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Variation of nucleic acids by ozonation

Hirohisa Omura, Masakazu Tsutsumi,
Koichi Ariyoshi and Ryuichi Ishikita

EIVANAEC R AR SRS IN RAS < DA W7 15 12
M%2RTDT, TOWREREFDIMTILN URFEICH]
JIET ATIREMENZA S NA . 12 & 2T OFREre
DRUNCINT AV IZFERIR L b 3 SOERRL
(TF 1966), F T2 fEKDB LR FEA: R T3 DR
AKuFZs L b WA an B (dk 1965-1). 3 5icH
VRIRTH 5OT, KRSEOBEMOX 5 5%
WOWE BT MAG NS, BHEA ) PN AE,
iy ka s, B, F#—x, Voo, HES, B
W, 4 70 E o B 2T OB IE (R
1965-1), &AWV F =& —F XD Fhe il (A
H 1965-2) sEICHVSEN T,

A AR RIRA L U T ¥ R E » S DEIR
JRFIENUAFUE U PD1IOEUTAHENEE b
MUTHRL SN TNA. &5 ITTHERISRI BT O
AR UAMIESECBOTILLFAINS X
HATIE DTS, OB 253 muy UTFO GiiE Tl
FJ U DFEDSED S NTNT, THHEMNITE B
BHOEINE § #4515 (Giese, Lighton, Bailey,
1952).

5 UTE LB O UAMBERICHSWTA )
DOFPWEZ LN D L5 Wig21hs, #hve s dicsz
DTIEHAWERIT L b SRRy OFALHS O S &
NACELERGCHEINS., D TAMDOIMTIS X
O I A I OTTREM: & & 81T, e
OEBLFHEDRHUZOHBRIEL T T &
BEE L. ZCTETA U ORBROMIBE
B L T 2 ORFRITI T A VEM 2B L 7e.
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YS-1 /) % HNTIRE SR U % iR
Wiz, BROREDICT 2B 2N LUTH I A BHE R
17, BRI OBRE T U2 D&H» b Kl
ELUTERUVMIELI.. COBAERNED 3G
DT T d DT DR % 24 3R U T/l
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Fig. 1. Estimation curve of ozone.
A domestic ozonizer, YS-1, was employed.
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Table 1. Volumetnc veloc1ty of ozone.
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A domestic ozonizer, YS-1, was employed.

—J54 )~ dDikid Throp (1940) 1T W3 o g
MROSZRHLTXRO L S IUTREL.. 2N KI
KW 100 ml & BERR Sml 2RAL, 20 100ml i
—REFEDA ) % 1553 MR ZAATZ D BlElE LT
ay#H% 0.01 N Na,S;0s IR THETS. O
1 BRI RIEE U, FI0EEIR I AlC,-
6H,O 5g & NH,Cl 1g #/KiTiE»L 11 L LICE
DRHNE. 5 UTEHIRMERS & ke k> T#
JUDRBRDLNS.

F it (ppm)=112XT/S
T : Na,S,0s #1187 (mD; SAV U iE (£)

CH UTROIZERFIC L AME A VR E DY

RD 1 HI% 2 BiTRT.

Table 2, Amount of ozone.

Test Vzl;é’g: of ’O 01 N Na25203 Ozone
No- | ansminy D] (e
1 17.55 | 9.74 62.4
2 17.55 i 9. 44 60. 4
3 17.55 , 9,67 61.8

Ozone was estimated as follows according
to Throp. Ozone (17.55 [/15 min.) was
bubbled through 100ml solution of a mixture
(100ml 2N KI45ml buffer) and titrated with
0.01N Na,S;0; solution using 1% starch
solution as an indicator. (Buffer was prepar-
ed by dissolving 5g AICl;-6H,0 and 1g
NH,CI in 1000m! H,0.) Amount of ozone
(ppm) was calculated on the equation: 112
XT/S, where T: volume of Na,S,0; (ml)
and S: volume of ozone ().

I AT DRODID 5 D THRMBEL E s
TiIFWHFI ppm BEORETHONLN TS, UL
VI DOBIGRS HoCARETIE K 50 ppm B
WIBLTZ. WO T ORMEFEAI LN DER
Ahs, Db Z2OEMRIEH INA3DEEDN
A.

B DNA [ZbiIvbh O ETH
SDS ¥ (Kay, Simmons,

fH LU TWvA

Dounce, 1952; Hashi-

naga, Murakami, Yamafuji 1966) 12 X b {14
BRD 5 T U Tz, —J5 RNA 2R 5 O ik
(Festide) 2L,

e RFaFiovy 3 ORI 2EHE pH Tk
DAL L F A0DT (Omura, Yamaguchi 1967)

FV S BRI pH S, 7, 9 TTEoM. 201
DL 0. 01 M FEREREMIR, ) BRI & 72
NI 1 oy R N w7 I f

WIRZA~Z PLORAIE WHLU TV BilwrF
— /¢ A FEAFEIGEEE MPS-50 ik b i il
BUTHRELT: (KN, WHE, E, 1967). HIE &
WEH 1 YECITso.

EEERODIT 4 L WE RO T R
1 BRWKEN U TR THR2ROIZO LR BT
WL HIHFEEFH L, DBRERD L 5L TR %2 iR
UR—=—Juv 7T 7 4 — X HTHR 2L
L.

DNA (Hershey, Dixon, Chase 1953 ; Uchida,
Shigematsu, Yamafuji 1965) 3 6 N H#ig 0. 3 ml i
WP UH 7 ABIIIAT 5. WK AIT 3 IR InZk
FRRUICOLEEL, BLETROKEIED Y v A Eiog
KER{L T b Y 2 A BTHERRAEE 0. 1 N Mk 50 ul 1T
BhLUZOEYERER—S—2 02 v 57 4 —iTf
LTz, HPERAE No. 51, 4 VS u—7ia—
IV RS K (170 : 41:39) TLhEY: Tk b B

BABMTHRHE U, RSO HEHEL T
tz. —7F RNA (Smith, Markham, 1950) 12 #' 5
2T I NIGER 50 ol 2IMATHEL, 100°C 18
R x 27—V HifE K (7 02 1) TERE
Eick b R URBICEMAMTHRIB LI, 2hitko
T DNA 2 5 i RIEAS R S hizdd, RNA O

BY 7=, TFVORPYFONBEE DY UV
pEREIn.
HRBIUZE
I DNA

1D BRANRS ML

BB ARD L 5 WEIBICHRO IR 255, 20
BEETHED TR A R 7 v Ig o UG D%
BRITTOT, TFCNREBRLUA Y VMBI X 5%
BOILENEEDOTFH Y 2Rz,

#% pH @ DNA 5 (20 #g/ml) 12 30 R4
VRS UTIHS, Z DRIICI W TRMRBIT A < 7
MVRHIET 5 & & b it OIS 5 BOLEDOLEEH)
BRIz, ZORERE2 MBI OE 3 HITRT LS I
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Fig. 2. Absorption spctrum of DNA solution.

DNA solution (20xg/ml) was treated with
ozone (about 50 ppm) for 30 minutes at pH
5 7 or 9. The spectrum was estimated be-
fore and after ozonation.
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Fig. 3. Variation of the optical density of
DNA solution after ozonation.

The same as in Fig. 2,

W2 =2 SV OB 51, ULy 240l pH
ik >Tis-ol.

PH 5 130 Tid 260 ma TOMIEORE N2 I
IET U 30008 6 RS s hrs, Fcf/ho
KRR ELANCEITUICH, 240mp TS
BB TIRIBHIE T EAETLILShDTz. 65T
WY 1x 240 my X H 300 me OFEM b 2> TR
FU 260 mp IZIWTHELHEETH O,

PH 7 (T3 T § I 260 me 2 A0 & U THE
FEE R USROS L 13 87:2T 240 mu BN
DRFIE R AZ DT ERUIL. BB DERITH AN
7 R VORMUNOREE I /DL AN RO Tz,

CATHLT pH 9 Tid 275 mu L b § &k
BT O T2 OB ERL, Ld 2O/
WEMBGNZIEZE A UDT. E>Tehucs ao
TWIURRA DAL IZ 260 mp H> 5 256 mu BT L,

F oMM 242 mp EEMICERERANCREIT LI,

ZHUTWTHRUTL TS AV OUEIT S -2 TIRIR
ARY PV D UWEBD LS N5 T &S T
LD D TWA L E R RRT A DTHY, T
120 D4 YV OfERAD pH X2 Thie bR 7s 3L
EAHLELTHA.

2 #E

BRLAKE, eRFaFxo V7L 20D A VR
FERENTHE DNA 2MESTHC & 1L#
B (1957) 1Tk Y Z DGR T OBMED LI ENT
WA, 2% (Buler, Hasselquist 1955), #i%f
1%, tM (Conway, Eutler, 1952) 7s& @ B4+
PPRIDS IB LBRRIC D 55 Ko 7 2 ave RS
WUT B R e 72 a20ve Ui— B LKIRIZE DT
BRI A SN TR T 20 332 L 038
KINTWAD, ZNHIZT I -FUHVDESIRE S
BODOEZILNTINAD (AR, 1963) @izt T
REAICIET 2 b ODEMTH 5. A Uiz &
’)"‘ﬁ‘ﬂ&@i’{{biyxnxwﬁ‘WLL@T‘&WC DNA A D

RT Y S AT T TR EER LT,

DNA 7% (0. 5mg/ml) 10ml &4/ % 37°C
VT 3IMFER IR0, 20 8ml T2 T
FZ RO REIERNC L b 2 OB R U, K
Rl s A EFIET A O THEIA 2InA 2 tugd
eI, AT F =TT VLD TR DH
MBI NHMUT 300 THH2ETS. Lol
) a vt A VOEETIG 1 ml 27K T 100 {EHIHR
U, DNA 5mg &7z b 1 iisams g iR E%)
Tho2eDTChRHEALI.

Table 3. Decrease of viscosity of DNA
solution by ozonation.

Rate of decrease

EH } Control Test | @
5 2. 36 54.7
7 2.37 56.1
9 2.37 0 48.1

Ozone (about SOppm) was bubbled through
10ml DNA solution (0.5mg/ml) at 37°C for
3 hours and relative viscosity was estimated
with an Ostwald’s viscometer using 8 ml
solution.

3 RIS SO OE TR 2R LIS, 2
T B L ORBED A ILETHE Y OREETF
Vs nts. UL LZOITFER pHITEI>TZR
BEOEIRDOLNT, Th ) IO TH» TR
TREZERNE 5 K@D 5.
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IR TH, PH S BIOTCIR77F =121 235
h, 7=, Vb UBLFF I BBEELUTHRY
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Fig. 4. Base composition of DNA after
ozonation at pH 5, 7 or 9 for 90 minutes,

DNA (0.5 mg/ml) solution, 2 ml, was
treated with ozone at pH 5, 7 or 9 for
90 min. and base composition of DNA
was estimated by paper chromatography
after dialysis.

C: control (without ozonation); T:test.
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Fig. 5. Base composition of DNA after
ozonation at pH 5 for different time.
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Fig. 6. Base composition of DNA after
ozonation at pH 7 for different time.

BoFhi R an Bl 3BTTLcE MR ah
7.

Z CTRICH IR O S IR 2 3 5 1201,
pH § 53X 0¥ 7 D DNA 1AK% —EDORFIFIM T+
U B R TN ERO X S i O RN R 2 o
1z,

FIRHCIEUITR U2 S s L OV 6 ID R — %
—Zae NS A»GET 04TF I WKL,
DWT S PHITy 7= I N0l 356
IS MBITIR Y b U A DRINIIDS TF =
i 105 RUMEE L7248 3 BEL TR Iz, L
U 153 % UTc& pHS Ty by
W iIcEoniz. BRINIKERET 5757 =00
ZFvy b pH 5 Tkl sl h, —J5 pH
TDHDEFDIE YL DTN, fE2TL D v
WE WL 5T DNA S FHdiE3F v, 7=
v, Yhvy, PFUDEHITARINAST EBED
sz, Udhd e s iddhkics v Tigikicsit 5 &
DANMINDTL, FHT7VHVHIBSOTRIE
ETH2M. iU TRUBLHIT b @Rtk
TUBL TSI T 7= 3D 5 BT 2L T
AR LS ERTHDOT, F7=r, Yhvy, F
Ty, TFEOERBEINS C Lidbhibh Ot
FETHRBINTILAS (Uchida, Shigematsu, Ya-
mafuji 1965). WFHITL T 75 = »i kS UE
THotz.

II. RNA

D BRANS ML

PRI RNA i3 9 54 00 B/ 2 sk U 1.
RNA %% (2mg/ml) 4ml & HEARDOBRERE 2T
AL, 100 IR ) a2~ 3 R%MmA 30 5714
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KFig. 7. Absorption spectrum of RNA solu~
tion.
RNA solution (Img/mil) was treated

with ozone as for DNA and the spectrum
was estimated after 10 times dilution.
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Fig. 8. Variation of the optical density of
RNA solution after ozonation.

The same as in Fig. 7.

AR TIE0Ts. LS OENE % ld— pH O
SR T 10 f5RIBRL TR A R 7 hoVis & DMKt
SEOZT R RDUT T K Lovii 8 BUTR L.

VI DTN AT D Te D TS DIET
MRS NIZDIART F AL DEZ D § DT )
1. U UETFER DNA OB&ESDEZTHIK
IR DAL & O 5T B B T WT BE T 5
2. RBPOEEERINE ELRISITEDET L 90
OTE — 7LD, #0O%k & {2 250 ma fHEEL
TTCEDADTEARIAY 5 T EWEEINI.

FRCH U TRMETIanic e iz ER LT, 3098
APINT Y > TR AR 00 2 0, NI PR
THTBITUIC AR Y AR NI, RO LR
it 270 me AN OWTIRIETH DT, &< I
W BT Chots, o OBMTEIREED
AIHAAERE T 30 20 THEFHIT 2 U DIBIEIN & &
IR 2R 10, RIS CIERER & & S i LR
Bty BT EDEBD LI,
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Fig. 9. Base composition of DNA after
ozonation at pH 5 for different time.
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Fig. 10, Base composition of DNA after
ozonation at pH 7 for different time.
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Fig. 11. Base composition of DNA after
ozonation at pH 9 for different time.

LTz iciBy oh, 12 CMP B3L08 UMP i3
BT I NI, F72 360 Tik CMP % K35y
BRI NIzH UMP BLO 75 = i3l 6 D IREF
LIz, CRITRHLT7vH ) BITis i 6 B R
LTHWTFRABELIL. 82T v ilBicd 5
RNA #REIEIE—IGs 7=, v by v8nLw s
v, BRICTF 2 DRI INGNT EAHETE
INBMU R EYTIovED R PR T
W, COfANE DNA OBE&E b —%L, Bl 2#
R AEEDOHT E LT 7 7 = U B KER A
D& 5 BRRIVAIOVERICH LBV EETH B LD
L EHBTES.

i i

BFEINTSO URC AV B 2 RIS 2 84,
Z OB TN E A AR R OFE S b U DB
UEREZIEEBLUTEL CENEI L. 20D
IV ORESROMIT & b L TR 518
Rz LI.

DNA B DRI AT b vid4y i &> T
B ULEBUIH, 20%E pH &2 TH» 2
hEIsotz. T72bb pH S5 Tid 240 me 750U 300
mp THITTIRIEEIXMETL 260me THRIZ AL
Wz, e WUT pH 7 T EARITET U
280 mp ITORHE 3 A 2>TERLIZ. UL L
pH 9 Tix 275 mpe L W EHER IKHBWWT LR
U ELEOFEE 5 Lol

—7 DNA FBHOKE & 4V LB ick b D&
FUTHY pH OB I3 Zh BREL I 7 I )l

TR THEIETEIZEN L 5 @bz,

DOWT DNA ORRHIEDOE B 2ROz, Z DhG
R pHS BLUTTRFIL, 7=, Vv,
FFE = DIFCYRIND T EWVRED LN, T
# ) ETRFEHELR NI NE DR Y EET H D
1.

RNA 23T § FICE Y AENT L > TR A
AU FVIIELU 258 DNA O848 & 308257z,
FTIEDLERYEITIS U Tid DNA & IR A
P TEAEET U3, mETracgmL, 2
DEBERINER 270 mu TN TRIETH T, £12
T Y T DNA & EREORmMMSED b .

b7 RNA ORI b —hr 7=, v hor
BALW I, TFE= ORISR INICH, Th
5 OfEHPE: DNA 10 DL b & Edore.

WFICHER LtV v RAEZBIC DN TEADEH
EE o TVl AWk HEERR S (e Ml EIX
AJNEr9-12) SiEx =, REEFH#HOMKICEHHEL L
F5.

X R

Conway, B., Eutler, J. A. V,:J. Chem. Soc.,
1952, 835.

Euler, H. v., Hasselquist, H. : Ark. Kemi, 8, 375
(1955).

Giese, A. C., Lighton, H. L., Bailey, R.: Arch.
Biochem. Biophys. 40, 71 (1952).

Hashinaga, F., Murakami, H,, Yamafuji, K.:
Enzymologia, 30, 179 (1966).

Hershey, A. D., Dixon, J., Chase, M: J. Gen.
Physiol., 36, 777 (1953).

AHER: ARTE 8 (14 75 (1965-1).

AHEN: RTE, 8 (24), 64 (1965-2).

AHEME: RHTE, 9 (6 67 (1966).
Kay, E. R. M,, Simmons, N. S., Dounce, A.
L.:J. Am, Chem. Soc., 74, 1724 (1952).
KAVEA, NAZE, BEREE: JUKBRY¥IEE, 23, 33
(1967).

Omura, H., Yamagucki, K. : Enzymologia, 33, 1
(1967).

Smith, J. D., Markham, R.: Biochem. J., 46,
509 (1950).

Throp, C. E.: Ind. Eng. Chem. Anal. Ed. 12,
209 (1940).

Uchida, Y., Shigematsu, H., Yamafuji, K.: En-
zymologia, 29, 369 (1955).

AR—3: it OER, p. 18, iR (1963).

Yamafuji, K., Hirayama, K., Miyata, A.: En-
zymologia, 17, 352 (1956).



IV R L ARKROETD) 523

Summary

Since some possibility of application of ozonation in processing or storage of foods
has been developed, change of food constituents should be preliminary discussed, owing
to high oxidizing ability of ozone. At first, variation of nucleic acids after ozonation
was examined, in connection with its bacteriostatic action.

An absorption spectrum of DNA solution was changed by ozonation depending on
pH of DNA solution. At pH 5, the optical density between 240 mg and 300 mu was
decreased, the highest one being at 260mg.  On the other hand, while the optical density
was similary decreased, it was increased at a range of shorter wave length below 240
mp.  On the contrary, the optical density was increased at shorter range below about
275 mu at pH 9. In this case, highr increase was observed at shorter wave length.

However, relative viscosity of DNA solution was decreased by ozonation with about
the same rate at pH 5 and 7, but a little lower one at pH 9.

Then, base composition of DNA was also examined after ozonation. At pH 5 and
7, bases werc decomposed in the following order, thymine, guanine and cytosine, and
only adenine was maintained, whereas, at pH 9, 4 bases were detected under the same
condition of the treatment.

An absorption spectrum of RNA solution was also changed and some difference
was observed in variation of the spectra of both DNA and RNA. The optical density
was decreased at pH 5, but increased at pH 7 with minimum rate at 270 mu. However,
it was increased at pH 9 similar to DNA. On the other hand, bases in RNA were de-
graded in the following rate of guanine, cytosine or uracil, and adenine. The result in-
dicates that adenine in nucleic acids is the most stable against ozone.



