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ABSTRA

_Polyphenols, suspested of being mutagenic, were extracted from .

sorg_hum cultivars SNK3144, NRK222, NK300, PNR8311, SSK30, §8K52 and

| Barnard Red with 80% {v/v) agueous acetone. The crude extracts from

these various cultjvars were all separated into three fractions (Fj,

?; and ¥,) on a Sepﬁa.rose CL-6B column, Each of these fractions was

tested for mutagenicity in the Ames assay, both with and without the
Sg.metabolic activating system. The concentrations tested ranged

from 1 pg/ml to 10 mg/ml, Results cbtained from the Ames test were

.an-alysed by ths Students t-test and showed that none of the pheno'lic

fractions were mutagenic. To confirm these results, fractions ffmn
S8K52, a poﬁular bird-resistant sorghum, were fed to Dzvsopﬂi!a
melanogaster in the somatic mutation and recombination test {SMART).
There was no significant increase {(by the Poisson null-test
hy‘potheaia} in singie mmltiple wing hair spots. ~To check for
po;séible mtagenicity in a product derived from sorghum viz, sorghum
beer,. powder from a brew-pack was tested in SMART, and at 20mgz/wml
and 50mg/mi levels there was no positive indication of mutagenicity.
Since some of the results from the Ames test indicdted that the
reversion frequency in poiyphencl treated plates had decreased when
compared to control plates (no toxicity was observed), the phenolics
were flwught to mﬁyba have an antimutagenic role. Polyphenols
tested with.t,he standard mutagens sodivm azide, deunomycin and 2-
aminof luorene, caused & reduction (significant bff an anaiysis of

variance) in the potency of these mutagens.
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The mechanism of this reduction in mutagenic potency was

' investigaté'& using polyphencls from SSK52 énd radioactively labelled

Idaunomycin. Frnm f luorescence spectrophotometry and the change in

3H-daunomycm to lllC-th;srﬂu{.hma ratw, it would appea,r that the_
polyphenols reduce mutagen binding to EWL posmbly by preventmg

daunomycin uptake mto the cells or by effectwely decreasmg the

' concentration of t‘xee mutagen by formmg a polyphenol—mutagen

mmplex unable to ent(ﬂr the cell.
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ABBREVIATIONS
| SMART = Somatic Mutation and Recombination Test

SLRT =  Sex-linked -Réc_essive Test |

QAE .= Z-Aninofluorene .

2AAF = . '2—&Cetylamihof Iuorene

B(aip h = Benzo(a)pyrene |

P4SO = Cytochrome P4S0 |

$9 =  Mammalian Metabolic Activation System Containing the

Cytochrome P450 Enzymes

= Endop-lasmic Reticulum

_M\ENG = N—methyl-N 'nitro-N-nitrosoguanidine

Trp = Tryptophan
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Geanral introdaction 1
1. | GENERAL _INTR’ODUC‘TION '

Polyphenals are chemically very reactive and are widely distributed
throughout the plant kingdom. The aim of the present work was to
esté@i_is‘h whether there could be 2 link between the consumption of

foods rich in poiyphenols. (in partipular sorghum grain) and the

incidence of_despphageal cancer. in ¢he high risk black population in

South Africa. According to Warmick and Haz_'.ington' {(1973) the high
inc.id_ence of oesophageal cancer in Transkei, South Africa, was f irst
recorded in 1955, Since then similar high cancer incidence areas in
other parts of the world such as Iran and China have been roted
(Morton, 1970 and 1989; Muficz et al., 1982 and 1985; Oterdoom,
1985$. Morton postulated that there could possibly be a link
between the occurrence of digestive tract cancer and the consumption
of foods high in tamnin, Stich and Powrie (1979) eonclude'd___ from the
collective work of Isevera.l l_aboratories that plant phenol_ics counld
on their own have genotoxic effects and, in combination with
mutagens, could act as modulators of their mutagenic potency. Simple
phenolics (C6), phenolic acids (CB-CII) and cinnamic Iacids (C6-C3)
from a variety of fruits and grains were found to have clastogenic
(causing chromosomal! abberations) and caréinogenic effects. The
carcinogenic effects of individual phenolics could be enhanced when
certain combinations of these compounds w_‘eré tested in various
animal assays. ' Combinations found to be synergistic were (i) tannic
acid, quercef.in, and eugenol and (ii) chlorﬁgenic acid and

quercetin., The latter mixture is found in betel nut, providing a
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possible explanation fer the high incidence of oral mucosa cancer
among the chewers of this nut. Furtherniora, it was found that a .

combination of gallic acid, pyrogailol,‘ vanillin and hydr'oquihone

' prevented the formation of several mutagenic nitrosamines (Gray and

Dugsn, 1975: Kawabata et al,, 1979 end Groenem, 1977). From these

~experiments, it was noted that phenolics could act both as enhancers

of carcinogenesis and as inhibitors of mut&genesis.' It would appear
that .polyphenol-s are a very div- -e group and include flavonoids
which on their own. are also mutagenic {Brown, 1580; Brown and
Dietrich, 1979; Eliiger et al., 1984; Hardigrée and Epler, 1978 and

Watson, 1982). Elliger and coworkers (1984) have‘ shown that

flavonoids tested in the Ames assay and in Drosophila were active

muta;gené. In fact, it was shown that the hydroxylation pattern, and _
in particular fhe 3 position hydroxyl, and metabolic activation were
critical features required.'for mutagenic expression (ér'own and
Dietrich, 1979). 1In addition to acting as substrates for various
enzymes, polyphenols have been used by Matsushima et al. {i979) to
increase the level of mutagen-activating (cytechrome P450°s) enzymes
in rat liver. Sorghum phenolics have been shown to increase the
protein content of | rat liver and subseguent benzo(a)pyrene
activation in the Ames assay (Grimmer and McGrath, 1991 and Parhboo,
1993). Brown and Dietrich (1979) demonstrated that flavonol

glycosides shown not to have mutagenic activity could be activated

by the breakage of the glycosidic bond by the addition of rat caecal

bacteria glycosidases.



O

el s . 3.

Although there is abundant evidence for the mutagenidity of
polyphenols, evidence is also available for their protectlve effects |

(Grimmer et al., 1992, Kada et aI., 1985 and Ogawa et al., 1985)

- Miyamoto ot aI. (1987} showed that intra.peritoneally administered

. _"""‘wdroiysa.ble tannins (here ellagﬁamms) acted as antitumour agents

W
in rats. For maxmal actiwty a digeric structure with several

galloyl groups on a glucoss core was _found toc be eSsentia.l. Og@a.wa' |
et al. (1985) found that quercetin (itself a mutagenic flavonoiu)
could be both ant imitagenic when coincubated with benzo(a)pyrene or
comytagenic in the presence of 2-acetylaminofivorene. Grimmer et

(1992) found that quercetin was ea;pecml ly mutagenic in the

- presence of the cytochrome P450 enzymes, and that it acted as an

antimutagen when coincubated with 2-aminofluorene. Gallic,
chlorogenic and caffeic acid when coadministered with aflatoxin B,
reduced the metabolism and mutagenicity of thié toxin (San and Chan,
1987). f‘ungal toxins on stored sorghum grain in the 'I‘rénskei have
been shown to be mutagenic (van Rensburg et al., i985) and as such

could be in part responsible for the obs_erved cancer incidence.

In addition to the mutagenic and antimutagenic effects seen for
phenoiics, these mﬂﬂ could be reducing thé nutritiom_l quality
of the sorghum grain which is consumed in large quantiiies by i:he
Trangkeians, both as 2 staple food and sorghum beer.,  The

antinutritional effect conld predispose the victims, by damaging '_l:he

- mucosal lining of the oesophagus, upon which other mutagens such as
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those found in cigarette smoke could act {Bradshaw and Harington,
1986), Evidence for the antinutritional effect was evideut in rats
feed a tannic acid rich diet _(Glic_k and Joslyn, 19693 Price at al.,
1980). ‘Not only do pbl;s.aphenol.s increase the loss of 'protein from
the body, but they also bind the mutrients available in the foods in

which they ocenr,

The question then is why study sorghum grain., As has been

‘ment ioned, sorghtm forms an integral part of the diet of a

popujation amongst whom the incidence of cancer is high, Sorghum
cul_f_.éivar_s grown in these parts' of the world contain a hish

po’yphenol content, making them drought and fung!il resistant and

thus ideally suited for growth in these arid regions. The

. polyphenols in sorghum include simple phenolics, flavonoids and

tannins '(prqanthocyanidins)- ahd as such are a source of potential
mu'tagéns, comutagens and antimotagens. To determine whether
sorghum, and in particular the polyrhenols present, could provide a
possiblé explanatisn df cancer incidence, it was decided to

investigate various cultivars of sorghum grain for biological

activity, Hahn et al. {1983) had shown that light sorghum grain

(low tannin content) contained water soluble phenclics, which have
subsequent Iy been shown by others {Stich and Powrie, 1979 and Brown,

1980) to be mutagenic.
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2 - POLYPHENQL -~ CHEMISTRY AND FRACTIONATION
2.1 INTRODUCTION

Polyphenols, or vegetable tannins as they were more commonly known,

have the tendency to complex with proteins, carbohydrates, alkaloids

and nucleic acids (Spencer et al., 1988; Haslam snd Lilley, 1988 '

Haslam, 1989), These -cornpounds.are responsible for the astringent
properties of many of the foodstuffs in which they occﬁr. This
astringency is due to the binding of polyphenols to the lubricating
glycoproteins in the mouth. Vegetable tannins are .seconﬂary
metabolites and are postulated to act as a defensive mechanism for
plants. Fungal contamination of crops rich in tannins is reduced due
to polyphenol bindiag of fungal enzymes néeded to penetrate the seed
coat, The presence of polyphencls makes the leaves unpalatable and
unpleasant to herbivores. Plants rich in polyphenols have been used
medicinally in Chinese remedi.es for many years. It is only recently
that the negative aspect of excessive polyphencl intake has become
evident, It.is thought that the regular intake of herbal infusions

could be linked to gastric and oesophageal cancer (Morion, 1989).

Plant polyphenols have been divided into two major classes, the non-
hyd'rolysable (condensed) and the hydrolysable tannins (Haslam,
1989) . The condensed tannins (proanthocyanidins) are lurge polymers
with molecular weights vp to 20 000 {Haslam, 1989), though sizes of

up to 50 000 have been reported by McGrath and Smith {1990). The
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hydrolysable té.nnins fall in the 3000 M.W. range. Proanthocyanidins
are composed of flavan-3-ol units, linked by linear 4 - 8 additions

of further fiavan-3-ol units. The principal flavan-3-o0ls units are

(+)—®techin_,. {-)-epicatechin, | {+}-galleocatechin and (=)~

epigallocatechin {Fig. 2.1). The major dime‘_rs of these are referrad
to ss procyanidins Bi, B2, B3 and B4, depending on the following
combinations of the flavan-3-ols; Bl: epica.teéhin-(tlﬂ' - 8)-
catechin; B2: epicatechin-{48 - 8)-epicatechin; B3: catechin—-{éa -
8)-catechin and B4: catechin-(4a -~ 8)-—epicé.techin. Since the
nomenclature of the proanthocyanidins according to the IUPAC system
is gquite complex, Porter et al. (1982) proposed naming
proanthocyanidins in a similar way to that used for oligo- and
polysacchafides. The configuration at the interflavonoid bond at C-4
is indicated by the appropriate a3 nomenclature, in accordance with
IUPAC rules. Oligomeric proanthocyanidins are 'produced by a
stereoselectiva capture of the intermediate carbocation by
nucleophilic attack of the end product flavan-3-ol to form diwers,
which in turn form trimers and so on (Fig. 2.2). There is no self
condensation of the carbocation or any oxidative polymerisation of
the flavan-3-ol précursors {Hasiam, 1989). The hydrolysab'lle tannins
are polyesters based on gallic acid and/or hexahydrnxydiphenic acid
and their cerivatives (Haslam, 1989}. Recently, gallate esters of
proanthocyanidins have been found in green tea and rhubarb, implying
a third class, with structural features common to the twﬁ above-

mentioned classes.
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(A) | (B

(c)" (p)

Fig 2.1 Stracteres of: {A) (+]-Cateckix, (3) (-)-Epicatechin, {C) {+]-Gallocatechin aad

{0} {-)- EBpipullocateckin {Reslan; 1989).
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(B)

D)

Fig. 3.5 Polymhezals can be divided izto tws groaps - the pa[ye:fers {6} of rallic (&) awdfor
kersiydroxpdiphenic acid (3) and their derinafives and the prosstiocyapidias (8)

(Bzaian, 1989).
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The multiplicity of phenolic groups common in the polyphenols makes
simultaneous bizid_ing' o several points on and cross-linking of
proteins, with _subs‘equent precipitation very favourable, However,
astringency and preCipi.ta.tiqn ‘are. mot restricted to the polymers
since simple phenolic acids (s 200 M.W.) also have significant
protein’ binding properties. Polyphenol complexation with
polysaccharides has been shown tu depend on the molescular size,
conformaticmal_ mobility, shape and ‘water sfo_lubility. of the
polyphenol (Ya ef al,, 1989}, The differing affinity of polyphenols
for polysaccharides is the result of a baiance.ﬁetween these various
factors. Generally, affinity is directiy related to the molecular
size and conformat_ional flexibility of the palyphenol, and inversely

related to its water sé_lubility.

Proanthocyanidins (syn.  leucoanthocyanidins) will upon acid
hydrolysis yield anthocyaenidins, thought to have a role in plant

pigmentation e.g. the petal pigments cyanidin and delphinidin. The

- fiavan units are released as carbocations or quinone methide

species, which are then converted by oxidation to anthocyanidins.
The leucoanthocyanidins were divided by Sir. Robert and Lady Robinsan
intp three broad classes (Haslam, 1989), There are those that are
water insbluhle and not .soluble in the usual organic solvents,
generally yielding colioidal solutions (Class 1). ‘The other two
classes are both water soluble, with the distinction that one group
is not extractable from agqueous solutioﬁ by ethyl acetate (Class 2},

whereas the other group is (Class 3). The soluble oligomeric
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proanthocyanidins fall into the third class. and are less prevalent
when comp‘ared to the polymeric forms found in the other”twn classes

(Haslam, 1989). Proanthocyanidins that are covalently bound to a

: ckrbohydrate {or any other polymer) matrix within the plant c;_ell _

belong in c-lass 1. Freudenberg and Weinges (1960) collectively
designated all ccloﬁrless substé.néea isolated from pla_.nts which fornm |
anthocyanidins when hegted with acié as _,1;»11::&:1t:l_l_c_)r.:yan:i..dins_~ 5‘1}115 the
term proanfhocya.nidin is a chemical rather than & bicchemical term,
implying no biogenetic relationship (Haslam, 1989). Weingés et al,
(1969a} made a clearer distinction between these two terms. They
reserved the temm leucoanthoéyanidins for monomeric proantho-

cyanidins e.g. flavan-3,4-diols, and the teram * condensed

- proanthocyanidins  for various {lavan-3-ol dimers and higher

oligomers. The oligomeric proanthogyanidins produce the red colour
observed in acidic extracts from plants. Only condensed tannins are

_found in sorghum.

Of special interest to the present investigation was the work
described by Mattice {1989) and Haslam {1989). The oligomers of
procyandins formed by the linear 4 - 8 addition of further flavan-3-

ol wunits, yields only two helical structures due to inherent

. constraints about the interrlavan bond. The central core of these

linegr polymers is composed of .the A and C rings of the flavan

repeat unit (see Fig. 2.2), while the ar;ho—dihydroxyphenyl B-ring

-_projects.laterally fro_m this core. Those formed from units related

to (-)wepibatechin e.g, procyanidin Bl or B2 are left-handed
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helices, whereas t1_1_e procyahidin 133 or B4 formed by the successive
additions of (+)-catechin imits are right-handed (.Haslam,' 1989},
This wrk is suppdrted by Mattice (_1989) who described these 48 - 8. '
linked poiymeré as random coi.ls with dimensions smaller tha’n those

of unperturbed polystyrene chains of similar molecular weight. By

. using stat iunary'-state fluorescence and other techniques, he showed

that the dimensicli of the higher polymers (both 43 - 6 and 43 - 8
linkages) were very sensitive to the presence of the two rotational

isomers viz. (+)-catechin and {-)-epicatechin at the interflavan

bond. - The handedress of the helix was dependant on the isomer

presehh When there weré oniy 4B - 8 linkages, a right-handed helix

- resulted with 3,0 residues per turn, whereas 48 - 6 linkages

produced a left-handed helix with 4.1 residues per turn. A
combination of these linkages, yielded a helix of different.
dimensions. The overall shape and intramclecular spatial arrange-
ment between the rphenolir groups showed that these linear
procyanidin oligomers were of the right size to fit into the major
groove of the DNA helix, while at the same time allowing for H-
bonding of the B-ring phenoiid hydroxyls with the phosphoryl oxygen
of the DNA backbone (Haslam, 1989). The oligomeric structure of the.
procyanidins could allow for several points of contact and hence
cross-linking of the DNA. This could have severe conseguences on
nucleic acid stability. Furthemoré, the prOanthocfanidin helix
itself could r'esemble- DNA, thereby providing an altemati_ve binding
site for mutagens or carcinogens, a point which this work sought to

investigate.
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2,2 ' SORGHIM POLYPHENOLS

-~ Phenclic compounds found in sorghum grains (Sorghum bicolor L Ménch)

can be _div_ide& into three groups:

1, Phenolic acids
2. Flavnnoid:.

3. Condensed tantiins

2.2.1 Phenolic Acids

Phenolic acids can be classified either as benzoic or cimnamic acid

derivatives which have the structures shown in Fig. 2.3.

COOH *CH=CHCOOM

Fit. 2.3, Structuzes of the beszoic (A} azd c_iunjc acid [B) derivatives

These derivatives have OH or OCHJ attached to various sites on the
aromatic'ring. These phenolic acids can oceur either as free acids,

soluble or insoluble esters. The free acids and soluble esters are -
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restricted to the outer layers of the kernel and show great
guantitative diversity among the different cult.ivars, whereas the
insoluble, tightiy bound phenols that occur in the endosperm ai‘e

relatively constant from one sorghum grain to another (Hshn, 1984).

2.2.2 Flavoncids

’I‘hé secdnd group, the flavonoids, are composed of several aromatic

rings ag depicted in Fig. 2.4.

Pig, 3.4  The [lavozoid rings, labclled according to the sequemce of syathesis,

The A-ring {Cﬁ) is'derived from malonyl CoA and the B-ring and part
of the C-ring (GG} from cinnimic acid, The most common A-ring
reactions are électmphilic_ardhatic substitution. Hydroxylation of
this ring determines the reactivity and orientation df substitut ion..

partially due to steric effzcts (McGraw, 1989)., The B-ring is
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" invalved in eIectx_'opI_lilic additions, metal chelation, .oxidation and

free radical scavenging {Laks, 1989},

Flavonoids embrace three groups:
(a) flavones
{b) flavonols

{(c) - flavans {the major group in sorghum}

Within the flavan group, three flavans predominate in sorghum viz.

the anthocyanidins (flavan-3-en-3-ols), a major flawan, catechins

{flavan-3-ols) or 4~deoxyieucoanthocyandins, and leucoanthoeyanidins
(f 1avaﬁ-3,44diols) which are colourless. If a glycoside occurs in
position 3 or 7, they are referred to as antho- and lescoantho-

cyanidins, respectively.

2.2.3 Condensed Tamins

Sorghum cultivars grown in South Africa are partieularly rich in
tannins, which impart & dark colour to the grain and are thought to
be involved in conferring drought, bird and fungal resistance on the

grain. -Tarmins are able to interact with sa.livarjr proteins and
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glycoproteins giving rise to the characteristic astringent taste of

_hi'gh~tannin grains. It | i.s thi'_s ability to bind proteins. that

inactivates microbial/viral/fungal excenzymes and hence confers
digease resistance on the sorghum grain. Polyphenols can be

mobilised in response to wouﬂding and act as toxine at the wound

- thereby preventing invasion (Haslam, 197%a).

Only condensed tan_nin_é {proanthocyvanidins} are fourd in sorghun

{Hahn, 1984), Butier (1982) showed that the degree of

_polymerisation of proanthocysnidins extracted from hizh-tamnin bird

resistant sorghum cultivars remained constant and low thronghout
seed development. However, once the seeds were dried the relative

degree of polymerisation increased' several fold (also shown by Gupta

and Haslam, 1978) suggesting that the bird repellency was due to the

relatively short chain oligomeric proanthocyanidins. McGrath and

Smith (1950) showed that the sorghum grain used in the present work

contained t_hése large chemically rea.dtiire polyﬁ:ers. The grain which
is consumed in the rural areas of the Transkei where oesophageal
cancer is prevalent would be expected to have a high proanthocyandin
content since it is stored for extensive periods dﬁring which time

oxidative polymerisation would be expected to continue.
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s 4-couma|m}51-.CoA B-m:lloilyl-CoA
i | Cs
' naringenin chalcone
: CI' I
- ary s D
N o - ~ Flavanoncs -[ naningenin J———-----erimii::tycn -LO0H_,_ 5'.0H-erio. -
' : CHALCONES 30H _ 3OH ' 13-0!'{
L 3OHfvones { DK ~ZOH o phig —ZOH__ pipy
. L - . |
; AURONES ~ Flavan-3,4 -diuls-*v FLAVONOLS
_ BIFLAVONOIDS f FLAVAN3.OLs \ ~  ANTHOCYANIDINS
" ISOFLAVONOIDS ' PROANTHOCYANIDINS FLAVONES
! ' -
" FIGURE 3. Overall pathway to major flavonoid groups with 5,7-hydroxy A-rings (DHK =
dihydrokacmpfercl; DHQ = dihydroguercetin; DHM = dihydromyricetin). _
o
N
o
i
$ Fiz. 2.5 Biosynthetic pathnays leading to the nriety of flavonoids, suse of whick are presext
in sorghen {Stafford, 1990}, |
=
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2.3 - MATERIALS AND METHODS

2.3.1 Sorghum Grain Source

Several cuitivars were cbtained from Roodeplaat Experimental Farm, .

Pretoria, South Africa. These includéd: S8KS52, a bird resistant

variety, SSK30, SNK3144, PNRS311, NK300 and NK222. Barnard Red, & _

low polyphenol content variety, was obtazined from Tklowve,

Potchefstroom, South Africa. The brew packs were received from King

Corn; Potchefstroom.

2.3.2 Extraction and Detection of Polyphenols

The polyphenols were extracted from 100g of mijled sorghum by
alloﬁ'ing the following solvents to percplate through the sorghum

which had been placed in a Buchner funnei:

{a) 300 ml chioroform — removes lipids;

{b) 400 m} chloroform:methanol (3:1 v/v) — removes more |
polar lipids;

{c) 500 ml 80% (v/v) acetone - contsins the poiyphenols

To quantitate the phenols in the extract and the fractions collected

from the colum, the method developed by Kaluza et al. (1980) was

used.
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For the. assﬁy: 100 nl of semple was made up to 5 ml with 'H20. This
was Ireacted with 1 ml of Folin-Ciocalteu réagent (Merck), mixed
thom_lighly and left for. about 1 minute, after ﬁfhich 3 m} of 1. M
ethanolanine was added (allows the phenols to reduce the complex).

After a further 5 minutes the absorbances were read at 750 nm. The

" samples should not be left for too long as a precipitate forms,

ob_sdur__i'ng' readings.

Staﬂtiard_ Corve: Tamnic acid (1 mg/ml stock) was dissolved in
methanol, and the concentrations used. draw up the curve ranged from
10 pg/ml to 100 pg/ml. The rsadings for the sorghnm polyphenols were

read uff this curve and expressed as tannic acid equivalents.

2,23 Sﬁmrati of Polyphenols

Fifty grams (wet weight) of Sepharose CL-GB {Pharmacia) equilibrated
in 10 #M HC] was added to the 80% acetone containing the phenols.,
The acetone was then removed under ﬁcuum. After.-all the acetone
had been removed {(gel must no be dry), the gel was poured into a
column (2.5 x 25 cm), which had a 20 mm sepharose plug at the
bottom. | | |

Once the column had settled, the following solvents were used as

eluants (solutions containing 10mM HCl are referred to as acidic):
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(a) 250 ml 10 uM HC1 |
(b} 250 ml acidic - 80% (v/v} methanol
' ((;_} 250 ml. acidic - BOZ (v/v) acetone

“he flow rate was -O.S'ml/min and 10 ml fractions were collected. The '.

three fractions can be observed as red bands migrating down the -

‘column with the eluants.

Three peaks were eluted and designated Fj, F, and F;. The fractions
collected were _pooled and the volumes of each fraction were reduced
under vacuum and theri freeze-dried overnight in petri-dishes. The |

dry weight of each was recorded,

The calumn can be regenerated bﬁr washing with 0.5 M NaOH, followed
by several washirigs with 0.5 M acetic acigl to reﬁove any base as the
polyphenol_s oxidize readily under alﬁéline conditions. A moze
rigorous éleaning of the Sepharose CL-6B can be pbtained by heating

the gel in 0.5 M NaOH to 121 °C in an autoclave for 20 miuwtas.
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2.4 RESULTS AND DISCUSSION

Using the method of Kaluza et ai (1980) the polyphenols of seven -

enitivars of sofghum wére separated on a Sepha.rose Ci.—6B co-luﬁm. _
All these cultivars were used since it is known that they have
different polyphenol compositions, witich could poééibl-y account for
their varjfing degrees of susceptibility to fungal attack, Fungal
resistance is due not oniy to the tannin oontenf_ of the grain but
can also be influenced by the presence of benzoic and cinﬁamic acid
phenolic derivatives (Hahn f:'ge-t al., 1983}, Hahn et al. (1983}
observed that the high tann'in.__. sorghun grains were found to be more
resistant to fungi than the Ioi:_v tannin varieties. Furtheymore among
the low tahnin g.rains, thers wé}.‘e considerable dif'ferenceé in fungal
resistande' which Hahn et aI..: {1983) postulated must be due to
polyphenolic compounds other than tamnins, since there was no
significant difference in tannin content within this group. These -
workers found th_at no simpie relationship existed between phenolic
acid content and fungal resistance anmd concluded that resistance

must be due both to the polyphenol content and physical properties

‘of the seed. In the present study Barnard Red was included in the

series of sorghum cultivars as a non-bird resistant, low-tannin
containing cultivar. If the different cultivars affect, to varying
degrees, the ability of fungi fo grow on them, then it was reasoned
that there oou.ld be a difference in biological activity in ai:I these

varieties, a point which thiz work sought to investigate.
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Most of the sorghum varieties viz. NK222, SSK52, SSK30 and NK300

showed

a similar Fy peak, Of all the varieties, NK222 and Barnard

Red showed the largest amount of F; (Figs. 2,7 and 2.9). This was

expected as these are low-tannin grains. NK222 and SNK3144 had very.
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Absorbance at 750nm |
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Fig. 1.9 Separation of the 308 zcetome extract from Bamfd Red, The three fractiom H’], f,
£d Fy ) rere :gmntéd # Sepharoze CL-§8 column. The absorbazce at 7508 vas obtained
by reacting the phenols with Folin-Clocaltew zad I K ethanalagine [ses Naterigfs and

Hethody - Septioz 1.3).

low levels of Fy, although the Fy peak of SNK3144 was quite different
from t:.hat of the other grains (Figs. 2.6 and 2,7). The F, peak of
S5K30 and NK300 was very s.imila.r, yet they displayed different F,
peaks. Generally, there appeared to be an abundance of Fy or Fy or
both. with Fy peak being quite small by coﬁparison. it was noted by
McGrath et al., (1982) that ger_minatibn of the seceds altered the
composition and the binding affinities of the polyphenols to cclumn
supports. ' Acetone extracts of hafvested and germinated (in this
lab) §SKS2 were applied to Sepharose CL-6B columns (Fig. 2.8).

Almost 40% of the germinated polyphenols could not be recovered from
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the column when compared to the 95% recovery from the harvested
extract. Ii has been suggested that germination | stimulates the
activity of proteinases and carbohydrases (Mcérath et al., 1982)
which by cla_aving the svgars aﬁd proteins tinm,asks more pheﬁolic:
hydrdityls t‘héreﬁy increasing- the binding of the .phenolics ta the
column, It was mted_-thﬁt the_cdlﬁﬁﬁi wes still coloured by
conipariscm ta the one through which the ungerminated extract hed
been zun, ind_icativé of polyphenols still attached to the column.
The elution profiles of the polyphenois {Fig 2.8) are similar
aithough the F and. .Fz. peaks for the germinated seed were much
smaller when compared to the ungerminated SSK52 seed. Germination
had altered tl‘te polyphenols in such a way as to make their recovery
from the columm impossibie, hence they could not be tested

biologically, The only form of germinated polyphenols that were

tested were thi}se of a sorghum brew mixture which when administered

to Drosophila in SMART showed that these were not mutagenic.

Barnard Red sorghum was analyzed and found to contain a large amount
of Fy and some Fy and no detectable F, {Fig 2.9) as expected from a
low tannin cultivar. The peculi.arity of separation_ was thé
turbidity of the 80% extract, which is normally a clear dark
red/orange colour, This could not bave been o polyphenol-protein
precipitate because 80% acetoné is used to prevent the coextraction
of protein from the grain (Kaluza et 2l., 1980). Maybe the haze was
due to a high starch content. This caused problems in running the
colunn, Instead of adding all of the extract to the gel (as is
standard procedure), the volume was first reduced by half (by rotary
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evaporation) and then added to the gel and roiary evaporated

further, which allowed the column tc run well.

Numerous methods have been developed for the separation of phenols
and tannins, However, many of these techniques bind the polyphenols
so tightly, e.g. polyamigde coluﬁms, that even after exhaustive

washing; there are substantial losses; as much as 70% can be lost

(Raluza et al., 1980). The method devised by Kaluza et al. (1980) -

using Sepharose CL-6B was found to be more stiitable for subdividing
the crude 80% {v/v) acetone extract from sorghum grain into three
complex fractions, Fy, F, and ¥y, which were used in this work.
Sepharose CL-6B, an epichlorohydrin crosslinked polygalactose
dupiex, contaiha 6% agarose, and possesses substantial thermal and
chemical stability which wés pérticula.rly useful in the pr‘ésent work
where 50.1vents such as acetone and methanol! were requircd to

subfracticnate the erude extract.

Fraction Fy contains e complex mixture of small molecular weight
phenclics that are water soluble, F, comprises the higher molecular
weight flavonoids and Fy the larger proanthocyanidins. The general
order of binding on the Sepharose CL 6B coluan was of the order F,
> Fﬁ > F;»  Such binding could be explained ..by hydrogen-bond
formation between the vhenolic hydroxyls and that of the support ..
and since the column support is constant, this would imply 2
differt;nce in the mumber hydroxyls present in the three fractions;

there could be more hydroxyls per molecule or the molecules conld be
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polymeric. Keluza et al (1980) showed by using a Sephacryl 5-200
gel permeation column that the size of the fractions was of the
order Fy > 8 > Ty, althongh there was a overlap beiween ihe

fractions. The fact that these fractions exhibit vastly different

. binding :constanfs on the Sepharose CL 6B -coluan désp-ité -overlapping'

hydroxyls are important. Elﬁtion;, however, could not be explained by

‘H-bonding alone (water must always be present to effect elution)

since there is an analogous increase in apolarity with size. The
fractions are readily removed by agueous solvents of methenol and

acetone i.e. by solvents of deereasing dielectric constant,

The findings of Roux and Evelyn (1958). are in agreement with the
6bservations of Kaluﬁa et al, {1980); the high molecular weight
tanmins showed low mobility in the butanol:;acetic acid:water
partitioning system. Mobility decreased with an increase in the
number of hydroxyls, implyifng enhianced binding, which would be

similar to the pattern observed by Kaluza et al, (1980). Roux and

Evelyn (1958) observed that the mobility in water of variovus

aglycones of flavonols, flavones and anthocyanidins was low and that

radification of the planar C units by the attachment of sugars e.g.

glycosides of flavonsls and anthocyanidins, or removal of the double

bond in the'heterecyclic ring increased water mobility. Variously

addition of an aliphatic hydroxyl in position .4 in place of the

carbonyl group increased water solubility. Generslly an increase in

. molecular masses, means that size, number and spatial oriéntation of -

- substituted flavoncls showed a decrease in water solubility, whereas |
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3 phenolic hydroxylation decreased the Ry of the ¢y compounds in water.
S - Conversely, the By value increased with an incresse in aliphati-c
] "mrdronrlatmn (Roux a!ud Evelyn, 1958), Thus it would appear that
'. separation of the three fractions fmm sorghum gram cannot be ba.sed

on the presence of the mrdm:grls alone. Hydroplmbm factors,
possibly due to the heterocyclic aromat:c ring of the flam‘:nmds and

areas of hyﬂrophobiclty in the colnmn peed to be taken mto account.
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. POLYPHENOL BIOLOGY I -e'iQ ITAGENICITY

Mutagenicity - An Introdoction

"~ To .study and test for the possible mutagenic action of'__ the

polyphenols present in the various sorghum grain varieties, it was

decided to use two well established sdort-term assays. The two

-protocois 'chosen_ were the Ames test and:-,SMART (somatic mutation and

recombination test), These were chosen.-over the standard animal (inm

vivo) systems for several reasons:

(1)

(ii)

fetablished cé.rcinogens previously testedl in

a,nimais hé.ve been. found to be mutagenic in bacteria.
Consequent Ly, one can assumé that anything that is
mutagenic 'in bacteria as wonid be demonstrated in the
Ames test can be a potential carcincgen. In fact, it
bas been predicted that the correlation between
carcinogenicity and mutagenicity could be as high as 90%
{McCann and Ames, 1976). However, it is not necessarily
true to say that all carcinogens are mutagens 'since not

all carninogens act by causing mutations in the DNA.

In & survey conducted by Purchase et al. (_1976)

validating several short term tests, the Ames test was

found to detect correctly the 120 compbunds, which
included known carcinogens (91% correct responses) and

non-carcinogens (93% correct responses). The Ames assay




:

(iii)

{iv}
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was thus able to detect a high percentage of carcinngens
aﬁ&ura.tely without giiring many false positives when
compared to the other short-term tests surveyed,
Furthermorve, the bacteria were able to &iécrimirmte
eight st rucfural 1y reia.ted carcinogen and non~carcinogen

pairs used in the study,

Salmonella typhimurium, being prokaryotic, would allow

the polyphenols access to the DNA since the number of

meubrane ba_rfiers to be passed would be limited., The

: sensiti\fity ef the system is greater than that for a

evkaryotic assay which means that reasonable and

possibly non-toxic levels are sufficient to indicate any

biological activity. Any'mutation in the DNA could be

classified as to the type i.=. base substitution or
frame-shift depending on the mutant showing a positive

T'eSponse.

Drosophila melenogaster {used ih SMART), on. the other
hand, is & multicellular, -éuka.ryotic organism and éince
its 8 (diploid) chromosomes are similar in arrangement
to those in man, the results from SMART make
extrapolation to man more reasonable. Besides, a
comparison of prokaryotic and eukaryotic responses can
be made. Dissimilar results could maybe yield some

information as to the processing of the compound on

s a I - o
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Q route to #he -siié of action.
_ 2 e C_hemical mtaéens can be placed into two categuriés:
: ' _ . | '_ the direct ly and the indirectly acting compounds.
" '. ' " Direct mutagens are usually electrophiles that are able
, _ ~ to interact with negatively charged compcunds Suﬁﬁ: as
‘ the DNA i_n thé. cell and as éuch can involve covalent
g ~ binding to the target, Hydfophobic iﬁtéractions are
: also bossiﬁle for intercalative chemicals such-
‘ as certain antijbiotics and chemotherapeutic agents. For
.._.i the indir_ect!y acting mutagens (promutagens) metabolic
activation is required to produce the ultimate
1: | . " earcinogen/mutagen. Such activatior is carried out in
! _

vivo by a grnﬁp of enzymes known collectively as

f cytochrome P450s, present predominately in mammalian

I liver. To mimic such metabolic activation in the Ames
test, a crude preparation of cytbchrome P450 {in the
form of the 89 fraction prepared from rat liver) is

incorporated into the mutagenicity assay. An attra&t ive

aspect of SMART is that fruitflies, although possessing
no liver, do have such & P450 system. Therefore uniike
the Ames test, it is not necessary to add the mammalian

89 fraction.
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. 3.2 The Ames Test -~ An Introduction

i

'(.)nce the structure of DNA had been proposed by Watson aﬁd Crick "in '
1953, the field of mutagenesis could be explored. Studies were

initi_a.l 1y concerned with the types _of mutations that occurred and '

the effects of X-ray and chemically-induced abnormalities. This led

scientists to start looking for reliable means of measuring such

mutations; Findings of ¢rick et al. (1961).and_ Whitfield et al._

© (1966) formed the basis of #hat Was to become widely known as the

Ames test, Crick had shown that acridine mutagens were agble to

cause nicleotide additions and deletions in bacteriophages, which

~ led to changes in the reeding~frame during the transcription of the

DNA. Whitfield et al. (1966) were able to demonstrate that ICR (an

acridine-like compound} did, indeed, act as fra.me—shift mutagen in

‘several histidine dependent Salmonells tvphimurium mutarics that had

been classified as containing frame-shift mutation sites in the C
gene of thé histidine operon. ICR was able to cause a change in a
base, not necessarily at exactly the same site df the orig_iha.l
mutation, such thaf the correct _rea.ding frame was restored in the C
gene (Fig. 3.1), allowing for the synthesis of ._a, finctional enzyme
(codeﬁ for by the C gene) involved in the histidine biosynthetic

pathway (Ames and Hartman, 1974).

After several years of work, Anes constructed a series of histidine
dependent S. typhimurium mutants which were classified as TA1535,

TA1536, TA1537 and TA1538 (Ames et al., 1973a). These bacteria aill
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T

PR-ATP Pyrophospholydrolase

| m- | <8 o

1 * . PR-AMP Hydrolase

(N~ R - gyclase

A "o Isomerase

H i o . Amido-transferase

B | Dehydrase Phosphatase

Transaminase

0

" Histidinol Dehydrogenase

Phosphoribosyl Transferase

Fig. 3.1 The genes ocearring in the H:tiiine operoz of Salnoselia typhfwsries are shors, slosg
¥ith ti? casyecs {igvolved in the syntheeis of kistidiae) tle_y_eleode for {Phitfield
et 2l., 1365}, PR = phosphoribosyl,

7
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have the uifrB_ (excision repair) and rfa (.rough deep mutation
affecting membrane permeability) deletions., In a,dd1twn each straifx
has strain-specific deletions in the histidine operoft. These

c_ielétions result in .hislt idine reguirement for mutant growth. It is
the reversion to._._ histidine independence (his{') that acts as an
indicator of 'the-jmllxtagenicity of a SubStq._nce. Further work was
.'-:-i_ carried out to enhance the sensitivity of the above series of
mutants, This was achieved by the addition of the R-factor {(drug
resist_ancé plasmid), prM101, giving rise to the mutant strains TAS7
(or moe recently TAQ-’!a which shows better growth qualities), TA9S,
TAL00 and TA102 as indicated in Table 3.1 (McCann et al., 1975 and
Levin et al.,, 1982), This R-factor plasmid carries an ampicillin
resistance gene and enhances the effect of the error-prone repair

(due to the uvrB deletion) system. Strain TAl02 also carries a

wulticopy plasmid, pAQ! (which confers tetracycline resistance),
which was shown to enhance sensitivity of TAI02 to oxidative
i . autagens (Levin et al., 1982b), ‘The drug resistance conferred on

| these strains is useful in testing for .the presence of the unstable
’r}'-'?‘\ : R~factor, which can lost quite readily. The R-factor straihs are
reverted by mutagens that .a.re weakly or not mutagenic .at all in the
R-fagtor deficient parental mutants, the'_TA1535 series (Maron and

Ames, 1983),
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; 3.2.1 Genetic Markers

The Following teble summerises the genetic features of the bacterial
s: hins used in the Ames test. These features will be discussed in’
1 more detail for each bacterial strain in this section. |
@ } Table J.1 The gemotype of the bacteris! mulsals used ia Hhe Awey essay is zhowa. [-] sad {#}
,@n! indicats the sbsence and presemce, respéctively, of the pfa aad yyrd deletions sad the plasnids,
Fowbers of the histidine mefstions degote their position in the gevome. In TALO the hitidize
‘ sutstion is carried on the plasaid, pdgl,
o
o Deletions . Plasmids Histidine Matations
3
LPS Repair PRM101  pAQl De61d - DINSZ - Gd6 G428
o (rfa) (uveB) (G428)
A
G
. + + + + 97 - 98 100
f + - + + - 102
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 3.2.1.1  uwviB Deletion

The deletion through the uvrB .ge_ne includes the deletion of the
nitroreductase (chl) and the biotiﬁ {bip) genes. The. latter

deletion;.(which capnot be reverted by mutagens) -cé.lls for

supplementation of the growth - with biotin. No excision repair of

the DNA is possible with the deléticm through the uvrB gene. This
is useful in detecting DNA damsge, e.g. base pair substitution,
insertions or deietions caused by mutagens, that would otherwise be

repaired and hence the effect of the mutagen not seen.
3.2.1.2  tfs Deletion

When it was observed that di-benzanthracene did not act as a
frameshift wmutagen, although a closely related carcinogen,
benzanthracene epoxide did, it was concluded that maybe the size of
the molecule played a role i.e. its entrance was being impeded by
the lipopolysaccharide membrane barrier {LPS) (Ames et al., 1973b).

Consequently, a rfa {rouvgh déep) deleticn was made. With this, the

LPS was reduced to a ketodeoxyoctonpate lipid core, Thus gll four

strains contain the rfa uvra deletion; a single deletion through the
ged chl bio uvrB genes, The deletion results in the partial loss of
.-ti“v;- LPS, since ga.léctoae synthesis stops (beca.usé of the gal
deletion) resulting in a loss of the chain distal to the first
gaiacfose unit (Ames et &l., 1973b). This loss of the LPS makes the

bacteria more permeable and completely non~pathogenic. However,
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permeability might still present a problem to large polymers e.g.

tannins.

 3,2.1.3  pEMIOI

Plasnid pkMI01 is 35.4 kb long and is derived from plasmid R46 by &
single; ip vivo, deletion of a 14 kb region. Both are natufally
occurring plasmids, which, .when present in baéteria_ such as
Escherichia coli and Salmonella typhimurium have been found to make
these ba.cteria. more resistant to killing by UV exposure through a

process of enhanced '(nbn-letha-l} mutagenesis (Hortelma.ns ‘and
Stbckér, 1975?_' The effects in E. coli are dependent on a rech lexA :
genotype as is the case in the SO§ repair systen; inducible by DNA

damage, and which becomes operational 6111}* when the normal repair
system becomes ndn?-funci:ional e.g. when overwhelmed by exposure to
UV irradiation or a mutagen. The plasmid does not, however, act via
S0S induction because it was found the pKMI01 does not cause recA
induction, the product of which is essential in relieving inhibi.tion

imposed in the SOS repair pathway when the normal repair pathway is

'czperative {Lackey et al., 1977; Goze and Devoret, 1979 and Langer et

al., 1881). Sincébne effect of SOS repair is enhanced mutagenesis,
one could imagine that the pKMI0! could code for an enzyme involved
in an error-prone excision repair as is the case in the SOS
response, So far a muc gene, which has its analogue in 508 as uwuC,
has been cloned ('Perr_y and Walker, 1982). Thus the plasmid codes

for a muc gene product inducible by mutagen-indnced DNA damage; 'I‘he
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celi would preferentially "correct” the damage by some error-prone

‘system rather than ignore it, thereby preventing cell death. Once'

the "t:urrectmn” ha.s been made, repllcatwn can. contmue pa.st the
mutagen-induced 1rregu1ar1ty, and S0 becomes fixed m the genone,
which in the Ames test would be evident as a reversion to lust;dme.

independence,

3.2.1.4  pAQl

- TAL02 cari'ies the pAQI plasmid which contains the his G428 mutation

and the tetracycline resistance gene. Is has been established that

. 30 copies of the plasmid are present which implies that 30 copies of

the his" mutation are available for reversion, accounting for the

-increased sensitivity of this strain to oxidative mutagens (Levin et

al.; 1982b). All the other strains carry the histidine deletions in

the histidine operon region.

3.2.2 Bacterial Strains

221 TA 97/97a

This mutant has extra cytosines added tv the rum of four cytosines
in the wild type, resulting in six consecutive cytomines at the

mutated site in the his D gene {Maror and__Ames, 1983). TA97 has a

second hot spot of alternating -GC- base peirs, several codons. to




.& 37 side of his D661'0-. '(-Levi'n"et al., .1932}. Hot spotsre highly
repetitive sequences in the DNA that are prone to spontaneous and
indoced misrepairing and mismafching,_ and are the favourite sites of
action for frame-_shift_ mutagens (Le'vi_n. et al.,..1982). His D6610
being very similar to 'fhe mutationai }_iot spot near the his D302 of _

TA98, is equaily sensitive to fluorene derivatives,

 Reversion of the his D6619 by a single base-pair deletion gives rise

to a pseudo wild-type histidinol dehydrogenase displaying 60% wild-

- type activity. However, this activity is sufficient for mormal

growth in well-defined 'medium'.
3.2.2,2  TA98

In TA98, the his D3052 mutation, containing the —CGUGOG- sequence is
reverted by a -G~ deletior;.- The mutation occm'é in the hig D gene
responsible for histidinol dehydrogenase synthesis {(Fig. 3.1). This
enzyme catalyses two dehydrogenation steps m the histidine

biosynthetic pathwa".

-The mutant is able to detect frame~shift mutagens that stsbilize the

shifted pairing that occurs in the highly repetitive DNA sequences.
Re\é’_ersion van be brought about by nitroso-fiuorene, af latoxin By

benzc{a)pyrene and daunomycin.
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2,2.2.3  TAIOO

The his G46 mutation im TA100 is in _the his G gene. "‘.This gene codes
for thé first enzymé (phosphoribosyl transferase} in histidine
synthesis (Ame&, 19;?1; Lelmingef, 19’?5). In fhe muta.t:ed. ntate th-isi
sequence sﬁbstitﬁtes proline _{—GSG—) fdr leucine ¢ «V‘ - __-_in the

wild-type {Bafnes et al., 1982.). _mt'agenesis causihg_ ba‘sé—pair'

substitiltidn can be detected.
3.2.2.4 TA102

A I'ECB]‘.lt. addition to the tester set is TA102, The - for such a
strain arose from the observation that many known pxidative mutagens
were weakly detected or not at all by the other strains (Levin et

alys _'1982b)-. It differs from the other strains in three aspects.

Firstly, an adenine-thymine pair occurs at the mutation site rather

than a guanine-cytosine pair. .s_econdiy,: a his G428 mutation has
been introduced with the muiticopy plasmid pAQI._ The mutation site _
is the -TAA- sequence in the his G gene. Lastly, it has an intact
DNA excision-repair system, i.e, no. wvrB deletion, It is this
intact system that allows for the detection of mitomyein C, & DNA
cross-linking agent. If no ra_pair faciiities were present, the
genome could not replicate itself, leading to.cell death. It is .-for
this reason that this muta.gén is lethal in the other three strains

used in the Ames test (see Table .%). %The¢ error-prome uvrB

gxcision repair converts the potentially lethal mutation caused by
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mit'omycin c iﬁto a second non-lethal mitation, evid_ent as a8
reversion. _Mitomycin C is inclil’&ed as a positive control in the
mutageheéis assay .for TA10Z2. Othér- chemicals -detec_ted by TAlO2
inc'ludé formaldehyde, glyoxal, _variﬁus hyﬁmperoxides_,- bleomycin,
qulnones (son;é requiring metabolic activation) and phenthydrazine"

{Levin et al., 1982b).

3.2.3 Metabolic Activation

To expand the mutagen (putative carcinogens) detecting capacity of

~ the Ames assay, a metabolic activating system (extracted from liver

in the form of the 39 frastion) can be incorporated, Potentially

inactive compounds (promutagens} can be converted by this cytochrome

- P450 {monooxygenase enzymes) system to reactive electrophiles sble

‘to interact with proteins, RNA or DNA. Several workers have studied

the components present and how these interact to activate various
sub:strates (Guengerich 1977, | 1879 & 1991 Guengerit:h .et al,, 1982;
King and Wiseman, '.987}. There are basically three components:
NADPH t_:ytochrome P450 reductase, phosphatidylcholine and cytoch.rome' _
P450, | the terminal oxygenase and determinant. of subsirate
specificity (Wright, 1980). The reactions catalysed by the.

monooxygenases include aromatic and aliphatic hydroxylation; arene

and alkene oxide formation, oxidetive N-, O~, and S-dealkylation,

sulphoxidation, oxidative deamination, desulphuration and

dehaiog‘enation (Wright, 1980)and are indicated on the next page.

St g
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hydroxylation -

"
HCH,CH,CH,
~CH,CH,

pmtﬁbnrblzal )
(xdﬁtlve; general anesthetic)

16

benzofa]pyrene

‘oxidative de:” " nation

O—.CH;CHCH, P-450 Q—c 2CCH3+NH3

amphetamine

N-dealkylation

Q-dealkylation
R—0—CH, £~ 20OH + HCHO

2

N-oxidation
P- 450

" ReN === R 7=0
0,

{reprinted from Bokimski, 1987)

“ P-450 anotherE
O, 0,
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CH, OH
0 1

_ ‘ | |
" CHCH,CHCH,

P40 HN/&CH@H,

g L Lo

N
H

diol epoxide
{DNA mutagen and
protein modlﬁer)

e
HO + HCHO

S-desatkylation
R—5—CH, =%, RSH + HCHO .

0,

S-oxidation

i
R—s—R 4%, g5 g
0.
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‘The cytochrome P450 isozj'mes- {each arises from a different gene) are

5 i-"a'n’ni_ly of hemoproteins displaying a characteristic peak at 450nm.

. When liver microsomes are treated with sodium dithionite and then
with carbon monoxide, 4 very well defined peak appears at 450nm, and

" because t'he ezttincfioh coefficient is knownt, it ‘is possible to

determine the concentration of cytochrome P450 by absorbance
spectrophotometry {Camura and _Sato, 1964}, Some P430 enzymes display
a wide substrate specificity whereas othe_rs. are more seiective, and
in some cases overlapping substrate specificities have been shqwn
(Guengerich, 1979}. There are mafked tissue and species difference
in the activities and distribution of the monooxygenases, which can
vary with mge of the animsl and with inducer pretreatment.
Substfates acted on can be of both endogenous and exogenous -
(xencbiotic) origin, The endogenous compounds include fatty acids
and steroids whereas the xenobiotics embrace drugs, carciﬁogen‘s' and

muatagens. General ly, the reaction can be summarised as follows:
SH + NADPH + H' + 0, - SOH + NADF' + B

where SH = substrate and SOH = hydroxylated substrate. Molecular
oxygen is made more reactive so that it can attack inert and poorly
soluble {hydrophobic) substrates, converting these inte hydrophilic
species ‘hat can be excreted from the body (King and Wiseman,
1987}, Under’ certain circumstances the activity ol these enzymes
will convert inactive compounds into highly reactive species which

are not excreted, Many lipophilic compounds such as aromatic amines
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undergo oxidation fe_:a.ctions via the monooxygériaisés _despite
alternative routes for mrdmphil"ic conversion. The addition of
oxyg‘eni to the amino-N atom to form a N—hyd_rdw derivative, .i's the
first étep in the mutagenic activation of aromatic amines. Such |
activat idn can be st@‘rical ly hinderéd by the presence of two proitons
ort_ho to the amino group, which accounts for the different.
activities of this group of chemicals in tumour induction. O'nce.

suéh activation has occurred, the functional groups could conjogate
via transferase action to endogénaus conjuﬁating agents such as
glucuronic acid (Wright, 1980). Such conjugation would limit
further biotrarisformétions and lead to Topid excretion. However,
exceptions werg found in atudies of 2-aminofluorene activation
{(Weisburger and Weisburger, 15‘?3). ~ Despite glucuronidation or
sulphation of N-hydroxyamides, these can still interact with the
DNA.,  Although the sulphuric acid ester is the major ultiméte
carcinogenic metabolites, it was found that the-dsacetyiated
derivative of N-hydroxy-2acetyl-aminofluvorene viz., N-hydroxy-2-
aminofluorene was ultimately responsible for the mutagenicity of 2-
ac_etylaminof ivorene (Sakai et al., 1978 and Joknson et al., 1980).
Cytochrome P450 thus provides other enzymes with substrates to act
on. The reverse occurs as demomstrated by the metabolism of the
promutagen benzola)pyrene [(B{a)p), & standard used in the Ames test,

where epoxide hydratase provides a substrate for P450.

B{a}p is metabolised (Fig. 3.2} by the combined act.ion of the P450
system and epoxide hydrase (Darnell, 1986 and Wiebel et al., 1975 ).

- v - I__, e JE e A o e e e L
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BENZGIAYPYRENE

EPOUXIDE HYRRATASE
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73-DIHYDARODIOL,

1450 NONCH-OXYAEMASE

TR-HI0L- B30 ONIDE

Fig, 3.4 ﬂem(s)m‘m setzbolise by wariock cytockrome D450 isozymzs, wdick cax feod to two
 end productss 7,8 diol-9,10 oxide ie sz electrophilic carcimogen, wherems

{,5-diliydrodiol is sot resctive towards DA (Birue[[,. 1985),



el

Riglead - Nitageaidy 46

it .was observed ﬁfhat two products resuited, either 4,5 dihydrodiol
{non-reactive) or 7,8 diol-9,10-oxide {the ultimate c&;ainogen}
dependirig on .which P450 '_isozyme {dependant on the inducer
adminis_tered) is present; When pheIloba_rbital was used to induce rat
tiver, 'P450m tnumbered aééording to electi-ophoretic mobillity,' the
letters referring to source, here li_ver microsomes) was isolated and
shown to be imvolved in the formation of bla)p~4,5-diol, R~
Napﬁthof la‘\fﬁn'e-'{ 5,6 benéaf lavone) Induced P450,,. The S;methyl-.
cholanthrene i'nducible P450, P450;y . preferentially catalyses 9,10~
epoxidation of the substrate, leading to tke formation of the
ultimate carcinogén (Robertson et al., 1963; Hr sgen and Coon, 1976},

Normaily hydretion by epoxide hydratase is a deactivation step

' resulting im 7,8-0ox3:} which ca.rindt bind to ma.cromolec_liles in the

cell., But in the presence of the appropriate epoxide hydratase,

this metabolite cam act as a monooxygenase substrate (Kapitulnik et

al., 1978).

In the preparation of §9 to be used in the Ames tesi, Aroclor 1254

" {a polychlorinated biphenyl) is recommended as the most efficient

inducer becasse it produces the largest array and amounts of P450
isozymes, allowing for the widest possible detection of promutagens
{Maron and Ames, 1983), Yoshikawa et 2]. {1982) found t'_.bat. &
combination of phenobarbital and B-naphthoflavone produced an 89
prep&ration. e.ﬁ-éctive in activating a wide range of .substrates,
including b{a)p iEisen, 1986; Haung et al., 19815 Lu aud West,' 1580

and Suwa et gl., 1585) and was used in the present work.



Psplen - Wtaoeity 47

Generally, S-glutathione transferases, present mainly in the cytosol

{ although membrane forms have bsen found) and epoxide hydra'tases are

involved in deactivation pathways (Wright, 1980). Both these

enzymes are preseﬁt in 59 fractions. ©Epoxide hydratase has no -
cofactor requirement and as such should be fully funct ional. On the
other hand, due to dil_ﬁti_on and oxidation during 59 preparation the
transférase is inactivated (Dean 'ét. al., 1978), Pretreatment of
rats with inducers leads to an incréase in cert#in enzymes, with the
iﬁcrease in 450 enzymes beiﬁg the greatest, Thus the balance
between the activation and deactivation pathways is inclined towards
the former pathway in pretreated snimals. It can, therefore, be
argued that susceptibilities to cancer induction in the trman

population depend to a large extent on the type of cytoclirome P450

: prese.r'lt in the individual {which ca&n be inf luenced by dietary and

genetic factors) and the interaction of other enzymes with these

cytochromes and their end-products.

Mammalian cytochrome P4350 enzymes are most sbundant in liver, but

are also distributed in other organs in the body. P450 occurs in

‘both prokaryotes and eukaryotes. In eukaryvotes most of the P450 is

located in the endoplasmic reticulum (ER). When the enzymes are
isolated, homogenisation of the ER causes small vesicles to form
known as microscmes, hence the name microsomal S9. §9 enzymes are
present in the nuclear envelope and cell membrane, where they could

play a role in the metabolism of carcinogens on route to the genome.
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The eléctron transpori chain for the microsomal cytochrome P45b

comprises two proi:eina: cytochrome P450 and cytochrome P450

- reductase. Cytochrome . P450 (a = hemoprotein) contains a

protoporphyrin IX group, The reductase isa f lavnprotein_ containing
one FAD' and one FMN' nucleotide, the prosthetic groups involved in
the oxidﬁtion—re_ductinn reactions. In 1980, White and Coon pfbbosed

s model for the structure of the active site of cytochrome. 430

(Fig. 3.3).

The Active Site and Catalytic Cycle of Cytochrose P450

The protoporphyrin IX ring is idcated in a hydrophobic cleft and is
bound by hydrophobic and electrostatic forces. A sulphur from a
cysteine residue :_i.n the protein is ligated to the Fel* in the plane
of the heme ring. The iron atom contains five electrons in the
outer d~orbital and depexiding on the spin-pairing .can exist in

either a low or high sbin state (King and Wisewan, 1987). In the
low spin state the iron exists as a 6 coordinated heme iron and in
high spin as a 5§ cmrdinated' atom. Intact microsomes contzin an
eqgual pixture of these two 'spin states, Before the substrate binds,
the system iy in a low spin state and at a negative redox potential,
Upon binding, the substrate induces a spin-state change, resulting
in the high spin form, | Because the high spin state is at .a less
negative redoy potential, the electrons can flow more readily to the

cytochrome P450, It was observed that NADPH cytochrome P450
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reductase and cytochrome bs can modify the cytochrome P450 spin
state. The latter observation proved to be interesting sinée tivor
microsomes contain two electron transfer systems that could
pbtént.ial_ 1y interact with each other; the aforementioned NADPH P450
reductasé.-i ¢ytochrome P450 and & NADH cytochrone b; reductase :
eytochrome P@SO,. components of the stearyl CoA desaturase system

(Bosterling and Trudell, 1982 and Bosterling ot al., 1882).

Fig, 3.1 The proposed sctive yite stractare of cytocirows PISO, showing the iron Bowad to the

selpinr from o cysteine residue in the P50 protein (White axd Coox, 1980).
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Many fesea.rchei's hajre shown that . cytochrorﬁe _bs does intétacf: with
.' = o F#_SO and depending on .the_substrate used, -thi's in'_teraction could -
_ _i either be inhibitory or sfimﬁlﬁtofy. and in some cases no effect was
’ | | 6bserved (Chiang_,. 1981; Hoéz_ven a.ndCoon, 19744 Inge lman~Sundberg,
1986 and prkrbvsky et al., 1977 and Yang et al., 1978). The mltiple
forms of cytochiome P450 could alse explain the differemnce in
~ response to the presence of cytochrome b;. There could be those
requiring cytochrorﬁe b5 mediated traﬁsfer of the second electron for

oxygenation, whereas other P450's wo, , receive their eléctrpns from

NADPH cjtodhrome reductase (Fig. 3.4).

S o P 450(F, -

I - sony T UL gy
 HO0-p4sdiFenisoH  P45O(FEYSH

: 2H* - & P450reductase

: naord  P450(Fe*07)SH P450(Fe’)SH
’ cytochrome_-bsreductuse
" NADFR

e

P 450 reductase’-

P450{Fe™0, ) SH

Fig, 3,4  The vytockrose P43H catalytic cycle in whick S8 i the smbsirate and 50X the
 bydraxylated substrate, Yhe first olectron {e}] is domated via the NADPR:P4SO

| redectase, whilst fhe _secami electron fezl ui be received ax o or viz the

BABER cm_cime :'5- redsctzse (King u_e‘ Fisemax, 1981},
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3.3 THE AMES TEST ~ MATERIALS AND METHODS
! 3.3.1  Solutions
‘ All solutions were autoclaved at 121 YC for 20 minutes and stored at
. 4 °C until required. '
¥ _
| BROTH: | . - ver litye -
¥ Lab-Lemco Powder (Oxoid 2) ' : 10 g
| Peptone (Oxoid) - " 10 g
g NaCl : ' - 5g
ol This broth was used to culture the bacteria (See Section
A .
i. 3.3.3). For mutrient plates, 15g/litre of agar was added
- (See section 3.3.5.2 - 3.3.5.5).
.I!j- ‘
"_/'.
o

MINIMAL GLUOOSE PLATES;

per litre
Agar ' 15 g
Distilled HO | 930 ml
50X VB saits = 20 ml
40% fw/v) glucose 30 ml
0.26 mM L~histidine _ 10 ml

Used for mutagenicity assays (See Section 3.3.6 and 3.3.8),

]
“
i

| ML
1
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VOGEL-BONNER SALTS (50VB}:

‘Distilled HO (at 45 'C)
MgS0,. THO -

Citrid acid, monohydrate

K,HPO .
NaNHHFPO, » 41,0

e I iR B Tl i e b Bl e

‘Plpohend - Natagaoiity .52 Y

per litre
670 ml
108
100 g
500 g
175 g

All ingredients were added individually, al-lowing each salt

to dissolve befoi'-e adding the next, and the solution made up

to 1 litre. This solution was used to make up the winimal

glucose plates,

NaCl

bistilled Hp-

per_litre
68
58

1000 ml

The top agar was best prepared in 50 ml aliquots, For

mutagenicity assays, 5 ml of a solution containing 0.5 mM

histidine and 0.5 mM biotin was added to 50 ml of melted top

agar, which was kept at 45°C until required. Two ml ofjagar
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wis used per plate.

MgCl, - Kci:
MgCly. 6 HO 81.4 g
xcl 123 g
Distilled O up to 1 litre
This solution was used to prepare the S9 mix.

S8 MIL:

Sterile distilled HO

0.2 M potassium :phdsphate
buffer, pH 7.4

0.1 # NaDP'

1 M glucose-6-phosphate
MgCl,~KCl

Liver microzcmes (59)

per 50 ml
12.75 ml

25,06 ml
2.00 ml
©0.25 ml
1.00 ml
2,00 ml

The ingredients were added in the order indicated sb that

the 55 was buffered. This mix was kept on ice till required.

Left dver 59 was digcarded. The volume of )iver microscmes

I




add_ed depended on the protein coneentration in the liver

B ext_raét', here assumed to be 40mg/ml.

AMPICTLLIN SOLUTION:

per 100 =l
ampicillin trihydrate _ 0.8 g

0.02 N NaOH : 190 m=l_

This antibiotic was used to test for the presence of the R-

factor plasmid, pKM101 {See Section 3.3.5.4).

TETRACYCLINE SOLUTION:

per 100 mi
Tetracycline 800 mg
0.02 N HCIT | 100 ml

This antibiotic was used to test for the presence of the

PAQ! present only in strain TAL02 (See Section 3.3.5.5).

CRYSTAL VIOLET SOLUTION:

per_100 ml
Crystal violet 0.1g
Distilled HO | 100 m1




- This solution was covered with foil to protect it from the
\}# o light and used to test for the presence of the rough deep

j | mutation of the bacteria (See Section 3.3.5.3).

. _ .

b

a
1‘ HISTIDINE AND BIOTIN PLATES:

E per litre
J : raar : - s g."' _
N Distilled HO - 914 ml

50X VB salts _ _ | ' 20 ml
40% (w/v) glucose | " 50 ml
"; | Sterile 0.26 mM histidine . : 10 ml
Iﬁ _ Sterile 0.5 mM biotin 6 ml
|

These plates were used to test for histidine requirement

{See Seci_:ion 3.3.5.1}).

AMPICILLIN/TETRACYCLINE PLATES:
’ . per litre
Agar : 15 g
1 | Distilled H0 910 ml
) 50X VB salts 20 ml
- ' . 40% {w/v) glucose 50 m1
“A - Sterile 0.26 mM biotin _ _ 10 ml
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Sterile 0.5 mM histidine | 6 ml
Ampicillin solution . 3,i5mi
*Tetracycline soluti_on ' 0.25 ml

~ The salt and glucose solutions were added after the agar had
been autoclaved. These plates were used to test for .
ampicillin {*tetracycline - for TA 102 only) resistance.

{See Section 3.3.5.4 and 3.3.5.5.).

2.3.2 Bacterial Strains - Source

TAG7, TAS7a, TASS, TA100 and TA102 were kindly supplied upon request

by Prafessor Bruce Ames, Berkeley, California.

3.3.3 Celturing Bacteria

Bacteria were cultured in nutrient broth and were allowed to grow to |
a density of 10’ cells/nl on a rotary shaker kept at 37 %C, To scdre
- the total number 6f ‘colonies and any toxicity effects of the
pol.yphenc-ls_, the bacteria were serially diluted {with 0.9% NaCl) and
plated onto nutrient agar plates, then incubated at 37 °%C for 48

hours before the colonies were counted.

For the inoculation of cultures for the Ames test, frozen 0.5 ml
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aliquots of bacteria were used. These al iquots were stored at -70 e
which obviates the use of master plates. Régula.r testing_of the
genotype and mutagen response of the bacteria was carried out (See .

Sections 3.3.5 and 3.3.6).

3.3.4 Preparation of Frozen Cultures for Inoculation

Babteria were grown up overnight to 2 density of 10° cells/m! in the
presence of antibiotics - ampiciilin for all strains, and
additionally tetracycline for TALQ2. _Dimethylsul_plﬂxide {DMSCY was
a.ﬁded to the cultures as a cryoprotective agent at 0.09mi DMSO/ 1 ml
of culture. These were then dispensed into sterile eppendorf tubes
and quickly frozem on a bed of crushed dry ice. Once frozen the
tubes were transferred to the -70 °C freezer for storage, Strains
stored this way were found to be stable (according to the tests

performed in Sections 3.3.5 and 3.3.6) for at least one year.
3.3.5 Genotype Testing

32.3.5.1 Histidine Requirement

The cultures were plated out on selective minimal glucose plates

containing biotin {final plate concentration - 3uM, because the

biotin gene deletion does not revert), with and without histidine
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{25B§/mli. There ﬁaé no growth on the histidine freg plates”.'
3.3.5.2 uvrB Mutation
This:mﬁtation makes the bacteria susceﬁtibie to the lethal effects.

of UV light. Strains were 'plated onto the nutrient plates ir

parallel sireaks. Several strains could be tested on one plate.

Taif of the plate was covered with foil so that half _of each

bacterial streak was covered and the other half open to irradiation '
wit.h' a 15W germicidal UV lamp at a distance of 33 cm for 60 seconds.
The irradiated plates were incubated .for 24 hours at 37%C. Since
TA102 has an intact UV repair system it should grow on both halves.
whereas the other strains viz., TAS7, TA98 and Tal00 should only grow

on the uhirradiated side. This was observed for all strains.
3.3.5.3 rfa Mufation

Betause crystal violet is a large molecule, it will oniy be able to
penetrate the membrane of rfa mutants. Strains with the rfa

character will be killed by crystal viclet,

One hundred microlitres of a tester strain was added ta 2 mi of top
agar at 45 °C containing 0.5mM histidine and 0.5mM biotin, vortexed
briefly and then sﬁread evenly across a nutrient plate, Aftey
allowing the top agar to harden, a sterile filter paper disc

fapproximately 0.5 cm. in diameter) containing 10pl of & 1 mg/mi
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crystal violet solution, was placed firmly on the seeded plate. The

plate was inverted and incubated for 12 hours at 37 °C. 4 clear zone

-of inhibition around the disc indicated the pres_encé of rfa mitants.

3.3.5.4  pkMIOI

TA97, TA98, TA100 and TAIO2 all contain the R-factor, carrying the
ampicillin resistance geme. As the plasmid is unstable and readily
lost, the strazins were rmx'i.inely screened for the presence of the

plasmid by their sensitivity to ampiciilin.

The bacteria were streaked across ampicillin plates (25 pg/ml final

{piate} ampicillin concentration) and their growth compared to
rlates containing no ampicillin: Alternatively. a method similar to
that used to test for the rfs mutatioﬁ is applicable, in which
ampicillin containing discs were placed on seeded plates. Absence
of zones of inhibited growth around the discs indicated ampigillin

resistance.
3.3.5.5  pAQI
TAl02 is also testad for tetracycline resistance (pAQ! carries the

tetracycline resistance gene). The procedure is the same as for

ampiciilin testing.

i
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3.3.6 - Spontaneous and Starndard Control Values

A trace of histidine was added to miniinal glucose plates during
mutagenicity testing to aliow a background lawn of aumtrophs to
develop. The absence of this lawn was also indicative of toxicity of
the test compound uﬁdér invéstigation. Characteristic o:f each
tester strain is the number of spontaneous revertants. evident

against this llawn. The final number of auxotrophs infinences ’_chis

reversion | ffequency, but since the histidine content is kept

" constant, the number of auxotrophs will be consistent. Spontaneous

reversiori is independent of the initial inoculum size within the
range 10s - 103' cells (Green and Muriel, 1976)}. The following ranges
have been observéd in several labs { Ames et al., 1973 and Maron and
Ames, 1983): revertants/plate (no $9); TA97 (90-180), TA98 (30-50),
TA100 {120-200) and TAI02 (240-300). Values in this work fell within
the ranges given, and more importantly were constant from experiment
to experiment, If there was any significant isﬁc-rease.or decrease in
thess values, the strains were re~isolated from the frozen master

copies. The addition of 89 increased the frequexicy slightiy.

5tandard Mutagens
To check the response of the various strains in this work, several

standard mitagens. some requiring 59, were inciuded in every

‘experiment {as shown in Table 3.2 - Spontaneous revertant numbers

have been subtracted). Mitomycin C is lethal in all strains with

the uvrB deletion because it causes DNA cross~linking, a lethal

i e Tl Trr i 1 T L i ot o . I e St e ek D i
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_Q'.‘J ' mutat.ion. 'which r.equires.éxcisiqn repair ( uiirB gene) to convert the
| muté.tion'fo-__a .setl:om_:.l'. non—léfhal ﬁutat_ion in TA10Z. Values are

' | " -those.report.ed bf-Maron and Ames (1983). |

2
l‘l_Mé 3,2 several of the st#ndard mutzgeas included in eacﬁ erperinent are shown, sode requiring
$9 f+} and others nof (-], The mumber of revertants (per plate} induced by each of the wotagens
. in the four strnfns iz indicated. '
Stfains

. | Mutagen | pg/i00pl%  S9  TAS7  TA98  TAIO0  TALO2
Sodium azide 1.5 - 76 3 3000 188
Daunomycin 6,0 - 124 3123 47 592
\‘ Mitomycin ¢ 6.5 - o 0 0o 2772
Rk 2 Aminofluorene  10.0 + 1724 . 6194 3026 261
4 Benzo(a Jpyrene Lo+ 37 143 937 255

* Added to top.r -
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3.3.7 Induction and Excision of Rat L.iver Enzymes

Sincé Aroclor 1254 (the recommended inducer) is a very "si:a_.ble

carcinogen and expensive to obtain here, it was decided to use an

alternative inducer. Matsushima et al., {1976) found that a

combination of B-napthof 1avone and phenobarbital produced induction
similar to Aroclor both with respect to the amount of protein
induced and the ability to -catal-&se a wide array of substrates in
the Ames test, The 8#-napthoflavone at a cbncen_tration of 8 mg/100g
rat body weight wids dissolved- in warm olive oil and then injected
intrapefiotineally. Phenobarbital was administered daily in the

drinking water at 1 g/litre. The rats were killed by anaésthetising

with ether. and the livers removed aseptically.

Preparation of the 52 Fraction:

All the steps were carried out using sterile glassware and cold {on
ice) sterile solutio‘ns. After the livers wers excised, they were
weighed in tared beakers, to which 0.15 M KCI was added at 1 ml of
KCl per gram of wet liver. The livers were then washed several times
in C.13 M KCl so as to remove any haemoglobin that could inhibit
cytochrome P450 {preéent in this 89 extract) activity. ‘Then the
livers were added to a beaker containing 3 vol of 0.15 M KCl/g wet
liver and minced with sterile scissors. After this the livers were
homogenised and the homogenate centrifuged at 9000g. The
super..itant was poured off and saved in 2 ml aliquots in small

plastic tubes that are able to withstand very low temperatures.

e
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These aliguots were frozen guickiy on & bed of crushed dry ice and

stored either in liquid nitrogen, when a.v_ailab_l-é, or at =70 %C. To

' prepare the $9 mix, the requiréd aliéﬁots #ére.. allowed to thawed at

© room temi:eratu're é.n_d then kept 'on' ice. To check the sterility of

the S9 preparation, 0.5 ml was added to top agar containing
hist_idirie and biotin (see top agar) and then poured onto minimal

glucose plates. The protein concentration was determined by the -

_ Lowry method (Lowry et al., 1952) and was found to be 30 mg/ml. The

~ standard curve for protein detsrmination was done using bovine serum

albumin as standa -i.
3.3.8 = Ames Mutagenicity Assay

For. each assay, a fresh overnight culture was used, and the method
of Maron and Ames (1983) followed. All four strains were used to
test tﬁe palyphenols from the different sorghum varieties, which had
been separated into three crude fractions (See Chapter 1).' The
highés‘t concentration used re'presented the maximum solubility of
these polyphenols. They were dissolved in 80% (v/v) methano! for
the assay, as a 80% methano! blank showed that this did not affect
bacterial viability. With each assay, well defined histidine
enriched plates (containing diluted bacteria and t.est compound) were
included to test for toxicity, as.examination of the background lawn
is quite subjective., Standard mutageﬁs_ were included in each run to

check the response of the strains.
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The 2 ml of top agar containing histidise and biotin (see iop agar)

were dispensed into sterile capped test tubes and held at 45 °C in

& water bath. To this 100ul of mutagen/polyphenols at_'seirérai
 cq§centfdtious,-1G0p1 of bacteria’kand where.:équiréa 50041 of SQ— '
'miﬁ.’; were added, vor_te:ied_ at low speed'_and poured onto thé minima

| ""‘glécpse glates. These were left to set '..on a level board éﬁd-within

'ém_hour. inverted and .placed in a 37 'C incubator. After 48 hours

the plites were scored. For plates with few colonies, all the
colonies were ‘co;mted dand when the nu;}iféer exceeded 200, seve{ral 1 cot
squares were counted, averaged and then multiplied 6y the surface

ares of the ﬁetri-diah (radius = 4,25 cm) to obtain the final numbér

-of're#Ertantsfplate.

3.3.9 : s_tatisticel Treatment of Data

_Students t-test was car’ried_out fbr the Ames test with the different

levels of polyphenols to determine if the increase in revertants

above the controls was significant (Bernstein et &l., 1982; Chu et

-al,, 1981z Weinstein and Lewinson, 1978).
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3.4 ' THE AMES TEST — RESULTS AND DISCUSSION

After having c'onf i_rmed the pr'esence"of: the._ markers (viz. rfa, uvrB,

~ his , g;mlf}z"and pAQl) engineered into the four strains, and their

responses (Fig 3,5 and 3.6) to the standard mutagens sodium azide, .
daunomycin, mitomycin C and 2-aminofluorene (the latter requires S9

activation), the polyphenol fractions {see Chapter 1) from several

- of the sorghum cultivars were tested in the four strains, both in

the presence and absence ¢ "3, The resulis of this are depicted in -
Figs 3.7 ~ 3,10 and Tables 8.1 « 8.5 (see Appendix ~ it is required

that workers append actual revertant comnts for the Ames test).

The different strains of 5. typhimurium were used to check for the
possible action of the phenolics as cross-linking {TA102), vase

substitution/deietion (TA100 and TAY7) or frameshift agents (TA98),
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Revertants/Plate (x1000)
S . N W oA W

Sodium Azide Daunomycin Daunomycin Mitomyvin C
T4 100 TAQ7a A 98 TA 102

Fig. 3.5  Comparisez of the responses of the four 5, tmilirfu etrains TA97e, TA98 TAL0D and
TAI02 to the standard mutagess (sodism azide, dagmomyein amd witowyciz C} obtained

in the pfesent work (L2b) fo those reported by Naror and Amey (1983} {Ames).

E Lab

' Revertants/Plate (x 1000)
Y VO TR

1A 87a

TA 98

Pig. 3.6 Comparative responses of the fowr giraizs to 2 aizofiverese (reguiring 59} obtained

 in this !ﬁrk (tab} to the valves reported by Marox and fwes {1983} {Awes}.
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A, ool EEJTAo7a MR TA 97a « 59
50t
100
50F
0
B. _ EETaora BB TA 972+ 89
n g . . .
—
g
£
g .
061
80r
80+
401
20t | |
Blank T 10 100
Amount; of Polyphenols Added (ug/plate)
Fig. 3.7 Incabation of TA97a with (4) F, (B) £, aud (cf Fy from SSI52, i the absewce and
presence of 5% epzymes, {he blesk cofsists of TASTa, solvext, without and with §9 for
the correspoading experisentsl seriex.
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1TA98 HEMETA 98 +89]

B. sol - Elltaes METAoE+S9

Revertants/Plaie

TA98 BN TA 98 + 59|

Slank T 10 100

Amount of Polyphenols Added (ug/plate}

Fig. 3.8 Iucebation of TA9R with (£} p {8} Fy ind {C} Ey from §5E5%, ix the theance and
presence of s exzynes. The blank coasists of T498, solvent, withont axd witk & for

the correspondiag experinertal saries.
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Al gl EZiTA 00 BRI TA 100 « 89
. 800 5 '
250
200
150
100
50

B ESlta1wg B TA 100 + S8
. 350

300
250
200
150
100

50

¥

Revertants/Plate

T

¢ =t 1a 100 @ TA 100 + 59
e 350 |
300
260
200
60
100
50

Blank 0 100

Amount of Polyphenols Added (pg/plate)

Fig. 3.9 - Incubatiom of TALOD with {1} Fis (8] Fy ad (¢} Fy fzon SSI52, iz tke abremce and
preseace of §9 exzymes, The blask cossists of TAIS, solvext, yithowt lid rith 89 for

 the correspendizg experimental series,
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A. 350 TA 102 BB TA 102 + 89
eor |
250}
200
150
100
60

EE7Aa02  [HlTA 102 + 59

Revertants/Plate

350
300
250
200
1650
100
50

T

C" 360

300}
250}
200
150
106
80

E=17A 162 BRB 1A 102 « 89

1

Blank -1 " 10 100

Anicunt of Polyphenols Added (jg/plate}

Fig. 3.10  Iscabation of TAIO2 witk {4) Fp {5} 5 ad {0} Fy frou 55L52, iz the désexce and
presence of 59 enrymes. Tie blask comsists of ﬁliﬂi, solvent, withont aad witk 59 for

the correspoadizy experimental series,
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From the Figs 3.7 - 3.10 and Tables 8.1 to 8.5 it can be seen that
there was no significant {by Students t-test) increase in the -

reversion. frequency when compared to  the blanks {spontaneous

- reversion freguency}. In some cases, subtracting the rawber of _

‘spontaneous revertants yielded lower values i.e. an actual decrease

in reversion {See Appendix - Tables 8.1 to 8.5). This was not due

to toxicitjr {results not shown) since in addition to checking for

the presence of bac.:ter'ial lawn, serial dilutions (c 2000)- of the
exposed bacteria showed nc decline in the number of viable bacferia.
Furthermore, the results did not fulfil the other criteria
est_abliéhed for determining mutagenicity, the two-~fold increase law
and a dose-response over at Ieast. three log dosas (Maron and Ames,
1983; Zimmermann and Taylor-Mayer, 1985). The two-fold rule states
that a dose level ca;‘using.a doubling of the spontanecus mutation
rat'e,. is considered 'ﬁl:o be a positive indicator of mutagenicity.
Testing in a na.rroﬁer range around this level should yield a dose
response curve. No dose response or two-fold increases wers

observed for all three fraction regardless of the cuitivar used,

" both without and with S2 activation. In all cases, the addition of

S9 caused a reduction in the number of reveriants, except in the

case of TA98 and SSK52 polyphenols (Fig. 3.8). The increase in the

" number of revertants, though not significant, was unexpected in view

of all the other findings and appears to be particular to the
polyphenols of this sorghum cultivar, and not necessarily to this
strain. The reason for this increase is not known. To substantiate

our observations from the Ames assay, a further short term assay was
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used to t_e.st the polyphenols. 'This test emplays th= fruitfly.

" Drosophils melsnogaster, and is known as the somatic -mutation and

“

recombination test 11“'""-§RT)- and forms the basis of the next chapter.
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3.5 SOMATIC MUTATION AND RECOMBINATION TEST

3.5.1  Drosophila as a Test Organism - An Introduction

When using short term 1'.& vitro assays as opposed to animals in
detecting mutagenicity, it is essential to use more than one test

system, measuring a different genet ic endpoint. For the purpose of

this study, the fruitfly, Drosophila melanogaster, was chosen. The

genetics of D.r‘osophﬂa is well known making the system ideally
suited for genetic manipuiaticm and tailoring. One is dealing with
a eukaryote, containing & chro_mos_omes._ It is possible to treat
either tﬁe adult flies or the larvae or both depending on the test
systenm selected. Most importantly, although fruitflies do not have
livers, they do have the cytochrome P450 enzymes present in fat body

‘ls (Ba.ﬁrs et al., 1977). Of the two most used assays, viz, sex-

linked recessive test (SLRT) and SMART, the preference was for the

~ latter. Results from this test are evident in the first generation

(F,) as oppesed to the Fy generation in the SLRT, thereby cutiing
down on th~ time, 10 days versus a month, required per assay. In
the SLRT, the parent(s) are treated as adult flies, and any effects
i_n the sex chromoscme are passed on during meiosis to the following
geﬁeration. SMART involves the crcsainé of male and female flies

and then subjecting the resulting larvae to the mutagen. Mutations

‘are, however, only evident after mitosis has occurred in the larvae

and cannot be transmitted in the germ line. The SLRT detec¢ts the

action of mutegens in the germ cells, whereas SMART measures
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mutation in somatic cells.

Limitations of genetic tests i.s e¢vident from work -ca.rr-i_ed out by
Vogel et al. -(1983). The SLRT and other germ~line assays failed to
respond positively to promutagenic. aromatic amines and polycyciié
hydrocarbons, even when several inducers .we're administered - to
enharice §9 activity. Despite the sevén-fold increase in the level of .
89, the relative inducibility appeared.to differ in v&riuus parts of
the body, with tﬁe lowsst activity detected in the gonadal tissué.
it was concluded from this and other findings that attention should
be directed at studying the differences in metabolism in sometic and
gonadal tissue., as the former could be more effective. Although
this was not _demonstréted by Mollet and Wirgler (19.‘?4'), their work
did highlight the utility of a somatic test. Based on the work of
Becker {1969), they engineered gnd evaluated the vse of the somatic
eye mmtation and recombination test after feeding mutage_:ns. to
Drosophila larvae. To determine the case of evaluat ing the results,
studests in the laboratory were given flies to analyse, |
To make the effects of mutations visible in the eyes, distinct
genetic eye markers (carried on the X chromosome}) .were used.
Females homozygous (i.e. both X chromosomes carry ident ical al leles)
for coral coloured eyes were crossed with males (hemizygous since -
they only have one X chromosome) carrying a white eye marker, The

iarvae of this cross were subjected to treatment.
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If the larvae are not treated, the emerging male adult flies would

have coral eyes and the female eves would be ihtemediate between

- coral (recessive marker) and white, viz. light coral. Applying a

' ‘mutagen tc these larvae can i:ausg' mutations (on the % chromosome)

and somatic rédoﬁbinationé (between the % éhromoésomes). Both _these'
effects can be seen .in the females; males will onljr show mutations
due to the p_reseﬁce of the Y chromosome. “Iwin spots result_ing fmm
recombinaticm in the females are evident as adjacent patterns of
coral and white, and single spots will show up as different coloured

regions against a light coral (in females) or & coral (in males)

"background. Female .t’ lies are used to _determin_e the frequency of '

induced recombination and mutation, and the males will gwa -the

induced mutation frequency only.

The two compcinds used to evaluate the technigue were a fung_icide
with no known nrutaget'iic effect afnd mettwimethane_sulfomte, a potént
muté,gen and c&rcinogén. This test gave the correct responses and
the analysis 'by the inexperienced students were in good agreement
with those of Mblle_t and Wiirgler’_s group. The assay was rapid and
provided a minimm of 10 cel IIS/eye for exposure and analysis, and in
addition cdu]d detect somatic mutation and i‘_ecombinaf.i-on-. A
disadvantage of the assay, being sematic', is that the sye spots

cannot be analyzed further genetical ly.
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3.5.2  Somatic Mutation and Recombination Test (SMART}

Graf et al. (1983 & 1984) engineered SMART but instead of using ejré.s :
aé lvb-_llé.t and Wirgler {1974) had done, they used wings. The wings
can be mounted and results verified long after treatment and because
flies can be kept in 70% ethanol, mounting can be carriéd out .at

leisure. By using two recessive merkers, swh {multiple wing hairs -

" coded by the allele on chromosome 3, position 0,0) and flr (flare

located on chromosome 3, pusition 38,8) on the Ileft arm of
chromosome 3, genetic wmutations and somatic qfﬁssénvur and
recombination between non-sisier cﬁromatids- could be demonstrated.
Both these markers affect the final differentiation of the trichome

(hair) formed by a single wing cell, of which there are 10° per 'éc_iﬁlt

‘wing. When compared to the single slender trichome that forms per

cell, the mwh marker gives rise to multiple wing hairs in each
individual cell, and fIr results in short malformed hairs as is

depicted below.

mwh : 64{

flre &

normal: J

Female flies homozygous for the mwh marker are crossed with males
hemizygous for the flr marker. Flr is lethal in the homozygous

state (see Section 3.6,1 for mors technical detail). The resulting
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larvae carrying the mwhand flr in the trans—hetérokygous state (one

chroinos;jme carries awh and the other flr) are of interest, as
several mitations and recombinations between these markers can Qccur

dﬁ'ring mitosis, e@_a.ch resuiting in definite phenotypically marked

- clones on the wing. During mitosis, each chromosome of & homologous

pair gives rise to a daughter cbrumatid, which consists of two
sister chromatids. Recombination occurs between the two non-sister

bi?..;dmatids {of the two daughter'chromatids).

Maltiple wing hair spots are ejipected to occur more frequently than
flare or twin spots and this is confirmed experimentally. Single
spots predominate because they can arise from many different types

of chromosoma] damage: -

(i) Ide;-:letions and poini; mutations uncovering the recessive
murxers |

(ii)  recombination between mwhand fIr loci on 2 non-sister
chromatids whereas & similar cross-over but between
the flIr locus and the centromere results in a twin
spot.,

(ii1) disjunction in which the #wH is expressed and fIr
expression suppressed. Suci:t aneuploid {containing _
{(2n+1) nr (2n-1) chromosomes)_ can also arise from
Jlarge deletions in the chromosome, giving rise to

smaller spots as anenploidy reduces cell viability.




Mol - latignidy 78

Althouéh point mutations of _the' fIr locus to ﬂﬂ, giving rise ta '
flare siﬁgle spots is fheorétiba.!ly possible, these have not bsen

observed. When the spots are analyzed, the size d‘istribu_tibn and
frequency is noted. 8pot size indicates at what stage the mutagen
a(_:té'fﬁ, resu.lta.nt size decréasing with larval age. This data might
help' to classif.y'chemiéals according to their time of é,ction within

the cell.

Several chemicals were tested -in SMART, Procarcinogens, i_nclilding '
N-methyl-N’ -nitro—anitmsOguanidine; Wcloéhosmamide and diethly-
n_itrosam'iné produced large single spots, whereas aflatoxin B yielded
twin sbots. Volatile compounds are detectable as was borne out by

thé wide range of spots produced bf," 1,2;dibromoeth¢_me. An
intercalating agent such as S5-amincacridine, ‘and poly- and
monofunctional  alkylating 'agentés; ‘mitomycin C  and
ethylwethanesnlphonate, respectively, were positive in SMART.
Vinblastine, a spindle poison, expe‘cted to have similar effects as

non~disjunction produced the expected single spots.

The limitations of SMART need to be determined especially as many
weak mutagens, whose effect may be accnmnulative, cannot be detected
by this method. Overajl, SMART seems to have so_mé of the features
necessary for a Quick screening test; large numbers of cells are
treated { 108) y'it takes only 10 days to perform, has 2 wide detection
rar_lge. and, in particular, can respond to pm'carcinogens as the

larvae possess P450 enzymes.
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3.3--’!_ | __ Drosophila Stdc:ks
Femalé £ iiesl' homozygqﬁs for x&wh and wild-type for ffr were .c;'ossé'd

with males heterozygous for fir and wild-type for awh. Of the

several flralleles available, use was made of ﬂzJ. In the -diagranis '

that follow, this allele will be denoted as flr, Phenotypically,

the females Have mwh on their wings, Since the male flies carry the

dominant Sefmarkér, ..their wings are serrate at the lower edges.

To maimtain the mutant flr marker in the stock, use was made of a

ba'_iaz'_.‘::er .c'ﬁroinosoma. Flr cannot be carried in a homozygous state in.
thé.'”g'éi-'m cells as it is lethal or closely associated with an allele
effecting viability. Inversions present on the balancer chromosoite
are useful in maintaining such a recessive lethal matation, which

would otherwise be lost from the stocks (Roberts, 1986).

Inversions "suppress" cross-over between normal and inverted
Tegions. Cross-overs are not actual ly suppressed, the products of
cross-oirer in an inversion leads to the formatibn of two abnormal
gametes that are iethal. Thus only those cells {in the stock) in

which no cross-overs oceur will survive, ensuring that the genes are

kept in the order and position into which they were engineered. 1f

an inverted sequence is long, double cross-overs are freguent and

viable, this_ would separate linked menes. A balancer chromosome is
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used to overcome this problem. Balancer chromosomes have been _
con_stnic_ted containing many short -.inver.sions, (i...e_.' i'nversi.ons_' |
within inversions}, marked by dominant. mu_tationﬁ that can be
followed (Roberts, 1986). An example of such a balancer is In{3LR) .

™3 Ser ¥, _-suppressing cross-over in the left amm of chromosome 3.

Each inversion is labelled to indicste the chromosome number and the

arm involved viz, In(3LR)} indicates inversion' in the left arm of
chromosoine 3 with inversion breakﬁoints in the left and right arms.
The balancer qarriés a dominant serrate wing marker {(Ser) and a

re#essive wild-type body colour (y"L }. The genotype of the msles is
thus awt Fir Ser'/wwi fir* In(3LR) ™3 Ser ¥ and that of the

females mwh FIrt/mwh £Ir,

A more simple representation:

mwh + x + fir
- mwh + .
(female) . {male)

The crossing of these adult flies resnits in the following gametes |

after meiosis in the Fy generation:

mwh + mwh

¥ flr F 4

The F, larvae of the mwh +/+ + genotype carry the balailcer
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 chromosome and hence the serrate marker. This is useful in
B distinguishiilg the trested larvae once they are adults as they

caunot be differentiated during the larval (and exposure to mutagen)

stage. These are disregarded since the chances of mutations

accurring'is very low and hence would give false negative values, .

The larvae of interest carry the mwh +/+ Fflr genotype. During =

mitosis several mutations can take place.

Mi tosis

mn_rh+

+ flr

and

.+ flr

+ flr

Duplicéti‘on of the chromosomes,'

giving rise to 2 daughter chromatids

Each daughter chromatid has two
chromatids. Cross-over between the
non~-sister chromatids can occur.

-#Mutations take place at this stage.

3.6.2  Rearing and Treatment of Flies

1

100

12
13-14

16-17

Procedure
The mwh and '1“_11'1 cultures were started

Virgin 2 and ¢ were collected
Virgin mwh § x flr ¢ were crossed |
Egg laying. Adult flies removed.

Larvae were flushed cut of culture -
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- flasks with 20% NaCl and poured into
.a separéting funnel (with 4 - 6 mm
outlet), -The'larvée float in the .
NaCl and stick to the walls of the
funnel. They were washed with NaCi,
and the cutiet opened, allowing the
salt solution éut. The tap was |
closed, and the larvae washed withﬂzo,
and the fumei opéned, and the larvae
collected onto a nylon gauze. With a
spatula, a match head sized quantity
of larvae was dropped . into vials
containing instant medium, 5 ml of HO
and mutagen. The vials were stoppered
with cotton wool and incubated at 20°C.

11-23 The adult flies were harvested and
preserved in 70% ethanol.

3.6.3  Scoring Matations

Serrate wings were not mounted for reasons discussed in section

3.6.1. To mount the wings, the flies were washed with water and

then transferred singly to a slide containing some Faure's solution. .

The chlorel hydrate was dissolved in water. the glycercl added and

mixed. The gun was suspended in & small gauze bag in the above
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solution, and allowed to dissolve completely.

Faure’s Solution:

Distilled KO 50 ml
Gum arabic g
G.ly_cerol' 20 ml
Chloral hydrate 50 g

The wings were removed under & dissecting microscope, and then

mounted onto & slide. TWenty wings were mounted, 10 female and 10

male paired wings. These slides were allowed to. dry in closed |

petri-dishes. After about 24 hours, some Faure’s solution was
applied to a coverslip, inverted and placed owver the wings.
Carefully 150 g ﬁeights were placed on the slide and allowed to
dry. Once these had dried, they were seal_ed along the edges with
nail varnish., The slides were then ready to be viewed under 400x

magnification.

-The upper and lower surface of the wings were scamned by adjusting

the focus. Different mutations were scored and the number, size and

frequency of the spots recorded.
3.6.4 Statisticsl Treatment of Data

The Poisson null-test hypothesis was used for SMAKT spot freguency

analysis (Graf et al., 1984).
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2.7  SMART - RESULTS AND DISCUSSION

To confirm or refute the Ames test results, the fractions from SSK52

(as it is the most extensively used grain in South &frica) were

tested in Drosophila melanogaster (in SMART) and again the phemols

' yi'e-lded no dose-response over the dose levels tested {Table 3.3j.

0_111}' single mwh spots_ were observed and by the Poisson null-test
hypotﬁesi'é:,?.t.hé iﬁcrea.se in singie spots waS not signif icaﬁt at the
5% Ievél. Mder from a home-brew heer pack was feed to the
fruitflies to check for possible mutagenicity in one_of the products
derived from sorghum {(sorghum beer). There was no signifieant

response to the 20 and 50 mg/inl applications.

The outcome of polyphenol mutagenicity téSfing was unexpected
espeqially in view of the positive correiation found.by Morton
{1970) between tannins and carcinogenicity and work by others
showing mutagenicity of several plant flavonoids {Stich and Powrie,
1979 and Brown, 1_980).. It might be argued that the application of
a mixture of polyphenols exf:racted from sorghum might not be
detected effectively as the concertration levels of potentially
nutagenic components in the extract would be too low or that the
level of the other polyphenols could hava a mzsking effect.
However. since we wanted to determine if the consumption of sorghum
per se was a health hazard, the crude extracts were used without
further purification. Had any mutagenic activity been &etected,

then further separation would have been warranted. Besides,
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pol}'phenul mixes have been tested successfully in the. Ames assay

{Gray and Dugan 1975; “ﬂaenﬂn, 1977 and Kawaba‘ta, : 19-79)
Furthermore, the results fronl the Ames test weré conf irmed by SMART.

Ha,wng stated thxs though further work would need to be done to

 confirm the effects that metabolism (e.g degiycosylation) could have
on these polyphenols (Brown and Dietrich, 1979), before sorgh i

"'g"'ﬁrain polyphenols can unambiguously be declared non-matagenic.

Table 3.3 Resuits for SHARY using FI’ Fy and Fy frow §5831 2ad powder from & .'u'el-pack for

sorghnl beer.

Sample Amount/ml #wings analyzed mwh spofg_-’wing :
1o - 38 0.58
E"I 10 ng 36 .50
1mg 40 _ 0,33
100 g 38 0.55
F 10 ng .38 L D.47
1 mg 38 0.76
F, 10 mg 40 0,60
1 mg 38 : 0.63
Brew-pack 50 mg 36 | 0.44
20 mg 38 Q.45
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The work carried out in the following chapter was prompted by the

observations that the polyphemols reduced thp yield of muf'nts in

the Ames test (See Appendix - Tables 8.1 - 8.5). It was decided to
pursue antimufaggnic studies using the Ames assay as the m_ethbﬂ of

detection rather then SMART for reasbris more detailed in the

following chapter.




o
2
=
A

' Chapter 4. POLYPHENOL BICLOGY II - ANTIMUTAGENICITY

h!

Y




L B

B SSh

Polypheadl ~ Antiniagenicny - BY
4. POLYPHENCL BIOLOGY ‘II =~ ANTIMUTAGENICITY
4.1 . ANTIMUTAGENICITY — INTRODUCTION

" Since the davelopment of the Ames assay in the early 19707s {Ames et

aley, 1975}, immense efforts have been directed at identifying

mutagens in the enviromnment, in the hope of reducing human exposure

to these compounds. “Attention is also being directed at identifying

naturally occurring antimutagens as a means of reducing the cancer

incidence. Most of the work on antimutagenesis has been studied

using the conventional mutagen detecting gssays. It would appear
from these studies that just as mutagens can bfing about their
effects via direct DNA interaction, mutagen altered base analogues
in DNA replication or repa,'ir, and errors in transcription and
translation, antimutagens also have many possible modes of action.

Clarke and Shankel (1975) defined a true antimutagen as any agent or

effect that specifically or preferentially reduced the yield of

mutants in short-term assays. It is important that the effects
observed should not be the result of toxicity of the chemical under
investigation - cell death would autdmatically reduce the yieid of

mutants.

Initial studies in the field of antimutagenesis focised on the

effect that chemicals had on the genetics, and in particular on

repair encoding genes, of wvarious microorganisms (Clarke and

Shankel, 1975). It has been subseguenily shown that antimutagens
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need not necessarily act at the level of genome but can bring about

their effects without alterations occurring in the activity of the

cell’s DNA repair and processing proteins. Kada et af. (1982)

coined two terms to distinguish these modes of action of

antimutagens, hmnel_y, bicantimutagens and deSmut‘agené '

Bioantimutagens intérfére with the DNA replication and/or repair

-steps (fixation processes). Conversely, desmutagens act by direct

to and subsequent alteration of the DNA. Evidence for these two

types of antimutagens can be distinguished quite resadily by wsing

bacterial mutants that carry specific repair or recombinational
genes, Desmutagens could be distinguished from the biomutagens by
monitoring whether any of these fixation processes are altered;

desmutagens would be expected to have no effect .
4.1.1 Desmutagenesis

Kada et al. (1987) showed that peroxidase isolated from cabbage was
effective in inactivating mutagenic tryptophan pyrolysaitees. Fibres
isolated from different vegetables showed an ability to adsorb
pyrolysate mutagens more effectively than cellulose. They
postula*r~i that these fibres could resemble DNA, thereby prqvidi.ng
an alternative binding site for the mutagens. Polyphenol polymers
have been postulated to take on a helical structure similar to DNA
{Haslam, 1989) and as such couid provide an alternative binding éite.

for the mutagens used in the present work. The question still

~interaction with the mutagen thereby preventing its possible binding _
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remains whether these fibres are really effective in vivo because
_thi_s _adsorptibn E.ould be reversible. Certain NADPH oxidases i:i
vegétables where shmm to be effective in pravent-i'hg the aci:ivation
of tr&ptophan derivatives to mutagens by directly inhibiting _théISQ |
metébollic pathway. Polyphenols hli'ght'well act in a similar way in
the presence of 59 and 2 aminofluorene in the Ames test since it is
known that these bind  strongly to proteins. Thié could have
implications in the body where the cytochrome P450 in the liver mot B
only activates but is involved in detoxification as well, which is
essentially an _irr.eversible- process. Blocking this pathway could
lead to lﬁutagen accumilation in vivo. Polyphenols might in addition
to their mutagen and protein binding capacities, affect the
induc‘cidn of cytochrome P450 isozymes (Shankel et al., 1987; Gi‘imﬁ_ner
and McGrath, 1991 and Parhﬁoo, 1963). In the Ames assay, B~
naphthoflavone is used as one of the inducers in the preparation of

cytochrome P450 rich extracts from rat livers. Another pathway of

" mutagen inactivation could be via conjugation to glucuronic acid,

glutathione or other substances in the body, & process which may not
be that effective due to the reversibility of the reaction

(Wattenberg, 1985).
4.1.2 Bicantimutagenesis
The action 3 sobaltous chloride as a biocantimutagen in the presence

of MNNG was .demon_stra.ted in Bacillus substilis mutants which have a

rodified DNA polymerase 111 (Rada et al., 1987), At concentrations
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of the metal which did not affect the viability and hence the grdwtll

of these bacteria. the mutation rate in these bacteria was reduced.

‘Subsequently, it has been postulated that cobaltous chloride could
“have a modifying effect on the rec A protein involved in the SOS

response. By genetic é.na.lysis; Oht& et.al.' {1983) showed thé.t the

rec A protein was required to mediate the observed antimutagenic

effect in the presence of vanillin and cinnamaldehyde.  The
_bioantimutagen could directly activate or even modulate. the

.E_XIPI'&.!SSJ‘.’..'JD of such repair enzymes. Tannic acid was found to be an

effective bicantimutagen in UV irradiated E. coli and as such has
been thayght to enhance the UV excision repair process involving the

u\f_.;""'fa'ﬁ{ily of genes (Kada et al., 1985 and Shimoi at al., 1985).

In attempting to determine how the 'poly'pheno'l rich fractions could

- be bringing about antimutagenicity, it was decided to uge the Ameé

assay rather than SMART, A decrease in reversion response of the
bacteria to known mutagens would be easier to monitor. Historically
such tests have been shown to be reliable measures of such testing.
Besides, the use of SMART to '_detect _a,ntimuta.geﬁs_ has nbt' been

investigated extengsively nor have the statistics been worked out to

allow for meaningful interpretation of the resulting data., .

A I R R e
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':4;2 . AMES ANTIMUTAGENICITY TESVING - MATERIALS & METHODS

I 4.2.1 Antimptagenicity Assays

‘To check for possible antimutagenic activity, zhe polyphenols were
coincubated with standard mutagens kmwn to produce an establwhed '

number of revertants in a speclﬁc strain {see 'I‘able_4.1) in a

ty'pical Ames test (see Séctioﬁ 3.3.8 - Aues Mutagenicity Assay) .

: .The three fractions from SSK52 were coincubated w1th TA98 and
l ‘daunomycin (6113/100111) and the nuwber of revertants scored. The
antimutagenic activity was also tested against sodium azide _
(1.50g/100p1) in TAI00 and 2 aminofluorene (10 ug/100p1) requiring.
$9 activation in TA98 and TA97a, Querﬁetin was only coihcubat-éd
with 2 aminof luorene, $9 and TA98 since it was shown to also require
" ' s9 activation. for mutag'eni-c_ir_;y and we wanted to see. if such a
._ I mutagehic flavonoid could be effective in reducing the mutagenicity

of the standard mutagen.

P SR

4.2.2 Statistical Treatment of Dats
"¢
Analysis of wvariance {ANOVA} for antimutagenesis tests were
performed with the data derived from these experiments, .
s
J;
‘-‘ .

&
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Table 4.1 . Stgadard metagens and the differest bacterial strﬁns esed b0 peasvrs the
aﬂtilutagea'ic' potency of polyphenel-rich fractisgs froa sorghue graia $8E51 in the dees assay,

Values are those regorted by Naros and Awes {1983].

Mutagen . 1g/100ml  S9  TAS7  TA98  TAL0O

Sodium Azide 1.5 - ' 3000

Daunomycin 6.0 - 3123

2 Aminofluorene 10,0 . + 1724 819
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4.3 - AMES ANTIMUTAGENICITY TESTING - RESULTS

When- it was observed that the sorghum phenolics produced no

mutagenic, and in some cases negative, responses, it was decided to

investigate the possibility that they could be antimutagenic, by

testing the effect of these ._ﬁhenols on fhe a.biiif:y of the standard

mutagens to proguce reversion «n_the Ames test. The mutagens used

ineluded damzomyci_.n,- sodium azide"and 2-aminof lﬁorene .(.requiring 89)
and were used at 'thOSe : On;hcentraticns' which produced maximal
responges in the SPecif ic strains (Table 4.1). In using the diverse
mutagens, it was hoped to see some pattern emerge. that would
indicate a pl.ausiﬁ.le- mechanism. Phenclics have been éhown to act as
antimitagens (Fukuhara et al., 1981; Kada et al., 1985; Stich et
al., 1982; Shimoi et al., 1985 and Wood et al., 1982).

The work by van Rensburg ef al. (1985) on the effect of different
grains on a subcutaneously adwinistered oesophageal carcinogen, N-
nitrosomethyibenzylamine, provided further impetus to lock at the
antimutagenicity of sorghum phenolics. The percentage of rats with
ocesophageal tumours was not affected by a diet of wheat, commercial
bird-resistant sorghum fi.e. high tannin content) and polished rice
{i.e. low in fibre}. However, rats on a millet, ré.d sorghum or

brown rice diet had a significantly lower incidence of tumours.

To see whether this effect could be achieved in the Ames test, the

phenols were extracted from Barnard Red sorghum, yielding a very

-

SN R R SRS
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large F, fraction, a negligible quantity of F; and no ¥, (Fig. 2.9).
Sévaral strains were incubated with thoée standerd mutagens that
produced the highest reversion frequency in the parti.cular. strain,
and various levels of Fi from the red sorghum. The standards used
were sodium azide (15 ug/ml) f;}r TA100, daunomycin (60 ng/ml} for

' TA98 and 2-aminofluorens (100 pg/ml), reguiring 89 activation, for

both TAY8 and TA97a. Ry using these levels, it would be pdssihle to
see any significant redﬁction in their mitagenic potency. Levels of
F varie& from 10 mg/ml to 0.1 pg/ml. The results of this are

depictéd in Fig. 4.1.
4,3.1 Sodium Azide and TA100

The decrease in revertants in the presence .of sodium azide was
significant {by ANOVA), with a 49% diminution at the i0 mg/ml level,
and 40% at the 0.1 pg/ml dose, By increasing the amounts of F
incubated there appeared to be an increased suppression although_thé
effect levelled off (Fig. 4.1). | '

At pH 7.4 (conditions of the Ames assay), sodium azide exhibits its
highest potency, although Kleinhof ef al. {(1978) showed that
mutagenicity could be enhanced under acidic conditions, when the
predominant species would be expected to be the hydrazoic acid form,.
NyH ('pKB = 4,8) In this neutral form it could penestrate the membréne

and once inside be converted into the 1reactive N,' ‘form. With the pH

“of 7 4, there would be large amounts of Na' prese‘nt which could
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e antisstsgenic effect of ¥ o standard setagen induced reversion Irequeacy of
several strafas sed i the Awex tests TA 100 and sodiza aside (0 }; 1498 ani |
daseoupcin (%); 1A%, Z-aninollaorene asd 2 {#); t4972, 1-swizoflxorexe asd 59 (9),

. The neax of {hree sxperincsts is shovs, vitk (ke namber of spontameons revertaats

heving being sabtracted, Spontaneoss revertants for varions strains ares J20 £ 2 for
TAIO0; 27 £ 2 for TASS; 41 £5 for TASE (witk 59) 2ad 137 ¢ 16 Jor TASTe {with §9).

the stasdard error bars represeat the ported stasderd error for each erperinest,
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interact ionically with the phenols.

4.3.2 Deunomycin &nd 1498

Coincubation of daunomycin with Fy produced a significant reduction

in revertaﬁts. wii:'t‘; 10 mg/ml SUppressing mutagenicity by as much as

60% There is a dose related decrease in repression, with 0.1 pg/ml

causing a 15% decrease (Fig, 4.1).

4.3.3 2 Aminofluorene {2 AF}, 89 and TA98/TA97a

2-AF is a more Ipotent mutagen in TAS3 than in 72972 with the number
of revertants scoréd for each being approximafely '6000.and 1500,
respectively, TA97a showed & 20% reductidn at 0.1 pg/ml and a very
large drop of 92% with 10 mg/ml. No toxic effects were seem. In
TAQS there was & similar decrease -in mutagenicity. The decfease

ranged from 9% at 1 pg/ml to 39% at 10 mg/ml (Fig. .4.1).

This ahility to effectively counter the effect of the mutagens is
not restricted to the polyphenols from Barnard Red; similar
reductions were noted us"fins fractions from the other sorghum grain
cultivars, It was decide& to focus attention on the cultivar SSK52

since it is a grain presently in use in South Africa.
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4.3.4 '88K52 polyphenols, Daunosycin and TA98

All three fractions were effective in reducmg the mutagenic pntency. _

of daunomycm in TA98, though there was a dxf ference between the
fractions with the order of ef_f_lczency increasing wzt_h molecu_lar

'ai_ze"viz.-f"l < Fy < Fﬂ {Fig. 4.2). Based on these results, it was

decided to investigate the mechanism of antimutagenesis {see Chapter
5 - Binding Studies) using these polyphencl fractions. ".ﬂe selected
daunomycin as the mutagen of interest becavse it can be obta.med
commerclal l}' asa .;admactlvely labelled molecule. making studies of

the antimutagenic besbaviour feasible. |

2500

2000

Fevertants/Plate

a00

Polyphenoi Added (ug/r.) |
Pig. 4.3  The effect of 1 {1, fq {t} aad £y {#] oa the mutageric action of duasonycis
{bgg/elate] In YASE, The scax of ikree experimeats is showr {vith pooled stawdurd

error) and spoataxeoss revertaxts {30 & 3) have beex sabiractes.
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' 4.3.5  Quercetin, TAY8 and 2-Aminofluorene (+59)

Quer'cetin has béen reported to be mutagenic, as was confirmed in
this work (see Table 4.2), showing enhanced ac_t ivity'in the ﬁresence

of 8 (Ogawa et al., 1985). When quercetin was coincubated with a

- mutagen a_ls_n_requiring S-Q:a'cti_vation such as 2-AF _ir_l TA98, a marked

_ reductioﬁ in reversion frequency in this strain was evident (Table

4.2). Thus a mutagenic polyphenol could act as an antimutagen and
hence could have a protective effect, a result also reported by

Kurzer {(1993) and Kinsella et al. (1993).

Table 4.1 The metsgenicily and sntimntagenicity of quercetin igstrain T498, both i the abseace

aad preseacs of §9 actirstion, The amovat of 1-sminoflvoress {2-4F] used wss 10 ggipiste,

Quercetin : Saimonella strain
(ug/plate)  TA98 TA98 + S9 TA98, 89 + 2-AF
Revertants/plate
) 34 %1 50 £ 1 5011 £ 444
0.1 28 £ 4 41 %6 N
1 36 %9 60 % 10 3590 % 270
10 80 £ 16 175 % 31 3045 £ 147
100 313 £ 51 593 % 26 2839 £ 325
1000 - 577 £ 162 839 £ 42 2043 + 788
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4.4 AMES ANTIMUTAGENICITY TESTING — DISCUSSION

There appears to be a general reduction in the mutagenicity'of the

standard m‘utégens sodium azide, daunomycin and 2AF (459},

4.4.1  Sodium Azide and Polyphenol

From the work of stfs et al. .(1948)' and Bafger et al, {1953), .it was

thought that." sodium azide cansed the accumulation of peroxide by the.
inhibition of catalase and peroxide. Thus sodium azide mutagenesis
was brought about indirectly by peroxide a.ccumula_tion. However,
this was shown not to be the mechanism by Owais et al. (1979 and
1988) and Kleinhofs et al. (1978). By testing other _'cé.talase
inhibitors such as potassium and sodium cyanide and sodium arsenate
in the TA1530, a repair deficient strain used in the Ames test, no
mutagenic response was observed (Kleinhofs et al., 1978). By using
cell free extracts from this strain, it was shown that the active

mutagen could only be produced in the presence of O*a,cetylserine'.

-Heat treatment abolished the ability of the bacteria to produce the

metabolite (Owais et al., 1981). Owais provided evidence that azide

" could substitute for sulphide, the natural substrate of O-acetyl~

serine{thiol)~lyase (EC 4.2,99.8) due to the low specificity of the

enzyme for sulphide, thereby producing B~azidoalanine. These results '

- were supported by infra-red spectrophctometry which provided proof

of an organic azide moiety and the presence of an amino group.

Evidence for the carboxyl group was only confirmed latter (Owais and
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Kleinhofs, 1988) by Yc-labelling. By chemically synthesizing the L~

and D-forms of [B-azidoalanine, the stereoselective mechanism of

| mutagenes.is'was illustrated, The L-form was the most effective,

although it is thought that this is still not the ultimate mutagen,

~ The metabolite is only active in repair deficient bacteria, hence it

was postulated that & lesion recogxiizé.ble by the bacterial excision -
repair enzymes must be formed, Mutagenesis must therefore take

place by a direct misrepairing or misreplication route, similar to

that of ethyl methane_sulfonat,é and N-methyi-N'-nitro-N- -

nitrosoguanidine, In whole animal tests, azide was not biologically

active (Owais and Kleinhofs, 1988) because animszl cells synthesize

'L-c,vsteine from L-methionine rather than from inorganic sulphide.

Consequently animals do not possess O-acetylserine (thiol)-lyase.

Polyphenoss could interact direetly with sodium azide or its
metabolite{s), or even interfere with the above-mentioned activation
processes. Inorganic sodium azide is very reactive and can react

with both electrophiles and nuclegphiles, or by nitrogen evolution,

can become an electron deficient species {Kleinhbfs et al., 1978},

All these features make sodium azide ideajly suited for interaction

 with the polyphenols. Our observation of a large initial drop in

sodium azide induced mutagenicity (Fig., 4.1) could either be due to
a chemical sequestration of the azide, or it could be due to the
inhibition of-the lyase. The polyphenols could effectively have

interacted with all the azide, making further titration ineffectual,
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4,4.2 Daunomycin and Polyphenol

Daunomycin (Fig. 4.3) is a DNA inter'cc)lator_aﬁcl acts as a frame-

shift mutagen in TA98, in its -0G- mutational iiot-spot, The drug

becomes inserted between adjacent base pairs, but this binding was

found to be stronger than could be accounted for by intercalation

~alone, Subsequently, it has been established that N-acetylation

decreases DNA affinity, and it appears that the N112 of the sugar
moiety is involved in stabilising daunomycin. The binding increéses
with the ~0G~ content of the DNA which accounts for the specificity

towards TASS, All ‘three fractions decreased the mut&genic

_efficiency of the drug in the order F| < F; < Fy, viz. in order of

incremsing size. It could be postulated that with the laréer
molecular mass fracti_.on, the polyphenols take on a helical structure

and as such would resembie DNA, providing an alternative binding

Fig, .3 The strvcture of the autagen damxonysin, 2 itk istercalator,
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site for daunomycin. The fact that a-il threé showed antimutagenic
behaviour ocm.ld be. explained by 'the_ fact each fraction has been
found to contain large po'lyphenols of overlapping molacular mass,
“hough the F; fraction has by fé;r the largest sizes (McGrath et al.;',

1982},
4.4.3 2-Awinof luorene and Polyphenol |

When ZAP'and polypﬁeﬂols were coincubated in TA97a é.ﬁd TAQS_,. there
appeared to be.a. nore effective reduction in stra._i-n TA98 {Fig. 4.1).
Similarly, when the same strain and mutagen were titrated with
guercetin, the same level of 'i'educt ion was seen % 50% in both cases,
this despite the fact that F; was shown to be non-mutagenic and
quercetin mutagenic in the presence of 39 (Table 4.2); Monteith
(19§0) found that coincubation of catechin (identical to quercetin
except for a double bc_mded oxygen at position 4 in the C-ring) at
0.5 mM with 2~acety1aminoflﬁorene (2~-AAF) was mutagenic in the Ames
test, yet as the concentration  increased ugp to 5 mM, the

mutagenicity of 2-AAF was abolished,

. Steele e# al (1985) showed that rats fed catechin yielded P450 with

a reduced ability to activate 2-AF to an active mutagen., No such
effect was seen for the direct acting mutagens (reguiring no P450
activation). . Catechin could also possibly effect metabolite

formatiion. Z—AAF is N-hydroxyiated, a rate limiting st'ep in the

~ whole activation prouvess. The hydroxylated intermediate can become
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lmked to sulphate via. the action of snlfotransferase to form 8

_sulpha.te ester, a dzrect acting mutagen (DeBram et al., 1970 :

Sakel et al,, 1978 and Weeks et eal., 1978). - Alternatively,
deacetylafion follows. hydroxyletion; in this form it can be acted on
by glucufbnyl transferase to form a glucosiduronic acid, ~which has |
been -shown to react quite'réadi.ly with DNA or RNA (Weisburger and
Weisburger, 1975 ). For 2AF, the route to mutagen formation is via
N—-tﬁ‘di’oxjflatian. Polyphenols could _interaci: with the activating

enzymes or could scavenge the intermediates before they .can interact |
with the (-8 of the guanidine resiq._ue in the DNA. Intérestin'gly, 2~

AAF was found to produce the fSOS response in bacteria whereas o

~ such response wés: seen for Q—AF administration_(Bic_hara and Fuchs,

1985), implying that the former mutagen causes major structural

changes to .the_ DNA.

It would appear that the polyphemols could bring about

antinutagenesis either by binding to the enzymes involved in mutagen

_sctivation or by scavenging the mutagens and théir -metabolites. A

study on the mechanism of antimutagenesis using radioactively
labelled daunomycin and the polyphenols from 8SK52 forms the basis

of the work to be discussed in the following _cha.pter..'
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5 PoL YPHENOL - BINDING STUDIES

5.1 ~ BINDING STUDIES ~ AN INTRODUCTION

in view of the findings (Grimmer ef al.,. 19_92'} th_a.t polyphenol rich

fractions from so‘zfghum grain are effective in reducing the mutagenic

pofcency of several mutagens such a's‘da.unomyciri, sodium azide and 2~ .
aminof luorene {requiring 59 .a.ctivation)., it was decided to determine
how polyphenols could bé prodﬂcing'such'an effect. To accomplish
this the study: was resiricted +to .""?"desmutagenesis. and more
specifically to the conceivable biﬁc’ling of polyphen01$ to the.'_
mutagen,  daunomycin. Binding to ;:he -mutagen could occur | {1)
exterﬁéﬂ to the cell or (ii) within the cell cytoplasm thereby
preventing the mutagen from interacting with the DNA. Of the two
possibilities the fomar seemy more likely becaus. the polyphenolé

may be too large te enter the cell.
5.2 THEORETICAL ASPECTS OF BINDING
Much of the work. in this ares of resgearch has centrei. around the

binding of proteins to puclei acids because such interactijons have

important regulatory functions in the cell {RKowalczykowski et al.,

1986 and Bujalowski and Lohman, 1987). Halfman and Nishida {(1.72)

and Kromman et al, (1981) carried out studies on the interaction of
small molecules to proteins. Of specific interest to us was the

work by Plumbridge and Brown (1977), Winkle et al. (1982) and
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Friedman snd Marming (1984) on the binding of a.ntibiotics to DNA and

will be elaborated on in more detail once the parameters for bmding

as def ined by Scatchard (1949) have been discussed.

No discussion of binding would be complete without mention of the
work by Scatchard {1949). This work laid the basis for determining

the thermodynamic parameters required to quantitate binding. There

 are basically three parameters: n, the number of binding sites; K,

the intrinsic binding constant and @, the binding cooperativity
parameter.' In the discussion that follows. it will be seen how
different technigues have been employed to arrive at meaningful
valuer “or these parameters. Furthermore, the conceptual pr.obieuis
that .arise from what appears to be a relatively easy means of
measurement will be mentioned, The shortcomings of the various
techniques especially when effects like ligand seif-aggregation and

ionic strength are not taken into account will be disclosed.

When a macromolecule interacts with another molecule (the ligand),

one needs 'fo determine the strength of Yinding, the number of
binding =ites present and the influence of these asites upon each
other. If the wvarious groups on the protein were to act
independently, Scatchard {1949) reasoned that one could apply the
taw of mass action as though eé,ch group were on a separate molecule,
and that the strength of binding can be expresséd as a constant for
each group. However, this type of model Is ideal and often binding

at one site way enhance or imhibit the binding of a subsequent
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ligand mnlecule -to the ptoteixi. -Tﬁis gives rise to the concepts of
pcis_iti#‘e and negative cboperativity, -which can be ascertained from
the Scatchard plots. The reaction medium must also be considered
and its _gffect interpreted as an aﬁtivi_ty coefficient (Scatchard,_

1949) . Other factors sﬁch as électrostatic' effeéts should be kept iri_

mind when interpreting data. -

In general the binding {shown below) bf a l'ligand [L] to a
macromolecnle [M] occurs at well def ined sites on the macromolecule,
o though binding to multiple sites is possible depending on the nature

of the macromolecule.
l | . M+nL= MLn ’ where n-= 1, 2, 3, . s
1

i The equilibrium binding (association} constant {K) for this can be

written as:

e 2N
| ] L]

where ns= nu_mber of binding sites,

¥
3
]
|
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5.3 PRACTICAL MEASUREMENTS OF BINDING

A selected number of methods used in measuring binding will -b_e _

mentioned. Althsol_.lgh each differs in terms of the equipmenf used,

the methods ail aim to determine the saturation function (V) of th{:.'

macromolecule at numerous concentrations of ligand. This saturation

function (V) can be defined as the ratic of the concentration of

bound ligand [I.]b 'to' concentration of total macromolecule [M}t

(Bohinski, 1987):

_[L],
Ve [M],

Wwhen no ligand binds, V will be zero and when V = n at aaturating
levels of ligand, the mecromoiecule is fully saturated. The
saturation constant (K} can be related to the ligand concentration

by the following equation:

V=I nK[L]®
1+K[L]

where the value of ¢ is a measure of the interaction between the

* sites. For values equal to unity, the sites are noncooperative; if

c > 1 there is positive cooperativity; and if ¢ < 1 negative

cooperativity exists between the sites.

The methods to be described can either be used to measure the
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cdncentration of the ligand or the macromolecule depending on the
method used. Two forms of spectroscopy, absorhance and
B4 ;I.i.;orescence. have been the most widely used especial I_y in measuring

aromatic iigands which have very distinctive spectra (Blake and

Peacocke. 1969; Halfman and .NiShida, 19723 Plumbridge and B-rcwn.

1977; ¥romman et al., 1981; Wiz" st al., 1982 and Bujalowski and

_ Lohman, 1987). Equilibrium dialySis (Colowick and Womé._ck. 1969;

Revzin, 1990}, sedimentatim--.-{dial'ysis, partit'icm analysis (Blake and

Peacocke, 1969), gel permeaf _E_&_ff;"Ch_i‘;;.atography (Hummel and Dreyer,
- 1962) and gel electrophoresis (Revzin, 1990} have often provided

‘data which corroborates that obtained by the spectroscopic

techniques.
5.3.1 Spectropholometry
5.3.1.1 Absorbance

The ligands that have been studied have usually been aromatic
antibiotics that bind to DNA. When these aromatic cuy, v nds bind to
macromolecules, the result is usually & Dbathochromic and a
hypochromic (yielding an isobestic point) shift in absorbance
spectrovhotometry. These features are very characteristic of DNA
intercalators {(Blake and Pcacocke, 1968; Plumbridge and Brown,

1977). It is importent that the concentrations used to determine the
monomer or unbound spectra must be relatively low because many of

these drugs have a tendency to self aggregate in solution. Even in

A . o Lo . . R .
L 03 MW e s e e T L
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" the bound_ state this can become & faci:ora Initially at low

conceéntrations the antibiotics intercalate via their aromatic rings
between the successive base pairs in the DNA helix, As the

concentration used to titrate and obtain the isobestic point

'incr_eé.ses. the drug begins to Bind via electrostatic interaction

mediated by the cationic gfoups preserit in the antibiotics to the

exterior of the he.l ix by way of the phosphats backbone. A further

increase in dimg com_:entration could cause stacking upon'the

externally bound drug, When these compounds are irradiated with

polarized light, the fluorescence polarisation decreases since the
rotational ni_otibn of the drug, will decrease upon binding. To enable
one to caléulafe the concentration of the free and bound 1igand
ceﬂ-'liﬂ condit.izons have to be met. Thé-nucleic acid must be non—
absorbing at the ).m of the drug Both the free and bound ligand
must adhere to de Beer’s law over the entire concentration range
used which implies that the extinction coefficient of the bound {eb)
and the free {g;) ligand must be constant . By implication the €, must

not vary as the ratio (r) of drug to macromolecule changes,

Practically, one needs to work with concentrations of ligand which

obey this law. The bound ligand’s extinction will vary

experimentally in some cases (Blake and Peacocke, 1968},
Furthersiore, there should only be one specie’ of free, and similarl-y
bound, ligand present in solution.
present the relative proportions should not change with . Clearly
once these conditions are met it is possiﬁle' to determine the

isobestic point from which the value of r can be calculated, Tie

If more than two species are
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iscbestic point may not. be achieved if there is significant self

‘aggregation. The extent to which all these conditions are satisfied

needs to -be determined experimentally for each case under
investigation. The degree of deviation from the prerequisite

condition will need'to be judged and a decision made as to whether

‘this is significant experiméntally or whether ihe deviation can be

_ ignor'e_d. Often binding curves generated fr_om such data will show up

deviations. Upwards inf lection:& pbserved in spscific areas of the
curves for.proflavine and DNA iniex_wtions indicated a different,
maybe a weaker form of binding at specific r values (Blake and -
Peacocke, 1968), A value of r = 0.3 appears to i‘apreSent the true
monomer ré.ng_e as determined by the minimal shift seen upon
titration. The doncentration ranges for ligand are usuvally in the
10 .range, this depending on the particular ligand under

investigation .
5.3.1.2 Fluorescence

The fluorescence peaks of many aromatic dyes are very distinctive.
and, just as in absorbance spectrophotometry, binding to DNA results
in a decrsuse in the fluorescent signal emanating from the ligand,
The intenéity of the _signal is lower yet much more sensitive to
changes in nucleic acid concentrations becausé much lower levels of

1

the drug can be used, usually in the 10" M range. Heterogeneity in

binding sites are thus more readily determined with this method

_{Blake and Peacocke, 1969).
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Although tie above discussion has centred on the signal arising from

binding of aromatic ligands to DNA, it has been shown that proteins

" can also _fluorr-;-ace when bound to mucleic acids. In studies

conducted by Bujalowski and Lohman (1987) on interactions betﬁe_en'
single~strand binding proteins {fhe ligard) and single-stranded
nucleic acids, the quenching' of .the' intrinsic fluorescence- of
tryptophan in these proteins was monitored. This property of
proteins was exploited by Kromman et al. (1981) to r_ﬁonitor not the
ligand but the macromolecule. in this case bovine o;-lactalbumin, and
f.he binding of divalent- metal ions (ligand) to iﬁ. Nof only did the
change in f luoreécmde or absorbance indicate binding, but here it
was shown that removal of the tigh'tly bound calcium ion from the a-

lactalbumin could be correlated to a conformational change in the

protein.

Thus signal changes of both the ligand and the macromolecule can be
monitored and with prior structural knowledge predictions can be
made as to the extent of and the e¢ffect of this binding on the

moleciles involved.
5.3.2 . Fquilibrium and Rate Diffusion Analysis
There are two ways of measuring binding; eguilibrium dialysis or

rate of dialysis. In the first case, zn unbound ligand is allowed

to diffuse through a membrane which is not permeable to the

complexed ligand.' It is relatively easy to measure the

M
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concentration of the free diffused li'gand in the appropriate

chamber. The apparatus consists of two chambers isolated frow each

_other by a dialysis membrane. Equilibrium dialysis measures the

~steady state concentrations of this diffusible ligand and as such

can be a very lengthy ﬁrocess, somet imes as long as 1-3 days. Such
a iime span can be a disadvantage in measuring non-specific protein-
DNA intera'c.t.i_ons as these complexes are very labile (Revzin, 1990).
This is where measurement of the rate of dialysis is an advantag.é.
The technique was used by Colowick and Womack (1969) for measuring
the dissociation 'constant and the number of binding sites of an
enzyme-substrate complex, by momitoring the rate of diffusion of the
radicactively labelled substrafe. .Since_ the substrate equilibrates
with the enzyme, the rate of diffusion into the lower chamber is
indicative of the amount of unbound substrate in the vpper chamber.
When the rates of isotope entering and leaving the lower ‘chamber are
equal {viz., steady state conditions), the concentration of unbound

ligand can be determined., The method was also used by Ridlington and

‘Butler (1969) to measure the binding of phosphate to ribonuclease 4,

The advantage was that the rapid equilibrium attained between the
phosphate and pr_ote-in instead of that across the membrane could be

neasured,

BEquilibrium competition experiments can be carried out wusing
selective filters. Studies on the lac repressor binding to non-
operator DNA were based on the fact that DNA bound to the labelled

représ&or could not pass through the membrane, whereas free DNA
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could {Jones and Berg, 1966: Riggs et al., 1968; Lin and Riggs,
1972). Thus determining the amount of radioactivity on the filter

gave an idea of the extent of binding.

Equi l_ibi'ium dialysis although requiring lengthy perieds can cover a

wider range of cnncentra-tibns and hence greater r values can be
attained than in spectroscopy. Despite this the disadvantages of
Iohg equi_libration times and possible binding of the ligand to the
membrane, has meant that equilibrium dialyeis has found very limited

application.

5.3.3 aantrifugatian

This technique has found particular application in non-specific .

rrotein-DNA interactions (Revzin, 1990). A solution is made up

containing both components which are allowed to equilibrate., Once

this has been attained the solution is subjected to very high

centrifugal forces, usually in an uitracentrifuge. At the start of

i:he spin, both DN* and protein are uniformly distributed throughout
the solutiocn, The free protein, being small, will remain
distributed throughout the whdl.e tube, whereas the DNA—proteii:
complex will move as a boundary, The distance travelled by fhis
boundary is dictated by the force and time of the centrifugation.
The concentra.t’ion of DNA and protein can be determined by monitoring
at the appropriate wavelengths and making minor corrections for

radial dilution. The absorption of light above the sedimentation

T o §
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boundsry is due to free ligand only, whereas below the boundary the
absorbance wili be due to both bound and free ligand (Blake and
Peacocke, 1968}, Since one knaws the total concentration of ligand
added. the free ligand concentration .can be calculated from the

piateau portmn af the boundary, Most of these expenments are

carried .t in either sucrose or glyce_rol' gradienis, . the one

disadvantage being that large quantities of both components are

required. In a way, this method is-similar to equilibrium dialysis,

‘in which the sedimentation boundary is analcogous to the dialyeis

membréne*_ The number and position of the sedimer.ation boundary
will depend on the association consta.nt_(Gilbert and Jenkins, 1959
and Revzin, 1990), If the DNA and protein interact on a 1:1 basis
and have a low association constant (they will move independently),
two boundaries wi_ll be evident. Conversely,_ if their affinity for
each other is high, then a single boundary will result. Although
concern has besn expressed about the effect that the .high
ceptr‘ifugal forces could have on the complexes, affinity constants
established with this method are in good agreement with those found
using coluﬁn chromatography, run at atmospheric pressure (Revzin,
1990}, The limitations on the concentration of ligand nsed will
depend. at the lower limit, on the amount of binding, if any, that
may occur between the ligand and the centrifﬁge tube and at the.

upper limit on the degree of self aggregation,

R | I
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5.3.4 Partition Analysis

By using this technique it is possible to induce the partitioning of

the free from the bound ligand between an aqueous and 2 non-miscible

organic phase whose partition coefficient for the ligand with

respect to the water is known (Blake and Peacocke, 1268). Although

partitijoning allows for a clean separation of the two species of
ligand, addition of the organic phase would change"the dielectric

. constant and would thus influence binding, This could explain why

this method has not been used extensively. The operative
concentration range is the same as for equilibrium dialysis, though

the method is more rapid,

5.3.5 Colusm Chromatography
5.3.5.1 Elntion Volume Determination

This method was developed by de Haseth et &l. (1977) using DNA-
cellulose dhromatography. Iin essence, the protein is loaded onto &
cellulose column saturated with DNA and eluted with a salt solution
at a fixed concentration. The volume of the salt solution required

to elute a given amount of protein can be related to the associdtion

constant of the protein-DNA complex. The strength of binding is

directly related to the elution volume. When a plot of the

pr-centage of total protein remaining on the column was made against
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the elution volume 4 linear r'elati.onship'-was found. By predicting
certain models, de Haseit.h' et al, (1977) were able to -relate.the
association constant to the above mentioned parameters, The range
of aff initjz constants that could be determined were of the order 10°

to 10° wl.

5.3.5.2 Gel Exciusion Chromstography

Just as equilibrium dialysis or partition analysis measure the

distribution of the Iigand across a membrane or in another phase,

respectively, gel permeation measures the distribution of the frez

ligand within a poroﬁs gel matrix. The most commonly used supports

are polydextrans, polyacrylamide or polyagarose which act as

molecujar sieves, 'a.nd are selected to allow only the free ligand and
not the comp;éxed. form to penetrate the matrix of the gel; fhe
macrorolecule is totally eXcluded. These supports are used since
they are relatively inert in buffers of moderate ionic strength so
that adsorptive imteractions do not interfere with the
determinations which can be in the pg/ml range. This technique was
established by Hummel and Dreyer {1962) and has been used by Frankel
et al. {1985).

In essence the Hummel-Dreyer method involves equilibrating a
column with 2 solution containing the ligand at a paerticular
concentration, A protein solution containing a total ligand

concentration equal to that of the column saturating solution ‘s
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then run through the columa. If the protein binds the ligand, the

solvent of this sample will become depleted with respesct to the

'ligand.-Thus when the column is run, the protein-wil_l' be separated

from the ligand depleted solvent. moving ahead with its bound

ligand, The result is an elution profile exhibiting a peak in
11gand concentration above the column ligand saturation baseline as

indicated in Fig, 5.1.
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Fig. 5.1 the Hewmel-Breyer nsthod of determining Biading coastamts wsieg the elution profile
obtained by gel chromatography. The ares of the trosgh reprerexts the asomxt of

ligand bound to the colums aud iz eqmel to area of the peak (Zewwel and Dreger, 981},
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This peak would represent excess ligand bound. An analogous trough

~will follow, this representing the depletion that resulted from the

bound ligand which is carried ahead with the protein (Fig. 5.1.

Theoretica:1y, the area of the peak and the trough will be equal.
The area'of the trough is mdi_sui‘ed since if is mdre reliable, and
knowing the amount of protein applied, thé- binding ratio .is

déitemineq at the particl_xlar column ligand saturating level.
5.3.6 Gel Electrophoresis
Electrophoresis has been popular as a means of studying specific

protein-bNA interactions (Revzin, 1990) ’ The gel support is usual_l)i

polyacrylamide, agarose or & mix of the two. In theory free DNA

- will move more rapidly into the gel than the complexed DNA when

subjected to an electric current. This approach car be limiting if

the complexes dissociate during the run, although the iow ionic salt

buffers used tend. to favour protein~DNA interactions. Problems
wight arise in DNA-antlbiotic interactions where binding might not
involve covalent linkages. The application of mobility shift gels to
quantitate nonspecific interactions hes, however, been limited
because the dissociation of these complexes is so rapid upon onset
of elecirophoresis.. Knowledge of the amount of DNA loaded and

quantitation of the bands allows for the compﬁtation of free DNA.
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5.3.7 - Other Techniques

The above discussion is by no means a comprehensive treatise of all

.the methgds availé.ble in this arse of research. Only those which

could find application in the particular problem at hand have been
elaborated on. However, me_.ntiori 1_'1111 still be made of a few more

modern techniques that have been used in this area of research.

Electron microscopy {EM) is'hot a tme qué.ntitative technique but

can nevertheless provide optical information especially in cases of
cooperative binding, This method was jparticula.rly useful in the
elucidation of the nucleosomal structure of chromatin. Delius et
al, (1972) used EM to visualise complexes of ihe gene 32 proi:ein of
bacteriophage T4 to DNA. Regions of DNA containing the protein

appear thicker than those free of the protein.

The last two methodologies to be mentioned are spectroscopic
technigues and include electron spin rescnance (ESR) and optically
detected magnetic resonance (ODMR)}. Bobst et al. (1982) used ESR to

study gene 32 protein complexation fo single stranded nucleic écid.

Using commercially available probes, spin labelled polymucleotides

were prepared. When non-specific binding occurs, the ESR spectrum
is modified. However, control experiments showed that the protein
had a slightly higher affinity for the labelled poly dT; despite
this the method can still be used to determine relative ‘binding

affinities.

DEEaatis
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The second method, ODMR, was 1tﬁ:ii:’tsé{.’t by Casa~Finet et al. (1987) ta
study complexes of single-strand bind'i.n'g {SSB) proteins to poly dT.

In the N-terminal of the protein there are three tryptophan residues.
whi_c_h were found, by phosphorescence spectra ~nd lifetimes, to
pa.rticii:ate in stadking interactions w_ith thymi_ne res.idﬁes_ in poiy
4T, .ODMR aléo revealed that ’i:_here was a second Erp hinding site in
this particular protein from E. coli which was not present in other \:

SSB proteins studied. Thus a considerable degree of information can

‘be obtained at the molecular level from these techniques which in

future could be supplenented by information obtained from site

directed mutagenesis in proteinz and mucleic acids.
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5.4 BINDING STUDIES - MATERIALS AND METHODS

5.4.1 = Instrumentation

5.4.1.1 Spectrophotometers

For absorbance measurements the dual beam UV-Visible UV-160A
i ' | ShiMm and for fluorescence, the Hitachi Model 850.-(with a 1500
i‘ Xenon lémp} were u_séd. .Both machiﬁes were checked 6:1 a regular
basis for accuracy using filters and standards provided by the _

manufacturers.

o

5.4.1.2 Scintillation Counter

All isotope memsurements were carried out in the LXB 1219 Rackbeta

{Wallac}) liquid scirtillation counter linked to a PC and printer.

o aes e lim rer——rri———

i _ Standardisation progzrans for single and dual isotope counting were
used to tailor these programs to the experimental conditions.
Channe! spill-over in dual labelled samples was accounted for during

the standardisation procedures.

5.4.2 Source and Prepsration of Radioisotopes
For all radioactive isotope counting the following scintillation
cocktail was used: Toluene:Triten XI00 {2:1 v/v) contd.ining 0.05

g/! of 1,4-bis(5-phenyloxazol-2-y1}benzene (PQPOP) and 4 g/l of

2,5 diphenyloxazole {PPO). The solvents used were analytical grade
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and POPOP and PPO were obtained from Sigma.

The tritiated water (185 MBq/mmoli and [U- HC] sucruse (20 MBq/mruo_l)
were obtéined from Amersham {nmmationgf, Buckinghiamshire, En_éland. '
[3H{G}] Daunomycin (59.2 GBq/mmol) dissdlired_‘ 111 100% éfbﬁnol was
purchased from .DuP.t:mt_. New En.glaﬂd Nuclear Division, Wilmington,
Detrcit, The chemical purity of daunomycin wfas resorted (by the
supplieré) to be 99.0% and was checked us.2g thin- layer
chrcﬁlatography Silica Gel. . Thue .solwent syStem in the f irst

direction was chioroform:methanol:water {13:6:1 v/v) followed in the

'second direction by n-propancl:water:acetic acid:pyridine (8:2:2:1

v/v}. From this method the sample was found to be 95% pure and was

used without further purification,
5.4.3 Preparation of E. ¢oli for all In Vive Binding Studies

Initial experiments were carried out using the Salmonella mutants

employed in the Ames test. However, the uptake of labelled

thymidine by these mutants was very small {2~4% depending on the
strain used) when compared to. that which could be achieved with E.

cofi. {20%). It is for this reason that all work described in this

section was carried ¢ut using E. coli.

The culturing of E. coli {JM101) was carried out with stocks that
had been stored in 15% {v/v) glycerol at -70 ’c. The broth used to

grow the cultures to log phase contained Bacto-tryptone 10 g/l,

e s < e
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Bacto-yeast extract 5.g/l, both from Difco, Detroit, and NaCl at

10 g/1, This soluti.g.}:n was adjusted to pfi 7.5 where ﬁecessary with
1 M NaOH and autbgl_avé& at 121°C for 20 minutes. Protein
concentrat ions were dete}mined with the Lowry method (Lowry et al.,

1952) using bovine serum albumin as a standard.

5.4.4 Two [y Vivo Binding Assays to Messure the Effect of
FPolyphenols on the Uptake of 3H—naunmcfn:_
(1} onto DNA of E. colf and (2) into E. coli cells

To measure the effect of polyphencis on the uptake of daunomycin two
methods were selected. The first method sought to measure changes
in the amount of daunonwc'in bound to bacterial DNA To take into
acccunt any possible. toxic effects due to the polyphenols and hence _
aﬁy change in growth characteristicé, the DNA was ].'\belled with Yo
thymidine. A further advantage of this was that the amoun. of

daunomycin bourid to the DNA could be expressed as a ratio of

labelled deunomycin to labelled DNA.  Changes in this ratio
(assuming no toxic effects viz., l‘C-thymidine constant) in the
presence of polyphencls would be indicative of chaﬁges in the amount
of daunomycin. asgociated with the DNA. This methodology will be

discugsed in Section 5.4.4.1,

A second method of_ measuring pblyphenol desmutagenicity was to

develop an experimental approach that would measure the az'nm_mt of
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' daunomycein within the bacterial cell. This was done by using chg_lriges

in the internal volume of a cell as used by Rottenberg {1979) tb

‘measure membrane potentials in cells. In this work “C-labelled

sucrose, *-1labelled daunomycin and tritiated water were used in a

pi-ocedure detailed in Section S.4.4.2,

5.4.4.1  Use of Yo-Thymidine labelled DNA to Messure Changes in
me:onycin DNA Targeting in the Presence of
Folyphenols

To carty out labelling of bacterial DNA, ”C-'thymidine was added to
30 ml of sterilized rich medium (Bacto-tryptone 10 g/1; Bacto yeast
extract 5 g/1 and NaCl 10 g/1) at a specific activity of 206 uCi/ng
thymidine and davnomycin at 0.2 nCi/pg. Both isotopes were made up
as one solution, to reduce varia,bi_lity in the ratic of the two, and
30 ul of this solution added to the broth. Radicactive counting was

carried out as before (see Section 5.4.1.2 and 5.4.2).

The broth was inoculated with E coli and 30 nl of the davnomycin
and thymidine mix, with subsequent addition of varying amounts of
the three fractions of sorghum polyphenols from SSK52. A stock
solgtion of polypbanols of 30 mg/ml was made up and differeht
amounts added to the broth. so that the final concentrations in 30 ml
was 0.6 (maximum solubility}, 0.2, 0.1 ahd 0,01 mg/ml. For F, and
Fy, & few drops of methanol had to be added first to solubilise the
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‘weighed powder since straight addition of water failed get the

polyphenols into solution. The cultures were grown on a rotary

. shaker with a Scm orbit (120 rpm) at 37 ¢ for 10 hours. The

cuiturés were then subjédi‘ed to 'cantrifugation at 10 000g for 10

niinut’és and the resulting pellet résuépended in isotonic .sa.line.
washed and centrifuged at the samé gravitational force .as before.
The pellet was then resuspended in 5 ml df water and sonicated for

20 seconds, after whi_ch the solutions were centrifuged for 10 000g

for a further 20 minutes. A sample was taken from the pellet

(cdnsisting of cell debris) and the supernatant (containing material
of interest) and the radioa.dtive count determined,_ The supernatant
was congentrated by freeze-drying, after which it was reconstituied

in 200 mM phosphate buffer, pH 7.5 and 1oaded ontc a 1.0 X 15 cm

. Biogel A 5M (Biorad) columﬂ equilibrated in and eluted with the same

buffer. Biogel A 5M consists of 6% agarose and has a fractionation
range from 10 000 to 5 000 000 Daltons. DNA from E. coli is
reported to have a.molecuiar weight of 3.1 x 10° (Ausubei, 1988) and

was thus expected to elute in the excluded volume.

5.4.4.2  Indirect Measure of ‘H-Daunoamycin-DNA Binding Using
Changes in Jﬂnﬂammycin:"c—slmmse and Cell Volme, as
Indicated by ‘Ho!c-sucrose

The bacteria were grown overnight to an absorbance of 0.6 at 540nm.

Once this growth had been achieved, the culturcs were centrifuged at
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10 000rpm (12 000g) in & Sorvell S834 rotor head for 10 minutes
(Padan et al,, 1976). The pellet was washed twice in 0. 1M phosphate

buffer, pH '?.2, and centfifuged at the same gravitatioml force.

The fesuIting peliet was resuépended in minimal vnluﬁe of the buffer

and the protein content established, and then adjusted so that the

. protein_concerf‘t.ratidn in the assay wonld be 2 mg/ml, The 8Ssay was

carried out in sterile 1.5 ml eppendorf tubes containing 100 pl of

buffer and varying amounts of polyphenol, 50 pl of a sucrose and
tritiated water mixture withoﬁt or with daunomycin (mede up so that
the counts were well wit..in range of a calibration curve established
for the .scintilla.tion counter) and 100 ni of bacteria. A stock
sol_utiqn of F; polyphenol was made up, diluted one hundred' fold, and
various volumes (amounts of 200 ng to 1000 ng) were Iadded to the
incubation mixture {with appropriate adjustments of assay volunes
with buffer}, yieldir.é concentrations of 0.8 to 4 yg/pl in the final

assay volume of 250 ul, compared to 1.2 ng/n! of daunomycin in the

‘mix. Once the assay had been carried oyt for 20 minutes (the

optimum time deternined experimental ly). the eppendorf tubes were
centrifuged at 13 OOD rpm in a Hareaﬁs biofuge for 10 minutes. The
pellet was resuspended in 200 nl of buffer of which 50 ui was added

to 4 ml of scintillation fluid and counted.

 Bakker et al. (1976) used the following equation to calculate the

internal volume (o) of the cell as a percentage of the total water
content of the pellet by using the tritium and Ko_labelled sucrose

in the pellets and supernatants {as indicated in the following
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: equatioh) .

- (1346') pellet -
R f— _[x100%
' aL—ELsupernatant

(CH)

A more relmble measure of the 1ntemaL volume (Vi) could be
achieved by using the equation (shovm below} as de.zved by

Rottenberg (1979}

vy | CH) (g)
i '8 (3H3)' (14@3)_

where ‘Q‘IHlJ and IHE are the tritium counts in the pelilet and the

. supernatant, respectively. Similarly, “CP and 1405 are the counts due

to Ho-sucrose in the pellet and supernatant, respectively. Vi is the
volume of the supernatant (which can be measured)., The internal
volume is usually expressed relative to the protein content of the

pellet. The above equation was used in the present work.



SRS I

Polyphenl - Tinding Stodios 128

5.4.5 In Vitro Binding Assays: Diffusion Analysis,
. Spectrophotometry and Colusm Chromatography

5.4.5.1 FEquilibrivm and Rate of Diffusion Analysis

Twe thick (10mm) perspex plates (100 mm long} had four wells ground
out along the ehtire length of each plate, A Visking dialysié
membrane (6r alternately millipore filters) was placed Bgtween two
such plates and clamped fogether,_ | ._th each plate providing half a
well on either side of this membrane. .The dialysis membrane
(Medicell International Ltd., London, Britain) is composed of

cellulc3e with a pore size bf approximately 2.4 nm and a mélecﬁlar
weight cut off value of 12 000 - 14 000, Furthermore, because fine
holes were drilled into each well from the upper surface of the
plate, it was possible to withdraw samples from each well using a

microsyringe and to submit these to liquid scintillation counting

~ using the same scintillation cocktail as before (See section 5.4.2).

The final volume used in each well waz 100 nl. Experiments were

carried out in triplet or quadruplet.

The daunomycin (59.2 GBq/mmol) used here was identical to that
described in Section 5.4.2 of this chapter. An initial thousand
fold dilution was carried out on a sample of this isotope, then an
egual volume of this was diluted with non-radioactive daunomycin to
give 50 ng/ml, 60 ng/ml and 500 ng/ml for the different experiments.
All assays were performed in 0.51 M 2[Tris{hydroxymethyl)methyl-
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E#amino—'ethanesulfdnic' acid (TES) tfi'om Sigma} and NaeOH buffer,

pH _}'.2. TES hzis a Pk of 7.4 at 25 °C.

5.4.5,2 Spectmphotmétzy .

[}

' 5.4,5.2.1 Absorbsnce

All assays were carried out at room temperature (20-°C} in a 10 oM

potassium phosphate buffer (pH 7.4) containing 150 mM-Na'CJi.and 1 mM
ethylenediaminetetracetic acid (EDTA) (Xodo et al., 1985).
Dauriomycin {concentration range 5 to 50 pM - within the range used
by Xodo et al, 1988) was titrated with varying amounts df DNA
{stock solution 4. 113/12.1 ) and polyphenols. The absorbance at 480nm
wa's' used to monitor any binding since at wave'leng'ths ‘in the UV
region daunomycin, DNA and the polyphenols have s*%rong and

overlapping spectra. All components have minimal absorbance except

- daunomycin which has an e = 11 500 ! cal at 480mm (Chaires et al.,

11982) which was useful in calculating the amount of free and bound

drug, using the de Beer-Lamberts law, which states that the
absorbance is linearly related to the concentration and extinction
coefficient of a substance. To calcul;aLte the free and bound drug

concentrations, the following calculations were carried cut {Xodo et

al., 1988},



SE L L

Piyplead - Bindig Sadbs 130

A%-A
A%-A,

—

"B

1XCp

where &°, A and & are the absorbences of the drug (here daunomy\,m)
in the absence of DNA, in the presence of a large excess of DNA and
a mixture of free and bound drug, respectively. G is the total

concéntratioﬁ of the drug in solﬁtion.. ' ’I‘he concentrat.ions of bound

(Gy) and free (G) drug needed for the parameters in the Scatchard

plot were calculated accurdmg 1o the followmg.

Cp=Cr=Cy

5.4.5.2.2 Fluorescence

The same buffer was used as for the absorbance measurements,
Davpnomycin could be monitored at 1 uM levels with an excitation at

470 nm and an emission at 592.3 nm, wavelengths corresponding to

those reported by Xodo et 2. (1988). To obtain the parameters for

the Scatchard plot the following calculations were carried out.



where F.and ¥, are the fluorescence intensities in the presence of

DNA and in the absence of DNA, réspe‘ctiveiy. The ratic of the

fluorescence intensities of the free drug and fully saturated drug

_ is used to obiain a value for P. The bound (CB) drug concentration

can be determined from the total (C"T} and free (CI;) as shown below:

Cp=Cyp=Cp

5.4.5.3 Colusn Chromatography (Humael-Dreyer Method)

Colunns (lem X 25 cm) of Sephadex G-10 and G-50 were equilibrated in

© 0.9% (w/v) NaCl solution, A solution of daunomycin (10 mg/ml) was

loaded onto the column. The column was washed with increasing
concentratioﬁs of NaCl up to 1 M. However, when this failed to
rencve the daunomyein from the column, & me aanol:water gradient was
applied, and at 20% (v/v) the daunomycin was eluted from the column-.
Initial trials using plastic end parts for the column were found to
bind the daunomycin as it moved out of the column to the fraction
collector. These parts were replaced by glass woﬁl which did not

bind the déunomycin .
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5.5 PBINDING STUDIES - RESULTS AND DISCUSSION

Several of the ccnventidnal methods used to study binding

_ interactions were employed to providé evidence of the d=smutagenic

behaviour of polyphenols. The two in vivp techniques used included .
methods {i) to determine the amount of .da;unomycin_associatéd with

the DNA by using column chromatography to isclate DNA from E. coli

grown in the presence of varying concentrations of F, polyphenols and -

(ii) to monitor the uptake of daumomycin into E, c¢oli as a function

of cell volumé (JHQO:“C-sucrose) and JH--daunomycin:“C-sucro.se ratio

changes, ‘The in vitro procedures included equilibrium and rate of
diffusion analysis, absorbance and f luor'eécence specfrophotnmetry
and column chfbmatography {Hummel-Dreyer method). Of all the
methods utilised, the extraction of the ‘davnomyciniDNA complex from
E. coli was found to be the best and provided evidence for the
desrﬁutagenic action of .the polyphenols. The other assays were not
suitable f.o:"- the present study either due to the insolubility of the
polyphenols c';r'because of their binding to the equipmwent used in

these studies. All the above mentioned techniqués %ill be detailed

in this chapter.
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5.5.1 Polyphenol Effect on JH—D&unmycin and ¥o-Thymidine Ratio

as a measure of DNA Targeting in E. coli

' To measure interaction of polyphenols with daunomyein, it was

decided to quantitate the I'.)incling. of daunomycin to DNA in the
absence and presence of polyphenols. If polyphenols (maybe F, or F;)
bind the daunomycin cutside the czll oi‘ if polyphenols coat the ceil
th'ereby. prex're'ntiﬁg daunomycin entry into the cell, this would
effectively decrease the amount of daunomycin that could iaﬁeiaé’tﬁ :
with the DNA, In the case where polyphenols (the small Py fraction).
bind but can enter the cell, the dauncmycin-polyphenol complex could
either_rémain in tlie cytoplasm or it could still bind to the DNA as
& daunomycin-polyphenol complex, in which case no difference in the
auiount of drug bound would be seen. Thus if a nezative result is
obtained i.e. no change in the amount of daunomycin bound to DNA,
b‘in:ding cannot be ruled out. It was with this in mind that the other
techniqués ment iqned were used to either provide supporting evidence

or to disprove these postulates.

The three compounds involved in the binding assays viz. ‘daunonycin,
DNA and polyphencl all have overlapping UV spectra and since both
DNA and daunomycin needed to be measured accurately, it was decided
to label the DNA with *C-thymidine. This would allow one to monitor
the DNA during purification, as well as to indicate any changes in

growth of the bacteria in the presence of the polyphenols (a’.llowing

one to monitor any toxic effects due to the polyphenols}. Because
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the antimutagenicity had been observed using S. {yphimurium in the

Ames test, these bacteria were used as the test model.

FAILURE OF SATMONELIA MOTANTS AS THE TEST ORGANISMS: E .coli is
. preferred X

The MC-labelled thymidine was fed to the bacteris at various

. concentrations to optimise uptake. 1t was found that when using the

Salmonella bacterial ﬁmtants, _it %48 not possible to get more than

2 to 4% uptake of the label, _ctepénding on the strains ﬁSed. Even a
brief treatment wifh 1% (v/v} Tween (Billen and Olson, 1978) and
0.25 M sucrose failed to force tha.uptake of thymidine into the cell
by transient permeablisation. This could be due to the geénetic
deletions that were made in these bacterial strains to inérea.se
théir sensitivity to mutagens in the Ames test {Maron and Ames,
1983}, The u;ita,ke of mechanism of thymidine may have been impaired.
A change was made fzﬁm S, .::_typbimurium to F ecoli., whereupon a 20%

optimm uptake was recorded. Once this had been achieved,

daunomycin was added and the DNA extracted. As was expecied, using
the conventional DNA extraction procedure which iuirolves sodium
dodecyl sulpha.te and salt treatment, followed by chloroform:isoanyl
alechol and tihen ethanol extraction,. only 1% of the daunomycin
renained associated with the DNA. Most of the davnomycin was in the
alcohol fractions. An alternative way of breaking open the cell and
extracting the DNA, separa.fing free from bound dsunomycin, was
needed,

Sonication of the bacteria proved to be effective in breaking open

the celis. The sonicated cells were cenfrifuged to remove cell
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de_bris,' and the supernatant filtered hy égﬁfrifugation in a biofuge,

 using the polysuifone (low drug binding) ulitrafiltration units

recomsended by Millipore. It was anticipated that the DNA-
daﬁﬁdmycin woufq be ret&;_..;c‘- by <he membrane, whereas the free
daunoma.rc.in. woﬁld"- ﬁdva through due to the selected pore. size of the
membrane. However, using a solution of daunomycin only and
st_lhjecting thi# -sample to centrifugation, it was foﬁn_d that the
da.unomycini bound to the membrane. An alterne;t ive wa,y of __sepﬁrating
the daunomjrcih—DNA complex from the rest of the cellular contents

was column chromatography.

It was found that daunomycin had a strong affinity for Sephadex

which is ﬁormally used in gel permeation (see Sectim:'s.s.s,).
Biogel 5M proved to be a saitable alternative; close on & 100%
recaovery of the daunomycin loaded onto such a columﬂ_ could be
achieved using.a, 200.m.M potassium phosphﬁte buffer (pH 7.5) as the |
eluent. The.next step involved the dmal Iabelling experiment in
which E coli. was fed lC-labelled thymidine and ’H-labelled
daunomycin and resulting DNA extracted from these cells. The
bacterial cells were washed, somicated and then centfifuge.d, and the
resulting pellet Itaded onto a Biogel 5M E:clumn. Elution was
carried out as before. The results of this experiment are shown in

Fig., 5.2,
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Fig. 5.1 The cytaplasnic conteat of & coli, was loaded oxto & RieGel-5K celoax (! 1 lica}
axd eluted vith a 200 BX phosphate buffer, i 1.5 The wriscorporated c-thyridine
aad free Jﬂ'dl!HOIJTil vere segarated [rom the deal fabelled {dawsomycin:thymidine)

DNk conplex whick elatod ia the void volsme,
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. ‘The results obtained in Fig., 5.2 cpened_thé way to stﬁdy' the effect

‘of polyphennls on daunomycin~DNA binding. Esdheri;chia coli was grown

in the 'presence of the three fractions and the results obtained.

‘plotted (Fig. 5.3) as the ratio of ‘E~dauncmycin to 'C-thymidine

veréus the amourit {expressed as m.g' of polyphenol/ml of growth
medium) of phenolics-added to the medium. All three Fractions from -
S8K52 were effective in reducing the amount of daunomycin associated

with the DNA_ {thymidine contént was constant). There appeared to'b'e

no significant difference between the three (except at the lower -

‘concentrations} which was expected based on the ahtimutagenicity

)

obsérved in the Ames test (Figm. 4,2) where the order of binding
efficiency inc:eased withﬂ molecular size viz. F, < Fz. < F, in tl‘-:le.
presence of daunomycin and S. typhimurium strain TA98. Thus. it has
been demonstrated that in the case of daunomyciﬁ, the polyphenols
act as de'smu'_ca.gens since they reéduce the effective concentration of

the mutagen associated with the DNA.
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—+-F2 ¥ F3

3H:14C Ratio

O u MG A N e N ™

[Polyphenol] in Broth (mg/mi)

Fig. 5,3 The decrense in the amount of .Jﬂ-ﬁmnmu associated with Ko timnidine fabelled oo
'_ (a5 neasured by the chinge ix It ratia} from £ coli, grows ix the presesce of

polyphenois g:tr;ctgd fron zorghes graix 58152,



.

T

R F S

ey e w

Polyphend - Finding Siudies 139 -

"5.5.2 JH-mmanycin Uotake into E. _@I 1{ Celis

*.To determine the uptake of daunomycin and. the effect of polyphencls

- ‘on this tiptake into E coli., a method was required to measure any

deviations in cell density, and bence the resulting pellet size
'coritaining t.he daunomycin marker. One way to achieve this was to
have on_e_ constant _i.sotope (here Yc-sucrose) against which to measure
the relative change of the. 3Ii--ltlal.lmil,ﬂrt:in, e:ﬁpres_sing chahge as a
ratio of these t\?d.isotolzea. Almther.way of ensuring cbnsisten_cy in
the ci_:mtroi, was to measure another parameter, hamély that of cell
volume. -Determ:ingtions. of cell volume have been used to measure the
uptals_;e of compouﬂds_ {used to calculate interﬁal pﬂ)' into B gali. and
were particularly useful in the development of éhe chemiosmotic

theory (Padan et al. 1976; Mitchell, 1968 and Winkler et al., 1966),

In attempting to measure cell v‘olume., two labelled pmbeé were
required, .one which coulci diffuse throughout the whol.e system., arid
another which would oucly obcupy the area external to the cell wall.
The two isotopes selected were tritiated water which measures both
interstitial space and internal cell volume, and 1"C«suc:roase which
will lo'nly occupy the interstitial space. By caiculat'ic.m (see Section
5.4.4.2), it was possible to get the value for the internal

vojlume, expressed as a volume pef_ amount of protein. A value of,
2,68 ul + 0.25 (SD)/ mg of protein (as determined by the Lowry
method (1951)) which compares favourably with a value of 2.7 ni/ng

reported by Winkler and Wilson {1966) for E,coli.
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The next step was to carry out a titration (result shown in Fig.

- 5.4) of daunomycin to establish (i} if fhé' drug was taken '_up'i into

"~ the cell and {ii) over what concgntra.tion range t'here was a linear

relationship between upiake and the siount of daunomycin added to

~the medivm (with simultaneous cell volume monitoring). Logically

the conoentratiqn to be selected for titration with the polyphenols
(F, used) would have to be in the linear region, otherwise smail
chang,2s in daunomycin uptake would not be registered. As an initial
probe. into the system, it was 'deci_ded. to:'select 80ng (a finajill
concentration of 1.6 pg/ml - see Fig. 5.4) of daunomycin againgt
which tb titrate polyphenols of the following concentratioﬁs 0.1?&,

0.8, 1.6, 3.2 and 4.0 pg/ml. Such low values were necessa:fy to

prevent precipitation of the polyphenols, which could distort the

isotope ratio in the pellet. Data obtained in this experiment was
used to calculate the. internal cell volume {according to the method
of Rottenberg (1%79)) and the ratio of daunomycin to sucrose, the
results of whiéh are presented in Table 5.1, Monitoring of the cell
volume using tritiated water and sucrose served as a control for any
veriability in volume from one preparation to another, and in .the
presence of polyphenols would indicate if these had moved into the.

cell,
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Wb

-

 Amount of Daunomyein Added (ng)

: Fig 5.4 ’H-D;umycil aptake jzto g__co_lg_,, 41 peaspred by the wethod of Inttexberg (1919,
| Beoli cells vere incabsted vfti "Hmomin 22d ¥¢-gucrose for 20 aizwtes and ther

- cextrifuged. The resaltivg pellet ¥as remy?xdsa' uf the avorxt of exck isolape
present Jctmmi. sing tﬁm raines it wez possible to calcalaie the asount of

dezzouycin is the cell or bourd lo it f’m Tabls S. 1),
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Table 5.1 The affect of ¥, polyphenols on the uplake of JH-n'annamiu* [I_.Eﬂs’!ﬂ} in{.‘a'-.'. cold,
This wes detsrlined-bn_th 28 4 chenge (1) in cell volume 25 messured by Jﬁzo:”c-sucme aad
expressed in pi/ag protein aad (ii} the ratio of 3y-desnonyein: Me-sucrase, For each level of f

tested, the aean of six replicates wax takea, and the standird devistios of this neaa shown {1=6]},

FI Vollunei. - 'Dauriomycin’ Daunomycin H
{pg ml) (nl/mg protein) - Uptake {njz) ~ Sucrose (ug)
.0 2.68 % .25 61.3 * .44 0.95 £ 0.050
0.4 2.80 £ 0.10 S 68.3 + 0.80 1,06 % 0,001
0,8 2,50 £ 0.20 64.7 £ 0.14 1,00 % 0.001
- 1.6 2.87 £ 0.18 59.3 £ 0.21 0.92 £ 0.002
3.2 2.67 * 0.11 72,4 * 1.06 1.12 % 0.001
4.0 2,55 £ 0.22 62.8 + 0,50 0.98 £ 0,001

As can be seen there was no difference in the amount of daunomycin
taken _uli ‘into the cell in the absence or presence of various
concentrations of polyphenols, which is particula.rlﬁ evident in the
davwnomycin: sucrose ratio. 'i‘his finding seéms to contradict those
obtained from the previous experiment (Fig. 5.3) which showed that
i:he polypheno.is reduced the amount of daunomycin associated with the
DNA viz., the amount of daunomycin taken up by the cell had
decreased. The amount of sucrose did not vary significantly over
tre whole series {64.43 pg * 7.59) of experiments since it might be
argued that the polyphenols could be displacing the sucrose. If this
were true and the amount of daunomycin had decreased due to
polyphenol binding, & constant ratio of ciaunomycin t.o sucrpse would
have result.ed. However,_ thé “amount of datmdmyci_ﬁ was constant, '
Furthermore, it can be seen that the volume recorded (dalculatéd’

using the 31-110:3“0-sucrose ratio ~ see Section 5.4.4.2) was constant
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over the entire polyphenol titration range, This woulci seen- to prove
that the polyphenols are not able to enter the cell, since ﬁbne of
the water was displaced and hence the fomat.ion a polyphenol-
daunomycin complex in the cell is ruled out. There appears to be no
evidence of binding from this method to support the antimutagenic
effect of F) m daunomycin as seen in tie Ames tez;t (Fig 4.2) and Fig =
5.3.

Only F polyphenols were used since it was prédicted that they could
be carrying out their antimutagenic activity by preventing the entry
of daunomycin into the cell. The other two fractions would most
likely precipitate in the pellet due to the large amount of
bacterial protein present, and hence were nbt tested., - It was
decided to se. . an alternative method for measuring uptake into the

cell to corroborate the findings presented in Table 5.1.

5.5.3 Equilibrivm and Rate Diffusion Analysis

o perfom equilibrium and rate dialysis, & nitrocellulose dialysis

membrane was selected with a pore size of 2.,4nm so that it was

impermeable to E coli, which has a diameter of 2.2 pm and a length

of 10 pm {Darnell, 1986).

In the absence of any other components other than daunomycin, it was
predicted that an equilibrium would be establisheéd across the

dialysis membrane., If purified DNA or F coli. wei‘\e placed together
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with the daunomycin (it is known that DNA binds the drug; the drug
ran also diffuse into the bacteria, whereupon it binds to the

bacterial DNA), the effective daunomycin coﬁcentra.i:ion that could

‘diffuse across the 'd.iaijr'sis membrane would be decreased. Samples

taken from the well on the other side of the membrane would show a

decrease in the amount of dsunomycin that had diffused across the

' dialysis membrane and ~since the concentration gradient is less

steep, the rate of diffusion would also be affected.

Initial experiments were aimed at determining how leng it would take
to eSfablish such an equilibrium. From Fig. 5.5, it can be seen
that even after ‘,‘.,8 hours the ratic had not reached unity even when
the éoncentratioﬁ was increased from 50pg/ml to 500pg/ml, although
the initial {over the first hour) rate of diffusion had increased by
'about 1.5 times. Upon fﬁrther analysis, it was found that up to 60%
of the daunomycin was lost, presumsbly bound to the membrane. This
was confirmed by removing and counting the membrane. Even on
changing the membrane to a specially treated low binding type (asm
recommended by Millipore), binding still occurred. If daunoniycin
binds to the membranes, it is likely (as has subsequently been found
in this iaboratory) that the pelyphenols would also bind., This
would introduce another binding parameter into the whole study which
could not be quantitated for the polyphenols. Thus it way decided

not to investigate this method any further.



L

Poyplond - Hidig Stodes 145

08| - S

Final/Initial Ratio
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Fig. 5.5 Measorement of equilibrive and rate of diffuzion of Jl-duiosnil acrosy @ perxzable
seabraze placed between fvo chambers (see Section 5.5.1). DPawzomyciz was added to .
ot chamber | ilit_i:U and 2lloged to diffuss acroes the meabraze ixto tie .lemd
chamber {finsl) over 1 period of 10 boars. Saapies were Cakem at severa! time
iatervals b peasore the amozat of dunsomyein on sither zide of Che sembrane, axd the
equilibrin r:ltio {Jﬂ-&:mm:in final / Jl-dmemil iu'tial)' deternined frox tif:.

Daasonyeis cmentntim esed vere 50 azd 300 23/pl.

ao
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5.5.4 Spectrophoiosetry
5.5.4.1 | Absorbance

Prbteimbolyphenoi 'intera.c'tions. _have beeﬁ monitored _using oy i
_'spectz'-aphotométry {(Takechi. and Tanaka, 1987; Bergmann, 1986). sze
extent of interaction can be quantified by mon_it_oring the UV
spectrum of the polyphencl in the 210-280 nm region (Czochanska,
1980), For example the polyphenol B-penta-0-galloly-D~glucopyranose
has absorbance.lmxima at 215nm and 280nm {Gray, _19?_'8; Warminski,
1989). Proteins obscure readings in the lower region, and all
proteins except those rich in tyrosine and tryptophan show ninimal
absorbance at .230nm= consequently the concentra.tioﬁ of the
polyphenol in the presence of prgcipitating proteins c¢an be
determined at the higher wavelength.' It was observed that the
height and position {in some cé,s_es) of this peak wvaried when
proteins added to the polyphenol caused precipitation. This peak
varied with the dJdifferent amounts and types of precipi_.tating_
proteins added. I triéd to set up a similar system using the
polyphenol and daunomycin spectra. However, as can be seeri from the
spectra of these twn compounds {(Fig. 5,6), both have wvery strong
absorbances in this region, making it impossible to monitor the two
compounds simultaneously. Besides, if DNA were added, this would
have a very strong absorbance in the UV region. As can be seen from
Fig 5.6, daunomycin has a very distinctive peak at :480 nm, a

wavelength at which both the DNA and polyphenol showed minimal
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Fig 5.6  Abtorbasce spectra of dawmoayeiz axd polyphedoi, showing the gigmificazt overlap ix
the OF region but with a distisctive 400um pesk for dagaomycin, whick vas vasd to

vositor dawsacuyein binding to DEA.
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abédrbances, ‘and when DNA was added to daunomycin there was a
decrease in the 480 nm peak (Xcdo et al., 1988). When daunpmjcin (6

ng/pl} was titrated with increasing amounts of DA, it was possible.

to bind almost Ioo%.of the di'ug (Fig 5.7). Titration witﬁ' a more

purified Fy fraction (%) using the same concentrations as for DNA,

produced no significant decrease in absorbance of the daunomycin at

48unm, suggesting limited interaction between the drug and tr. .

polyphenol. _

-

‘ ﬁ L == DNA only“".bﬂao{-'g_
. § w0 —
0
Ll
5 “f
o]
8w
£
§ g_a "o '_ - S S . 5
$ _ +F o 20
Amount of DNA Added (ug/ul)

Fig, 5.7 the biadigg of DNA fo davnonycin as mositored by a decrease fa davsonyein {§ ag/xf)
absorbance at 430w, 4 prior additios of 24 3/l Fg {2 wore purified fora of

Fyl to dessonyein s sade, vith sobseguent Eitratioe of DNI.
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However, when 24 ng/pk {this v&as the maximum amount that cou1*" be

- added before prec:pitatmn was seen in the assay) of the F was added

prior to DNA titra.tmn, thm decreased the amount of daunomycin
bound at low concentrations of DNA (Fig. 5._7), _tho_ugh at higher DNA
concentrations ali the daunomycin was evéntualiy bound, whether the
polyphendls actually bind to the daunomycin needed to be

established, Righer concentrations of polyphencis could not be used

as it was noted tha a fine precipitate formed, which could have

. reduced the amount of light reaching the photomultip‘'ier thereby

giving a false increase in absorbance.

This seue apﬁaregut non-reactivity of dsunomycin was observed when _
quercetin was used as a potential binding target. It was found that
quercgetin on its o caused quenching which was traced to the fine
precipitate that formed in the assay. Quéroetin is only soluble in
alcohol and precipitated when added to the aqueons DNA-daunomycin
solution. Hence data obtained from absorbance spectrophetometry
would not be a reliable means of caleulating the amount of free and
bound daunomycin (required for Scatchard plotting). An attempt was
made to use fluorimetry since much lower coricentrations of the drug
and hence of the other vomponents would be needed to produce any
change in ﬁhe ‘bindir;g spectra, possibly eliminating the problem of

polyphénol precipitatidn.
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5.5.4.2 ~ Fluorescence o

Just as abéonbance of the drug_decréase.é upon binding, it was found
that titration with DNA brought'about an analogous dec'rease m |
emission at --59-2.3 nm when daunomycin ﬁas irradiated with light at.
470mm. The amount of daunomycin was a thousand fold less than
required for absofi)ancé spectrophotometry, Whe_n the percentage
decrease in fluorescence of various cbnéentrat ions of daundmyciﬁ was -
plotted versus the amount of DNA or polyphenol (Fig. 5.8 and §. 9), '

a definite decrease in both cases was noted.
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o". L - 1 ' 1
o : &0 100 - 180 200

Amount of DNA (ng/ul)

% Fluorescence Decrease at 592.3nm

Fig. 5.8  Dawmowycix at varying comceatrations (2 iudicated in the legend below) wmas titrated

against DA, and the decrease in the amowst of free davsomyein sz measered 28 3

percentage decligs ix 5%2.1 sa fleorescesce,

= 4.1 pg/pl —— 8,22 pg/yl. — @3 pelpt
—— 16.4 pa/pl 4= 20.5 pg/ui
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Dawmowyein af the comceatrationy {indivated iz legewd Soiow) wsed in Fig. 5.8, ms .
fitrated with Fg'ud the decrexse ix free dasmomycin monitored by 2 percentige

decrease in 35,1 ap [laorescesce.

—— 41 pg/pl —— 8.22 pg/pl 4 12.3 pg/ul
~a— 16.4 pg/pl =%~ 20.5 po/pi '
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For a comparative study, the lowest level of daunomycin (4,11 pg/ul
- a3 used in Fig. 5.8 and Fig 5.9) was ircubated with either DNA or
polyphenols (Fig. 5.10}, As can be seen DNA was far more efficient

on a weight for weight basis in producing a decrease in finorescence

- than the polyphenols. Although the polyphenols brought about a

decrsase in 592.3 nm emission it has not been proven as is the cass
for DNA,. that this représents binding of the pelyphencl to the drug.
To prove actual binding to daundmycin, it v}as dec.ided to use thé
Humme l-Dreyer gel chroma.tdgraphy technique to détérmine the binding

:constant of da_unon\.ycin. for DNA and pclyph’enol._
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Fig. 5.16  Comparative sfudies of damaomycin binding to lscremsing {8) M4 axd {#) F‘

r} : -caleentratioyt. Perceatage decrease in [lsorescence {at 392, 3ma} acaseres the

: decreass in Free davaomyein {initial concentration waz 4,11 pe/pl} ix the Fimal assny
-

voloms, .
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5.5.5 Cb.!um Chromatography - Hmé:t-—ﬁreyer Technique

This method depends on the fact that daunomyciri but not the DNA or

polypheno! is able to enter the pores of the gel from which it can

be eluted with solutions of mild jonic strength from _thé column.

Sephadex G-10 was selected as the column support beceuse of its
small pore size. Daunomycin was loaded onto the column in a
potassium phosphate buffer, pH 7.5, containing 15 mM'NaCI, and
.elu.'tion was éttempte'd with increasing salt concentratiOﬁs. “Even a
1 M salt solution faileﬁ to remove the daunomycin from the column.
The pore size_was increased by using. a Sephadex G—Sb since it was
thought thét daunomycin could  be binding’ in the small pore-sized
gel, yet the same effect was observed, A methanol gradient was

applied and at 20% (v/v) the daunomycin was 'eventually eluted. This

-defe_dted the object of this wmfthod which depends on selective

retardation of the ligand (here daunomycin), and since it was shown

that polyphenols also show an affinity for the column'packihg

material, this procedure could not be applied to the current binding

studies,

Thus of all the methods applied, only fluorescence spectrophotometry

aﬁd extraction of the daunomycin-DNA complex by ‘column

chromatography provided evidence of the desmutagenic activity of the

polyphenols,
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_SUMMARY

Polyphenols were extracted from various sorghum grain cultivars end

were fractionated into the following thre_e major groups on a

Sepharose (L-6B columnﬁ - F, containing low molecular wéight water

soluble phenolics, F, with the la- jer sized agueons methariol soluble

‘polyphenols and ¥, which possesses polyphenols soluble in agueous

acetone. The Fy fraction contains pblyphenols with molecular masses _

" of up to 50 000.

From the work conducted the fol 1owing conclusions can be drawn about

the biological activity of the pelyphenols.

(1)

(i)

In chapter 3 the polyphenols from these various
cultivars were shown not to be mutagénic at the
levels tested in both the Ames assay and Somatic

Mutation and Recombination Test.

In chapter 4 the polyphenol fractions Fj, Fy and F; from -
sorghum grain varisty S8K52 were coincubated with the

standard mutagens sodium azide and TA100, daunomycin and
TA98, 2~aminoflvorene (:equiring 89 activation) and both
TA98 and TA97a in the standard Ames test, These polyphenols
were shown to reduce ithe ability of these standard mﬁtégens:
to induce reversion in the appropriate strains, They

appeared to exhibit antimutageriic activity in the
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~order Fy > Fy > Fy. Bafnar_d Red By polyphenols were also

found to be effective antimut'ageﬂs, confirming the work

carried out by van Rensburg ef al. (1985) on the reduction -

"of experimentally induced oesophageal tumours in rats feed

& Barnard Red supplemented diet.

An interesting observation was made in chapter 4 about the
biological activity of quercetin, Quercetin is a known
mutagenic polyphencl in TAS8 (especially in the presence of

§9), a finding confirmed by us. However, we have

- subsequent ly shown that it can act as an antimutagen in the

presence of the mutagen 2-aminofluorene (requiring §9
activation) in TA98. Thus although a compound may be an
antimutagen, it does not necessarily follow that it is not

mutagenic.

In chapter 5 it was concluded that the polyphenols act as
desmutagens bécause they were able to reduce the effective
concentration of the mutagen, This was shown by
fluorometric techniques and more directly and convincingly
by measuring the amount of radicactive mutagen
(3H—daunomycin) actually taken up by E. coli and boun& to .
its DNA in the a.b.sence and presence of polyphencls. The
effectivenesé of the polyphenols in reducing the DNA~ |
deunomycin binding was in the same order of efficiency as

observed in the biological antimutagenic assays carried out

. in Chapter 4. During the course of these binding studies,
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it was noted that uptake of labelled thymidine by the
Salmonella typhimurium mutants was very low (2-4%) when
compared to that in Escherichia coli (20%)., The reason for

this was not investigated,

FUTCORE WORK _

Future work would be dlirected at developing a reliable method of
detecting mutagen-polyphenol binding as the technigues used in this
study were not satisfé,ctory due to the stroﬁg 'b'inding. (whi.ch could
not be quantitated accui'ately) of daunomycin and/or' polyphéml' ta.
.the apparatus uvsed in the Binding studies. The polyphenols in the
three fractions MId need to be deglycosylated and retested in the
two mutagen detecting assays to prove beyond doudbt that polyphmiols
in sorghum grain do not present a health hazard. Further separation
of the three complex fractions used in the present work could help
prove that whai was observed is a general, non-specific binding of

polyphenols to the mutagens.

A complete change in direction might well look at the possibility of
the - polyphenols acting as antioxidants and scavengers of free
radicals. - This ability might well explain the mutagenic /
autimutagenic activity of the polyphenols noted on p. 98 because

polyphenols may be able to generate free radicals as well as

" meavenge them.
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APPENDIX

Chapter 8.
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rafle .1 - [acubation of F,
error of the mesn indicated!,

- 196 -

and £y frox sorghen cultivar ¥EIT with T4%7s aad TASS (Stendsrd

Sample Amount /ml TA972 TA98

B, 1 ng 131 £ 3.5 34 & 1.5
100 pg 169 + 18.5 23 £ 3.5

10 pg 186 + 3.5 28 £ 0.5

1ypg 180 + 13.0 22 £ 0.5

Fy 1 ng 131t 4.0 29 ¢ 5.0
100 g 180 t 11.5 2 4.0

10 ng 165 £ 20.0 27 + 0.5

i ug 156 £ 6.0 22 + 1.0
Daunomycin 60 ug 173 & 5.5 3121 # 141
Blank - 127 % 3.5 33 + 0.5

ey -
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Table 8.2 lacubation of sorghus cultivar SHEIHE - £ and 5 vith all four straigs without (-9) and with
{+88) mniadgiic setivation at #% (07/v] i the Aees test, (Standard error of (e mesn irdicated].
Semple nz/m! TASTa TA98 TA100 . PA1D2
| -5 489 -89 459 =80 | -sav. 489
20 | 163+ 7.5 1924 7.5} 234 &0 27% 15| 270¢ 7.5{ 2761 17.0 299 % 5.0
F| 40 | 1672 5.0 143¢ 3.0 24% 1.5 20% 1.0] 229 & 31.5 | 290 % 30.0 331 ¢ 6.0
100 | 143% 11.0 91% 45| 18+ 3.5 414 7.5) 150%16.5| 168+ 9.0 117 % 13.3
. 20 | 1274 145 17% 45] 1, 2.5 21¢ 3.5| 91% 3.0| 109 1.5 2601 .3.0
Fy 40 $2% 55 953 95] 142 4.5 40% 3.5| 1232 13,5 98 +.20.0 170 £ 0.0
__ 200 | 31+ 7.5 984+ 13.5] 114 3.0 24t 2.5 '__186 £ 1.0 103¢ 1.5 126 ¢ 5.5
Blank - | 162% 5.0 114t 6.0 34% 1.0 42+ 2.0 235+ 31,0 | 322 % 36.0 247 % 4.5
Mitomycin € 5 | | | 12894 ¢ 53.0
Sodium Azide 15 | A 2837 ¢ 4,51 -
Daunomycin 6 | 1702 24.0 2440 + 186.5 o N
Benzo{a)pyrene 10 ' _126 £ 1.5 311 % 43.0
4
.
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Table 8.3 Fractions ?_,, -’2 a5l & frer érg&ui cultivar $5K30 were incubated with alf four $%rains wiiont
(-89] azd with [+S3} aetebolic activititon at 4% (n/v) iz the dmes lest, {Stasdard ersor of the
geed -ydicated], ' ' ' o
. Sample ug/m TASTa TASS TA100 - TA102
- -59 +39 -89 +89 -59 459 59 489
F, 1 | 161% 0.5 156224.0] 224 2.0 33% 4.5] 29+ 6.0 1543 6.0 273£33.0 46t 4.5
| 16 |18t 0.5 76t24.0| 201% 4.5 48 % 5.0 | 265%24.5 239 £ 45.0] 288 £ 62.0 37 £ 12.5
10 | 81+ 55 1053 70] 20¢ 1.0 503 7.0§ 252+ 4.0 252 8.0] 509410 109% 5.0
F 1 [ 1502360 96£22.5] 20% 2.5 3¢ 4.0 324£100 1852 15.0] 2772 13.0 155 ¢ 1.0
10 | 18%17.5 874 0.5] 2%t 1.0 522 9,0 | 2093 27.0 250 + 25.0 310 + 10.0 260 £ 40.0
100 § 1353+ 7.0 96+ 95| 20% 4.0 43416.5] 320+ 0.5 2053 £.0) 324 %10.5 240 1 60.0
7y 1 | sstn.e 822105] 342 1.5 2t 8.5 3312150 2684 18.5] 298 4 34.5 268 & 18.5
- 10 98+ 15.5 642 B.5| 30 8.5 47% 3.0 ) 281229.0 1593 1N.0] 272¢ 8.0 159 % 11.0°
0o | 96+ 5.0 763 2.0] 222 3.0 473 35| 2662460 3012 5.0] 3302160 3012510
Blank -l 169t 5.0 942100 24+ 0.5 32+ 0.5 230231.0 1922 30.0] 2143 36.0 200% 4.5
Deunowycin 50| 170t 2.0 2837 & 142.0 286 % 29.5 N _
Mitomycin € 5 - o 3000 £ 53.0 |
| 2-aminoftuorens | 100 1986 + 38.0 2645 # 96.0 o s0:17.51
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mm 8.4 Fraction Ff from sprpfem grafn cumm Pmm s iac.véam' yith 1497 m’ rm.
{Standsrd error of the pesz ml.fcsten'} _

Sample

_ Amount /m} _TA97a TAS8
F 1mg 214 % 10.5 22 0.5
100 pg 226 £ 8.0 28 + 3.0
10 ug 238 &+ 0.5 354 4,0
o 1 ug 285 + 5,0 23 2.5
Daunomycin 60 ug 204 % 17.0 3121 % 141.0
Blank - | 120+ 3.5 32+ 0.5

[P SR U



e e e e : R =TI 5 2 UL s O U P UV S SN = S SO S 4

Tahle .5 Sorghoe grain cultiver Mrgm‘ fed F f Rubsgonicity testing xith _rm and w't?ﬂ, and thén toyethsr
with deupomyciz at &0 pg/al (for 1498} and sodium sxide 2t 15 yg/ul (for TAIOO] in an E
sgtinutagenic assay. (Stasdard error of the wear ixdicsted). o | ' . S - - } v
Sumple pmount /el TA98 BN  TA00 1 L
o - Sample Dannomycin + Sample{ - Sample Scdium azide + Sample L
F 10 og 18 & 0.5 1164 £ 99.5  } 139 £ 21.0 1426 £ 92.0
1 88 22%1.5 1311 % 6.0 190 + 15.0 1504 t 28.0.
100 pg 18 + 0.5 1412 £ 7.0 217 + 17.0 1712 & 9.0
10 ug 19 £ 2.0 1781 t 63.5 240 * 10.0 1613 & 4.5 |
1 23 1 0.5 2094 £ 91.5 | 160 £ 12,0 1750 + 9.5 | N
o 0.1y 28 £ 0.5 2417 £ 61.5 228 + 12.0 1802 % 42.5 N e
Sodiun azide 15 g | 12809 + 4.5 o | i
_Daunowycin 60pg 12838 % 0.5 | e | E o
, Blank - 27 % 2.5 - 12¢ + 0.5 '
N
3
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