This article was downloaded by: [University of Toronto Libraries]

On: 23 November 2014, At: 17:10

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Agricultural and Biological Chemistry
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/tbbb19

Structure-Activity Relationship and
Design of an Antimutagen against the
UV-Induced Mutation of Escherichia coli

Katsumi Kakinuma®, Junpei Koike?, Keiji Ishibashi®, Wataru
Takahashi® & Hisashi Takei"

& Laboratory of Chemistry for Natural Products, Tokyo Institute of
Technology, Midori-ku, Yokohama 227, Japan

b Department of Life Chemistry, Tokyo Institute of Technology,
Nagatsuta, Midori-ku, Yokohama 227, Japan
Published online: 09 Sep 2014.

To cite this article: Katsumi Kakinuma, Junpei Koike, Keiji Ishibashi, Wataru Takahashi & Hisashi
Takei (1986) Structure-Activity Relationship and Design of an Antimutagen against the UV-Induced
Mutation of Escherichia coli, Agricultural and Biological Chemistry, 50:3, 625-631

To link to this article: http://dx.doi.org/10.1080/00021369.1986.10867429

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,

and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever

or howsoever caused arising directly or indirectly in connection with, in relation to or
arising out of the use of the Content.

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &



http://www.tandfonline.com/loi/tbbb19
http://dx.doi.org/10.1080/00021369.1986.10867429

Downloaded by [University of Toronto Libraries] at 17:10 23 November 2014

Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions



http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Toronto Libraries] at 17:10 23 November 2014

Agric. Biol. Chem., 50 (3), 625~631, 1986

Structure—Activity Relationship and Design of an Antimutagen
against the UV-Induced Mutation of Escherichia coli

Katsumi KAKINUMA,* Junpei KOIKE,* Keiji ISHIBASHI, **
Wataru TAKAHASHI** and Hisashi TAKEI**

* Laboratory of Chemistry for Natural Products
and
** Department of Life Chemistry,
Tokyo Institute of Technology, Nagatsuta, Midori-ku, Yokohama 227, Japan

Received August 27, 1985

Structure—activity relationships of antimutagens were studied by assaying analogues and
derivatives of 2(5H )furanone designed on the basis of the structures of natual antimutagens by the
method of observing UV-induced reversion of E. coli WP2 B/r uvr A~ trp E~. It is shown that an
o,f-unsaturated carbonyl system is required for antimutagenic activity. Further modification of
3(2H)furanones resulted in the development of a highly potent antimutagen. The possibility that
the antimutagenic effects may be due to alteration of proteins involved in the DNA repair system by
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trapping thiol groups is also discussed.

One major concern in human health is the
undesirable effects of physical and chemical
mutagens in the environment and their
methods of control. Since the first observation
of antimutagenic activity by Kada and
Mochizuki,”’ we have been involved in a
screening of antimutagenic factors from
natural sources and have been able to isolate
several compounds showing antimutagenic
activity.?’¥ Although the mechanism of action
of these antimutagenic factors is not clear at
the moment, suggestions have been put
forward that either error-prone DNA repair
after exposuring cells to the mutagens is
reduced or error-free recombinational repair
may be enhanced.*~®

To facilitate further precise biological
studies on the molecular level, chemically
stable and more effective antimutagens are
badly needed. The development of a novel and
stable antimutagen is one aspect of the present
study. Since diterpenoid antimutagens had
been reported to be also active against Ehrlich
ascites carcinoma cells,” the modifications
used in designing such antimutagens seem to
be of interest for the development of new

medicinally useful drugs as well.

We therefore undertook an analysis of the
chemical structures of natural antimutagens
that had been isolated by us** as well as by
others®® and concluded that a reactive a,f-
unsaturated carbonyl functionality was a
common factor in compounds showing
antimutagenic activity, at least in our bioassay
system. This was briefly reported recently.!®
We then designed potential antimutagenic
compounds and examined their biological
activities, this article describing these studies in
detail.

MATERIALS AND METHODS

Antimutagenic assay. A  preliminary qualitative
evaluation of the antimutagenic activity of chemicals was
conducted by using the paper disk-agar plate method and
UV-irradiation as a mutagen as already described.!? A
quantitative bioassay was carried out according to the soft
agar method described previously.!***) In brief, a chemical
dissolved and diluted to an appropriate concentration in
dimethyl sulfoxide, together with either a UV-treated or
untreated cell suspension of Escherichia coli WP2 B/r uvr
A~ trp E™, were mixed in a soft agar medium consisting of
0.89% NaCl and agar 0.6%; agar (Difco) in distilled water
and spread onto the MB agar plate. After 3 days
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incubation at 37°C, the Trp™* revertant colonies and Trp~
viable cell colonies were counted. Mutation frequencies
and viable cell counts were plotted against dosage as
described previously.!*® The specific activities of
chemicals are expressed in ADs, value (4Antimutagenic
Dose), the dose which reduces the mutation frequency to
509 of the control, as introduced by Komura et al.,” these
ADyg, values being estimated from the mutation frequency
plots.

Synthesis of potential antimutagenic compounds. All the
compounds tested in the present study were prepared by
us. 5-Methylene-2(5H)furanone (protoanemonin) was
freshly prepared from levulinic acid by a method reported
by Grundmann.'” Various alkylidene-2(5H)furanones
were synthesized through a method developed by Asaoka
and Takei.!? 3-Methyl- and 4-methyl-5-methylene-
2(5H)furanones were prepared by a modified method of
Young et al'®  4,5-Dihydro-5-methylene-2(3H)-
furanone,'¥ (+)-5-methyl-2(5H)furanone,'® 4-vinyl-2-
(5H)furanone,'® 4,5-dihydro-3-methylene-2(3 H)fura-
none (Tulipalin A)!” and 4-oxo-2-pentenoic acid!®
were respectively prepared according to the literature
procedures. (+)-Avenaciolide was a stock sample pre-
pared previously by Takei et al.!® Substituted 3(2H)-
furanones were prepared either by a method of Smith,
II1,2Y or via the 1,3-dipolar addition of nitrile oxides,
which will be reported elsewhere.

RESULTS AND DISCUSSION

As shown in Fig. 1, a close examination of
the structures of naturally occurring organic
antimutagens obtained so far revealed a con-
jugated o,f-unsaturated carbonyl system as
a common functional and structural feature.
This prompted us to choose the structure of 5-
methylene-2(5H)furanone  (protoanemonin)
(1) as a basic model framework for further
modification to study the structure—activity
relationships.

Analogues and related compounds of 1, the
structures of which are shown in Fig. 2, were
first examined by a disk assay (Table 1).
Among the tested compounds, 5-acetoxy-5-
methyl-2(SH)furanone (3) showed the highest
activity. This seemed reasonable because this
compound is a potent precursor of 1.
Although the activity was not as high, 5-
methyl-2(5H)furanone (2), which contains an
o,B-unsaturated carbonyl system, was active.
A stereoisomeric mixture of 5-ethylidene-
2(5H)furanones (5 and 6) was modestly active

O
R=H

Ri=OH,Re =H
OH Ri=H,Re=OH

FiG. 1. Naturally Occurring Antimutagens.

Fi6. 2. Derivatives and Related Compounds of 5-
Methylene-2(5H )furanone.

at a dosage of 100 ug/disk, while 5-isopro-
pylidene- and 5-cyclohexylidene derivatives
(7 and 8) were weakly active at 500 ug/disk.
Thienyl methylidene derivatives (9 and 10)
were inactive, and 4-oxo-2-pentenoic acid (4).
was active. This may be either because of its
own conjugated system or because of its par-
tial transformation into 1.

The functional group requirements were
further tested by using different compounds. A
nonconjugated  4,5-dihydro-5-methylene-2-
(3H)furanone (12) was inactive for both as-
says. As shown in Fig. 3, the mutation
frequency and the viable cell count were
almost unaffected over a wide dose range.
Although tne simplest unsubstituted 2(5H)-
furanone was not tested, these results were
significant and it appears that an o,f-un-
saturated carbonyl system is required for
antimutagenic activity at least as measured by
the present assay method. 4-Vinyl-2(5H)-
furanone (11) was more active (ADs,: 95 ug,
Table II). In this case, viable cell counts were
unchanged within the dose range tested, i.e.,
there was no bactericidal effect, and the mu-
tation frequency showed good dose response
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TABLE I. ANTIMUTAGENIC ACTIVITIES OF 2(5H)FURANONE DERIVATIVES DETERMINED
BY THE QUALITATIVE PAPER Disk METHOD

Downloaded by [University of Toronto Libraries] at 17:10 23 November 2014

Compound 100 ug/disk 500 pg/disk Compound 100 pg/disk 500 ug/disk
1 +++ +++ 5+6 + ++
14 + ++ 7 + +
2 + + 8 + +
3 ++ +++ 9 - +
4 + ++ 10 — +
+ + +, highly active; + +, active; +, slightly active; +, almost inactive; —, inactive.
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F1G. 3. Antimutagenic Activities of 2(5H)Furanone Derivatives Determined by the Quantitative Soft Agar
Method.

at 35ug/ml and higher. A different «,f-un- similar activity (ADs,: 110 ug/ml) to that of
saturated-y-lactone, 4,5-dihydro-3-methylene- 11. It was of interest to note that, for this
2(3H)furanone (13), which is known as a compound, the viable cell counts showed a
naturally occurring tulipalin A, also showed slight increase along with dosage. (+)-
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TABLE II. SPECIFIC ACTIVITIES OF SYNTHETIC ANTIMUTAGENS EXPRESSED

BY THE ADs, VALUES INTRODUCED BY MINAKATA ef al.

Compound f[ﬁ =®=O @o do :2?:0 Aco

ADso  (pg/ml) 80
Compound =Z?= $ F@=0 I& NOH @’0
ADso  (pg/ml) Inactive

| ceccoqfsvece ..‘.’:...’OO
3 §=\.¢ ".ﬁ e,
€ . ¢ "’ ". rs 1Y %.:.....
§ iBas Abtadd_} . "t e
S < Ky
5 . -, 8 B
0 ° [e] )
§ A ioﬂo 14 . “
5 . K
2 M S
o ho 15 . .
o . -
o Lo s : 5 |,
16° 1°
o Lxo s R
A
K
3
168k
2
a
8
L >

16 i . .

10 102 10°

Concentration  (pg/mli)

FiG. 4. Comparison of Antimutagenic Activities of the Methyl Substituted 5-Methylene-2(5H )furanones.

Avenaciolide (16), which contains a similar «- The effects of methyl group substitution
methylene-y-butyrolactone system, showed no upon the protoanemonin structure were then
antimutagenic activity (data not shown), tested by the soft agar method (Fig. 4).
probably because of the bulky peripheral Although the AD,, value of the (E)-5-

structure. ethylidene-2(5H)furanone 5 was 38 ug/ml, the
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mutation frequency and the viable cell counts
were parallel over the dose range used, and as
a result, the bactericidal effect and the
antimutagenic  activity could not be
differentiated. On the other hand, the (Z)-
isomer 6 was judged to be slightly less active
(ADs(: 170 ug/ml), but showed no appreciable
bactericidal effect.

3-Methyl- and 4-methyl substituted 2(5H)-
furanones (14 and 15), were also tested by
both a qualitative and quantitative assay,
and their activities were similarly moderate;
ADg, of the former was 66 ug/ml and that of
the latter was 70 ug/ml.

In summary, among those 2(5H)furanone
derivatives tested so far, protoanemonin (1)
showed the highest activity and 4-vinyl-
2(5H)furanone (11) was the second highest.
Substituted 2(5H)furanones were less active. It
seems likely then that the terminal carbon of
the conjugated system should be unsubstituted
and sterically unhindered for higher activity.
This trend was also observed in the case of
isomeric 3(2H)furanones that are subsequently
discussed.

Attentions were then turned from 2(5H)-
furanones to isomeric 3(2H)furanone struc-
tures, since the o,f-unsaturated carbonyl sys-
tem is found in the structures of bullatenone,
geiparvarin and jatrophone (Fig. 5), which
had been isolated from natural sources and
were reported to have antitumor activities.?!
All of these natural compounds include
rather complex structural units and it seemed
difficult to specify the structural units respon-
sible for their biological activities. In this
study, however, we focussed on the antimu-
tagenic activity of the 3(2H)furanone struc-
ture, ie. bullatenone (17), 2,2-dimethyl-
3(2H)furanone (18), (E)-5-(prop-1-enyl)-3(2H)-
furanone (19) and 35-vinyl-3(2H)furanone
(20) were synthesized (Fig. 6) and assayed by
the soft agar method as already described.
The first two compounds were shown to be
inactive; however, 19 was slightly active, ADs,
of 180 ug/ml, about half as active as 4-
vinyl-2(5 H)furanone (11). Of significance was
that S-vinyl-3(2H)furanone (20) was found

i oo

Bullatenone Gelparvarin

FiG. 5.
pounds.

Jatrophone

Naturally Occurring 3(2H )Furanone Com-

L

17 18

A’
J’lc—)S< 0
19 20

to be the most active compound so far tested
(Table II). The ADs, was 0.9 ug/ml which
was ca. 3 times as active as protoanemonin
(1, ADsy, of 2.8 ug/ml). Furthermore this
compound was more stable and easy to han-
dle. Again, in the case of 3(2H)furanones, the
terminal methylene carbon of the conjugated
carbonyl system should be unsubstituted for
high activity.

Based on the results already described
above, the conjugated carbonyl system of the
antimutagenic compounds seems to react at
the terminal carbon with some reactants
during the development of the antimutagenic
action. One of the most likely candidates for
the reactant is thiol functionalities, since the
above-mentioned conjugated dienone systems
can be good Michael acceptors and a thiol
goups is known to be a good nucleophile in
living systems. These considerations are
supported by the fact that tulipalin A (13) was
active in this antimutagenic assay, because
tulipalin A is among the naturally occurring
antitumoric a-methylene-y-lactones and is
suggested to show its antitumor activity by
trapping thiol goups of enzymes involved in
the nucleic acid replication.?? A well-known
thiol trapping agent, N-ethylmaleimide, was
also assayed in this study, but it showed high
bactericidal activity and its antimutagenic
activity could not be differentiated within the
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dose range tested (data not shown). A
preliminary experiment was undertaken to see
the reactivity of 5-vinyl-3(2H)furanone, i.e.,
the vinyl proton signals were monitored on a
"H-NMR spectrum from time to time in the
presence of propanethiol in a CD;0D solvent
without any catalyst, and disappearance of
these signals was observed within 20 min.
Therefore, although structurally unusual
amino acids of plant origin have recently been
noted as antimutagenic against the spon-
taneous mutation of Salmonella typhimurium
TA 100> and some tea catechins were report-
ed to be active against the spontaneous mu-
tation of Bacillus subtilis NIG1125%% it is
likely at the moment that the natural as well
as the above-menthioned synthetic antimu-
tagens exhibit their activities by trapping
thiol groups of the cysteinyl residues of ap-
propriate proteins. Previously, the reaction
mechanism of these antimutagens was sug-
gested to be correction of the error-prone
SOS response induced by UV-irradiation®
and it is known that various proteins play
important roles in the SOS repair system. On
the other hand, it has recently been suggested
that the antimutagenic effect of cinnamalde-
hyde on chemically induced mutagenesis is
due to the enhancement of an error-free re-
combinational repair system.?>

While research in this field has been ad-
vancing, precise understanding of mutagenesis
and antimutagenic action seems to require
further investigations on the molecular level,
and the novel antimutagens disclosed here
may be useful for such studies.
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