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ABSTRACT

Wilizing Lactobacilling casei cells an experimental teat

systemwas devel oped to neasure the effect of varying concen-
trations of the potent, water-sol uble, oncogen 4-nitroquinoline
1-oxide (4-4Q) on anmno acid uptake and |ncorporation by the
bacteria. The rates of uptake, incorporation, and renoval of
tritium |abel ed 4N were neasured. d ycine-*C, L-al aui ne-C,
L- net hi oni ne-*C, and L-tyrosine-*C standard uptake and Incor-
porration neasurenents wore al so taken.

The labeled aaino acids all displayed a rapid Initial
uptake with saturation being al nost conpleted after 180 seconds.
The 4-UQQ-°H uptake was initially rapid, reaching a naximm
limt after approxinmately 60 seconds, after which an equally
rapid renoval of tritiumlabel was experienced. After 180
seconds fromthe tine of oncogen introduction the bacteria had
returned to a bound oncogen |abel approxinately one sixth of the
maxi mum | evel .

The standard incorporated anino acid curves showed a
time dependency with naxi num levels being reached after 10
mnutes. Incorporated oncogen showed an initial level that was
approxi mately twice as high as the level measured after 180 or
600 seconds.

O the anino acids tested L-al ani ne-'*C was the nost
Sensitive to 4N levels. Wen C 0167 nM4-NP was introduced



Into the test systemreduction of L-alanine-C uptake was not ed.
I ncorporation of the sanme anmino acid was stiml at ed.

In general, the same results were shown for the other
anmno acids though they we re |l ess sensitive to the presence of
oncogen. An alteration in the anino acid incorporation curves,
deaonst rating an apparent dependence on the anino acid concen-
tration in the cell and not on tine, was noted in all of the
dat a.

Fromthe data presented a nechanists for the alteration
of biological systens by 4-nitroquinollne |-oxide was given.

The reasoni ng suggests that an alteration of the messenger
ribonucleic acid nay be the point of initial netabolic change.

QG her known oncogens were also introduced into the
experimental system They were N cicrosodi net hyl am ne and
X-nethyl -N nitro-N -nitrosoguani dine. Both chenical s induced
a simlar alteration of the standard L-al ani ne-C incorporation
denonstrated by 4-NQ. These data suggest that this system nay

be used to screen potential oncogens.
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" ISTRODUCTIOR

v

IThc.diaE#ve;y of many pure chemical anéogens may allow
sci;nﬁists to elucidate the nc:hanism by which porzal celln |
underge cancercus traﬁafﬁrmaticn. Whereasz, che conplixi:y of
spontaneons cancer formation prohibits a mechanism from being
developed, soue.of the simpler chemical oncogens offer the
- opportunicy to explore ocucogenesis on a maieculat level, &-
nitroquineline l-oxide (4-NQO)} 1s such a cheﬁical YnCogen.

A. Eistéry

" . #4-Bityoguincline l-oxide was first syathesized by

Ochial and bis co-workers o 1942 (1). The group of arganic

- chenists, lead by Qchial, specialized in gquinoline cobpound

"ghemiatrj. _Btilizing their chemfcal knowledge, they not onlf

" syntheslzed 4-XQD but many of its derivatives.

I . The csrcinhge:icitr of 4-NQ0 wug egtablished by Nakahara,
-.'t a2l (2) 1 1957 ar the Capcer Institﬁta, Jsﬁancse Foundation
for Cancer lelta?ch. Sakahara's first pgblication reported
mquamous eell c;rbinoma and sometimes fibrosarcoma of mice skin?
after painting with &-~NQo (2). Prior to the establighment of

the carcinogeaicity of 4=NQC, the compound had been ahown Le
_bave mutageaic (2,4,5,6) and tumoricidal properties (7,8).

Making use of the knouledgé of the mutagenie and turmoricidal

propertiss of §-XG0 as well as Haddow'a posfnlat: (%), whieh






can b? ttafed sl.cerfain tyﬁés 6! carcinogens exhibit anticancer
a;ticu and wice wversa, led Nakahara to presume that 4-NQO might .
be catciudgenlc. .

Wakahara, Fukuoka, and Sakai {10}, while testcing 4-NQO
ana reiated compounds found 4-NQU, 2-methyl-&4=-NQQ, 2-pgthyl-§-
BQo ind ﬁ—chlu;b—&ano to be ancogenic in charscte;; whereas,
‘quincline Svéxidé, 3 -ethyl—qulnollné H~pxide, 4-nitroquinolineé
give vegative pocogenlec teats., These findings, uﬁich hav; been
"cenfiraed by other laberatories (11), led o the hypotheusis
- that zhe pnitrp group at posltion &4 on the gquinelipne ring, as

.well as the o;}genated nittogen on position 1 was prerequisite
to oncogenic behavior. _

'# .Aflittoqginolfne l-axide‘has the interesting digtinekieon
of baving :va strong polar groups in the molecule, the N-oxide
and the nitro group. .The molecule is susceptible te nucleophilic
" attack and may also function as an electren aceceptor (12). More-
over, 4-XQ0 1is phuﬁoﬁynamically active (13, 14).

.  Ome of the more 1ﬁterest1ng discoveries abpout 4-NQO
c¢hemictry concerns its reduction products: 4s-hydroxyamipe-
quinoline l-oxide (4~HAQO) and 4-aminoquinoline I-oxide (4-AQO).
4-8AN0 was found to have potent oncog?u!c charvacter. Some
taseavychers have suggested that &-RHAQD is the proximate oncogen
of 4-NQo (15,16,17,18). Both the chemical and enzymatic redue-
tion af §~NQOQ to 4-HAQC has been reported (19,20,21).

" 4-NQO and its related compounds have been shown to react
with native -acrohuiecules, both in wvivp and ii vitro. These

molecules include RNA, DNA, and proteing, as well as selected
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Figure 2. 4-Nitrogquinoline l-oxide and related compounds.
{1} 4=Nicroquinoline l1-oxide

(11) 4-Hydroxyamlnoquinolinz l1-axide

(II1) 4-Aminoquinoline l-oxide :
{1V} &4-Nitropyridine l-aoxide
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free anino.acids.
_ 6—NQO and 4-HAQO have been ugsed to induce the ualignunt
transformation of nqrmgl cells.in tigsue cultyre. WHovwever,

tnrthé: studfes ave still needed to determine the point at whieh

.. ¢hemical iateractlons become oncogenic initiastion and development,

B. Chemical Properties
A review of the chemical properties of &-NQO0 and other
-iquinoline derivatives should disclose any structural fratures
:and properties common te the encogenic derivatives that could
be usad to develop model systems with which to study the
i -echanism.of actian uf the chemfcal carcinogen.

Upon examination of the quinoline ﬁalecule one Qould
expect thé 2 and 4 positions to be highly resistant to electro=-
philic attack. This wogld be &ue te the electron withdrawing
character of the ring nitrogen. In 1343 Ochial (1), whe had
already established himself in ghe field of aromatlc amine .
cheiistiy,pruposed that the exygenation of the ving nirrogen
would alter the reactivitfes of the aromatic ring system due
;qlthe electron donating ability of the N-oxide., To proof
. this speculattion Ochiai.ﬁdd cﬁ-wotkets-demonstrated that the
4 puaftion of qulaoline l-oxide was more sasily nitraced than
tha unsubstituted qulnoline {1,22). This marked the beginndng
" of the synthesis of many 4-altroquinaline l-oxide derivatives.

Some cf these derivativers are listed in Table 1.




TABLE 1

4-¥ITROQ01HOLINE 1~-GXIDE DERIVATIVES

A-nitrogquinoline l-oxide m.p.{*C) ‘ References
4-nitroquinolfice l-oxide 1530154 (1,22)
2-wethyl . : 157 (23,24)
Temerthyl . . . 173180 (25,26)
S-methyl : © 174m175 (25,26)
6-methyl . . ‘ o 184186 (23,27,28)
T-methyl o o 1647165 (25,26)
B-methyl l'l L ;Ifﬂf*T-153&1sa ; (25,26)
2-ethyl o : - U Y aanaes (29) ':
2+n-propyl - ' 1560160. {‘(29)
2-hydrexymethyl 3 o 120 ) [ €30)

" 2=plperidinomethyl o . 924-_95 : J oy
2-pheayl B . . .: 135 .qff(i’1 ‘f s
2-carboxyethyl . B .. 155 _ _ ; (30)

* 3-aterhylmalonyt B 1017102 SR £ 13

§-n-butyl , | R 112 j (32)

L e-terc-bueyl . . o oazevize @)

: 6~n-hexyl . - | _ 102 | J (32)
§~cyclohexyl ' ' 161162 |6
$<carboxy (-C00H) . -_ ' 241 i C£30)
6~sulfoxy (-5038) . 2300235 el
2-chloro S . 158186 TS _
rbeens L e : (r on




TABLE 1
{Continuad)
‘-nl.tvtoquino].irl-ll l-oxide a.p.("C) References
3~Fluoro 1640165 {34)
3-chloro " 159160 (25,26) -
I~broaa 159 {3%)
S-chloro 1450146 (25,26) .
6-chloro 193%195 (28,36)
6-bromo 2007202 (28,36)
2-chloro 219 {37)
6,7-dtchloro “ 192 25,26)
 2-hydroxy 2050206 03}
* 2-phevoxy 107.3 @9y
. 3-methoxy 196 26)
7 Gemethoxy : "2040205 | (a8)
" S-atero. * 260262 (39,40)
, B-nfitro . - 218 " (36,39) -
7-nitro 195196 (29) -
- ‘8-nitro 2227223 oy
L 6,8-d1aitre 189191 (23,40
2-morpholfas ' 182 29
2-piperidino 11' . {29} - I
3-anfoo 218 €34)
J-piperidine 167.5 (ﬂ) _
" 3-anilino 164165 38
3-,&?&1’0"&!:&!1!!500. 211

o8



TABLE 1 A
{Continued) . ..

§-pitroquinolioe l-ofidt ) m.p.{°C) References
J~carboxymethylamina. 208 {34)
J-phenylhydrazine 138 €3s)
(4.4'-dinttro=2,'= 7850290

biguinoline 1,1'-dioxide)

{a1)




c. Nncleopﬁllic Substitutions

Resonance properties of substituents at the & positfons

‘of the quineline l-oxfde ring lead te a high teactivity towards

nucleophilic reageots involved in substitution reactions {42,
43). 4-HQO has been shown to react reqdlly at ice temperatures
with acid chlorides (39) acetyl chloride, (44,45) an& sulfuryl
chloride £22,44,45) to gilve 4-chloroquincline l—n;ide in eical-_

lent yield. At temperatures above 40°C 4-HQO reacts with the

acid chlorides to yield 2,4-dichloroquinoline (1,44,45). 4Acid

bromides can be vutillized to gilve 4-bromoquineline 1-o§ide ;l
product. The synthesig of 2,4-dibromogquinoline and 2-bromp-
é—nitroquinoline can be accomplished through the use of phos-
phoryl bromide (46). This synthesis shows evidence that the

ﬁﬁnsphoryl bromide mechanism proceeds first by attacking the

"H-opxide then the nitro group at the &-positioen.

"Almost complete conversion of 4-NQO to A-chloroquincline

.'f'l-uxide ia accomplished by boiling with concentrated hydrochloric

ac1d (27)}.. It hase also been shown that many of the derivatives

 of 4~NQ0 undergo a similar replacement reacvtion in the preséncc

. f hot &ydrothéri: aeid (27). Dnpder more vigerous conditions

. gopcentrated hydrobromic acid can be reacted wich 4-NQ0 to yield

i—brouoquinoline l-oxide {47, 63)

The nitro group of 4=HQ0 can be readily repl;ced vith

. alkoxides 1.e. methoxide, ethoxide {1,49) and heuaylnxide,

{50) to form &-zlio:yquinollue l-oxides. The replacement c¢an

fllso be aEcomPlished with alkanethiols such ae cyeteine, (29,

" 51) thioglycolic acid end ethanethiol (51,52) even under the

b
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reIagivziy -ild state of phys!olo;icai condltio;s;th )
ik :4-chlnr6qninoliae l-o;idg can be treated directly with

sodias hydrogea sulfide to yield &-percapteoquinoline l-axide.

It caa also be prepated by the treatment of 4-chlaroguineline

l-oxfde with thiourea followed by alkali.deco-position of the

fntermediare é~thiouronium chloride (22 _45,53).

Attachmaot of alkyl aed aryl groups to &-ﬁe;capta-
quinoline l-oxide to yi:ld'alkyl— and aryl-thfo-quinoline 1-
oxides can be accomplished with alkyl acd aryl halides (54).

The alkyl and arylthioquiroline l-oxfides can also be prepared
from the reaction of é-halvgenoqoinoline l-oxides with alkyl-
and aryl ~ thiole (54). These derivatives can be oxidized with
hydrogen peroxide in acetic acid or Vi:h cﬁlorine gzs ip methanal
to yleld sulfonyl derivatives (54). &-Hydroxyquinoline l-oxide

is prepared by reFluxing 40X suilfuric z¢id with 4-NQO ot &-

" ¢hloroquincline l-oxzide {27).

Alteroatively, 4-HQO can be preparea b;IHarﬁing.ﬁ-NQD
{70 -B0*C) in acetic anhydride in the presence of dimethylaniliﬁe.
(55). A third merhod for the prodoction of &-bydroxyquinoline
; '1-01163 iz the catalytlic reduction aof 4-benzyloxyquinolina l-oilde
wich palladfum-charcoal (50). o

Direct replactement of the ni:ro'gfoup vith an amine
group ia pot the syntheétic mathod of cheolice for preparing 4-AQO.
Instead, &4-chloroquinoline l-oxides reacted with emuonia and
amines produce b-amino-, alkylamino-. and arvlaminoquinoline

l-oxides.




. &-Bydroxya-inoduiﬁolinn-i-oxide, 4-hydrazincguinoline
l-oxide and 4-azidoquinoline l-oxide can be prepared by reacting
é-halogenoquineline l-oxfdes with bydroxylamine (56) hydrazipe

(57) or sodium azide (57) respectively.

D.  Reduction of the Nitro Group

.'Thb reduction produets of 4-NQO and thelr related com-
pounds can be found {nm Table 2. When 4-HQO im catalytically
reduced, urilizing palladium-charcoal {e alcohol, ﬁ-hydro;yanino-
‘quinoline l-oiidé is generated, Further reductlon to 4-amino-
quinocline l-oxide 1s limited due to the lack nf.culubility of
4-BAQO in alcohol (56). Utilizatlon of a nickel catslyst for
the radoction of 4-NQO0 yields b-aminoquineline l-oxide (58).

It 48 onfy with great difficulty and a multitude of

exceptions that comprebensive statements conceruning the catalytic
:'tcduction of 4-NQC derivatives could be given. It wvould be more

appropriate for the inceresced researcher to dfscern the charac-

.:_ teristics of the particulsr derivetive.

Among the most jmportant methods for the chemical re~
ducticn of 4-FQO ia reaction witﬁ phenylhydta:i#e. 4-RQ0 azd
ite derivatives, wvith few exceptions, are converved in good yiald
te the appropriate 4=-hydroxyaminoquicoline l-oxidcslf59,60,61,
62,63). The mear general method for the reduction of 4-NQO and
its derivatives to 4~amiaoquinolines is with irom povder and
acetic acid at BO*C (64). 1t sheuld be noted, however, that 3=
and 8- gubatituted 4-nitroquinoline l-oxides do not react fa

the manner charscteristic of 4-NQD or most of its derivatives.
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These derivatives when aubjected.tp the samae chemical reducing
r_'agentg are reduced fﬁrther than those sybstituted on the 2, 5,
. 8 aﬁd 7 posftiong. These derfvatives are probably not stabllized
in the presence.of reducing agents.
- Iﬁeﬂuction of 4;NQO compounds substituted at the 3
| ﬁcliti;n Iéads'to products that are deoxygenated at the N-oxide.
Thc mechanisw involved in this deoxﬁgenatioa process has not
yet been elucidated. |
. Debxygenntiun of the N*Oéide of &;ﬁqo; or ita derivatives,
is ﬁsually carried out with phdsphorus trichloride of phosphorus
irib;nnidc (66,68.69;70). Chloroform 13 uwsually the solvent
' of cholce but is not used exclusively. For example, 4~NQOD can
be converted to 4~nitroquinaline in quantitative yleld by
" . utilizing 1.5 gquivalents of phosphorus tridbromide in chloroform
{(below 15'¢) for fifteen minutes (66,67). _The mechanism for this
reaction involves the transfer of cxygen from the nitrogen to
.:'.'phosphorun.' - _ |
. If che rea?;tnn.is cérfied cut above 30°C 4{-bromoquinoline
;'i; preduced. The same p?oduct 1z formed {f the reaction 1is

allowed to react for an extended time.

. E. Oncogenticity
. a"The oncogenlc.character of 4=-nitroquinoline l—nﬁlde-vas
firat demonstrated in the work of Nakahara, Fukveka and Suginmura
in 1957 (2). There ha§ been an 1mpres§ivé nunber of reports on
the oncogenic actlon of 4-NQO and its derivatives. BSome of these

data are summarized in Table 3.
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TABLE 2

" WORKE DEﬁONSTﬁATINS THE ONCOGCENIC ACTION OF
4-RITROQUIHOLINE .1-0XIDE

Animal Strain Sex - Preparation and dosae

or type
20 mice  mixed 20 N 0.02 ml of 0.25%,

J times 3 week
vt . ‘

aice aixed - total 0.5--2.0 mg In
: . 5 or 6 4i). 1o 50 to
) 60 days o '
213 mice dd 14T M 0.02 ml of 06.25--1.9%
66F
A0 mice IVIiInc - 24 M 0.6 mg fa 0.2 ml,
16 F i1 times a wmonth
Y 48 mice IVITncfZ 24 M ene drop of 0.5 or
24 F 0.3%, twice a week
8 mice - Cgqbl/Z B ¥ *
- 50 mice dd 50°F 0.5 or 1.0 ug
" 12 mice CS?bl i2 r
20 mice da B TR . 0.1 ml of 25X, once

a week, 10 times

"rats  albine M and T 0.05 ml of 0.5%, twice
a week for & months

20 racs Byffale 10 M p.2--0.3 ml oF 2.05X,
. once & veek, 1§ times

 rate Long- 10 28 tines
. Evance




1%

TABLE 3

2/8 adenocar=
¢inoma

1/8 squamous
call carcinoma

(CONTIRUED)
" Vehicle Site and Antmals with Duration of Raf.
TOoutLe tumors experiment
. 4-nitrequineline l-oxide B
' benzene painting 14/14 papilloma ever 200 {2)
12/14 squamcus daya
o cell carcinoma
.- propylene 8.c. '12/29 fibro~= over 300 {71)
;- glyeol sarcoma dayan :
"acetone -glngle 15 papilloma 200 daés (72)
paioting 2 carcinoma ; :
olive a.c. M 4fy ‘over 177 (71)
oll . . F 4/ sarcoma days
banzene lpainting ‘none . 300 dayse (74) .
: . papilloma ' .
to epithelioma .
- olive oil=- single m.c. 25/27 pulmomary 3 or 4. - (8)
" :cholesterol : tumor months :
{¥:1) 2711 pulmosary
tuasor
olive oil- s.c. 2/10 adeno= . 400 days (76)
cholesterel carcinona .
- (100:5) 1010 adencwma
acetone paintiag. 4/11 fibrosarcoma L%5 daya n
olive ofl- B.8.° 7/7 adencma 400 daye (78)
cholesterol ' 1/7 squamous
{(100:5) cell carcicona
’ 6/8 adenoma  3#4 daye (78)



TABLE %

{CORTINUED}
Animal Strafn Sex Preparatiou and dose
or type :
33 rats Wistar 11 X 1 m1 of 0.12, twice a

10 guines albino s M
pig 5F
10 hamster golden .
mice ICR R
31 wice CS7b1 —
18 mice Aldlax _—
{nevwborn)

- 44 mice AKR - -
{nevhorn)

30 rats  Buffalo r

veek, 6--29 times

2--30 timesa+painting
e few drops of 0.3%
of 20 MC in acetone,

2-~96 times

0.1 rl of 0.25 or
D.5%, once a veek,
total 5--10 mg .

0.5 ml of 0.57, twice

a week

0.5 mg

. 0.1 mg, weekly
. 0.03 mg, weskly

- 0.03 =3

D.61 vy, weekly
0.0I mg

0.05 =1 in 0.05 =l
0.025 »g

0.1--0.2 ml of 0.25%

veekly, tocal 10 =g
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TABLE 3

22/2% sarcoma

L {CONTINUED)
Vehicle €ite and Animal with ﬁuration ef Ref.
Toute tumors experiment
ethanol stomach 1/17 squamous L07 days {(79)
through carcinoma )
tube 1/17 sarcoma
1/16 adeno~ 548 days
carcinoma
4/16 aguamous
carcinoma
1716 papilloma
propylene s.C. 1/19 fibrosarcoma 2.5 years 17
glycol
acetone painting 517 squamous 36~-48 (80)
o cell carcinoma wveeks N
Y 2}7 welanoma .
propylene l;p. 6/14 generalized 304 days (81)
glycol : lymphoma .
B N 1/20 lyephora -
" 1.p. 1/20 breast cancer
gelatine~ single 9/27 lymphoma 318 days i
saline 1.p. 2/27 spindle )
. solution cell sarcoms
cocton 1.p- 12/16 spindle over 300 (81)
seed ofl cell carcinoma days : .
propylene i.p. 0/1s
glycol _ . e
2% gelatine single g.c. 7/18 lung tumor ™ 12 weeks {82)
solution )
-— single s.c. 3/36 lyzphogenic 5 months {83)
; leukamia o L
olive ofl- $.Ca 7/25 uterize 360 dayw (Bs)
lecithin tumor
(100:5) 22/25 adensma L
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e TABLE 3
. . (COXTINTED)

Animal Strain
or type’

Preparacion and dose

191 mice AfJax

29 albine
Prolancha :
domestica

95 wice . Swigs
{newvborn)

20 mice i 44%

. 113 mice ddxN

. 168 mice: CF § 1

20 mice : Swisx

260 nmice 4 pure
gtralins
F1 and
random

breeding

[ )
L R4

0.04~-0.3 ng

0.1 ml of 0.2%,
once fn 2--3 weaka
far 4 times

50--200 pg

0.15 mg 1o 0.05 wl,

- oace a week, toptal

0.45 ug o

C.006--0.009 n} of

0.252, until death

0.0& ml of 0.24%,
weekly for 23 weeks

0,242

G.1 wl of 0.25%,

. weekly, total 2.5 ng

I3

0.1--0.3 al of 0.1 or
©.31, weekly o

0.5 ml of 0.5 or 1%,
twice a vaek
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TABLE 1

{CONTINDED)

. mcetons

painting

tupors includipg
wmelanozas

TH)

Vehicle Site and Animals with Duration of Ref.
Toute - tUmGTe experinent
1% gclacine single s,c. 154/160 pul- 1 year {85}
solution : - monary tumor
377160 levikemia
vlive {.m. 1/3 fibrosarcoma 230 daye {8¢6)
oll . .o .
‘oiive oil- single 2.c. 16/46 adeno- 6 months (87)
cholestercl carcinoma
(100:5) R
" propylene’ 1]. into 2/20 early neo- 137 days (38)
glycol lingual " plastic lesien
mucosa -
propylene painting 16/34 squamous over 180 {89)
- glycol on lower cell carcinoma days
1ip given 61779 squanmous
injury cell carciup,a
. 952 chanol esophageal 40/105 papillona. 22 wmonchs (90)
"70% ethanol infusicu 14/105 carciooma
S forced 52/63 papilloma
el drinking 8/63 carcinoms’
W totin e o 1/63 adenoma
olive oil- B.C. 4/16 sarcoms 357 days (91)
lecfchta \ 7/16 lung rcaacer S
- {100:5) 4/16 uterice
" . cancer L
T 11716 leukemia
acatone or painting ’23!260 conoec= 80 weeks (92)
benzene : tive tissue tumor .
o L 28/260 squamous
4 cell carcinoma
- 21/260 epitbhelial
tuzor
a variety of 134§ weeks
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: TABLE 3 I '-"u““f"flﬁ
. (CONTINUED) : TR

Aaimal Strain Sex Ptepiration and dose

or type
11 hamster golden M 0.5 ol of 0.5%

twice &z week

TR

o 0.1 ml of 0.25%2

56 mice
- pen weekly, total 2.5 mg
25 rats  Buffale T 0.1 mi of 0.25%,

.weekly, total 10 mg

176 mice 44 ‘M and F 0.05 mg

(newbarn)
" 20 rats 5.D.. !_.‘ ' 1 mg in 1 =ml, 1 times

L & week for 14 wveeks
e . ) :

210 mice dd . - P_ . .. 0.06--D.5 mp, once
. - . 4inm 7--16 days,
_ .o 10--12 times.
:  25 rabbics -- . S 11 M mixture of 20 mg of 3-MC and

0.2 mg of 4NQO in rabbit plasaa ~
in cowbination with 13]. of 0.& .
mg of 4NQ0 41n 0.1 ml olive ‘ofl '
and cholestercl, 4--41 ctimen

4-Hydroxyaminoquinoeline I-oxfde

40 Tats Wiatar F 0.1 ml of 0.1X,
: ... (Doeama) Every 10 daye for
i o 10 cimes N :
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TABLE 3

< e {CONTINUED)

and =.cC.

1/2% undifferen-

tiated cell
carcinoma "

4=Hydroxyaminoquinoline l-oxide

peanut oil-
cholesterpl
{100:5)

s.c. each
in different

site same

site

8/15 fibrosarcoms 230 days

16/17 fibrao-
SATCODS

Site and - Animals with Juration of Ref.
toute tumors ' sxperiment
scetcne painting 8/11 a variety (94)
. of tumors
including mela-:
notle tumor
10% lecichin =s.c, - 36736 lung tumer 2956 days {95)
1/36 leukenia . . .
1736 skin cauncer ) )
102 iecithin s.e. 19/21 ling cancer 329 days {95)
- 2/21 endometrial
. i ‘Marcoma .
N T . 11721 sub- .
futdneous sarcowma )
"10% lecithin a.c. 6/10 adenoma 180 days {96)
o §/14 ling cancar : ot '
. Tween stomach 3/10 squamous over
80-olive oil through cell carcinoma 5 montha :
tube 2/10 parcoma L
50% etbannl stomach 2/42 adenocar- 302 days (N
: through rionoma
tube 11/42 carciooma
intra- 12/25 adeno- 397 days .
broaochial carcinoms '
tnfusion 2/25 squamous
¢all carcinoma
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TABLE 3

(CONTINVED)

Animal Strain Sex Preparation and dose
or type
30 mice ddON ¥ 0.1 ml of 0.2%2,

"1 26 mice

10 rats

10 rats

" 6D mice

0 nicg

60 mice

70 mice

ddoy

Wistar

Wistur
- {Ooeama)

CyB/Hea

Cg7blfBIN

. Eoninbred

albino

ddN

dd

da

 weekly, 3 times

10
10
io
19
10
10

LELE LT 3

0.03 ml of 0.25%,

~twlce a week

0.1 1 of 0.05 or
0.1%, weekly for
15 cines

1.0 nl of 0,137,
weekly, for 3 times

2 mg
0.1 wl of 0.1%,
veekly for 10 times
- 0.1 w1l of 0.1
weekly for 10 times.
0.1 m}l of 0.17
for 10 tines

weekly

9.5 wl in 0.1 m1,
6 times at intervals
of 10 daya

0.25 mg ie 0.1 ml-
weekly, total 2.5 mg

0.25 pg of the hydro=-
chloride 1ia 0.1 =1

0.325 mg, weekly,
for 10 times .
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TABLE 3

+o=;" (CONTINUED).

Duration of

Vehicle Site and Animals with Ref.
route tumors experiment
0.5% a.t. 4f15 papilloma over {99)
Tween 80 . . & months
in salina U R )
solution b
absolute painting none [ ﬁonth;
ethanel e AN
0,51 8.0, 11426 sarcoma g=-=-9 17)
Tween B8C - -5/26 carcinonma months
in saline 6/25 papilloma .
solution . : Ll
0.5% .. 5/10 sarcoma over L
Tween 80 ’ & months o
in salina o
solucicn R
peanuyt oll- siugle's.c. 2/8 fibrosarcoma 1 yeartr {98)
cholesterol =
(100:5) N _ SO
saline s.c. 6/20 sarconma 32 weeks {18)
solution 1/20 papillonma
- 2f20 sarcouwa

.2/20 pepillomz o

2/20 parcoms, o

1720 papilloums- o

- 520 leukemia .
propylene' s.c. tumors at the 300 days (2%)
glycol . site of 13.
10X lecithin s.c. 5f26 lung cancer 180 days {100}
. ’ 23/26 adencma .

5/21 lung cancer  f

1?2/21 adenoma . -
ethanol 1/18 adeno- 262-302 ¢101)

stomach

carciooaa

days

o el



TABLE 3 N,

(CONTINUED) : o
Avimal Strailn Sex Preparation and dose
: Or t¥ype
200 mice d4 = 3 0.25 or 0.5 mg ian
_ . . 0.1 ml, every 7==10
. days [

-f Methy! derivatives of 4=nitroquinoline l-oxide, Z-methyl darivative

7 mice mixed M 0.04==0.02 nl of
0.25%, 3 tiges a

week, until tumor

production
40 mice  XVIInc 24 H 0.6 wg in 0.2 =l,
16 ¥ 3 timwes a month
40 mice  Cyybl g F one drop of 0.3% L,
twice B week _ . ' :
IViIinc/Z 16 M " one drop of 0.3%
16 F twice a week R
1% mice  ddo r 0.02 =l of 0.27X L
: : ... 7 3 times a week for -
; 123 daynm .

S-methyl Jerivacive

I¥Iine/2Z 14 M 8.6 mg in 0.2 ml,
" 3 times at intervals
of ona month

6,7 dinethyl

28 mice  XVIiInelZ 14 M D.6 mg iu D.2 =1,
3 timas at intervals
of one month

S=methyl derlvatlve.
20 mice 448 : - 0.5 mg ia 0.1 ml,

] 6 éimes at ilotervals
BN of 10 days



TABLE 3

- .. {CONTINVED)
Vehicle Site and Apimalsg with. Duratioo of Eef.
route tumors experiaent
50-=70X stomach 13/63 carcipoma 341 daye {102}
ethanol ) in glandular

stomach
1/63 in dvodenum

¥ethyl derivatives of 4-nitroquinoline l-oxide, 2-methyl derivative

benzene paintinog
olive oil g.C.
61ive il paiﬁting

icetone painting

-6~ncfhy1 dcrivctivc‘

olive oil 8.cC.
6,7-dimethyl dertivative
olive oil .2,

S-methyl derivative

propylene 8.8
glycol ’

none 192 days

M1/11 sarcoma 232 days’
F1/16¢ papilloma, 300 days
acanthoma, pul=-
monary carcinoma

none o 300 days

aane

2/10 papilloma . 270 daya

.Hzflé sércoma . " 342 days
F2/14 sarcoan

M5/14 sarcoma 342 days
F4/14 sarcoma

tumors at the 300 days
aite of 13,
{€ibrosarcoma)

(25)



TABLE 3 . L

(CONTINUED) = - - ' C
Animal Straln Sex Preparation and dose
T kyps
" AN
A e ' : 7-methyl derivative
20 =ice dd8 - - 0.5 wg in 0.1 ml,
S 6 times at intervals

of 10 days

B-methyl derivative

20 mice daK . =~ 0.5 mg in 0.1 ml, R
o . . " b times at ilntervals
of 10 days

Chlor derivatives of 4-nitroquincline l-oxide, 6-chlor derivative

B mice mixed M- 0.04--0.02 ml of
2.5%, 3 times a week
until tumor producticn

20 rats - Wistar i0 M 0.05 ml of G.5%,
St - . 10 F 3 times a week, . :
. . RO .. g - 12—=24 times . ' Lo )

" 15 mice d&d0 - F " 8.02 nl of 0.29X,
o - - 3 times & wveek for
123 days

6,7-dichlor derivative

20 mice  ddN - Lo 0.5 mg in 0.1 wl,
B - ’ 6 tines 2t intervals
cf 10 daye




R TABLE 3

v+ tr :ue - (CONTINUED)
VYehicle Site and Antizaler with Duration of Ref,
routa tumors _ experiment

Jemethyl derivative

propylense s.C.. tumors at the 300 days {25}
glyecol . . . slte of i}, .
SR ) {fibrosarcoma)

B-methyl derivative

propyleane s8.c. tumors ar the 300 days _I - {25)

glycol - - site of 1}].
: {fibrosarcona)

CGhlor derivatives of f-nitroquinoline l-oxide 6-chlor derivative

beazene paintieg 2/8 carcinoma over : .(10)

. . o - &/8 papilloma - 150 days - - '

U pcetens painting 12/20 fibre- 320 days .. (105)
b o S ' sarcoma ’ ' Lo

5/20 fibro=
T SATCOmMA ABRED™

- clated with
banal cell cac-
.¢incma
1/20 fibrosar=~
¢oma asspciated
with sweat gland
adenoma

palinting 1/11 papti{llonma 270 days - {103)
S ¢ &f11 squamous .
" ¢ell carcineoma

§,7=dichlor derivative

. propylene s.C. tumors at the 300 days - {25) '
glycol ’ _ - slte of 1]. S : -
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. TABLE 3
(CONTINUED)

Animal Strain Sex Preparatfon and dosa
or type - C :

5-¢hlor derivative

20 mice dadN . - 8.5 mg in 0.1 wl, § times
- at intervals of 10 days

7-chlor derivative

.:.Zo_nice ddN "_;- ) 0.5 og 1in 0.1 ml, & times
’ at intervals of 10 days

. Mfscellaneous JerivatIves of 4-nitroquinoline l-oxide, 2-ethyl
derivative . -

7 nice aixed o 0.04—-0.02 ml of 0.25%7, 3
. times a week=until tumdr
production - )

6-carboxyderivacive

6 rats Wistar M énd F 1 mg 1o 0.1 ml, once a
: : week for 20 weeks

Z1l rats Wistar - "M and F 1 mg 4in 0.1 ml, once
. a wveek for 20 weeks

3-brom derivative

20 mice dd8 - == . 0.5 mg in 0.1 ml, 6 times
at intervale of 10 days




- TABLE 1]

~ (CONTINUED)
Yehicle Site and Animals with Duration of Ref.

route ‘tumora experipent

5-¢hlor derivative
propylene B.Cs tumors at the 300 days (25)
glycol L sice of 1]. . : : . _
7-chlor derivative ﬁfé
propylene $.c. . tumors at the 300 days {25)
glycol site of if.

Miscellaneous derivatives of 4-nitroquinoline l-oxide 2~ethyl
derivative : : o

bentene painting '3/7 carcinoma 190--200 {10)
: days :

E—carhoxy derivative

salige s.C. 3713 tumor 400 days S "(‘73--
solution . . . R
alive otil s.C- 87/2) tumor 400 days

3-brom derivative

propylene s.c. tumors at the 300 days {25y - .
glyceol : aite of 11. - e

. Abbreviations 11., injection; i{.m., iartramvsculsr: 1.p., intxa-
- peritoaeal; 1.v., intravepous; w.c., subeutaneous; MC, cethyl-
cholanthrene. . . .




ﬁ In a later publicatiun.Naiaharﬁ,.et.;l (10) utilized
4-NQO (1), 4-nitro-2-athyl-quiroline l-oxide (I1), &-altre—
quinaldine l-oxide {III), 6-chloro-4-nitroquinoline I-oxide

-{1V), quinoline l-oxide {(V), 3-methylquinoline l-oxide (¥I),
4-uizroguinoline (¥II), and 6-nicroquincline (VIII). The com-
pounds are illuscrated in Pigure 3. By applying 4-HQO0 and
these derivatives to mouse gkin they were able to zhow that

- compounds (I}, {IX), (III), and {(IV) wvere oncogenic. Compouads

(v), (v1), (viI), and (VIII} wvere not oncogenic, Thus the

"”i conclusion, both the N0, group at position four and the oxide

: 3r6up at position cone were fundamental to the oncogenicity of

4-¥Q0.

. :5 B F. Reactlon with ~SH Groups
The effect of the N-oxlde on the nitro groﬁp causes cne
to ﬁe particularly interested in the nuclecphilic reacticons that
the -N0, grovp may underge. Sulfhydryl groups underge such .
" reactions (107,103}. Therefore, the fmportance oF -5H groups
in'cellula: metabolism and the reaction of 4-NQ0 with these
.compeunds under phygiologicél conditions generated interest in

‘ exploring this reaction both io vivo and in vitro. Okabayashi

{51) fouud that the &L-nirtre group of 4-HQO could ba sﬁbs:itu:ed
by the -5H group of both cysteine, and thioglycolie acid under
physiclogical conditions. Compounds centaining -5H groups lost

" ¢heilr antifungal activity to Aspergillus niger when reacted with

4=Q0 (109). Endo showed that 4-NQO reacted with cysteine and
glutathione (29). 3Bond, et al (110) showed that 4-NQO fnhibited



- ¥WIL

Figure

3. {1}
(11)
(111}
{1v)
(v)
{v1)
(vII)
(VII1)

R 7 5%

b=Nitroquinoling l-oxide,
4-nitro-Z-ethylquinolins Il-cxide,
4-picroquinaline l-oxide,
6=chler=4-zitroquinolina l-oxide,
quisoline l-oxide,
J-meckylguinoeline l-oxide,
4-nityrogquineline,
6-nitroquinoline,




the growth of Lactobacillus casei, but that pormal growth cutves

coulé be .restored with cyiteine. glutathione, and Clelacd's
Reapent (dithiothreitol). _ _
.'Rakaharg and Fukuoka (71) reported that 4-NQO incubated
with human serum for 30 minutes totally losc 1:slca=c1nogen1c
sctivity., Takayama (72) demonstrated that 2 single application
of 4-NQO0 co mouse skin could induce carcinoma. Kamahora and
Eakunaga (111, 112} reported thatr treatment of tisaue culture
cells with 4-NQO given riie to severe necrosis and papulation
reduction followed by an {ncrease in cell nupber. Twenty days
after oncogen application polynucleated glant cells and spindle
cells appeared. Thes; data suggest that cancer initiation by
4-NQ0 must ccgur within a very short time after applicaticn.
JIOther workers have also suggested a quick inftfatlon reaction
Jogrzas,ne. e
. Lacassagne, st al (?4) reported chat. 4-NQO painted on‘
: mouge skin would Tesult 4in tumors In one straio but not in others.
N Whereas, 3,ﬁ-ben:pyrént showed no such selectivity. Horikawa,
st al (1155 uged tissue culture to show g difference 1ln strain
.lensitivity te 4#-NQO Indoced change and that csused by uletra-
- wiolet irradiation. This data lends further support to the
hypothegis of a unique cancer infeiation mechanism of 4-NQO and
ite derivatives. _
. . BEeslden mice, the oncogenic actfion of 4-KQO h#s been
demonstrated uaing rats (116), birds (86}, guinea pigs (80,93).
It is unique that &-FQO can induce malignent tumor formatiecnm 1in

- the guinea piy since they are usually reseistaat to ocacogenic
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actions of all kiands.

It appears that tumor férnatién fn the lungs of i;horaQ '
torcy animals may be fnduced with very miﬁute amounts of 4-NQO
(?6,73,34,91.95,96). Even though £t is more difflcult to
fnduce cancer artlffically fu che glandular s:omach;:his tog
has been accouwplished uicﬁ 4-NQ0 by Baba, et al (79) and Horti,
et al (97,117,

The ability of 4-NQ0 to induce.cancers iz also Influanceﬁ
by the solvent-carrier. Mori (B4) found that the oncogenic
abilicy of 4-NQO was enhanced wheo the vehicle was changed fron.
olive oil and cholesterol teo olive oil and lecithin.

" An even higher incldence of lung cancer was observed

vhen the 4-NQO was dissolved in 10:%0 lacithin: water (95).
';_Tanaka,et al (Bl) in an earlier inﬁestigation, qbse;ved thate
" mouse sarcowas could be imduced wrilfzing 4-NQO in cotton seed
- ofl but when dissolved in propylene plycol praduced no tumoars

" in the test animals.

G. Eozymatic Inductioﬁ ' ; .-.q"Tzlaa
After the initial proof of the oncogenicity of 4-NQO
I ;{ Uiera one found most suggested pechanism vere based upen the
reaction of the NOp with SH'groups. a gecond set of possible
" mechanisms arose from the fact that 4-NQO can be enzymatically
reduced to 4-hydroxyaminoquinoline l-oxide, 4-aminoquinoline
l1-oxide and A-aminoquinoline (19,109). . .
4+NQO can exert bicloglical slteration such as wmutation

iaduction (118,119), phase induction in lysogenic E. coli (11),



t,.nd fo:iaticn.of nuclear i;clusion boéies in tissve cultura
cells (98). These faéts along with the indictment of 4-HAQD
as a possible proiimite oneogen caused Investigators to research
the &4-NQO derivative, 4-HAQO. Ende and Xume {(98) siowed 4-HAQO
"to be the more potent oncogen vhen treatf{ng rats vith single
.injections. These results were confirmed by Shirasu (1?,18,~
9%). Kawazoe, et al (25,28) in thelr study of structure versus
oncogenic relationship suggested rhat the oncagenicity of 4-NQO
and its derivatives iz directly proportional to theiy abtli:f
I_to Form 4<HAQO or a 4-~HAQD derivativa.

Roo-carciocgenic devivatives of 4-HQO are given in Table

&,

E. Syncarcinogenic Effect
The theory that cancer{zation regults from the summation

of multiple irreversible alterations of critical cell substi-

. tuents was first proposed by Druckrey asd Kipfmuller (120). The

theory was based on thelr quaptitative feeding of laboratory
auimale 4-dimethylamincazobenzene.  Their data showed the final
tumor yield reflected the total dose of the oncogen.

Hakahara and Fukuoks (121) used Z0-wethylcholanthrene and
I‘-nitfoquinoline l-pxide to test the proposal.of Druckrey and
' Kupfmuller. Thase two known nucogens'uere-chosen because they
appear to have the same target tissue. Submanifestational.doses
of egch oncogen wvere applied'to pice with resvlts of no tumor
{fncidence. When the same size doses of both oncogens were appliad
in sequence to mice some tumors were fnduced. The order of

application did not cause a change Iirn cancer Incidence,
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S Muta (122) sho#ed that the.summatlou effect can be
#chieved even if the method of introduction fa differect. He
fed rats and afice o-amlnoazotpluene and followed thisz with
akio sainting using arseaic trioxide, 3,6-benzpyrene, and
:toal Larxr.

Although the results are not completely guantitative
n:ﬁoshino et al (123) have shown cancer can be induced utilizing
'Q—HQO and B*radiation; Even though synca:clnogenisa has been
-usefy] {a 4-3Q0 work {124), not all oncogen combinations have
been showvn to falléu a syncarcinogenic route. Searle and Woodhouse
. (80,125) showed thar the rate of occurrence of wouse skin paplil-
.louas treated with 3,4-benzpyrene is markedly inhibited by 4=-KqQO.
4-%0Q0 also tetards the induction of uncogenesis by 1,2.5,6-

dibtsnzanthracene. This data lhas not yet been adequately explained.

1. Metabolism

1

!raxtiate oucugens are those active compounds that aré
.forméd in wvive ffou pos#ible oncogens, These compounds are the
true OnCoRgens. |
i-!ltraquinoltnﬁ l;oxlde ¢can be chemically reduced to
a more potent oncogen §-hydreoxyaminoquinoline l-oxide. Purther
reduction yields d4-awinoquinoiine l-oxide., Okabayashi, et al

{104, 118) utilizing growlng culture of Eschevichia coll and

Aspergellus niger were first Lo take cognizance of the metabolic

reduction of 4-NQO to 4-BAQQO or 4-AQ0. These early findlugs also

showed that A. niger vas moTre susceptible to ylelding mutants

than E. coll as well as being less able te continue the reduction

af 4-8Q0 from &4-HAQD to 4-AQO.
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Endo'a group (1%} denunstra£26.the reduccion of 4-N0Q0

to 4-AQ0 by mamalian systems ubiliz!ng rat liver homogenate.

~ Reguired for the reducrion was a hrdrogen donor, the corré5pondiag

reductase, and NAD {nicotinamlde-adenine dinucleatide) or NAD?

(nicotinamide-adenine dinucleotide phosphate). Qualitative proof

for the presence of 4-AGO was made by- thin layer chromatography

showing an exact correspoodence to autheric 4-AQO. '
Aaroble incubaflan markedly inhibifed the reaction. Thia

has been attributed to the foruation.af azoxy or azohydrazoquin-

| olineg devivarives from 45-EAQO,

S Sugimura, Okabe, and ¥Nagao (l0) were the first ro rep;rt

the fsolation of the enzyme catalyzing the reactien 4~NQ0 ta 4-HAQO.

< It wag lsclated from various homogenized rat vrgans after centri~

fugation for one hour at 105,000 X g. Early enzyme assays were

" followed by the decrease in optical activity caused by conversion’

of NADH + HY (reduced NAD) or MADPH + H' (reduced WADP). The
eozyme was further purified and identiffed as DT-diaphorase by |
Ernster, Danielson and Liungrea {126}). The enzyme was found te be

a metalloflavoproteina containing FAD and 1f6n and had an eoptimum

pH of 5.8,

The highest en;yme.activities vere found ia rat liver,
stomach, and lung. Whereas the majority of activity from enzyuecs
catalyzing reducticn of 4-NQO were noticed in the above corgansg,
amall amounts of activity could be found in ﬁther argans.

. Based on the premise thar the i{njection of 4-KQO will
produce fibrosaccoma at the injected ioci, Hoshine, et-al (15)
and Matsuchima, er al (l27) determined the in vivo fate of &4-NQO,



The productas were again, &-EAQﬂ and 4-AQ0. It is interesting
To note :ba:.unebnverted 4-KQ0 was rapidly removed from the
site of {njection vhile the reductfon producek, 6-naqo; was
retalned for a comparably longer time,’

Afrer 4-NQ0 was shown to be somewhat inert undaer
physiological condittons; regsearchers found that alterarion of
metabolic processes could be attributed to 4=-HAQO even in trace
quantities (128). TForumi, et al (129} not only Ecund catalytic

#mounts of 4#-RBAQO caused oxidation of sul-fhyd.r}rl groups of cystaine
2 f.nnd glutathione but also that hydrogen peroxide could be produced
by pnﬁsing afr through a §-HAQO solution (pH 7.5). It has been '

. shewn that the presence of hydrogen peroxide can cause alteration
of DNA and thus mutation. ' . e '{*

‘Hatsushina, et al (127) has found that 4-KQO reduces
cytechrome. They have also reported Iincubation with 4-HAQO
inactivates S—phosphoglyceraldahydﬁ dehydrogenase, Thair work
bas also shown methfonine and tyrosine vere converted into nin-
bydrin positive compounds with Ry values differing from the

original amino acids.

_ J. TIntersetfon with DNA

_ Ono (130) First reported the tnactivation of transforming
é;_;ubtllis DN# with 4-EAQO. He also reported that the bNa is

pot affscted by the $§-NQO. Bis work was confirme& by other
researchers {131)}. Ishizawa and Endo {132} have shown 4-HAQO

te be a phage insctivator in vitroc and attribute this phencmencna

to su oxidation product, 4-nitroscquinoline l-pxide, or perhaps



il.a.free-radtcal uhich'wés finﬁlly coﬁverted to &,&'-a:éxyqﬁinollne
1,1'-dioxide. L ' - _ c e T
. In }967 Nagata, et al (133) founa that by use of flow

h dichroism and equilibrium dialysis, &-NQO and its derivatives
-bind with calf thyzus DNA. Malking and Zahalsk& {134) confirmed
the DNA - 4~NQO Binding with thin-layer chromatography, .

Matsushima, et al (127) as well as Tadas, et al (135) have detected

stable 4~HAQO-DNA complexes.

X. BRHA Synthezis

ENA synthesls of whole cells fs Iinhiblted by 4-MHQO and

ﬁits ﬁ;rigatives- Tada, et al (133) reported that ENA synthesized
from DNA isolated ftom.4~HAqo treated éells were apbroximately
1/10 the length of standard RNA’s. Nonetheless, an incresse in
the numbetr of RNA chains syathesized was noted. Sugimura .

et al (136) have explained this increase in che nuober of trana-—

seviption infctating points may be due to the lacreased aumber

: of scisslons in the DNA sugar phosphate chain.

Kuwano, et al (137) Found that tRNA irradiated with visible

' Iighe aleng with 4-NQ0 (10™% to 1077M) decreased the amount of

'".; guanylic 2eld in proportion te the time irradiated. Other nucleo-

tides were not affectad. This conformational change inhibited
the ability of the tRNA to accept proline. It ahould be zstressad

that no such effect cccurrad without the irradiation.

L. Proteln Synthesis
Protein synthesis of cthe whole cell fs inhibited by

-ﬁ—NQO. This ia usually sxplained in terms cf the praeviously
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'ﬁotia-tranaériptioé prbces; 1ﬁh1biiidh. ﬁa;;;aki aﬁd Naors
{138) found evidence that the 1ncorporat{un {I)f 16C-leucine as
wall as lac-arginlne_incorporattou was inhibited by the oncogen.
Thege data suggest that the 4-NQ0 does not Just cause a simple
misreading. Earller. work by the same authors reveals that
4-MQ0 or 4-HAQD does not affect in vitro protein syothestis,
Magasaki and Naora (138) have reporte;i that 4-NQO gives a higher

1‘0-1eucine uptake by the reticulocyte ribosome.




... 'METRODS

T,

A. Bacterfa CGrowth and Preparation - A Typlcal Experiment .

Frexe-dried Lactobacillua casel subsp. rhamnoigg (ATCC

7469) - n, purchased from American Type Culture Collectifan,
Rockvi]l .¢, Haryland. The bacteria was kept viable in nutrient
agar medium {Table 5) with stab-culrture transfers made biwecekly.

The methods of Leach and Snell {139) for measurfsz the

'-uptike and incorperation of amine aclds were modified to allow
'/ the additfon of water scluble oncegen and eveatual detercination
of carbon-14 activity in a liquid scintillation system.

To dnsure the luxuriant growth of Lactobacillus casei,

{L. casei) the bacteria for each experiment was transferred

Iror the stock culture in a c¢caventlonal manner to double
‘strength liquid culture medium (Table 5} and fucubated for

o  13-2£ hours at237.C. _-" TR e

_ - After incubation' the vacceris cells were harvested by
’3 ;ﬁnfrifug&:lon and ;esuspended in sterile D.iS M NaCl soclution.
.'After the salfrne wash, the bacteria was conce again separated by
centrifugation and dlluted with balanced salts sclution (Table
7} to a turbidity rveading of 125 {(5.56 mg, dry weightiml),ltaken

on &4 Klett-Supnmerson photoelectric eclorimeter.

B. Standard Uptake of Aaino Acids, General Method
_"One ml of bacterial cell suspension iIn balanced salts
'sglution (5.56 mg/al) was diluted wich 3 ml saline and fncubated

43



TABLE 5

HUTRIEST AGAR MEDIUM

Bactaopeptona
"Glucose
Bacto-agar

Vater
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TABLE &

DOUBLE STRENGTH LIQUID CULTURE MEDYUY

Apinp Acids

bi-alanine
L-arginine+BCl
L-asparagine
“L=aspartic acid
‘L-cystefne
L-cystline
L-glutanfc acid
Glyeline
L-hi{stldine HC1
DL-isoleucine
DL~leucine
L-lysine-HCl

" DL-wethlonine
DL-phenylalaniae

L~proline
DL-gserine
DL-chreonine

" pL-tryptophan

L=-tyrosine

‘. DL-valflae

Purlnes and Pyrimides

Adenine .
"Guanine-HCL
" Bracil
Xanthine’

L} 3

1980
4B4
800
200
10Q
200
G600

30
124
500
3no
500
700
200
200
8qaq
400

80
200
500

ng

10
10
1o
10

Vitamine Supplement

Riboflavia
Hicotinic acid

Ca pantethenate
Thiamine HCI
p-aninobenzofc acid
Folic acid
Pyridoxine+HC1
Biotin

" Salts and Gluﬁose

Mp504TH20
NaGl

FeS04- 7Ho0
M0o504-H20

Glucose

Sodium acetater3H20
KH2PO4 :
K28POg - -

og
6.4
6.4
6.4
3.2
3.2
0.160
0.160
0.0

Az

Ao ek A e sk s D -
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X '.r;anw 7 ;i
" BALANCED SALTS SOLUTION
g/lirer

X AP0, : - 0.23
RHP0; ' B 0.25
Mgs0y ' : o 0.16 ’
RaCl - , o 0.00s )
Peso,-78,0 . . 0.005
nnsol,. I - ) ' ‘ 0.00%




. At 31.5;C-Eor 15 min. After the 15Ininute lnterv;i; oné.mi of
1% glucoese solution was added and the fncubation ;as continued
Eor an additional 5 minutes. One ol of the selected carbon-14
labeled amino acfd, (33 uCt) (New England Nuclear Coré.) was
ddded without further purification.

Aliquots of 0.5 ml vere taken from thke unifofmly aug=

.ﬂ pended cell suspension by means of an Eppendorf Autopipetee

(Brinkman Instrunents. Inc.). The addition of labeled amine

- acid was marked as zero time.

_‘ Zhe e¢ells in each aliquot were collected by suction

- fileration on a glass Ffiber fil:et.disc {Reeve Angel). After
 ':wo saline washes utillzing the same autoplipatte rlp, the flleer
discs contalning che washed cells were placed in getntillacion
vials and dried at g0-90°c. . S - L ;E}
. S TIwo ml of toluene scintillacfon cocktall (taiuene:

- Beckman; Pluoralley TLA: Beckman)} wvere added to the secintil-

latlbn vial. The determination of carbon-l4 activity was ecar-

* ried oyt in a Beckwman L5-100 1liquid secintillation system.

C. Stand;td Incorporation of Amino Acids

The bacteria were cultured, harvested and re#uspended.
 '1n'the Fannér deseribed above. Glucese and labeled anine acld
‘were slso added as before. Allgquots of'0.5 ml were drawn from
-_the uniforuly_éuspended bactertal cell suspeuglons prepared as
previously described and expelled into 1 ml of 12X trichloro-
acetie aceid tTCA). The TCA cell suspensions were incubated at

© 37.5"C for 15 miuoutes. .After incubaticn, the cells wera
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collected and wvashed ax befurle in ,t_he‘.-iilfpou filt_et ;.pfs'ra:ua.
- utilizing glass fi{ber filters. The discs were placed im scintil-
lation wials, dri;d and counted ag described previously.
D. TYhe Uptake of Awminc Acids in the Presence of
4eNitroquinoline=1-Oxide and Gcher :
. Selected Oncogenn
Tha L. 52553 wag treated in the usual ezperizental man=
cer sad a oce ml cell }us;ension {5.56 mg/ml) was facubated
with varying amounts of 1| wM 4-nitroquincline l-oxide (4-NQO)
putchased from Daffehl Pure Chemicals Co., Tdkyp, Japan. The
;ncagen was previously dissclved in physiological saline.
Variaoce Iin volumes was corrected by the addition of physiole-
gical saline so that the total oncogen-maline colution volume
"was 3 al.
_ Opcogen—-galine solutions vwere wmade as follows: Per
100 ;1 solution; b.93 NaCl and 19 mg 4-%QD. Oihe: oncogeni
substituted for 4-NQO were N-methyl-N'-nitro-N-nitzosoguanidine
{MRXG), Datichi Pure Chemicals Co., 14.7 wg; 20d N-aitrogo~
dinéthyl-.uin? (NDMA), Eastmsan, 7.4 mg. .
The oancogen-saline-cell suspension was Incubaced for
-15 minuter at 37.5°C. One ml of 1I glucose was added and facu-
bation was continued for an additiomal 300 seconds, with octasional
mantal swirlinmg. Labeled amine acid was in:radyccd and the time
was matked az zero. ' ’ .: .
Allquots of 0.5 ml were taken from the uaniformly sus- -
peﬁded cell suspension and treated as in the atandard amino acid

uptake study described previously, . _: o .f'i
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E, The Incorporation of Amino Acids fn the ?reseﬁc;
of 4-Hitroquinoline~l-oxide and Other
Selected Oncogens.

Oncogen—nalin;-cell suspensions vere prepared ;nd
fncubated as described in_the methods for measuring amino agld
uptsks Iin the presence of oncogen.. Onca.a;nin 1 nM oncogen-
physiological saline soluticns were used Iin varying a2mounts.
After the addition of labelad smino scid aliquots of 0.5 ml
were taken from the cell suspension and were expelled i{ntec 1 nl
of 127 TCA. This wuspension was iancubated for 15 minutes after

which rime the acild tovoluble fraction was filrered, washed,

dried, and counted ln the manner previously described.

?. The Effect of Nononcogenic.Compounds on Amino Acid
Uptake and Incerporatioco,

The previously described methods were utilized to deter—
mine the effect of selected noncncogenic compounds on amine
acld uptake and {ncorporation in order to coapare effects of
oncogens and nononcogensa. One oM nononcogen solutfons in
physiclegical saline were made by the addition of selected
nanopcogen to 100 ml of 0.%% Nall scletion.

Noponcogens utilized included:s GClelend's reagent
" (dithiothreitol) (Calbiochem), 15.% mg, 2and 4-nitropyridine-N
oxide (4-KPO) (X and K Laboratories), 14.0 mg. Actinomycla D,
{Sigma Chemicals, Inc.} was utilized in # comcentrarion of 0.125
mg/3 ml. The bacteria wes treated in the sameé experimeatal
manner as bvefore with aliquots of 0.5 ml being taken from thg
suspension and counted dlrgctly #a well as being subjected Lo

the TCA treatmeat before countling.



50

L -t b
ST .

ol

G. The Uptake and Incorporation of 4~Eitroqu1noliné-
. l-oxide-3H. :

.4-uit:oqu1noline 1—ox1de-3H (&-ﬁQD-jﬂ)vas prepared in
this laboratory.utlllzlng the Skrauvp reaction adapted by Manske,
et al (140). One ml of luM 4-NQO-3H gave a reading of 2,900
CPK fn the liquid scintillation system used. The powdered
33-6-3Q0 was dissolved in physiclogical saline t¢ a concentration
of I mH and subgtituted for 4-NQO in ghe uptake experiments
" ‘described fn the section on the determination of the effect of
.&-uitroqulnoline—l—oxide on amine acid uptake and incorporakion.
However, time zerc was taken as the additcion of bncogen and
© saline in contrast of the use of the additfen of labeled amins
acid as time zero, Sawpling, vasﬁing, drying, and counting were
carried out as vreviously described, Care was taken to duplicate
the same concentraticns found in aminc acld uptake and incor=-

poration wark.




RESYLTS .

A Ba;teria fnncentra:ian
Turbidity readings of a known dry weight of Lactobac{iigi
gasel were taken on a Klett-Summerson photoelectric colerineter
8ag that dilucluvas of freshly harvesced bacteria could be made
for each experimental determination. These readings are listed
- dn Table 8 and 1llustrated in Figure 4. A reading of 125 on the
Klett-Summerson was routiacely vused. This is equivalent to a

concentration of approximately 5.6 wg of bacteria per ml.

B. Standard Uptake and Lneorporation
Standard uptake and incorpeoration curves for 4-nitro€uino¥ine
l-oxide->H are shown in Figurcs 3 and 6, respectively. The dara
'for these curves are llsted fn Table 9 and Table 10.
Figures 7 and 8 show uptake by the bacteria when labeled
amino acid levels are at toncentractions less than saturation.
The data for these figures can be found in Tébles 11 and 12,
| Data for the standard uptake and Incorporation of lag
'glyéina are found in Tables 13 snd 1%. This dara Is plotted in
Figure 9. o o o
The data and flgures for standacd uptake and Incorporatien
‘of other amine acids may be found as follows: L—alaninehlﬁc,
Tables 15 and 16, Flgure 10; L‘methionine—lkc_ Tables 17 and 18,
‘Figure 11; L-tyrasine—lac, Tables 19 and 20, Figure 12, -

S1 ‘ . f”l .

:

j‘




" TABLE 8

ELETT-SUMMERSON PHOTOELECTRIC COLORIMETER STANDARDIZATION
Q.0789 MG LACTO3ACILLYS CASTI (0RY WELIGHT)

K-S reading . ml su.-;pensi.oa concentration eg/fml
150 . | 12.7 6.2
'uo‘ . . ) 13.3 5.9
1:1"' R 13.9 5.8
123 . 5.5
s .. o 1s.0 5.3
w07 U ass ‘ 5.1
o1 164 4.9
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. Tﬁsiz 8 ) .
TOTAL UPTAKE OF 4-XITROQUINOLINE 1-0X1DE~JN Bt
LACTORACILLUS CASEIL
Time (3aec) Counts per wminute
60 | s85
180 ' o ' . 192
300 s 218
420 ST P T 5
600 - _ ."T'. R &1
1020 - a3
1340 I 120
1260 | o o S *
1440 L R K o $0
1620 | ' :. . { ]
1800 N "R
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TARLE 10

INCORPORATION OF 4~NITROQUINOLINE 1-0XIDE-H
BY LACTOBACILLUS CASET IN ACID INSOLUBLE PROTEIN

Time {(sec} Counts per Miaute

60 21

20 e
wo U oa
300 ' E CL 5; : «'f 63 B
420 '.'_ o -_'_'  . s

660 . v 60
9s0 - - - _. | - - - o 62
11‘0 ) ’ : "f.? ::..'. .. 53

1260 ol s
G asse sy b

1440 _ L s T T
1620 R e
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TABLE 11

EPPECT ON UPTAKE OF 1%C AMINO ACID BY LACTOBACILLUS
CASE]l WHEN CONCENTRATIONS ARE BELOW SATURATION LEVELS.

L0uCi GLYCINE-l4c¢

Time {sec)  Countse per minute
W 30 | 1490
120 o | . 1703
240 | 1837
660 2437 i
1080 2854
i9a0 3419
3200

4243
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TABLE 12

EFFELT OM UPTAKE OF 1‘0 AMINO ACTDS BY LACTORACTLLUS
"CASEI WHEN CONCENTRATIONS ARE BELOY SATURATION LEVELS.
' 1uCl L-ALANIHE-l4c

'l‘_im.e (sec) Counts per miouta

60 _ s

50 S o L

120 - < 974 ‘
o s | -
600 ' o a1
720 | B - 1 ) ' b
780 . ' R 1436
1140 - - . o 1_ 1526
1200 _ o 1751
1320 - : L )  15§8 '
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TABLE 113

STANDARD UPTARE OF GLYCIRE-1%C BY LACTOBACILLUS
LACTORACILLUS

CASEI 33uci GLYCINE-1%E

Time (sec) Counts per minute
11 18,509
60 74,440
180 ) 32,173 .
180 35,841
- 270 37,280
220 . 41,722
420 50,000
660 47,998

780

48,955
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" . TABLE 14 .

STANDARD IXCORPORATIOR OF GI.YCINE-]"'C BY LACTORBACILLUS CASEI.
33ucy cLYCINE-14C

l|

Time {mac) : Counts per minute

220 - - 16,569
220 C T 18,338

30 : o o aan

60 ; T za,36 '

LEBD o E ‘. ‘23,500 3 : e

S 11 28,434

600 ' - 36,538
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TABLE 15

. STAYDARD UPTAKE OF L-ALANINE-14C BY LACTOBACILLUS CASEL.
3IuC1 L-ALANINE-~l4C :

Time (sec)
. 60
60
130
220
360
360
w7 420
480
600

Counts per minute

12,568
20,270
29,738
42,280
46,977
60,905
. 50,620
0,226
63,797




-

el TABLE 16

STANDARD INCORPORATLION OF L-ALARINE-}4¢ BY LACTOZACILLUS CASEL.
33uci L-ALANINE-14C

Time (sec) .ﬁounts per anigute
220 ' LT 7,940
% - - 10,70
T T I R 1T
T soe - S 27,479 \
600 : . 32,910
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tapLe 17 7 o

STANDARD UPTAKE 0F L-METHIONINE-14C BY LACTOBACILLUS CASEI.
33ucL L-METHIONINE-léC

Time (mec) Connts per minute

60 e e, 126,258
o I'”?t:f_iﬁ.m w0 .' 'f1  ¥ 117,247
wo h ; --;f:'144,291
300 o .:_:, . : o 118,299

300 . S 108,549
420 LT 136,458
600 o ' 142,699




STANDARD INCORPORATION OF L*HET‘HlDNIHE-l‘C BY LACTOBACILLUS CASET,
33uCL L-METHIONINE-1%¢

&9

TABLE 18

Counts per minute

Tine (wec)
180 31,2438
180 25,404
300 28,102
300 33,678
A20 39,323
420 41,840

820 48,960
500 53,821
660 56,074
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STANDARD UPTAKE OF L-TYROSINE-34C BY LACTOBACILLUS CASEI. _

7

TARLE 19

“33ucL L-TYROSINE-14C

Tione (sec)

Counta per winute

60
&0
‘ 180
180
300
300
420
420
600
600

35,210
32,57
£7,816
52,800
" 69,815
| 46,113
S T S ¢
S 63,631
56,089
65,344
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TABLE 20

STANDARD INCORPORATION OP L-TYROSINE-}SC BY LACTOBACILLUS CASZI.
o 33pCL L-TYROSINE=16C '

Tine {sec) Counts per minuce

60 _ o 15,558
0 . : | o 15,051
180 R T T
10 . T 13,907
300 S T 19,387

0 Y TR 1T

420 e 24,862 i
. L . . . o
420 - L 32,347 L

420 T weLem
o0 R 51,534
. 6§00 T . .: N - 31,066

' .
. +
[
-
[
. R
R Y
. N
- J4
- i
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.. '"C. Effects of 4-Nitroquinoline 1-Oxide

The effect of 4-BQ0 concentration on glycing~l4C upt;ke_.
and incorporation can be found in Tables 21 through 24 and 1n
I?lgutes 13 and 14, The nptake wvalues obtained when 0.1 ul!ﬁn
4-HQO0 was added fio the presence of L-alanine=1%¢ are shown in
!able.25 and diagrazed 1a Figure 15. Incorporation results for

the same experfmental procedures are listed in Table 26 and

j
ot
i
1
!

shown in Figure 15.

. Other uptake and incorporatlion data in the presence aof
1 wl/oM 4-HQ0 are as follows: L-methionine-l%C Tables 27 and 26,

Figure 16; L-tyrosine-1%C Tables 29 and 30, Flgure 17.

;{: o 'D. Effects of Other Chemicals

For comparative purposes, the nononcegenic chemical

4-~nicropyridine l-oxfide was used to replace 4-NQ0O In the L-za2lanine-~

lig uptake experfimeuts. The results are presented in Table 31

and 1llustrated Ea Figure 18, The incorporation of L-alaatne-1%¢

is shown in Table 32 and graphed in Figure 19,

ety

Two known oncogeaic chemicals were 1ndiv1duélly tested
with this experimental procedure. The effect of 1 wml 1 mM N-
aitrosodimethylanine on L-alanine-14C uprake 1s listed fn Table
33 and drawn {n Figzure 20. The effect of thiz oncogen on L-alanine-
l4¢ incorporation is reflected in Table 34 and fllustraced inm | i
Figure 21. Tables 35 and 36 record the effect of 1 m./xM of tﬁe |
other oncogen tested, !-letbyl—ﬂ'nlt:n-N—nitrogo guanidine, on
the uptake and lacorporation of L-alanine-lac, respectively.

Figure 22 records the data Ian Table 35 and Figure 23 recards

che data in Table 35.




EFFECT OF 0.1
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TARLE 21

ml lmM 4<NQD D¥ GLYCINE-14C UPTAKE

BY LACYOBAGCILLUS

33pcf GLYCINE-

Time (wes) Counte per minute
60 19,233
0 epv _ _‘19,463
e 180 21,136
'-f' 300 23,660
; 4§20 ¢ 24,385




EFFECT OF 0.3 ml 1gM 4-NQO ON sLycInE-ldg
- INCORPORATION BY_LACT_{_)_B_.&CILLUS CASEI.
' 33ucCL GLYCINE-14C
Time (sec) GCounts per minute
60 . _ 16,969
60 '  : o o 16.77&‘
“ wo - - | . 19,989
‘ s20 L 22,253
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TABLE 23

EFFECT OF 1.0 wl oM 4-NQO ON GLYCINE-L4C
UPTAKE BY LACTOBACILLUS CASET, -
33uCt GLYCINE-14¢

Tioe {(sec) Counta per minute
120 , 13,542
w0 . . 18,352
77 SR R T E
420 e o 21,674
ss0 R Y YT T
600 : L TP tT S L

600 ' ' 18,582
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TABLE 24

EPFECT OF 1.0 ml 1N 4-NQQ ON GLYCINE-l4¢
INCORPORATION BY LACTOBACILLUS CASEI,
33ucs GLYCINE-l4C o

Tinme (sec) " Counts per mipute
300 , o 12,519
7Y S L '; o 11,465
500 _ IR 18,581 ‘
660 o J . l 18,137

720 - : ' 17,185
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TABLE 25

'©. EFFECT 07 0.1 nl laM 4-NQO ON L-ALANISE-lég
' ' UPTAXLE BY LLCTOBACILLEE CASEL.
330CL L-ALANINE-1%C

Time {sec) Caunts per minute

60 AR 10,344
60 - i - © 12,113
180 ' ' g i 1_ 11,712
300 S . 1s,008
200 o o s,
420 - ' -:__ L 18,274
600 . . | S 18,429 o 'J_ﬁ

600 L ;25,250




TABLE 26 ..

.. " EFPECT OF 0.1 wl laM 4-NQO ON L-ALANINE-14C

INCORFORATION RY LACTOEACILLUS C_a.SEI_
33UCL L-ALANINE~L4C

Time (sec) ' ) Counts per minute
o - . ‘ 10,049
00 ) 15,513
420 S 17,078
600 - _ 19,340
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TABLE 27 .

EEFECT OF 1.0 ml luM 4-KQO ON L- uarn:om:ns-lﬁc

UPTAXE BY LACTOBACILLUS CASEI.

33pCy L-METHIONIRE-LC

Time (sec) : Counts per minute
60 66,487
180 75,171
180 73,138
300 . 96,166
420 92,106
600 - 115,919

<
i
‘h
ﬁ
o
Y
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TABLE 28

EFFECT OF 1.0 ml 1mM 4-NQO ON L-ueTHIONTNE-14¢
INGCORPORATION BY LACTOBACILLUS CASEX. ’
31uC1 L-METHIONIKE-I4¢

‘" Tive {mec) Counts per minute
60 o o 18,751
‘60 - ST aaaes
) 180 | 235,618
0 . 36,829
S 17 B o - 30,760
Y 600 T k1,852
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TABLE 29 -

EPFECT OF 1.0 m]l Im¥ 4-NQO ON L-TYROSINE-14¢
DPTAKE BY LACTOBACILLUS CASEI.

33pCY L-TYROSTHE-34C

Timne (sec) Counts per minute
60 26,442
180 44,767
06 ' " 68,505
420 62,393
600 95,798 '
76,124

600




TABLE 30

EFFECT OF 1.0 ml loM &-NQO ON L-TYROSINE-l4g
INCORPORATION BY LACTOBACILLUS CASEI.

33pCi L-TYROSINE-1AC

Time (sec)

Countwa per minute

&0
180
180
300
420

€00

42,518
65,607
31,325
42,427
79,977 .
66,183
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TABLE 31

EFFECT OF 1.0 mi lm¥ 4-NPO OX L-ALANINE-l%¢
DPTAKE BY LACTOBACILLUS CASEI, :
33pCE L-ALAKIRE-~L%C :

>

Time (oec) Counts per minute

0 . : 19,371
60 . | C 14,988
T S 11,268
, 10 L 1sars b
180 o o 33,01

180 . o T 20,230

i 300 S ': : o 23,897

1 300 o - ' 28,591
o0 - a0
a0 T ag,28s
oa20 e asam
| 420 ,.___.--'l 32,936

600 . . s a1,749

600 S e 31,200
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B TARLE 32 B ) e L
EFPECT OF 1.0 ml 1u¥ 4-¥PO OX L-ALANINE-LSC
INCORPORATION EY 1LACTOZACILIUS CASEI.
33uCL L-ALASINE-L5C
Time (=zec) S ‘Counts per minute
60 12,160
66 . 11,567
180 . o o T 14,022
180 ) 7 10,566
300 . . 13,862
300 o Tanem
00 o oL 10,505
a0 T maes o
420 SR EPY T T
s20 . S C Y e
600 - T .;_ﬂ'a 30,293 |
600 T L 28,322
600 - L 1s,995
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TABLE 33 .

EFFECT OF 1.0 =l luM. NDMA ON L-ALANINE-1é¢
UPTAKE BY LACTOBACILLUS CASEI,
33uCi L-ALANINE-L1AC
Time (sec) I - s Counts per minuts
60 _ 54,668
a0 - S 12,348
420 S 90,968
500 . T 80,703
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“TABLE 34

EFPECT OF 1.0 wl InM NDMA ON L-ALANINE-léC
INCORPORATION BY LACTOBACILLUS CASEL.
IJCL L-ALANINE-14C

Tiwe (sec) - Counte per minute
£0 L S 17,122
180 L . o - 55,906
420 K . © 85,376
660 _ .. j0,018
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C : © TABLE 35
EPFECT OF 1.0 ml 1oM MNNG ON L-ALANINE-1l4¢C
UPTAKE BY LACTOBACILLUS CASEI.
33uCL L-ALANINE-13C
Time (sec) K . o Counts per minute

60 : 22,165

180 s 29,576 -

180 L R , 45,520

. o0 U amese

T 20 . - j L AL,494
* 20 ae,s

600 o L 50,199
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YABLE 36 . -

EFFECT OF 1.0 ml lmM MNNG OF L-ALANINE-lé¢
INCORPORATION BY LACTOBACTLLUS CASEI.
33uCci L-ALARINE-L%C .

Time (Bmec) Counts per minute

&0 _ _ o 18,851
we : -':'*efT-'ZI"“sl
“300 T S aa,e02 L
s20 S0 28,118 |
600 R ' © 25,872
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‘I'ABLB.37
UPTAKE OF 4~#ITROQUINOLINE 1-0XIDE-’R BY -

LACTORACILLUS CASEI IN THE PRESEKCE OF ACTINOMYCIN D

Tine (sac) ) . ' Countg per minute
60 . . o _ o128
120 . .
240 S qen
0 .. I U
o0 e BRRER T
a0 L0 .
540 - o 74




DISCUSSION

A. Prelace

It han noﬁ become apparent thar a major portian.of
'sponc;ncouu oncogenlc atates in humans has been repréduced by
chemical induction. It is therefore, not caoly desirable, but
 most necessary in aur industrialized soclety to develop and
gtilize a simple, standard procedure to determine 1f a chemical
haé_uncogenic properties. One of the:nos: obvicus physical
charaéter;sgics of mammals sguffering from cancer is ap alteration
of normal tiseve. The relationship of tissuve integricy to
genetic function has stimulated an exteansive search fo? alter-
" atfons in genetfc material by chemical oncogens,

Clogaly assoclated with deoxyribonuclelc actds (DNA)
and éhe various forms of rtbonuclbié acids (BNA) 1s protein
;ynthesis and the anioo acids. -HoSt.ﬁf the work that has heen
reported on the effect ¢f known oncogens on protein synthesis
" 'has been its effect on groas synthesis, 1.e. elther the test
_orésuish Rrovs slouer.o: faster. Ic was therefore considered
.of.interest to investigate the sffect on cthea ﬁptake and incor=-
poration of amino aclids by selected oncegens, with special

. emphasis on é-nitroquinoline l-oxide.

B. Standard Uptake and Incorperation of Asino Acidse
Because of the avallability, ease of handling, novon=
pathogenicity and amount of previously published work,
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Lactobacillus casel was selected as the experimental organism

for chis i vive work., Alanige 13 Tequired in greater amouats

for optinum grovth of Loctobacillus casel than any othar aminoe

acid (See Table 6). Before the fate of alanine in resting

Lactobacillins casel cells in the preaence cof oncogen could be

deternined, standavd uptake and incovperation curves ¢f L-alanine-
l4¢ yere determined. These curves closely pavallel those reported
by Leach and Soell (139). Any discrepancies are most easily
explatned dy the differences ip methods. Characteristic rapid
vptake levels vere vhserved with ma;imum levelas being reached
within ten minutes. The chiefl diffigul:y in determicning the
standard uptake of L—alanine-lﬁc waeg in fiqdlng the aprropriate

_ tatio of bacteria cell concentratiaﬁ te labeled compound. Uotil
saturation wicth 140.lab§1 was sceompiished a steady drift upward
in alanine uptake was obesrved. It was determined that 33uci

was an appropriate level of 5.56 mg/ml lactobacillus casef

diluted to 6 =1. The additiocn of 50uCY L-alanine~13%¢ did aot

alter the experimental resules.
. The Incorporation of carbon-14 labeled alaniane as expected‘
was directly proportional to ctime. This was once.again in agree-
mect wich reported data (239). Labaled glycine, metﬁion;ne,

b.uu! tyrosine were substituted for alanine with similar resulta.

All exibited fmmediate rapid uptake qf the aminoe acid with the

incorporation being time dependent.
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S

€. Dptake and Incorporation of L-Nitroquiaolipe
: l-oxide-IH by Lactobacillus cased

in order to establish whether 4-microquinoline i-oxide
reacted vith the macrozolecules in the bacterla, triciue labeled
4~5Q0 was added to the experimental system. The Lactobacillusa
caseil experienced an immedfate and rapid uptake of tritfium
activity, presumably of the labeled oncogen. After approximetely
ope minute the trend 1s sharply reversed by the bacteris and the
amount of tritium ficund in the organism {8 rapidly lowered. The
_ Temalning label {s then gradually lowered.

The incorporation of tritium activity iato trichloro-
scetic actd insoluble protein also i3 fnitlally rapid. The
organism then begins an egually rapid removal of bouad activicy.
After three minutes, most of the radioactivity present in the

Lactobacillus casei 1s in bound form. This data lends further

Bupport to the hypothesis that the mechanjsm for 4-HQO-induced
encogenesls 1s a rapld process where the contact with the target
tissue or organlsm need only be for a minimal tiome t141.142).

It 15 of interest to note at this time the speed with
which an cncegenlc state may be induced in this experimental
system, This ifa of great merit when suggesting rapid test for

.possible oncogenic chemicals.

The addition of Actinemycin D (0.0042 mg).in addition
t;ll ml 1 oM 4—NQ0-38 prevented the uptake of the higher amounts
raported above. The initial amouats were nuch lower than tﬁose
given in the absence of Actinomycio D (see Tables 9§ and 37).

&ctinomyéin D is kpnown to prevent the synthesis of

hesienger RRA and in turn prevent mew protein synthesis. However,

R
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' 4-NQO was” apparently net excluded from the organism becaune of

its presence in the experimeatal system.

D, Introductien of 4-Nitroquinoline l-o;ide
into the Standard L-Alanine<lég
Experimental System

The preseace of 4-nitroquinoline l—oiide in the ex~
pevimental gystem had s dlgtince effect upon the uptake and
incorporation of all the amine acids resced. L-alantae-14¢
vag the most sensitive to the presence of 4=-NQO. Quantities
of 0.1 ml of 1 mM oncogen in saline diluted to aix ml in the
experinental system caused a decrease in the ampunt of L-alacine~
lé¢ ¢aken up by the bacreria. These data were wvery much in line

with previously reported work from this laboratory shiwing a

decrease in growth of Lactobacillus cased in the presence of

6-NQD (110). When the level of oncogen is lncreased to 0.056 oM
or 0.167 oM the amount of L-alanine-1%4C raken up is reduced co
what is apparently the minimum uptake level in this rest system
of 10,000 to 12,000 CPM. '

Far more startling than'thE lowering of awmine acid uptake
by the oncogen 1d the effect of §4-NQO on che amino acid incor-
poratiop. The imcorporation of L-alanine-l%c 15 initislly ia-
creased above the levels of standard alanine incorporation. Upon

- examination of the.cutves and data it becomes apparent that
incorporatlon of amino acid parallels amino acid uptake.

Thege data supgest that a potentially cancerous laoiciacing
state, as reflectad by echanced proteiln synthesis, hﬁu been inp=-

duced 1o the test organism wicth only 0.1 wl of 1 a¥ 4-HQO0. The
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inerease Iln amino acid incorporation, even though amiﬁo actid
uptaké is reduced, suggested that control mechanisms for protelin
synthesis In the bacteria have been inpaired. In rhe remalnder of
the discuysion there will be frequent reference to the shape

.of the amine acld incorporation curves. The standard curves
demonstrate a direct relationship between time and uptaka. The

curves given by Lactobaclllus casal in the presence of oncogen

appear to be most dependent on the amino acid comcentration In
the bacteria cell,

. One of the greatest difficulties in using In vivo systems
IS: investigational purpogses is that 2o two ovganism ever act
exactly alike. Even theugh careful céusléeration was given to
controlling experimental parameters some scatter was experienced,
S5ome of these points have been included Ln the da;a section of
this manuscriprt, oot to demonstrakte to lack of accuracy of the
teat system, but finstead to show that.shapes of various data
curves are not altered appreciable evea though they_might be
moved up or down tha graphic gcales. | | -

E;".Reversal gf the Effect pf &-Nitroquincline.
l-oxide on L-aplanine-14C Cptake and -
[ Iacorporation
A; hss.Been pointad out previously the addition of =Sl
Igroup containing compounds :avers; the blochemical effecﬁs of
4-8q0 (11Q). Among other research groups; this laboratory has
reported that cysteime, glutathlione, and Cleland's Reagent
{dicthiothreictol) are examples of the varlety of ~SH compounds that

will effeect this reversal.
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Cleland's Reagent had a reversing eflect upon the bibﬁhemistty

of 4-HQO. When used‘in a 1l:1 mplar:i=olar ratio theiupcake of
L=alanine-13C wvas iacreased froas tﬁe levels given In the preseccs
ot-o.OiGT xM 4~NQO solution without Cleland's Reagent. Th;
incorporation curves of L-alanlae-l‘c 2re also aliered when
Cleland's Reagent is added to the &-¥QO0-bacterial cell suspension.
The Ifpcorporation curve ne looger followm the amino aé!d con-
contration dependent curve, demonstrating a biocheuical effect that
could be related to an initlial carcincgenic state, but follows

. the time depeadent cutrve of the standard incorperation vork.

F. Effect of 4-Nitroquimoline 1-oxide om Other
Selected Amigo Aclds and Reagents

.

(1) Glycine

Standard uptake and 1ucorpufation curves of slycine—lac
vere. as expectzd. The upté#e curve showed an initial rgpld
uptake with 2 saturaticn level less than that observed for
© slanine., The effect of 4-NQOD on glvcine uprake wag less pro-
oounced thao that for alanine. The addition of 0.1 wl I oM 4-8Q0Q
loiue!on had no obvious effect on the yptake curves. By in-
creasing the amount of 1 wM 4-XQO0 solution to 0.3 w)l and 1.0 ml
an oncogen concentration-glycine uptake dependency was established.
The greater the 4-N(QO concentration the leas total glycine vas
taken up by the organism (see Figore 25). These data suggest
that 4-HQD may iuduce an alteratien Iin the membrans of the

bacteria reduclzg the amino acid vptake,

 '1n the experimental system preseantly under.discussiou : 'ﬁl<
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Inttfaily, the 6.3 ai of §-NQ0 (I mM} enhanced the glycine
¢ incorporation even though the uptake was lowered by the additien

of the game level of oncogen. A cowmparison of standard glycine-

140 incorporation ard 1ncorporaﬁion in the presence of 0.3 ml
I4-NQ0 13 11lustrated in Figure 26, 4 possible-interpretatian

of these Tesults {5 that two mechanisms are Iinvolved in the
organisms response to the presence of 4~-NQO; one response being.
a depregsion of the abilicy of the bacteria to efficien:ly traca-
pert amine acids acrtoss its membrane and the othe; way be either
the.lass of a specific.proteiu coding~sequence mechaunism or a i

general growth enhancewent caused by a losa of fmhibition control

over protein syntheais.

{2) Methionine

Tge uptake of L-methionioe-1%¢ had ; higher maximum
limit than the other amioo apids tested. The curve shape re~
mained the same a§ cther amino acids i;é; an loitial rapid uptake
rate followed by a leveling off of the curve. The uptake followad
the charactéristic time dependent pattern (Figure 11}.

The addicion of 1.0 ml.l mﬂlﬁ-HQO failed to lower 'cthe
uptake of L-methionine-19C as much as had been expected. This
indicates that cthe methioniﬁe upcake mechanism isg lesz sensicive
:o.the presence of the oncogen. ‘The m?thionine, much 1like the R
glycine has ite Incorperaticn initi&lly enhanced by the presence
of oncogen. It has been reported (138, unpublished {nformation)
that methiounine reacts with 4-NQO. Assuming this to be correct,
methiouine may have a réversing effect on 4-NQO-induced biocloglcal _

alteratfon. Thig rveversing might be accomplisbed by mimple
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extr#cél;ular cheaical reaction with the iolubie.ﬁfﬂqa or thraough
a conpetetiye replchmént ccaction with cthe Q-HQO-macrdmnlecule
complexes.

{3) Iyrosine

The uptake and incerporation of t-tyrosine-lﬁc showed
‘the expected resulrys af quick fnictal uptake and & time depeudent
incorporation curve {Figure_lZ).

In the same discussion that alludes to 4-NQO0 reacting
viqh‘methiunine it was also pninted out that tyrosine reactsl
wviech 4£-HQO to form a ninhydrln'posltive compound that was not
tyrosine. Data on the uptake of L-tyrosine-léc by Lactobacitlus
cagel indicates that, much like mechicnine, tyrosine is not -
greatly inhibiced. The iIncerporation which is appareatly
acimilated poses some preblems in ioterpretation. The dzta would
.lead to an Interpretation of a greater Incorperation of Lig
than of uptake. This being impossible, we propose that the
4-HQD alters or reacts with the tyrosine fn such a way.that it
nc lopger can be washed throush the millipore filrcer. Either
the stze of the complex Is such that 1t is tao large or it 1s
precipitated with the other TCA insoluble protein.

(@i N-methyl=-N'-nitro-¥-nitrosoguanidine '

Since alanine had proven to be the most sensitive anmino
acid to the presence of 4-NQQ0 it was chosen lor experimencal work
with another water soluble oncogen-N—muthyl-N;-nitra~N-n1trosu
guanidine (MNNG). One ml of 1 mM MNNG sclution was introduced
into the zes: system with only modest loss of L-alanine-t%¢c

uptake levels. The incorporaticn curve was altered ifn appeafnnce
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very much like those that were amine acid conéentréﬁion.depend;n;.
It 1s interesting toe note that HNNG‘after an initial stimuwlaclon
of alanin. incerporation, reached én early apparent saturation

of {ncorparation. ' - : T |
{5) N-nitresodimethyl amine .

. The third kpnown coneogen uwsed in the ciperimentgl system
vas N-nictrosocdimethyl amine (NDMA). When 1.0 wl 1 oM sclutlon was
used alanine uptake was stimulated modestcly. The incorporstion
under the same experimental eonditions showed a marked stimulation
of 14¢ alanine incorpeoration similar to that shown by alanine
in the presence of 0.1 =1 1 oM 4-HQO.

(6) 4-Nitropyridine N-oxide

The presence of 1.0 ml 1 mM 4-nitropyridine N-oxide ia
the experimental system produced a small inhibition from the
standard uptake of 14¢ a3anine curves. However, the inhibition
wvas not of the severity the 0.1 al 1 oM 4-N¥Q0 produced. The
fncorporation curve is a ctime de}endent curve very similar to

the stundard 148 alanine curve.

G. A propozed Mechanisnm

Before drawing ficmal cenclusicns as to the posgible
.rou:es through vhléh d-pnitroquinoline l-pxide may alter normal
biclegical processes and thus iniclate oncogenesis, it would be
benafFielel to survey briefly the curreatly acc;pted route of
protefn syathedis. The specific coding for the order of amine
acida in proteipnas is found in the deo;yribunuclelc acid (DNA).
This coding is transcribed from the DNA to the messenger

ribonucleiz aclid RNA {(mRMA}. The actual proteinm anthesis oceurs
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at the ribosemal RNA (rRﬁA} level where the mRNA.is h;ld in S A
place so thatr the codons of mRNA and the anticodens of the amino
I acid-charged trangsfer RYA (tENA) can be paired. Az is usual for
metabollie processes, these steps are enzynatically catalyzed.

We shall nov coasider esach aone of these steps in light
of the data given above, . .

Whereas It 1s quite possible, even ﬁrbhable, that theze
is some &4-NQO-DNA interaction the rate of amino acid incorporation
‘dn the organism ic net rotally inhibited ar the levels used.
Therefore the nRNA oust contioue Eo be transcribed from the DNA
st much the same rate as before since it is apparently available
or fncorporation would mot continue at the same rate as bafore,
not to mentjon a possibility of Iincreased ratc of incerporation
Ithat was demoustrated im the data presented {see Table 22, 24,

26, 28, and 30}, R
In searching the data on 4#-NQ0-3H we should be reminded
~that the amouet of &—NQO-SH in the organism 1is gdns!derably legs
when the labeled amino acid is addad than when 4-NQO-JH fs~
inftially added {see Figure 5). We would tﬁerefore suspect 4n
oncogenesis reaction that weuid require a minimum amount ofF
4-¥GQ0 binding. When the componenta of DNA and RNA are examined
we ohserve that both contain ribose sugar, phospha:e residues
‘and the aromatic nitrogen-containing bases guanine (G), adenina
{A), and cytosine {C). DNA also contalens thymine (T} and RNA
contains uracil €g). It has been reported thac 4-KQO reacts

with guanioe (133,143). It could thevefore react with efcther

DNA or RNA., 4-HQO0 does not appear to have a pronounced effect '
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on tRHA (1&&;1&5). The terminal end of tRNA that attacheﬁ.to.
specific amine actids contalins A4,C,C. There 15 no Zuanine present
to react with 4-XQD and thus hampér the charging of the tBNA
with #n aminc acfd. The data in chis paper also suggest that
sufficient tRNA-amino acid ceamplexes are available to contlinue
protein synthesis at the normal or even increased vacte (Tahlen
22, 24, 25, 28 and 30). '
There {s more rRNA Iin che cell than an} other form of
,RNA. It does not appear tu be completely 1og}ca1 to assume that
the small azount of 4-NQO bound in the cell could aleer all of
the guanine in rRANA or eaven a sufficient amount to alter its
biclogical properties. L 'u_ _ T
. This lice of reasoning now Jeaves only the mENA. A
default judgement that mBRNA was the point of 4~NQO attack would
not be appropriate. 1In our examination of the role mRNA plays
in protein synthesis we noted the codons of wRNA and the antdl
codons of tRNA. A tisting of the amine acids invelved In ﬁﬁis
research and their mRNA codon sequence is given in Table 38.
Eecalling that 4=-NQQ reacts with &, Table 38_lends itself to
the Following explanation: (1) Alanine 1ig the Qost sensitive
amino acld tested 1in the presente of 4-HQO0 and each one of its
codons has at least one £f. {2} Glycine, which appesrs to be
less sensicive to 4-NQO hag at least 26 per codon. This descre-
pancy 13 best explafned that by reacting with the 4-NQO féwer
total codons are affected by 4-MQ0 interaction. (3) Methionine,
even with voe G per codon may react with the 4-NQO and thus

prevent it from reacting with its codon. (4) Tyrcaice which i3
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i iifccted 1es§t By the presence of 4-NQO has no € in ics ¢czdon
te feaét with the 4-NQ0. (5) At any peiat where 4-NQO has
attached 1:;31! to :h} codon the anticodon of tRNA may be
sufficiently held to allow the formation of nonsense procéins.

In conclusfon, we note that there are multiple possible
4-HQU-macromolecular ianteractions:. We feel, however, from the

. above data and reasocing, that che 4-¥QO-mRNA intersction may
prove to be an initiating point for 4+«NQD-induced oncogensis.

~ Ie v§uld also be appropriate to note that the other oncogens

tested all changed their L-alanfne amino acid ineorporation
turves ffen.:iae dependent to concentration dependeat. Even
théugh no nSvious chemlcal similarities can be drawn from

'sttuctutes.-thelr alteration. of these curves wmay prove to be

lignifican:'as 2 method. of screening potentlal cncogens.




SUMMARY

The test system developed for this work ucilizing

Lactobacillus casel gave ;he follbuing Tesults:

1.

G~Nitrogquinoline l—oxide43ﬂ is taken up rapidly
by the bacterla in the experimental systea.
There is an equally rapid reduction in tritlﬁl

label revained by the Lactobacillus casel.

h=Nitroguinoline 1-oxide-3H {s incorperated ioto

the bacterfa inmitially aad abows a reductlion of
Iincorporaced tritium label with time._

Actinonmycin D was added £o Imterrupt thé syathesis

of messenger riﬁonucleic.acid. This d1d mot pre-

vent the uptake of tritiuva iabeled &4-nitetoquineline
l-oxtde. - . )

Standard glyci&e-lac, L-alininc-lﬁc, L-methionine-rhc.
L-tyrosine-l‘C, uptcake data show the characterfstic
fatcial ‘rapid. uptake, folloved by a leveling off of
the l‘c amino acid'conc;wtrations in the cells.
Standard glyclne—148, L—alanine-lﬁc! L-methibnin?-l&c,
L-tyrosine-l‘C incorporation data showsa a tiae -
dependenr series of values.

The L*alanine—lﬁc is the wmost sensitlive to le;els

of 4-pitvroquineline l-oxide of the amino acids tesred.

119 - T
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3 : 7« The glycine*léc uptake levels were shown to bel

foversely dependent upon A-uitrAquinbline twoxide |
levels.

8. All anmino acids tested experienced alteration of h

‘ their #tandard lncorpgration curves 1n the preasence

of 4-nitroquinoline l-oxide. Ld&lanine—14C was
altered when the level in the rest system reached
G.0167 oM. Glycine-lac incorporation was changed ' .
when the oncogen level reached 0.05 mM. L-Mecthionine-
2a¢ and L-tyrosine—lac vere altered from their

stanaard incorparation values when the f#-anitroquinoline

l-oxidﬁ level was raised to 0.167 mM. o

9. Other known oncogens tested in this experimental

P =,

System were N;nitrosodlmethil amine and N-methyl-

. H'-aitro-¥-nitrosoquanidine. They gave an algeration
much like that given by 4-nitroquinolise l-oxide.

.o 10. " The nongnedgen 4-nltropyridine l-oxide was rtested

R

and gave mo alteration of the L-alanlﬁe-léc fncor~-

poration curve. - |
From the results presented a mechanism for Lhe 4-pnitro-
quinolioe l-oxide alteracion of bioluglcal.metabolism was sug-
gested,. Specifically, thls was the interaction of the quaninel
residue in the messenger riﬁonucleic acid codon. It was alse .
noted that the experimental methoud devaloped for thils work may
prove to be useful as a teﬁt sgstem for chemicals suspected of

oncogenic character,
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