e ZHWAA 5HELS] B
R A7 slog o) Tlog of EMEE wged 1 #%
1057 5ckoll & Hoh hnbsl @iy REFEAC] Jebwt
o}, Virus 25 o ZEH sl REGT o 5ol
B ol we HAREE WRglod S%ute] miEs
Bl =el FEAE pilic] WS REE B
gt o Fube) @] {ksled RNA = BRSo2 i
His Eul #EERE RNA #ifcl A& e &0l BijE Bl
o] 71wk RNA 7} virus (s &7 BFES
oot o EJEER Fm=geh ole RNAJ
s ol RiEHAEE e A =lald KAHS T
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