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The major lipid peroxidation product, 4-hydroxy-2-nonenal induces mutations in Saccharomyces cerevisiae.

MHAEX FKiEE MHEExX E—5— - JIL—X HHZ#

Mami WADA, Masatomi SHIMIZU, Akemi HOSODA, Petr GRUZ, Yukio USUI

@R A

TOKYO HEALTHCARE UNIVERSITY



(REH)

HSERREIC BT 2 BRI T O FFR E N5
BIZ IR ERIZET S5

The major lipid peroxidation product, 4-hydroxy-2-nonenal induces mutations in Saccharomyces cerevisiae.
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(PUFA : n65%. n3R%) 2S5, RO %
TH PUFAIZERLE N3 <\ FRICARNTA L 516
MH#% (Reactive oxygen species : ROS) 12 & 0 1L
SN, BELIREEZAL S, 3512, fRH ET, 4
7 EOMFITB VT, DNAICAHI L3 WA
HTHbHT7r7ul 4 (acrolein), ¥~2 I 7T
F (MDA). 4- FaF 22/ %2+ —) (4-hydroxy-
2-nonenal : 4HNE), 4-4 %V 2- 7 %2 F—) (4-0x0-2-
nonenal :4-ONE) 7 EAAE SN b, 2 Hid. DNA
ERIBT A2 ETDNAEGZFI SR L, 22RER
REAL, BYHEY DAL =T — a VEFETH
DB 2 2 LR SR Tw A Y, IRiM OO
NS, CHR LN SN B LI OBBILIEE D E
RIZED X S BB E KT L T2 22U,
NI BT 28T LW BRI AR 250 SREEFITDH
LWL EEZ BN,

Z TR T, W3 BB O Saccharomyces
cerevisiae (S. cerevisiae) %7 A% —HICE L7zkk
TH5S. cerevisiae TB¥ZE HWTC, IBE S8 SN
% BEALIRE 53 Td 5 4-HNE & 4-ONE 2> 5 0, i
RV RRERFBREDA ) —= v 7 &f7H) 2 & H
e L7z,

A&
1. BE(LEEE SR
AMETHBALHBILBEE SR T S
4-hydroxy-2-nonenal (4-HNE) (¥ CALBIOCHEM #1:7»
5. 4-0xo-2-nonenal (4-ONE) 1% Cayman Chemical #
POBEAL (Fig. 1)
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Fig.1 Chemical structures of 4-HNE and 4-ONE.

2. HEREME

ABEHKRE LTABETE, BFEMHEOS
cerevisiae TB¥ (MATa CANI his7-2 leu2-3,112
ura3- A trpl-289 ade2-1 lys2-B12) % W\ 720 ARk
BEHREZHCTHF A Vit 2 s 5 2 & T
CANI BIZTHE TR Z3FEEWR, 7V -2 7 b,
RET EDORREREZBNTHI LN TE %,

3. FERARISiHE

RERB RO R RITIT YPDEW (1% yeast extract,
1% Bacto peptone, 2% dextrose) % H\», AEfFFKH
O & LT, YPDAWIZ Agar % 20 g/LINZ T1E
J§% L7z YPD Rt % v 7z

ERE R R e U<, TiloREIHICH
FNZ Y B GOERTRE 2 iz, KERIE
0.67% yeast nitrogen w/o0 amino acid ; 2% dextrose
; 004 mg/L L-arginine ; 1 mg/L L-aspartic acid ; 10
mg/L adenine ; 20 mg/L L-histidine, L-methionine,
L-isoleucine, urasil ; 50 mg/L L-threonine, L-luecine,
L-lysine, L-phenylalanine, L-tryptophan # vy, ZZ
12 Agar 20 g/L % 0860 mg/L L-canavanine % il 2 T
L 72,

ETOERIIBIT 5KIE, BAKEES (Gradient
A10 Milli-Q®) TIERK L 78K % w72,

4. EIGEMHR

RERBE MR ORI 1. YPDFHICH L T\
H—ao=—%10mL o YPDEKIZIAZ, 28C. 150
rpm Hi % T A8 e I3k & 9 K528 L 7214, PRAF AR 7T0uL
Z 10 mL @ YPD WA L, 28C. 150 rpm Hif2 T
4REIIRE SRR L 720

ARiRERTIE, 10mL @ YPD WA A - 72 =7 T A
T2, 4-HNEALFE & LT 0.0005. 0.001. 0.0025. 0.005.
0.0075. 0.01. 0.025. 0.05mg/mL. 4-ONEMLFLE LT
0.001. 0.025. 0.05mg/mL DILEEIZA 5 X MR 72
%, BN L -RBRERORERZ 0l mL oM,
28C. 150 rpm A2 CT24 KRR & 9 B8 L7z T 72,
arhu—E LT, BELIRE SR OERTH D
IH )= CRBOEREIT- 72, Bk, B
L y BIRE A0 F 2 — 712 L, 4T, 1000 x
g T 1045 [l O Bl TR 2 X L 7214, 150 mM
D CBRA ) Y AR (pH7.0) %2 5mLnZ BRE L
Too WEREWLE A1 TN = B SR IR I B S
02mL%Ai L, 28COA »F 2 X—% —NT3HREE
Bl T2, BERANOBEL R L2012, WD
SR E 150 mM U VRS V) T ARG (pHT7.0) 12T
10° AR L 7215, YPD X112 0.1 mL %45 L. 28C D
AV FaR—y—NT2HMBEE L, Bk, &5
WIZAEF Lzao=—2 KA., AAEE L 2R B
ML, EEFEEM % 1T 5 720 CANI B{E AR
RBHEE X CANIL T2 B R R ECh L T8
WL7e F720 TRTOMEMISO VT fE & B
fRE% R 720
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Table 1 Primers of PCR and Sequence analysis.

Primer
PCR
Forward CAGTTTTTAATCTGTCGTCAATCG
Reverse TCCCTTAAACTTTCTTTTCGGTG
Sequence
1 TTCTTCAGACTTCTTAAC
2 TGGGCGCTCTTATATCAT
3 GTCCAGGTATAATATCTA
4 GTGGTGTTCCATACATTG

5. CANTBIGFEERDANYT b3 L#E

B FINZ ER IR RN R I EE Lz s
NZ Vit a o = — % CANI #8152 Rk pmio o
=l L, BRAXRY NI LAEGHT HI2DIY—2

IV ARNT % 4T 5 720 Colony direct PCRIZ T 28
DOPCRH 74 ~—%M\wv (Table 1), CANI #{x T
%t DNA WA % #IE X272, PCREWI1Z ExoSAP-
IT (GE Healthcare) =&ML, 37CT154f#. 80C
T15 5 s &4 72 CANT # a0 3 — FEH) 1773
bps Wi, RUOZD LEICY =2 2V AT 54 < —

% L (Table 1), BigDye Terminater v1.1 Cycle
Sequencing Kit (Life Technologies) & H\W T, %A1 >
Vo= YIRS EIT- 72 Z D%, ABI3130
Genetic Analyzer (Applied Biosystems) 24 - THi
ERH 2 RE LT FONTWINBILDT—F 5%
RART PNVEEH LT, %774 ~—1d, 2LiE4
V) I — U ARSI AR KL 72,

Table 2 S. cerevisiae 7B after 24 h 4-HNE or 4-ONE treatment under growth conditions.

Concentration Living cells Growth no.of mutants Mutant frequencies

(mg/m1) (> 10%mD (%) “coloni (per 10 °living cells)

after 24h treatment colomies Canavanine resistant®®
0 (Ethanol)® 263 100 7 1.3+ 1.5(8)

0.0005 332 126 4 0.7£0.4(3)

0.001 211 80 29 6.9+6.8(9)

0.0025 188 71 13 3.3%£13.4(3)

4-HNE 0.005 249 95 123 246+23(3)

0.0075 160 61 132 41.4+13.5(3)

0.01 199 76 16 4.0+2.4(6)

0.025 65 25 1 0.5+0.8(6)

0.05 18 7 1 3.7+1.6(3)

0 (Ethanol)® 144 100 2 0.7£0.3(3)

0.001 115 80 1 0.4+0(3)

+ONE 0.025 0.1 0.07 0 0+0(3)

0.05 0.001 0.0001 Q 0+0(3)
Results represent data pooled from experiments with 3-9 plates per dose.
aNumbers in parentheses indicate the number of independent experiments.
bThe numbers showed (average colony number) = (standard deviation).
°For negative controls, cells were treated with solvent alone
(final concentration of 0.5% v/v ethanol).

o @ 2. 4-HNE.4-ONE D S. cerevisiae TB¥kICx 9 Di8InE
=]

1. 4-HNE. 4-ONE®DS. cerevisiae TB¥~DELE

TBKk \Z4-HNE F 72 13 4-ONEWL B % 47 - 72 & B,
4-HNE 2B Tid, 0.0005 mg/mLALE THELERAH126
% LB L7228 ZOMOPEEICB VT, IRERE
IS A A AMIETT LGB SE AL & L7z (Table 2).
4-ONE 2B\ Tld. 4-HNE [A KR AR 1912 A %
AMET L. 0025 mg/mL AL T3 EFFE0.07%. 0.05
mg/mLALFE T3 0.0001 % & 5\ ED R Sz
(Table 2)o 2T 5D &5, 4HNE, 40ONE & 12
TBHRISH LTl A #EMED D 1 | F#12Z 1112 4-ONE
THHEHETH o720

HENDFE

WAL IRE 5% T 5 4-HNE % 4-ONE O £ (12
Y B BIHENOWEREGIEH D v, I TE
WFE T, 7TBRRICH T 2 Binm il 2772, 20
#iA, 4-HNE T24 REHLE 2§ % 2 & T, 2SR5
BEAS, 0001 mg/mL AL TR 5345, 0005 mg/mL AL
THI 1891, 0.0075 mg/mL LI TRy 31.84% & | JRIEEMHK
AR L 720 —75 T, 001, 0.025. 0.05 mg/mL &
T TR R B 3R A L. Mgt dsidm < &
AEmAR SN (Table2)e ZOZ &5, 4-HNE
W SFRERECN LR ERZFRT AWETH S T L
DR E NIz F72, 4ONEIZBWTIE, S HOER
R HIETBHRICH T 2 @ fnmE~NORERRON
ol
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3. 4-HNEH S55FEEEND CANT BICFEEDET
FATRBORER L Y. TBHRICH T % 4HNE O # 1R
FVEOHER R SN2 &9 5, 7B O CANI &z
THEIZB) 5. 4HNE 2> 55 S L b BRERKICD
WC Y =7 LY AN 24T o 720 T DR, 4HNE
POFEFRINBERRERIZ G:C—T: Av44%
(5/16) &b %L <. KT, A:T—T:AD19%
(3/16). G:C—=A:T»13% (2/16). A: T—G:C
D13% (2/16). A: T—=C:GD13% (2/16) TH o
72 (Table 3)o DT b, 4LHNEDLHHEREND
ARSI BRI ERTH Y, ZDELIEFG—-T
NDOER T FHT D REMEARIE S N7z,

Table 3 Base substitutions induced by 4-HNE in CANT mutants.

Nucleotide
position

Nucleotide
substiution®

DNA sequence at the
site of mutation®

Transversions

509 G-->T AAT GGT TAC
509 G-->T AAT GGT TAC
509 G-->T AAT GGT TAC
1372 G-->T GGT GTT GCA
1372 G-->T GGT GTT GCA
1392 G-=>T GCA TGG TTA
1079 C-->A ACT TCT CCC
950 T--->A TAC GTT TCT
1754 T--->A AAA TTT TGG
1265 T->G GGT GIT CCA
1393 T->G TGG TTATTT
1087 A>T TTT ATT ATT
Transitions
980 G->A TTC CGT GGT
1018 G->A ATT GGA CTT
1192 T--->C GGT TCC ATT
1412 A-->G TCG CAC ATC

Cells of 7B strain were treated with 0.0075 mg/ml 4-HNE.
2 The coding strand is shown.
b The mutant nucleotide is underlined, in the otherwise wild-type sequence.
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KWFROMERD? S HBILIEE SR D15 TH S
4-HNE X, S. cerevisiae TB¥RIZ BT 5, BIET-220R%
HEWHATHL Z EWRBE SN, TNF TONTEHRE
Mo, BEEAEMTHLYIVESTH, KIEH KO
EMTHDLT v f Z—ANAAY —, b MR
BT RO EATR SN TS, 4HNE 00075
mg/mLAEIC BT 2 H F N Vi 2 feRE & L7
R ER T, SRR AN 313 ML 722 &
M5 HEEEERHC B W T b 4-HNE O (=2 & 2
LD, oML RAYICHE L TEHT 50
DThHbHEEZOLND,

F 72, AHNERHIZ BT 5, TBHRH O CANI #I5T
JETH U BZRER DY — 7 = v AR ORER, G-
CoT I AND IV AN=Y g Y RIBERH 4% & %
3%, RWTA:T—T:A (19%). A: T—=C:G
(13%)+ G:C—A:T (13%). A:T—G:C (13%) &

Tolze AHNED LR SN LERERIE, IhFET
KBRS e R E W72 %85G C—T:
ANDOERDPHE SN TEY 'O, S H O 5
bFEMBOMEAE SNz, 4HNEIE, )/ — VR
7T % N yW & On-6 KA NG Z AR & 3
5 BEEALIRE SR TH Y., FFICDNAD 7 = V5%
FIZHEA L. 6-(1-hydroxy hexanyl)-8-hydroxy-1, N*
propano-2-deoxyguanosine (4-HNE-dG) %49 5%
CENHEEN TV S Y, LHNE-AGIZ bk O
oMM ERTEY Y, ABFEICBW T, 7B
HFIZT4HANEAGAER ENEZ LIZL D 77 = Uk
LORERERDPFEREIN, GTANDMT ¥V AN=Y
a VEIO RBERERPAE L2 D EZbNL, —
JCy AR n-6 RA BRI IR 2 & 38 S % W
LR 5513 T % 4-ONELFRIZ B W Tid, 4o
WEgEas K2 HITBE T RREROF I A SNz Hh
> 726 4-ONE % 0.025 mg/mL L 1= o 8 i C UL H 2§
HEELHERNPITIZ0% & ol e s, MladFEED
mPER L. Mt zsl &3 LTl I E L
5N %, Chou b DHHFITL 2 E™, v MilKkP L b
4-ONE 7 & #E & . 5 DNA 4K T 5 heptanone-
etheno-2-deoxycytidine (HedC). heptanone-etheno-
2'-deoxyadenosine (HedA). heptanone-etheno-2'-
deoxyguanosine (HedG) 2SI ENTWwWBH I &5,
4-ONE & TBRRIC BT 2 @15 T 2RRERYETH 7]
REPEIZ B Ve 4-ONE A 5 5 S M5 #IR 2R AR
DWTIE, RIS L 2L LETH D L E
ZbMd,

o o

n-6 R A SIAIIR G EE 7> © 5538 X 2 @ FR ALl B 5017
WC& % 4-HNE. 4-ONE iZ. S. cerevisiae TBRRIZH L
THfadtE AL TBY., 4HNEIZBWT, H /3=
Vi R & U7 MR AR Tl 2SR TR
% IR BN S 872 E 72, TBIR O CANT
{ET I BT 5. 4HNE 2 5558 S 5 28R BRI
DNWCT Y= TV AN 2T o 72k, G:C—T:
AND T v AN—T g YIS ERPA44% b % <,
ZOMD AT b T AFNTIZE T b A E R 2 5
Tho72,

INS O, S. 4HNEIZIHERIHICBWTH %
IRERFHRWETH D Z LHARBE NI,

& 5
KWL R e 212720 BFFEIHER L 7250 HR
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Abstract : Accumulation of DNA damage with advancing age due to failing repair is one of

the key molecular pathologies in aging and chronic disease such as cancer. Lipid
peroxidation (LPO) is a main source of endogenous damage in tissue DNA and is
linked to chronic inflammatory processes underlying numerous degenerative diseases.
Polyunsaturated fatty acids (PUFASs) represent the direct source of this damage. The
DNA adducts formed from the peroxidation products of n-6 PUFAs studied so far
include the derivatives of 4-hydroxy-2-nonenal (4-HNE) and 4-oxo-2-nonenal (4-ONE).
In this study we examined the mutagenic activity of 4-HNE and 4-ONE in the haploid
strain 7B of Saccharomyces cerevisiae (S. cerevisiae 7B).
At 0.0075 mg/ml 4-HNE increased the frequency of forward mutations to canavanine
resistance 31.8 times during a 24 h growth period in the strain 7B. Mutational spectra
have been determined with in the CANI gene of 4-HNE-treated in S. cerevisiae 7B.
G:C—T:A transversions (44%) were most prevalent. On the other hand, under the
same treatment conditions the frequencies of forward mutations in the S.cerevisiae
7B was not increased with 4-ONE. These results suggest that the peroxidation
product of n-6 PUFAs 4-HNE is significantly mutagenic in S. cerevisiae.






