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Experimental Study on the Role of Bacteria from Urinary
Tract Infections on the Bladder Carcinogenesis

Shin-ichi Kajr

(Director : Prof. J]. Kumazawa)
Department of Urology, National Kyushu Medical Center Hospital, Fukuoka 810

The role of bacteria isolated from patients with urinary tract infection (UTI) was studied
with a view to the possibility that such bacteria are an etiological factor in the development of
bladder cancer.

The bacterial strains of Escherichia coli, Pseudomonas aevuginosa, Proteus mirabilis, Serratia
marcescens, Staphylococcus epidermidis and Enterococcus faecalis, isolated from patients with UTI
at the Kyushu University Hospital, were tested for their nitrate-reducing activity after 1 hr of
incubation with sodium nitrate (3.57 mM) in a growth medium (pH 7.2) at 37°C. Of 35 strains
tested, 27 strains (77%) showed the ability to reduce nitrate to nitrite with yields ranging from 2
to 310 M NO;3/hr/107 bacterial cells, but in 8 strains (23%) including all the 7 strains of E.
Jaecalis no elevated activity (0.0-0.3 ¢M) could be detected. Various kinetic profiles were
observed for the nitrate-reducing bacteria, at various rate ranging from rapidly to slowly, during
5 hr of incubation.

The effect of nitrate-reducing bacteria on mutagen formation in the human urine was
examined. The mutagenic activity of smokers’ or non-smokers’ urine incubated with or without
bacteria for 72 hr at 37°C was assayed by the Ames Salmonella/microsome test (using TA100 or
TA98 with S9-mix). The mutagenic activity increased in urine incubated with the nitrate-
reducing S. marcescens or P. aeruginosa, compared to controls which were incubated without
bacteria.

Potent mutagenic activity could be induced when the urine concentrate prepared from
smokers’ urine with an XAD-2 resin column was incubated with sodium nitrite (40 mM) at pH 3
for 4 hrs. The potent mutagenic activity observed here seems to be due to the class of direct-
acting mutagen(s), because no metabolic activation was required. The mutagen formation at an
optimal pH 4 proceeded rapidly during 4 hrs of incubation, but decreased thereafter. It was noted
that even at a physiological pH 6 of human urine, a lower but significant level of mutagenic
activity could still be detected.

The mutagenic activity of individual urine concentrate from 14 male smokers and from 6
male non-somkers was assayed after 30 min of incubation with or without sodium nitrite (40 mM)
at pH 6. Mutagenic activity increased in most of these urine concentrates incubated with sodium
nitrite. The levels were variable between individuals with a 1.3-to 53-fold increase compared
with the controls incubated without sodium nitrite.

‘These results suggest that UTI’s caused by bacteria which possess nitrate-reducing ability
could be a causative factor in the development of bladder cancer in terms of the formation of
presumably novel direct-acting mutagen(s)/carcinogen(s).
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DOBEDOFRE 3ERE (1991) BT 3 BEhEEET
EHUZ 3,173 A (82,165 A, & 1,008 A) T, HEit
AW & BIBTHRE 223,727 AOFD 1.4% % 5
BT3B BEHEBORECIUESDH Y, wFho
EeBWTOEROFBLMELDZWD, bBEOE
BRI & ZIETERE, 50 & 2 APOKERE NS
L BAIMEVWRENCH 229 25, AODOBERELS 512X
EIER T A NDOECIFES T, DA BEOBIN»ES
aha, 1993 FEicHREhe [DSA BEEE] &
T 2015 SEQBEREE i3, BAE KX 22,629 A5, 3F
T-H 813 8,282 A% LHAEL D 2~3 fE0HMNE FH
LTEY, ZOFHREELRFELR>TWV 5,

BEBLEBE ORRIZ DWW TR, HEEY 3 /&~
OREMSRE, BE, YAV EMEHRAOBY:,
RESBSAE DA, 2513 T — b —RAOHHREE
REBEOBEERZES FE» 5 ORE, W
gao1023044958) 37 SN T &7z, LOLERHMS, Zh
¥ COEEWTEETED 2 IBWERIC X 2RO
BRE»S, b OENREBOERATE LTELED
BENTWEHDIE, "¥FVY, g-F7FNT Vi
EDFHFEBRT 2/ bEW~OEERRE L B2 T
b2 FERET 2 /MEEMOREE DLW TIIEWY
FEBRTHHER I N, TOEABF IOV THEMR
ELFERRE R REN T W B, BE Y 5/ 3o flidic
SEEBRFERY 3 /LAYNEERTBYY, &
noDLEMBFERALTW2 b D EEL5h, BE
BENEEORECHEET LI L3I B DL ST
W3, ENNVUVEMRRESR S BREF & L Ti#<
BhR TRV B9 M, B L EIR I EHR
RERLTWEHDTHY, bBEHFZHE L ODED
BEBEIEE DRERET & i3k 55w, BISEEowER
Pz ko THRENZEBSEY 5 n -5 R ToOREE
BOFRRBEESFERT L 2o TWw3, BENFRE
LEZ S5 BENEEEEIZ, Wynder 5% L hid
BET48%, LFTIIRLHREINTHWE, Ll
B5, BEPREENSEE TRIEETERWERRHED
BESEZBEIN TS, BRic, ZEoBENEST
RERTFTHED b DDHBLAENWEEDLITED,
BEHEEOFH L W IBELS b, ZTORBETFOH
RRIEETH S,

A, BEMEEOBBRRT & LT, REERYEDH
HEEWMY LT Tw2EXHAETEOR
Eo102022408D Z38h X %, RREARIIEED & ivie

Dotz LTWAEE? b b5, RERYYERAE
HEOMNGERES LA R ERER 2R LW B
E5HEL DY ERAFO—DTCREVWLrEEEHS A
Twb, Kantor 520 O BE-WEHEC L, Kk
SYURE DEEEDS 3 ELA_E B 2 A DRSPS O bk
& (Relative Risk, RR) 1%, BEEDEW AL S~

2% (B 2.0, ZeHE:2.1) THolkrBEINT
w3, LaLehs, JhsOEENREERER L
T, TORRMEFRERMETIERHE A Tw
32249 [1%, BB IE R SR RSP 2 AL T
WAEABERNCLIELERD N2 L Z225ThHD,
B ORERI 2 B CIEBETCE T RwIhE
TOBEEFETIE, RERBGTESBEDIEE OFRHE £ v
FATLTCW R L BEIR BB TR THI EVIE
BEThH3, LyL, ZO—HTR, REZXEMEZ2ZY
T ADOHIZ, REOYEEHUERLEE (KigE
HZFRLTVBELWIRED PHEIN TS, ZheD
EHHIXBRME L RS Z ORBIZESE L TWw3 DT
BOMhEVBI ZERBMRBTIHOTHD, IR
LRz > T30, REBIUE W & 2 BENEE D F
CHESFTHRIEL T2 D TRV E v S TJREM 24
HEBZLOTHS,

PREGBITE & B BEIEBERIED A A =X L& LT
B, RERWEEABENE LY=o Vbkay (B
EHIE) 23, ERT 3 LS Binnee0o e
EWCHE S EMABSROBHPREL TVwE En 3
Y 2 PSR IR SN T &0, REBEYER
HR» SRH SN T3 = b o VLEWEBERNICE
ALTOHBEREREIETE R ol &3 |ED 23
ENMBRY, FRINSOBELITRTIHAL 2
NBROVEDHETETHS, D& CREBEYE &
2 BEBERER OFE &\ 5 BRI, BWENFEEMED 2
WRRBERFEOWRIS L, EXBEBEICSh TS E
BEVCEOLRRTH 5,

% T CHRBEIBIE & MR & O BRI % BREw
THIR, RERFEBAT LI EPEETHS L
Z, TEERFOB R L D RERIMERRE DN X
> T, RINCFEWEPER S N B EEMIE 2 05
DERET S L, AMETRE, REBYMER
Eh SOoEEENIEL DELEICOWT, ZOHEER
TLRE % EEAYICHIE U EERNEE O ERCRIL R g T %
Lz, FIEE D Prescreening ¥k L TIAL FIH &
T3 Ames test®® 2 vy, ADRBHEY) I HREES
PRIGEBIAGE, ROFRFEC w558
bizb 3N 0EREN, REWEEROTREER2E>
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1. RERBRAEXE

AT TRV T2 35 BROME I3, TUNKZEZETE
RIS OMFE—EF0 THFBC L VEHEI T
b DT, SUMNKZERZEIERET O MR EERHAE B R
»oE5N, WITNOE L FIE 10/ml U ET, #iE
ZRCOERESNIZDDTHE, Zh5DAFRIZ
Escherichia coli (E. coli) 13#%, Pseudomonas aer-
uginosa (P. aeruginasa) 4 %8, Proteus mirvabilis (P.
mirabilis) 4 ¥R, Serratia marcescens (S. marcescens)
3 ¥k, Staphylococcus epidermidis (S. epidermidis) 4
B, Enterococcus faecalis (E. faecalis) THRTH 5,

2. REBBEFERXEOMHERBRTIEDAE

FRREI N TV 2 BHBERO /A 7 VD & B
A 28— T N THRD B OME % BEIGHEL L 10 ml 0%
#¥ (Oxoid Nutrient Broth 5g %7K 1 L {2 ¥# LK
BL72b D)L, 37°CIc T 14 BREsER U7z,
TE U T A 1 B L 2 B Ve, 10,000 X g, 10 53 5
COFMHTTHEEL, vy b (FEER 28Rl
7o Ruy b IBEHAEARKTIERE L. 20
~2L vy b % Vogel-Bonner Medium E (f§fg~ 7 % &
v At 0.2g, 7 vBB—AKIM2g, VBT
AV L10g, VVBART Y=Y AT MY VAN
K 3.5g 2 EERCERELUILELZbD) 7
Fob%E 2 w/vBOFEE TR EERC CBRBs ¢
7o, ZOK, HEBRTOEBEBE S —E (107cells/
ml) 23 % BEIT, BREWR D 550 nm DURIEEL 0.5 &
BHEOHEL V., ZOEBEK 6~8ml) KEED
7.14mM BSER T + U 7 A KEHEINZ, 37°C DEEA
B TRB RS 1~5 REKIG & ¥ 72 iR ET
DREFSHERS & A 5 KBTI, BRI 2 O RIGH D

5 —EE F MERC R L, IEEREEAER L L,

28, RICHERORIGERFCE N 2RS40
WEEIT 3,570 uM RSB,

3. EEFHERODEIEY

BEARU R (B A v OBEL LT
7.4 MET)I0mlZANVT 7 S VR (ANVT 7
> 0.1g % 10% B REETE % N X 727K CHRE L 100 ml
ELTbD)Iml BNz, 15 MHBEL 2&F 750
IFVIITIVER (N- 1-F7FNV) =Fv oy
T Iy TR0 1g BAKKE»LTL00ml & LTz
bD) 1ml 20z TRERAML, 2008EB L BCEER
540 nm OWESEE ZHEIE Uiz, Bk, MEREMEsimse

R R TR S R ER & 0 3R R o TERYE
BEPEHL . SHOMEBETAE W 37°C TEBMLE
U 7- BB TORBE R ICER S - HEEEA 4 V&
% uMBAITEL L,

4. REHOBRE L RIRGBHORAN

ARFECHER L KRB, BRI E2RAL Y
TWEERHEABT 30~42) »oREL-LOT
b5, REROKECEL, AEZ X OHIBIZ—Y1T
STy, £ 5hREEHE, okE T-20C
TCHEBREL . SRR, R 220 T
TRRL, WMERREC CIBERE L 7B
% REMEASARR L L.

XAD2# 7 AW X2 REEB YW OFAE I,
Yamasaki & Ames™ 12 & o TERE s iz k2 —
EEL TRV, BB, B8 72 XAD-2 85 % 40
mm OFSKFB LI T AH T A (10X300 mm) IZ
REF 100 ml T E €72, 2ml OEREAZHET S
EHELUTOARE2HH L, &biZ, »7A4LE8&
D ERA A TINE UBIRHBRICRES 28K 252
WHHLE, 722y 20ml THREBCEEERLTY
LYPEEEE A, D EOBRERRCBY M TH
BiX, #7229 2712&>7T2~3ml/min IZFEL
Tz, B IX 30°C DKBERTERAY A B EF 208
5, BEETERECHER L BN —NMEREWER
BREME U,

¥, XAD-2Hlg (A s K K, HF) ERH
MEBET 2729, Junk 5 OFEIETKEEL /2.
%, Yy Z7Av—HESBERWAY /=N, T
ZNIN, VIFLI—T VORI, ZhEh 8 RHE
DOETHE 2T, BRaNEEEASY /—rdi
REL, FHARCREEAERL TS/ -V EkRE
LKICEBL 72 D% Az,

ZDMOREE, TNCREFRRULOFED b
D %Az,

5. EEBRREROZTEFEMHRR

BETRACEEL THWAALBEELZ L TWRLA
CHREEKEL, BonRE2EES, FEREER
BELEBEZ2AWTUTOERREZIT- /2.

BEEE IR & FEREE R % % £ h Membrane filter

(=4 v 27 & HA 25, FL#Z 0.45 ym, Millipore, HA
SUR7Y T F) CHEBEREL 2R 100ml 12,
B3 Nutrient Broth {812 T 14 BRREES2 U 72 FRE&
RBRYER L E OEIEBI E L ml I, 72 B, 37°C 7k
Wi TiRBg S/, MRELULE2RS v, BE
Membrane filter W TIREL /2. B 5N ERLER
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BRARE, RO XAD-2RES T Ak L hEL
BRED RS L. BEYOELREERERL, RBE
X LT Salmonella typhimurium TA 98 2 UF TA 100
ZRVWRBEREE/R (SImix) 22 2&ETTo s
Tolz. KEBRTIE, REBEAE & LUTE. coil, S.
marcescens ¥ & U P. aeruginosa 2 FAv>, B—BEI &
LZRPIRICDOWTER L7z, RBHBHEALLT,
ESREREMNZL R RIZ oW TR LE U SR EY
PEE LTz, %72, BUEFR R, S. marcescens B
X U P. aeruginosa #EFA S ¥ ROEERFH DWW
T, ZOHE% 20~160 xl (R 4~32 ml W) %
TEE e EDERREDE%Z TA100+S 9-
mix OFRBERC THRE LEIC L o TERShIER
FHEWE O AE-RIGEFR 2§72,

6. EMEERF P AICE B RBEHOQIE

BEZRABTF» SN E MR % XAD-2 &g 4
7 A2 &Y BEREE L TE S NI PRIBREY) & EERYER AL
U7, Bi%, KR 100 ml MY OREBHEDC, 40 mM
FEREEE S b U Y AYEW L ml 2h0Z CHRL, 1 NER
¥FBRINKBRAES MY v AR TpHEE

(pH 1~pH 8) %fTo 7z, Z DY % membrane fil-
ter (FL#£0.45 um, Sartorius GmbH, Gottingen,
West Germany) & CHEEE 217V, 37°C OHEK
I T 30 3~ 8 PR IG & ® 7z, RIGIZERD 40
mMBEET =y ABRERINL TELEE ¥R,
BAEAE LT, BT MY Y A0Rb Y kEM
Z IR ALE U 7o SRR EREL Tz,

1. EREMHR

Maron and Ames DR WEIE S iz FikICH#E
¥l U, Salmonelle typhimurium TA9I8B X O
TA 100 (Dr. Ames, B.N., University of California,
Berkley, USA XV #t5) 2HBRE & LT, ZE¥ENL
U — PRI X D ERL T, RENEELEITo 1o EBR
THwWw2S9 ik, KC-500 (PCB) (&hiftE, KB
% 500 mg/kg. body weight OEI& V> T—EIEFEENIC
B S U EMRBRROFE LT 127 v b (Wister
-King rats, A 250~300g) » S>EREMCHEL 72
FlgEREY A — b2 9000xg TELIEL 72 EES
BThs, RBCHV/ZS9-mix. 0.5mlFIZixS9
B0 ul FEN TS, BEEMRERIE 1 BEYY
2~3WDTV— M THERL, TOVHEERD, 5l
BBV — ML o TR BREREEREE
LE[wicie = OMBEOZERFEMEE Lz, &7 X MR
DHEREREEFEE L, TAIS+HSI:31ET rever-
tants/plate (n=12), TA 98—S 9 : 27+9 revertants/

plate (n=10), TA 100+S9 : 135+23 revertants/
plate (n=20), TA100—S 9 : 128+17 revertants/
plate (n=15), Th-o7.

%72, TAMNROBEMERERT 201, RBRK
AT L TT - ERFEEBEYE TH % Benzo (a)
pyren (5 ug/plate) I & 2 ERERMAESIZ, TA IS+
S9:475+49 revertants/plate (n=4), TA 100+
S9:1993+158 revertants/plate (n=10), T H -
7z,

X R & R

1. REBLESERSLS/BSAA-MEONEBES
TTRE

PREEBYERD AT OB TTREOER 2 ITET 2 5
T, RESBRPERERDP STBEI NIz 6 78HH, 351k
DME (E. coli 13k, P. aeruginasa 4 ¥, P. mir-
abilis 4 B, S. marcescens 3 ¥, S. epidermidis 4
¥, E. faecalis TR % 3.57mM OREEEA 4 > % &t
BRBHTREEL, 1RMEOENRA 4 EREY
HET 2 ek b, SHMEOWRETREEH N,
Z DFERH Tablel Th 35, 37C 1 LTI LD 1
uM PULE O A 4 Y BEMRH S iz b O 2 iEEE
BEIEERM L T, 6 EED S b E. faecalis 2B <
5 B ICHEBRTTRESEE I NI, E coi BXUP
mirabilis T, ZIRTRTCOEKHIMOEBICHL T
BWIHBBRITREER L, 77 4BHETH B E
faecalis X T HRFARTLEBIRTE®ETH > 2

(0.0~0.3 uM NO3). P. aeruginosa, S. marcescens
B LU S. epidermidis TIIRSEEBEITREDS, BEHEODEW
ko ThaVEET 2 2 LBEI N, HBET
BEDERBLRIKREL, SEOHETHEERL ZH
BROFTH, RAME L BRAEDMIZ 13#7 160 5 H OBF
ENR SN/ (PA-1:1.9 uM NOz/hr, EC-4 : 309.6
#M NO;z/hr)., WiCHIEOEBERTRICE D (&R L
FOERRAEZR L 2012, WBETHEEZRL-RHE
OS5 1~4 Bk AV, BB OEEEA 4 VB
PREFANCEIE L., ZOBRBFig. 1 Ths, BRY
BRERD/RY — > IR, WRIC &> TER 525, K
3 BEHAILEND, DA rFa—yz VihE
3 % Tk, HEREEA A v EISEHIEMNT 558,
Z DBEHEA 4V EPRA T 5 (EC-7, EC-13,
SM-3). 2)4 v Fax—v g VEHBE S BT cHEy
A 4 > EHERMICIEMT % 8 (EC-10, PM-4, SM
-2, SE-1), 3) 4 ¥ a~x—¥ a5 Kl & CHRLE
A4 EOEIMIES2M, ZOWIEERZELD
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Table 1 Nitrate reducing activity of bacterial
strains isolated from patients with
urinary tract infections

Species *Strains No‘ltﬁtle\j&d/%?/nﬁyaigﬁlst)y

E. coli EC-1 268.6

EC-2 247.1

EC-3 278.6

EC-4 309.6

EC-5 223.8

EC-6 193.4

EC-7 234.6

EC-8 234.6

EC-9 245.5

EC-10 44.0

EC-11 172.7

EC-12 8.1

EC-13 180.4

P. aeruginosa PA-1 1.9

PA-2 22.9

PA-3 7.9

PA-4 26.3

P. mirabilis PM-1 198.6

PM-2 191.4

PM-3 178.6

PM-4 111.9

S. marcescens SM-1 161.4

SM-2 66.6

SM-3 18.3

S. epidermidis SE-1 80.0

SE-2 17.9

SE-3 7.0

SE-4 0.3

E. faecalis EF-1 0.2

EF-2 0.1

EF-3 0.0

EF-4 0.1

EF-5 0.3

EF-6 0.1

EF-7 0.2

*EC, strain of E. colli; PA, P. aeruginosa; PM, P.
wmirabilis ; SM, S. marcescens ; SE, S. epidermidis ; and
EF, E. faecalis, isolated from patients with UTI at
Kyushu University Hospital. Bacteria (1X107 cells/ml)
were incubated for 1 hr at 37°C with sodium nitrate
(3.57 mM) in Vogel-Bonner medium E (pH 7.2) contain-
ing 2% glucose. Nitrate-reducing actibity was assayed
as described in Materals and Methods, and is presented
as u M NO;/hr/107 cells.
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Fig.1 Time course of nitrite formation from

nitrate in nitrate-reducing bacteria. (A), E.
coli (EC); (B), P. mirabilis (PM) and S.
marcescens (SM) ; (C), S. epidermidis (SE);
and (D), P. aeruginosa (PA). Treatments
and assays were the same as described for
Table 1, except for the indicated times of
assaying during 5 hr of incubation.

TR (SE-2, SE-3, PA-4), ZOFEEROHT
B b RO 4 VBESHE S Wz P mirabilis

(PM-4) @ 5EfA v % ar—v a VA TOMIR
2.662 uM T, LEIINZ 5 NIHEEEA A >~ &EH 3,570
uM TH- 122 L BEET L, Z O 75% 2SHEREEE
WETENZ LS, i

2. HEEREROEEREFEERR

REBRELABEONEC LD FRENIROEER
2 DS Ames test 12 & DR T X 2 B> 2 HER
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TEEHNT, FTREWNICEEEE X UFEREE DRI,
3TEORBBRYYERRE (K. coli, S. marcescens, P.
aeruginosa) % %N T IIERE UKETE X ¥ Jo BB 20 R
R 2 ESI L, membrane filter & TREWGAEL, &
SNIEBERIZOVWTZEDERFENE 2L KR
fTole. TRNETOWED S, b MROEERME,
RBENEMER (S9mix) 2INX HBRTLSmES
NTw3Z s, REROERFEMERERIZS 9-mix
EME T TCORToN., FOWENFig.2 TH
5. MERRIC X 5 ROEBENE GIBREDHE
e, S. marcescens R P. aeruginosa © B H TH
20~80% PEEFEOEINLEE I iz, LaL, E
coli 12 & B BY TIIFERFIR & D 9 60~80% 1K Z
BEMEIRHESh AR b5 7o, FERMERR 2 v
72EBRTDH TA 100 12 X 2R T Z DIEMAD A 6
iz (9%ET).

Fig.3 (A) 8L U3 (B) BEEFEOEHEISES> N
72 S. marcescens B & U P. aeruginosa 2 EH S & 7=
BUEERE X OB EEAS T TOELHBROEER
HeonwT, ZORE-KIGERERLZLDOTH S,
ZREFEHRRICH V2 RBEY OBHE % 20~160
w1l (R 4~32 ml WHE) £ TS Z OEREEK
DEACEFNT, Z OHETIRTEE & b IZIRERY
ZHHIRERERL, EEEERAEERROGINE
REDEOEEET L. ZOFERE, PELHR

300
T Smoker

200

100

Revertants /Plate

TA98+S9

REOMERIC & D L WERFEYE 25BN I ERR &
NT-FTREMEERE L T3, ZiME & & REE
TEBGEER AN BEGEE TRERED shixh o,
3. EEBTOEIA-RBRYMOTERNS
REBRGUERE D & 578 S W B ORNERR TR
BT 3 EOEBEERED S, &< ORBBREELAE
DR = EENRRICET T 2N EH L TWw 5 2 4%
HiL7:. 22T, &t MROPIZEET B2 SR
FWE & EIER L ORIDERDS R SRR &
AT PR ERT, WHO DMETR L 72 5D 12 #Hl
U, RBHEYICHERES Y v L2 ENCEREE
BEBRRIT 1. &9, XAD-2 #51c X 2 Ui
%R AW TE S nBEE R OREBMHEYC 40 mM O
B MY VA%, pHIDRETTRIGE ¥, ZDE
BREREOEEFANT. Z DR, Fig. 4 Th 3, K
PR 5 ml #E DIRBHEVEMTIE, WINOREBERTH
50 revertants/plate LIFCH % 43, TREEEALERIZ & D
RBHEYOERFEE I IONORER T EE e 8Em
PEEENI, L, s ORBRR T b b RHIES
EETHLEVWEARR TRVWERREESBRE S, vwb
W 3 direct-acting mutagen 2SEERSERALERIC X > T4
BT %2 EMHETRE NI, T OREHEY O ERE
AR X D AR U 7z direct-acting mutagen OIEHEIZ,
FRIBNEVI I T OB < 5 X TA 98 Ti#y 120 £5,
TA 100 THH 10 AL ERFEE 2R L2 (Fig.

- Bacteria (Control)
E. coli

S. marcescens

P. aeruginosa

NE®O

Non-smoker

TA100+S9

Fig.2 Effect of nitrate-reducing bacteria on the mutagenic activity of smokers’ and non-smokers’
urine after 72 hr of incubation. The pooled urine (100 ml) from smokers or non-smokers was
incubated for 72 hr at 37°C with or without the addition of bacteria (10° cells/ml) in Vogel-
Bonner medium E containing 2% glucose (pH 7.2). After incubation, the mixtures were
concentrated by adsorbing mutagens to an XAD-2 resin colimn as described in Materials and
Methods. Each concentrate equivalent to 40 ml of original urine was assayed for mutagenic
activity to Salmonella strains TA100 and TA98 in the presence of S9-mix. Activities are
shown as the number of revertants per plate.
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4), R, ZOERFWEAR K RIZT pH OFEEH
N Z 3, ZOERRICOZEFEpH 12 4.0 HECdH
3 EhFERSNT: (Fig.5), WTFhORBRTH,
pHA TORIGERUV R BEREEEE2TL,
PHADSEN D> TEFOEREBRBAILTL 3
ZrpEER Rz, LR S, TA100-S 9 DB
2T tVOROEEWPHOEE T H 3
pH4. 78 DEHETTCHHERDOERF Y (BRERE
BEHO 2 EUE) vREBEhERBEWZ, Z0FE
EYE OEREER & N FDRESEH BT,
FRIBHEY)  EINEE 2N Z 723 % pH 4, 37T°C D&M
TTAVF ax—va &y, BRNICRKIGKROZE
BEMOELE SERIIchz DBIL 2. Z ORI
Fig. 6 RSN 3 L 512 TA100-S9 TOREREME T
2L, R 2 RN L TR L 7z 30 5% OR
BOERFENZELE L, ThUERRL BT

300 -

fEmzRL, 8ERIBROMEREE, 30 HEOEMHIcHE~R
#I50%ET LT,

4, —HEFBRAORBBRYOEHBLECLIE
KFEHOZTIE

REREY  ErEE»EH L Tdirect - acting
mutagen BERE NS Z EDEREER AL DT DT, —
B OBELRABRT (BEE 14 4, FEBEE64) »
SEES W IRDBHEY %, pH 6 DRMET THEREERAL
HLFOERFUHELE2ELRERCRHTE 3
TA100-S9 ORBRRTHNT:, ZOFERV Fig.7T
bb., TRTOBREICB O CEEBLE X 2EEE
HOLAPITED SN, ZOLEARIT1.3E (sub-
ject No 15) 5 53 % (subject No 14) & K Z @A
EXR o, FROERFEN 2 EHELEERET
H 5 L BEEEET 100.7+72.4 revertants/100 ml JR,
FEBUEEH LT 105+70.9 revertants/100 ml FR & WEE
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Dose-response curves for mutagen formation in the smokers’ urine after 72hr of incubation

with nitrate-reducing S. marcescens (A) and P. aeruginosa (B). Treatments and assays were the
same as described in Fig. 2, except that varying amounts of samples were assayed in the case
of smokers’ urine. Assays were performed with TA100 in the presence of S9mix.
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ficERrRehizhof, Uy LIS CLET S Z
ik, BEEEE T 358.6+119.7 revertants/100
ml R, JEBLMEEFE T 288+151.6 revertants/100 ml
RE, WIFhOED TN ETNFRROERFHRICHA~E
B EH%R L% (Wilcoxon signed-rank test, p<
0.05). MAMOLAERTAD L, FFREHETE
1.3~9.8fFCTH > leDwTxt L, BUYEE Tk 1.7~53 5

EIERYEE I ANE W EREEERTERS RS, 10
EUEO R EZRTAWNo.11, 12, 13, 1) b REoh
Jo. ERHERRAVER OERIFM R A 5 L BEEFEO F
FEBLE H 12 EE ) 70 revertants/100 ml R iZ £ & W»
FEHEERL LB ZOZIHEAFNCEERDOTR
otz (Wilcoxon rank-sum test), %7z, HERSES
2 & BALERTB O RR M OWTZ OEBIRG

Fig. 4

Fig. 5

400 -

300 <

200

Revertants/Plate

100

TA98-S9 TA98+S9 TA100-S9 TA100+S9

The mutagen formation in the smokers’ urine concentrate after 4 hr of incubation with sodium
nitrite (40mM) at pH 3. The concentrate (equivalent to 125 ml of original urine) from pooled
smokers’ urine was incubated at 37°C for 4hr at pH 3, with or without sodium nitrite (40mM)
and reactions were stopped by the addition of ammonium sulfate. The samples were assayed
for mutagenic activity to Salmonella strains TA100 and TA98, in the presence or absence of
S9 mix. Activities are expressed as the number of revertants per equivalent to 5 ml of original
urine. Black and white bars represent the mutagenic activities of urine concentrates incubated
with or without sodium nitrite, respectively.

500 -
=a(Jen: TA98+S9
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400 TA100+S!
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100 4
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The effect of pH on the mutagen formation in the smokers’ urine concentrate after 4 hr of
incubation with sodium nitrite (40mM). Treatments and assays were the same as described in
Fig. 4, except that samples were assayed at varying pHs. Activities are shown as the numbers
of revertants per equivalent to 5 ml of original urine.
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NCAHLBFELRBEREIBD Shar o7 (R=
0.009).

& =

BEBEIES OB T O—2 b L CRERSSE OB
BRB T BN FEENIE QRS DS 1963 £ Wynder
55 Wz ko TH E NI, LK, RESERYEDOBEE & B
PERERE & DRfRICBI T 3 EENAEN RS EH CERE
ah, Fle—FTRREBBEEC X 2 BRERRED
BB BT 2% { OB 8N TE T,

"

L, WE 72 Z ORBBEEC & 2 BHEE O
fiE & ) RRBMRIZHERE S iz & IXE VB,

INE T SN BENIER B3 2 EENHEEN
ROWEFPPBEL TH D L, REBRPEBREEROE
PSR T 2 ERE (RR) 131.0~4.9 O#
BThy, 43U dIEWEEEERITERII»Y T
RS, B U TIREBESE OBEE S BEBIEE O FE
BEL w3 L ETRRT 2|EDTHTHIZ, H—,
Kjaer 5083fTo lea RN —% U TOHRHE? TR,
RR X 1.0 TH Y REGBAE 0 BE1E & BEBLIEE D FAE
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Fig.6 Time course of mutagen formation in the smokers’ urine concentrate during 8 hr of incubation
with sodium nitrite (40mM) at pH 4. Treatments and assays were the same as described in Fig.
4, except that samples were taken at various intervals and then assayed.

800

Smoker

600

400 4

200 4

Revertants/100ml of urine equivalent

123 4567 8 91011121314

Non-smoker

15 16 17 18 19 20

Subject Nos.

Fig.7 Comparison of mutagenic activity of individual smokers’ and non-smokers’ urine concentrate
after 30 min of incubation with sodium nitrite (40 mM) at pH 6. Individual urine concentrates
from 14 male smokers and 6 male non-smokers were used. Treatments and assays were similar
to those described in Fig. 4, except that assays were made only with TA100 in the absence of

S9 mix.

Black and white bars represent the mutagenic activities of urine concentrates

incubated with or without sodium nitrite, respectively.
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YORCEERERFED S ho Tz EHEL TV 3,
Kjaer &3 % O OF T, ZhE TORFRHE
RIS RS O fERE 2 LRE® S X572
BERORD (Bias) D20 TRV LIBREL T
3, Bis, BERCER OWIARNC IREEGHERHRL T
WABIBEERIIC LIELIEEBRE NG L2506, B
BEEE OB TH 2 12 b b 53, HFELTW3
REBED A 22H L, BEBEIEELL THD
THENEELZH L C» 355055 DTIRRV»H,
bLZSLIFINEABERNFEORPICREL TS &
TS, REBRE & BEMEBRE & OMEEIR LD
HOONTERERDZTHAIENWS L ThHD, &
NEFEBRRERIE, Silverman 5492 & % [BbEE
DEFEE] L) BEORHOFTHRREN TS,
REEBRFE DSBS OBBRTF O—D2>TH 5 2 L5,
B — BB Dd o b 7-0iix, FR &R OREY
R 2 BRI R T LENDH B, L LIEERD & S eE
% (Retrospective study) 2 & 3EEFHE T, IE
HERERINE SRELVD Y, REBLHIBENERD
FRIEL DV RITL TS ZEREETE2 LI E
bHTH LW EEBbns,

b L, SEERC REBME I & 5 BRI SE DR
FRIERNE, ZORBEFREHRT EE0EN
BBl B L EZ oD, REBYME X THRRESR
DOFERINC & > TREZ Y BB & W RE 2>
TWBEENS V., Lihto T IS DERNEEE
SE 2, BHEEBENOBFICET IMEOESRD,
WE O/ OEMFEMER ZHLICBVRTWSE DL,
RAEMRD b DORENTHBZNEELEERL T
3b0EDHB. BEOWFRTIE, RIERH- FAHRE
RIEH R & R L CTREMBE ORBRIMEZ TR T
IBOPHICZ Y B wd R -2 b O TH B,
FRESBYLRE W & 2 REEMESD, oMz B
WS ZETh-T, BETFREREEI S I2REY
B LS 2EAYESEEL TulxThidx 5w,

RESBYER AT CTh 2 BNHEE A kEEOME
EHLUTERERBEEIEBELCw3, Z2OHT, B
AR & OREED S, EHIRESERE LT, #MEH»
% L T3 Nitroreductase 12 & % RS O HREEE ~ D
BIT® B-glucuronidase I & 3 N7 v B HAA
DK 72 EBY EF e TE% ZrTHHEH
BYWETHL=ta Y7 VEDNOHEED—D
ThHHEHBROLER L, RPCHEEOWBELHIZH
S —HOWEHETHEIAFNT Y, Eay vy,
ERYSVBEDTERT I VENEELTWE I L

SR HEHINT &9, RPOHEBER I, REOW
BEKRKELBELZT 5D, WBREDOFE 2 H6B1EH I
B3 TH 5. Mizutani 53 1%, 73 A DR B
#, AT AODRBRSETRW—REZEB X U25 A0
—RERAD ST 2ROV, HgAZ &%
5 NI HERERR A A V BEFAB L. ORI LI,
REBYHE TR W—REEL L U—RERA DRTHE
BA A 'R, ZhEh, 151011110 gmol/l, 1560+
760 umol/! T, HEFEEEA A v IBRE I TWwizw, L
»L, REBYYEBRE3ADSH 18 A (25%) DR
O HEHBLRE S Z OB X 334+274 ymol/!
THY, L AOHEHEEA + B, HBI4 VEE
MET R EROMHBEMRICD 2 2 Lo, TREEA
A OEREIL, BPIFHIORFIEE A 4 > B kE
TEHEHREL TS, REBPEREORPHENSRE
ZRE L BOWEDT» S, EHEIREI A
DEEGRHTHB L, 41XV R Hick 5 DHETIZ
64%, 77 > A Ohshima 5°" D|ETIZ 48%TH D,
HAIZB I 5 Mizutani 53 O 25% L K& v %
BRO5ND, b URBEBIHERAREC X 2 EEBOE
BROSBHIEREOFRECES L Twa EThiE, 2hd
DEE T ERBEBGLAE & BEREER & ORRBR 2 &k T3
BEw, BEBEROTRCEDL ST, —FIREBR
PEE LTBD RS 2 2 2i3, @D 5 2 L2 TE
LTBD, 2OFERERLLEND L, — RS T A
MR IIHBERTHEEELTB Y, 7 ABME TR
HBRETREEE L2V, ButbubhTws Z ek
5, FHEHED 2V IIFAERRL EOBEN I LT,
REEBAERE ORAEOREED 5 W IdERRD 28
HB7DWC O EEBSHT E TV 3 HEMELE
zZohb,
PREGBPERE D & 3L DB I D2, B
BHDVEERDE NI & SHEERETREDZE R 2 Ef
L&, EbdThiwv, 22T, WNKEER
MBI DIRERBASERE > S E N, 4ED
77 hEMH (E. coli, P. aeruginosa, S. marcescens,
P. mirabilis) BEX U 28D 7 LAGHE (S. epider-
midis, E. faecalis), § 6 OB ITDWT, Z DWEESR
TCREZ LB U 7=, # OFSSR, E. faecalis %< 5 BfET
HRRTTRESER S h, HEEMZT TR, WERET
L ZDRANCKEREVAON, RAEERIMELD
13RI 160 f2d DBE X3 - 7o, THEEBEITEER B L
Zudh, BuahTwas /7 LBHETHBE
Jaecalis WDOWTIXTEHRARTRTERETH - 7228, S.
epidermidis Cik 4 BeH 3 Bk2S, RYBBETTRERA LT
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Wiz, E. coli, P. mirabilis 2\, 2N 138k
LABREDOTHREREBITRTHETHY, EoiEHR
SETEELBIE XL (Tablel), E.coli i&, &kl
HEMABRECRLEEECRESWIEETHY,
FUN K2R 2 M B IRBT b R 2 Bl Aok T D IR B IS 3
HEHRAEY TH B0 17.6% 250K b EVREE
Lo T3, Aii, FERERSEOFH»SSEHFEN
Toi D ERE DR HIIRT % BT H % L Enterococcus
B 17.3%, P. aeruginisa 10.3%, Streptococcus |&
9.2%, Proteus & 5.4%, SerratiaJ& 1.6% &% ->T
BY, WBBETEE2E L%\ Enferococcus BDE >
BEENEE I NI, £ 722D Enterococcus |B1X, K
183 2 RESBEYWE 28 2 LY T WM EHM RIS RS
FED D & 7% B FIREER O AR E T O RS ME
FETIX19.6% £ —FE <, SRTRLBHEFEOE
ol E coli 126.1% W EE>TWwi, DD Z &
5, FREGEYLE B O BIEERETCARE 2 E L Wil
KHEW L5 REBERED, BHRTERVWEETCE
HEL TS I EBRBFEFFRIC &> THEII L,
L LiEds, &L OBAEIHERETHEEE LTS
D, PICEEINU 2-EEBE O 60~70% % 3~5 KEfE D
4 v F an—va Y TEMRICELYT %82 BR
BELTWS Z L bERS I (EC-13, PM-4 in
Fig. 1),

FRHER S b B WIIERT S A L BT
BHERGEL, = baVtEWErERT 2HiE»iED
LAFGD 5405 TV 7208, Suzuki 59 R Calmels 52
i3, BPE O X2 OBRIAMEERIC L o T,
BHER T = o VRS RETS EAEPTFEL T
WARBEEIL TS, RERPMEREDORF =1
V7 2 ONHTIE, 1972 4 Brooks 5V IR 7 u =
NS5 74— (GC) ZAWTITY, R1mlfzb 0.5
umol bOYAF L= ra Y7y (NDMA) s58it
N ERELRVIZERE R, L, Z20%=
ba Y7 EDSHEIC L artefact & LT DRRE
BEENRTWBE Z L8 HBAL, SHTEOBRBSER
Shic. BERVEETELIHELEDLNTWEHOD
1%, GC % TEA (Thermal Energy Analyzer) =&
HEIRELEHOTHL, ZOEBERFE- 2, Tricker
54 D, FEDEHE T, R NDMA ZiIHZSETDH
—HR%7:9 18.9nmol THY, 1HREIL LT
SHETHITER 1 ml 472D © NDMA &3, 18.9 pmol
t Brooks & D¥REME (0.5 gmol/ml) kb3 Ly
2600053701 EELDTHELR DD > T35,
NDMA Sy Fr=1ruy 7 3 (NDMA), =

fPryvEw) vy (NPYR), =bayErxyvy

(NPIP) DEEH 2D GC-TEA EE % {#-> TIT->T
Vw323, NDMA O ERIVVOETHS, NDMA
FRUDHELT, HLD=uy 7 2 VIEEBIRIBE
METHY, REBPERELS LSO YT
TUESRHE AN EE WS 2R, B HMETHS &
ez, BYEBREDCA =y —F— UTERAL
TWAHEERZTET 5 Z LidHkERzW, Lal, &
T Lijinsky 52243, 7 v b @ B A I NDMA ®
NDEA % ¥ 15#0= b 0V b&WEEAL, 0%
MR BRET 2 ERETo 2%, NDMA AR
TL, B, NDEA AT, AR
BESFREL, B ESFOREITED shkd-o
TeewS#EE Ll ZOBYRBIER, RERR
fEW & 2 BEE OFRERF L L TR VA2
D T REBRRERAREIC & 2B OERK L Z
ik BEE= r o VIEEMOER EVLIEFEZ 2K
X{EILsRB Lo T,

ZZThhbhik, BEE L ORIGCERDOFICIX
=ru Y7 I VEBOEERERE L ERL TWBEDT
BiwpeE2, BPEROBEME L WS BA» oHKR
H¥szEizli.

—i i, FEMEORRICIS S DH I LR Z S
HE LT 58, FRIEYE D Prescreening & & L T,
Ames & Z$FHI72 TR EHE L 72 Sallmonella B X %
FTHREFEWFER (Ames test) FHFE Uiz, Bk, Z
D Ames test 3L AHETHHI NS S OFRREH T
T&h, ROEREMICDOWTIZ, Yamazaki 557
2%, XAD-2 Mgz & 2 RAWE ORBEBIFE 2 RE
LTIk, BESRF L 2ERFEYME FREWE)
DEW, H5VEEECEWE~NOBRBRELLT,
20 Ames test KX ZROEEFURBRBIERATH
52 ERRBT 5% { OFFI0Ien20s 37 X,
T&7,

ZFIT, FHRBE LTI O Yamazaki 5 O
HICHEILL €, BERRABTH»S 2 shicRigiEs
BRI & v AR R R R L, ZOER
[RERER R R AT, % DFER, S. marcescens B L U P.
aeruginose ZIERERLRICHOTH TR D 528, TR
FEHOHENBEI N, BEBEONEC Lo THick
ZREFEWEVPERL T3 Z L 2RBT2EENES
n7- (Fig.2, Fig.3 (A) & 3 (B)). UL, E. coli
W& BRBPRTIE, BICFERRR L VIEERFEEE
RIFERERD, RERABRORZRIFERFENE D
—ERET ZREEEIZEN T RO TIRZVLD
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rEZ o7, BRAEO LR BEREYE 2RE
THLDOBEDHLEBIMEY VDB s, BPR
TREFOEEFVEO—HLEBCRES N TS
HEEN RO b, BREROTERY R
Yamazaki & OHEILEFT 5% Fvy Ames test THHN
212id, BPRZREEL TWw A E 2R < I3 NE
FARTH D RPN LR & W BEWE O %
BWCHET %120k, MOEBRRK L 2MHBNEL
Ezohie.,

T, 7 3 LAY E S OERERR LI b EIEEAL
HL, ZORIGERYEZ Ames test IZ & > THNB Z
& MOBNICNND I AW T, FEREERAEIC & o
T=bhuV7 I VUNOEREDBE ERSINE I L
PSEEIL T & 72, % 2T, WHO 28818 L T V> 2 AR
RFFED & v, XAD-2 Billg CIRE BN & LI RIBHE
Y E RSB T L, Z ORBERY % Ames test T
N, EREWENERL TCLI0ENERET S Z
Lz, % OREE, EWPLERFEEOERNSH S,
Z DMWERFEEIARBEECOERCHDL ST, %
72 TA 98, TA100 WO hDEBRE THARD Oz, &
RWEHENI2DIX, TA 98, TA 100 WO DFRERE
THRIEEHCRTOROERBRROTH, KBS
BT BBRR LV BWEEFENRED SN LT
b5, —Mict FOROERFHE R, ABEELET
SRR CERE R S N B30 L = 205,
R OZERFEYE i3 Promutagen B EF L EZ 5 h
T &7z, B L 72 NDMA ® NDEAZ¥p=truay
&b RBEEELE L 3 2% Promutagen TH
D, REBRTHE S N RBEY OEMBAEIC LY
ERUIEREMEOERIL, HREEIL TV
NDMA ® NDEA D &k > =t u V&M TR E W
cEz oI, ZORBEELELEL LEWERE
YE, Wb ® 3 direct-acting mutagen D 4RL I,
pH4.0 THRE L 2D, BN Z 825 MROD
SHMpHEHEH TH 2 pHL.7T~8.0DKHBGETTHE
B33 Z ESHERE NI (Fig. 4). ZORRFEISHE
—HEIZRDLLL200TNEHEEMECLIZH0
ZO», BRATETHETH Y SHEFM2BME 272
DB DD, —RABFORYEA 20 ORI D
WTER R ER BT IR TH, FEHBAEICLD
BEELERFHEOEES TR TCORB TR, &
. BIOSEERTIX 100 ml DR 5156 NI RIEFEYIC 40
umol OFEEREEEA 4 > RIEFA S Tz, EBOBERT
IHRFE LD - LAERBERETHEEL TV 52,
R 100 ml &7 40 ymol OFEREEE A 4 > &1, RERYE

EREORTIIEZEZONEZ2ETHY, RERTRE
nhHF L wy 4 7L H#E SN 3 direct-acting
mutagen O 4 FE ik RERRYE BE O BB T b T
LEZe#E250%, IO direct-acting mutagen O
FEARERATRTETH 3, FHETREINTE
THRRALEE I & 2 R FEM O EFENFEEUEEFEDR X
D BEER DR DTV EWEE 2R LI & v 3 BRI,
B S DB 5 Z O direct-acting mutagen DHTEX
PEELUTHESEL TV 2REEEE R~ L T3 (Fig.
7. ¥z, IhE TRZEINTEHEREROEMERL
HTHEL D direct-acting mutagen 28k HM1036)4049)52)
INTEY, RAFERD nitrosatable compound 23
RAOCHBENATETHWAAREELE I >N 3,
Ochiai 59 IZEMOEHBAEIZ L > TAEKE N 3
direct-acting mutagen & LU T 3-diazo tyramin %[5
FELTW3, %7 Fujita 59 13 Z @ 3-diazo tyramin
RREVKCEEZ vy PG L 25, BEE (28
JErp 19 1T) W ABE»FEEL - EHREL T3,

KHFRI X > T U THPIC SN RiEHEY » B
TEE & ORIGIZ X - T direct-acting mutagen 234 g,
T5EWIERIEL, REBIUECI>THREZ N
T&l=buy 7 I VEEBERITEREYE (&
PE) BERINLZIEETBRTI2HDOTELOTHE
HIRNEHMRTH 2, SBIRBBYE & BENEE & 0
KRR EZEIT 2 L5 b, IO direct-acting
mutagen DIEARZHE»IZL, £ DBEEZRELTW
SHERH 25,

# i

1. REEBRPERE» S SBEINIERE DS 23,
FER %R U R AR S ¥ 2B E B LT\ 528,
HERRTREE L WERELEET 5 2 L 8FIE
niz.

2. WEGEITTREERE T AEAFOEERTY, 7
FA—REEOEKETY, 7 OMBRITRICIIASRE
PEEInT.

3. £ FORBEYCENBREFASE2 L, RO
FAFEUENELSEEZZERRVIEL L,

4. & - ORBHEY © EREER & DRISIC & o TER
SNIEREEMEOEHZ, R#ELFEL LRV
Direct-acting mutagen T - 7z,

5. Direct-acting mutagen D&%, pH 4 THRE
xR RTH, t MROEHEY pH #FICBWTHAER
TH5IEBHL»III NI,

6. XTI LY, EREZOSA T =tay 7
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VYRR IERFWE (FRWE) v RERRR
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Wk, BEREEESEORFYE L S ER» S bER
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E |

Rz h-VEIEE 2% LIRS 5T,
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Fsed (B, BRAREENARGEFEENER), A
Bkt G, ERERAREMLEMEME AL
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ExviEEE LomMTFEESRd GE, FES KRR
BEER) WESHwLET.

T, AFIROZTICHT-0, fEE2 THREEZ R LA
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