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ABSTRACT

Acrylamide is @ resctive vinyl wonomer, widely used in the synthesis of
polymers for a variety of industrial applications. The polymers are nom-

toxic, but the monomer s meurotoxic to both laboratory animals and man.

In this study varions Nocardioform strains sble to utilize acrylamide as

sole carbon and/or mitrogen source weve identified. Acrylamide rasistant
and acrylamide non-utilizing mutants were obtained. Techniques have been
developed thus far for the cloning of the acrylanide detoxifiction genes.

A genowic DNA librery of the acrylamide resistance genes has beon coms

structed and the system in has bean opti-
mized.
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1.0 INTRODUCTION

The family Wordiacese contain aerobic, heterotrophic,Gram positive,acid
fast to pertislly acid fast actinomysetes which produce a primary mycelium
that fragments into rod and coccold-like elements (28), Aerial hyphae
sre usually formed; strains contain mycolic acids (long-chain 2 alkyl
brancied- 3 hydroxy scids) and a wall chemotype 1V, f.e. strains contain
major smounts of meso-diaminopimelic acid (PAP) and arabinase and
galactose. The walls of HNocardise and zrelated bacteris like

and species have a similar and

complex stxucture that consists of 4 peptidoglycan, several classes of
free and bound lipid constituents and other polysaccharides or
polypeptide compounds. The overall base composition of Nocardiaform bac-
teris is estimated to be between 62 to 77,3 mol percentage guanine and
cytocine (GHC). The DNA content of Nocerdize has been compared and it
is found to ke different from strain to strain vhereas the DNA content

of Nycobacteris was more wiiform.

Nocardioform sctinomycetes are Found in the soil and like other baureria
are sensitive to phage. lost range studies have been of value in the
classification of Wocardia. Phages have been reported to be of valve in
the tentative {dentification of fresh isolates and in clarifying the

classification of poorly defined Nocardioform taxa.

Although the generstion times for Mocerdize are not gemerally known it
can be ossumed that under optimal growth conditions the generation time
for majority of the Hocardis could be 3-7 hours; under unfavourable

culture conditions, however it can be prolonged to one weck or longer.

Regarding their known metabolic sctivities, Nocardise and Rhodochrous-
1ike organisms seem to be similar to many other aerobic bacteria; this
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statement hes validity for the utilisation of organic compounds and ni-

trogen containing derivatives, lipid metabolism and other metabolic

steps. A great number of osganic substances can be used by Nosazdioforms
as carbon sources {26). Alkanes ave good carbon sources. It seems to be
an advantage for Nocerdise to use alkanes with relarively longer chains
for they can be better metabolised than those with shorter chains. Sodium
scetate, proplonate and butyrate are good carben sources for many of the
Nocardia straing, lnorganic compounds such as NF,, §O; end NOjcan be
utilised as sole nitrogen saurce. L-glutamic acid, L-aspartic acid, e
Lysine, L-leucine, L-isoleucine and L-valine support good growth in many
Norarrdia species. Nocardia in goneral have not been found to necd spacific
srowth factors, however some strains require thiamine for growth.
Nocacdia can grow on media supplemented with organic substrates such as
peptone, aminc acids, egg white, egg yolk and milk. Synthetic media are

used for special purposes such as in search for growth factors, isolation

of ic mutants, ingtion of oli lic properties and
in fermentation studies. Given their common metabolic activities Nocardia
are to some extent a connecting link between Mycobacteriun, Corybacterfun
and Rhodochrous-like organisms, Sometimes showing similar overlapping

activities with them.

Nocardioform bacteria are a group notable for their Facility of degrading
toxic and/or unstable compounds such as phonols, acrylamide, insecticides

and i and for steroids

into precursars of
pharmacologically important compounds (16), MNembers of this group slso
produce & number of antibiotics, such as rifamycins and hygromycin (16).
To date progress in the investigation of all these fields have been ham-
pered by the sbsence of resistance plasmids suiteble for development inta
a cloning vector. Individual species of Nocard.lee are the astiological
agents of tuberculosis, leprosy, actinomycete mycetoma and &n uncowmmon
disease of man and animals called nocardiosis. Nocardiosis is a severe
pulmonary infection which frequently disseminates by way of the blood
stream and lymphatics to other parts of tha body. However {t may also
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be & primary disesse of the central nervous system, kidneys, heart, eyes
ot other organs. Nocardial mycetomss are characterised as being chronic
granulometous infections that progressively worsen over a period of se-
veral wonths or years. Three speciss of Nocadia are most frequently
recognised dn human infections In order to survive within the host and
cause disease the nocardiae must be able to neutralise ox survive the many
defence mechanism Of the host. AC the same tiwe they must be able to
use the body material s a growch wedium.  The distributiow of the
pathogenic nocardige has received the most attention end it is generally
thought that sofl is the primary reservair for these bacteria since most
cutaneous infections in tropical countries occur on the feat or on the
back through carrying contaminated sacks. Rhodococei have not been un~
ambiguously implicated as disease agents but ore known to form symbiotic

assoclations with a wide variety of blood sucking arthropods (27).

The chemotherapy of infections caused by Nocardiae is a matter of in-
cressing concern, both to countries with high living standards where the
number of cases of nocardicsis is rising and to countries with low socio
- &cononic levels where more vases of mycetoma are being diagnosed. A
number of drugs have been found to be effective in the treatment of

nocardiosis and actinomycete mycetoma (27).

Thus at presenc, little is known of the part Nocardioform bacteris play
in the naturai habitats although it seems likely that that they will form
an integral part of a balanced micrabial community and could be involved
in the degradation of complex organic substrates. Already improved meths
ods for the recognition of Nocardie hava shown that they are able to de-
grade vubber joints in water and sewage pipes (33). Tinally it should
be vecognized that the term "Nocardioform" is mersly one of convenience
and it should be regarded as a collaction of individual genora and speciss

and should Le scudied 4s such.
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Chenicals and chemistry play vital voles In providing food, clothing,
shalter, medication as well as luxury goods for an ever - incresing world
populatien. While the benefits from industrial chemistry remsined uncon-
tested for a long time and have been accepted without remorso, the envi-
ronmental costs have baen recognized by the general public only durlng
the past 10 - 15 years. Since chemical production relies on non renewable
resources for raw materials, From up to 0% mey be loft as waste, these
costs are high, They have been and sometimes still are paid for by humen
exposure to & varicty of potentially harmful chemicals, by the contam-

ination of water resovrces and by the endangerment of wildlife.
Environmental pollutents are defined as chemicals of natural or synthetic
worigin that are released by men's activity into the znviroument or on man

via the eavironment.

Pigure 1 (41), lllustrates the major pathways by which chemicals are re-

leased from their containment under buman control in the ccosphere.
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Figure 1. Relesse of organic chemicals into the enviroment.

1 : Chamicals whose use leads to their entry directly From the consumer
to the enviromment og. products such as posticides, aerosol
propeliants, fertilizars and delibarate relsase into the onyirommont
by illegal dumping,

2 : Chemicals cntering the anvironment in the effiuents of municipal
sewage treatment systems eg. hord datergents, solvents.

3 : Chemicals resistant to biological degradasion in industrial waste

treatment systens og. chlorobenzenes,aminanaphthol sulfonic sclds.
4 ¢ Direct discharge from waste disposal sites, losses, spills and
acéidents leading to the antry of chamicals from production sites into

the environment.
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Modern agriculture and industry dopend on a variet, of synthetically
produced chemlcals including insectlcides, fungicides, herbicides and
othar pesticides. Pesticide ussge had increasod to 0.75 x 10°Kg by the
end of tho dacade {54), Problems of chronic cxposure to improper waste
disposal, envirommental dnmage snd other adverse responses ta pesticides
required thet federal laws be promwlgated to govern their manufacture,
distribution and use. More than 5 miliion chemical compounds were da-
soribed dn Chemfcal Abstracts by the yoar 1980 (24). Some 43 000 sub-
stances wore traded worldwide and 70 000 are on the US. market. Some 000
new chemicals are brought on the market anvaily end 150 chomicals ace
producad in excess of 50 000 tons per annum, The total world production
of syathotic organic chemicals is estinated at 300 billlon tons per year.

Ecotoxicological data are available for less than 1000 compounds.

Today we are Faced with certain industrial chemicals that do not readily
participate iu tho globsl cycles of carbon, nitrogen, phosphorous or
sulphur (41). Such compounds cause problems of disposal and may, if thay
escapa convainment, lead to adverse cffects on tho enviroment.

Government regulatory agencies have been controlling the use of posti-
cides for some time, snd the US. Environmental Protection Agency (EPA)
has initisted a program to establlsh proceduros for assessing the snvi
onmantal impact and health hazards of chemicals not specified as pesti-
eides (1), In response to public and government concern and boceuss of
intriguing research problems presented, envirommental scientists, biol-
ogists and chemists have been giving incraased attention to identifying
and determining the bohaviour and fate of organic compounds In natural

acosystens.

For tha disposal of chemical wastas the following strategies ara gencrally
applied; (24)
1. Improvement and modification of production processes and plants ; re-

duction of wastes by racycling of acids, solts zod geses; reduction of
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trans formotion losses; improved reaction spacificities; simplified prod-
uct isoclation.

2. Chen‘oal hydrolysis (esters ate.)

3. Thermal oxidation, eg. high temparsturs incinaration of organic or
aqueous procoss sEfluents.

4. Microbial oxidations or biodegradation

(2) Dogradation in sewage traatmont plants

(b) with ialised (sali tolorant) foms En
pure or wived cultures
(e} Development or isolation of fast growing mlcroorganisms with wide

spactra of biodegradative activities.

Biodegradation offers prospect for an inespensive but highly officient
wethod for removing toxic chewlcals from contawinated soils (47), The
sspanding field of biotechnology has helped intonsify research programs
dosigned to detoxify pollucants chat are in the environment, The approach
of biotechnology to the onvironment's problems of chomical Industry con-
sists of doveloping biological techniquoes for vocyeling, doboxification
or mineralisstion. Among the methods being developed for large scale use
is anzyme detoxificacion. By the 1990's it is very likely that soveral
hydrolase enzynes will bo in use on a practical scale in order to aid in

the never ending tasks of envirommontal clean up.

An organic chemical introduced in the tervestrial or squatic ccosystem
may be subjected to nonenzymatic or enzymatic roactions brought abouv by
the inhabitants of the environment. Detoxification by enzymos rather than
whole microbial cells is particularly beneficial because onaymos somo-
times can tolerate onvironmontal ostrames bottor than whole microbial

cells ($4). Extremes of pif and tempovatura ns well as high salt and sol-

vont. are ofton in posticida production
wastowaters. The use of enzymes {1 also avtractive bocausa the transport
of pesticidas into wholo micxobial eslls can be problamatic. Such membrano
transport problems could be avoided when soluble onymos are amploynd in
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disposal processes. Enzymos that have the groatest mportance for pasti-
cide detoxification axe those thab can function without cofaators or co-
enzymas and can dotoxify u posticide moleculs by a hydrolytic or other

simple omzynatic xesctlon,

There is particular intevest in developing chuymes for dotoxifying a wide
varioty of waste contemlnated waters bocause such creatment s gontle and
save. Once the existing datoxificabion eizymes lave been developed,
produced and used on a large scale, then the search for and devolopment
of other new engywes including those that dolalogenate or require

cotactors may occur (34).

Some 1 tions of posticide dotoxificatien by enzyme tochnology should
be considered hers. Some compounds ars nov devoxified by enzymavic
hydrolysis but instesd the motabolites have increasad toxicity. In such
instances, inivial ensynatic vreatment of 4 parent compound may cause the
moleculs to subsaquently be dograded mora rapidly by whole miurobial
calls.

To #ssess the pollution potential of a particular compound ono has to
consider not only tho quantity in which it is released in tho anvironment
but alse its chemical and toxicological properties. A chemicals structure
is of primary importance in dotormining whochor it is accumulatod ov not,
while ics concantration and its toxlcity detexmina the environwent»l im-
pact of accwnulacion (41). In order to offectively control pollucien,
potontially hazardous chemicals have to bo {dontified and their concen-
tration 1imit standards in the enviromment have to bo specified, Obviowsly
toxiciby, carcinogenicity and mutagonicity ave the most important crite-

ria in evaluating che hammful offocts of poliulants.

Since conventional biological creatmont procodures ara inadequata for the
ramoval of meny of the porentially dangorous pollutants, spacific tochs
nologies for thoir troatmont have o be dovolepad. Microbiology is ox-
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pected to make signiffcang & to the dovelopmant of nax

tachnologies for industr . weste Groptmont, To provide microbial
stratns exhibiting improved v egradation copacitics is one of the most
challonging fialds of microbi gical researh telated to pollution conw
trol, Streins with degradative capu:itius for herotofore persistont com-
pounds have to ba enriched from nmature or generatod in tho lab by

continuous cutture techniguas.

The teshnique of enrichment culture is o very siwple yet o powerful
tachniquo which detas from 1890 - 1900 (143, Tha conpound to bo dagraded
is suppliad as the growth lindiving and nsually solo source of on essontinl
nutrient in the culture medium, Only the arganism(s) with the necessary
dagradavive ability will grow signifteantly undor these conditions and
those organdms will outgrow tha vory large numbor of other organisws aise

addad at the start of the exporimant.

Strains with improved dogradation rates or whih a widened range of
dagradative ability may alse be construsted by In vive or fn pitro gonetic
manipulation, Buch an approach roquires oxtensive knewledge on the
biochemistry of the microbial pathway under investigation. For genotis
engincering a koy quostion is cxpression at the acelogical level. You may
got the gene expressed in the orgonism in the laboratory but net in the
tlald. Facters such as tompaveturs, tho amount of nutrionts and the
presence of haavy rovals mey affact the funotion of tha organism that has
boon so corefully engincored (46). 'The real need now is te undorstand
the diverse abllities of notural srgauisms if wo ave to have any hope fov
improving them through reombinant DNA tochnology.

Microbial ecologist and microbiologists are boginning to unearth a star<

tling wrray of with abllivies to

some of the toughest and mest resaleitrant onvironmuntal chomicals (46),
Rocalcivrant molocules are organic chepicals that endusa for long poriods
in natural ecosystoms, owing to the inabillity of wi:roorganisus to dograde
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them rapidly, if w% all. A few of those porsistant compounds ara not
hazardous but are gesthetically undesivablo - for oxamwpl many plastics

aud other synthetic polymers.

Considorable progress has been wado in defining the pathways of
blodegradatic) of a variety of synthotic chemicals in laboratory eultures
of individral microorganisms. For examplo thove s much information on
bow individual microbial specios cleave siwple aeromatic woleculss in
culture and how they bring sbout the of aliphatic

(1)

The controlled degradation of specific prblem compounds using specials
ized microbial cultures and tho improvement of wasts treatmont plants by
the sddition of adaptad micvebial strains ara promising applicacions chat
nesd to be developed in the fururs. 'he Toxie Substance Gentre) Act and
the federal regulations have , layed a catalytle role n promoting research
in biodegradability, In view of this larga amount of activity, one can
lock forward to new tachnologies and approachos designed to minimise en-
vit.omental pollution while maintaining the bemofits to sociaty of syn-
thetic chamieals. A dacrasse in pollution caused by product users can be
further achieved throvgh consumer oducation and by banning the use of

toxie or potentially toxic chomicals.

The detoxification of acrylamide was the contral issue of the work da-
ser{bed in this thesis hence its potestial toxfcity and contribution to

environmontal pollution will bo deseribed.

Acrylomide is a resetiva vinyl monomor widely used in tho synthesis of
polymers for a variety of industrial applications. It is ofton usad fn
the production of synthetic resins, plastics and os a supportlig wedium
for the electrophoresis of proteins. Tho polymers are nontoxic, but the
monomar is newrotoxic to both laboratery animals and men, producing a
classical peripheral neuropathy and having spocific influences in the
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striatal dopaninargie system (53). Although the compound s highly water
soluble its neurotoxicity appears to be ralated to cumulabive doso and
dosing schedule. There is an inverse rolationship between the doso and
the length of the latent perir+ from the start of treatwent to the onsor

of effects.

Acrylamide gbsorbed through the skin or resplratery tract has beon asso-

ciated with polyneurcpathy and GNF lesious (39). Slew recovery occurs in
mild cases. Parmanont newrologic losions have boon observed in savere
{ntoxications. Several authors have veported other toxie effacts of
scrylamide including vosticular atvophy, cffocts in bone marrow and

1 colls and In the wouse. The work of Bull,

R.J, eral ( 8 ) damonstrated for the first time that acrylamide possosses
carcinogenic properties. Wnile acrylamide was spparently not capable of
producing point mutasions in Seiwonaila, it was capable of acting as a

tumour initdator in the mouse skin, This dota susgests that the P

raxcinogenicity of acrylawide deserves a more thorough avaluation.

In anothar independent study by Banerjeo, §. and Alvins, 8. ( 8 ) it was ?
that acrylawide 1y mouse Eibroblast " <N
el i
cells in vitro. The acrylawids induced a dose depondont cytotoxic effect - -
s N

on the fibroblasts. Somo of the acrylamide polymers are used as cosgulant
aids in the troatmont of drinking wator, Polymers used fov this purposy
are restricted to an scrylemida monomor conteni of 0.05% bocause of the

neurotoxic propevties of acrylamids (83,

Recent intarest has focused on developmant of analytical methods for the

doternination of acrylamide in sugar samples (15). The intorost has boon
gensrated hecauss this compound wos reported to show seme biologlcal age
tivity, Since acrylamide monomor is the vaw wotorial for making
polysarylemide, residual monower may bo present in polyacrylanide whish

15 used {n the sugar industry as a Floceulant. Thus tha pessible presonce

of asrylamide monomer in sugar products is of intorest. An analytical
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tachnique for detexmining parts per trillien lovels of this wonomer in
refined sugar has bsan devoloped by Cutlo, 8.5 and Rallos, G.J. (1986).
Their results indicated that botween 30-610 pavts per tvillion of

sorylemide was rocoverad ¢vom vofined sugar,

Ghomical sofl stabilisation has boon applied to a wide varicty of soils
and permitted the building of vosdvays, dams, banks, blocks and the like.
Acrylamide gel ds oue of the nos popular soll stabiltsers currontly used
in the world as it provides tensile strength and some dograo of waver
proofing even to tina grained clsy solls (2). Soil stabilisstion by
acrylanide gel involves the incorporation of acrylamide in the forw of
the monomer dnto natarally cocurring solls and its polymorisation in situ
with the aid of rodox catalysts. During the year 1974 to 1975, outbroak
of toxicosis chavseterised by oquilibriun disorder attributablo by
acrylanide monomer wors veported in Japan. Te was found thut the residual
acrylamide monomer still prosent in tho polymorised soil stabilisor had
contaminated the wolls supplying the patients rosidences wiih drinking
water, Por this reason the use of this kind af soll stabiliser has buen

prohibited by law in Japan since than.

In an attespt to dovelop o micrabiulogisal procoss for the control of
pollucion, microorganisms which wore capablo of dograding and datoxifying
aerylanide monomors woro searchod for by Aval, T. o¢ al { 2 ). Several
strains of microorganisms dograding and utllising acrylamide monomer were
isolated from ths sovags of an gcrylomide plant. Among thass
biodagradative microorganisms, an actinowyecto strain designatod 10031R
was found, Tho organism produced 6 potential constitutiva onayms,
deaminated acrylemide monomer inta loss toxic acrylic acid and Einally
convasted It to amnonia dnd carbon di oxids, Scudles by thosa rososrchers
on the ovarall morphalogy and physiology of tha strain suggostad that the

strain might bolong to the Nocardtoform ganus, Rhodococcus
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The aim of this study vas to identify bacterisl strains able to ucilise
acrylamide, on the assunption that these might convert acrylamide to other
less toxic compounds. 4 simple assay of this sbility could he based on
the fact that sn orgenism utilised acrylamide ds sole nitrogen or carbon
source. DBy selecting mutants that had lost the ability to utilise
acrylamide, attempts to clone the acrylamide utilisation genes could be
made. 4 genomic DNA 1ibrary of an organism possossing acrylanide resistant
ganes will be constructed. The plenned method of cloniug will be by

complementation of the acrylamide non utilising wutants.
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2.0 MATERIALS AND METHODS

2.1 NOCARDIOFORM BACTERIAL STRAINS.

Table 1: Nosardise strains.

ATCC 14887
ATCC 14887/1

ATCC 1488772

ATCC 16867/1-1

to acrylamide (3mg/ml)

acrylamide resistant mutant of
ATCC 14887 (Smg/ml)- utilises
it as carbon and nitrogen source
acrylamide resistant mutant of
ATCC 14887 (3mg/ml)- utilises
it as nitrogen source only
strain ATCC 14887/1 reststant

to rifsmpicin {60ug/ml)

—
Strain General Remarks rigin
ATGC 12674 roquires vitamin B, (ing/mi) N. Ferreira
and sodium glutamate 2ug/ml) for
srowth in mininal media. .
ATCC CW22 derivative of ATCC 12674 cured of
£, Dabbs
the arsenic resistance gones .
N. Ferreira A
ATCC 4277
. B. Gowan
ATCC 4277-1 streptomyein rosistant matant of
the strain 4277 (60g/ml)
ATCG 4277-1/1 nutant of ATCC 4277-1 resistant ¥ Gowan

E. Dabbs A

B. Gowan hiS '
»
&

B Govan 53
o

B. Gowan
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2.2 ESCHERICHIA COLI BACTERIAL STRAINS.

Tebla 2: Strains of £. coli

Strains | General Remarks Origin

Y294 restriction; recombinatlon’ Dabbs
#M294+1 | strain #H294 resistant to rifempicin Jp Davbe
v
g L
2.3 PLASMIDS
-
W
Table 24 : Types of plasmids »
Plasmid nave General remacks Origin ‘i
A
phAZ7 shuttie vector obtained by 4. Dattey e
conbining the £, goli .
suicide vec.nr,pECOR251 and an N
arsenic resistant Nocardioform
plasmid b
PDA3D arsenic resistance plasmid b
from Nocardioforn . Dabbs
:
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2,4 GROWTH OF BACTERIAL STRAINS.

Al1 Nocerdioform strains were maintained on TYA plates(sse Appendix) or
winimal medis (um) plates and stored at 4°C. Utilisation and resistance
levels to antibiotics and acrylamide was measured by spotting on plates
using a roplicator. The highest concentration ot which growth was
confluent was taken to be the resistance lovel. The resistunce levels were
#lso determined by liquid culture assays. Aliquots of stock solution of
antibiotics (gonerslly 10mg/ml) and acrylamide (10%) were added to plate
medie after autoclaving and before pouring. Nocardioform cultures were

grown at 28°C.

ALl £. cold strains were naintained on LA plates (Sez Appendix) and stored
at 4°C. The cells were grown at 37°C.
In sddition 211 strains were slso maintained in 33% glycorol and stoved

at -80°C

2.5 RESPONSE OF NOCARDIOFORM BACTERIA TO ACRYLAMIDE

The strains 42771-1, 4277-1/1, 14887, 14887/1,and 14887/2 were grown in
Sml A-N buffer, 0,1% NH,C1 and 0.5% glucoso, Iml of sach of the procule
tures was pelloted, washed with sterile distilled water and 101 {nocu-
1ated into 5ml of the Following liquid media,

A-N buffer +0,1% NH,G1 + various concentrations of actylamide which served
as sole nitrogen source and A-N buffar + 0.5% glucose + verious concen~
trations of uerylamide which served as sole carbon source. Tho serylamide
concentrations wore 0.065 0.25 0.6 2; 6; and 20mg/ml. Once growth
was observed visually for eny of the cultures, opticsl density (0.D)
readings were taken at 540 nm on a Spectronic §01 spactophotometer. 0.0
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resdings were teken every 12 hours mpiil the cultures reachod maximum

growth.

2,6 MUTAGENESIS OF NOCARDIOFORM FOR THE SELECTION OF
MUTANTS

2.8.1 N- METHYL - N'- NITRQ - N NITROSO -GUANIDINE (NTG)
MUTAGENESIS

2.6.1.1 NTG mutagenesis of an exponantial phase culture.

Spontencous streptowycin resistant wutants of the Nocardiofarm strain

4277 were obtained by spreading 0.1 ml of a preenlture onto a TYA plate

200ug/m in. & single resiseant colony
was grown to the exponential growth phase in Sml T2 media (seo Appundix).
Inl of the cells were pelleted and rosusponded in 0,9ml Tris.HCL pli 8.0
buffar and 0.1nl NTG dissolved in tho same buffer by gontle heating. Ths
tinal concentration of the NTG wes 100ug/mi. The cells wera incubated at

37°C for 2 hours aftar which they wero washed in the Tris.NCl pH 8.0

buffer. Mutagenised cells were outgrown in T2 mudia contsining 100ug/ml

streptomyein at 26°C. The colls wore sonicatad for 5 seconds using a MSE
ultrasonic power unit wich a mediua size tip, to reduce clumping befors
heing dilutad to 107° in storile dist{lled water. 0.imi of the 107% di-
lution was spresd onto TYA plates to obtain single colonies. Once single

colonfes were obtained they wera patched onto respective medis to obtain

the various mutants as well as auxotrophs.
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A comparison was made using two differant buffers;

(1) Tris acid maleate sodium hydvoxide buffer pi4.8 (55) (sea Appondix)
(2) Trs NG1 buffer pil 4,8, pil 5.0 and pif 8.5 (35) (son Appendix)

The Trds.NG1 pH 8,0 buffox gave the wore sati;

actory rosults with regards

to the frequency of auxotrophs,

2.6.1.2 NTG mutagenesis of a growing culture ,

The procedure was gs described in section 2.6.1.1. except that the cells
ware grown for 3 hours after which the 0,iml of NTG was added to the mo-
ddum. The calls were allowed to grow for a further 2 hours hefore belng

washed with the Tris. HCL pH 8.0 buffer and outgrown in T2 media.

2.6.2 METHANESULFONIC ACID ETHYL ESTER( ETHYL
METHANESULFONATE~ EMS) MUTAGENES{S

The procedure was as described in 2.6.1.1, A 2% EMS solution was wade

using a Tris.HCL pH 7.0 buffer.

2.6.3 ULTRAVIOLET (U.V) MUTAGENES!S

Nocardioform strain ATGG 12674 was grown in T2 modia and sonicated for 5
seconds to roduce clumping. Tho cells wern dilutod to 10°% in sterils
wetor and exposed to short wavelength (254nm) U.V, for 2, 3 and 4 minutes
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ab & distance of Zom, The contzol wes not oxposed to U.V. vays. After
the 0.V, exposure 10p1 of the cells wore sprond onto TYA plates to obbain
single colontes. The plates were incubated in the dark st 28°C to provent
the light dependent ropair system from functioning. The siugle colonies

were patched onto selective medis to detect the mutants.

2.7 ENRICHMENT PROCEDURE FOR THE SELECTION OF ACRYLAMIDE
NON - UT(LISING MUTANTS.

The strain 14887/1 wes spontaneously made rifawpicin resistant by
spreading Iml of a preculture onto a TYA plate containing 60ug/ml
rifampicin. The strain was made rifampicin resistant to reduce contams
ination. The rifempicin derivative was grown to the oxponamtlal growth
phase in TY wadia plus 20ug/ml rifampicin. This amount of rifaupicin was
added at sach growth stage. The cells vere mutagenised with NTG using
the Tris.JiGL pit 8.0 buffer for two hours. The mutagenised colls were
outgrown in TY medis overnight. Iml of tho cells were pelleted, washod
twice with sterile distilled water and resuspended oqually ints Sml of
AN buffer + 0.1% NH,CL 0.5% glucose and 5 ml A-N buffer + 0,1% NH,G1 +
0.éng/al acrylamide (best for growth from Liquid

culture esperiments). The cclls were allowed to grow for 24 hours before
being challanged with 60ug/ml ampicillin or 26 hours. The awpleillin
praferantially kills growing colls but not those which are unable to grow
because of tholr inability to utilise acxylamide as sole carbon sourea.
The cells were than polloted, weshod twlce with sterile distilled water
and grown in AN buffer + 0.1% NILEL + 0.5% glucosa + 0.6mg/wl scrylandda.
The scrylamida in this instance inhibited the growth of tho cells wnabla
to utilise acrylamide ss solo carbon source. Tho culturo was grown to
stationary phase befare being challengad with 60ug/ml ampicillin for 24
hours. Once again tha ampicillin preforsntially killed sha growing
page 19
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calls,i.a those that could utilise crylamide ns soln carbon source, and
inhibited the growth of tha acrylomide nom - utilising cells. This
process was repeated thrae times end at the and of the third chellonge
with aupleillin the cells woee diluted From 10° to (0% and O.inl of eaci
of dilution was sproad anto TYA + 20ug/ml rifawpscin plates. When single
colonies wore observed thay wore patcliad onto selective modia places such
as)

(1) AN buifer + 0.1% NI,GL + 0.3% glucosu,

(2) A-N buffer + 0.1% NH,GL + 0.6mg/ni acrylamide,

(2) A-N buffer + 5,1% MIC1 + 0,5% glucose 0.6mg/m! vorylamide ond,

(4) TYA

The control calls wera diluted Erom 10° to 107% after the Eirst vound of
anpieillin challenge and 0.Iml spread onto TYA + 20ug/ml vifampicin
plates. The single colonies that grow up wera patched onto minimal medin
plates to select for suotrophs, Dilutiens were also made of the
uneniched mutagenized culturo and it was craatod as the enriched eulture,
This was done to determine whother the enrichmont procedure incrassed the

frequency of Auxotrophs or not.

2,8 EXTRACTION QF BACTERIAL DNA

2.8,1 EXTRACTION OF NOGARDIOFORM DNA {LARGE SCALE)

single colonies of the Nocardioform strains wors inosulatsd in sml of TYG
madia (see Appendix) and incubated ovesnight at 26°C with vigorous shak-
ing. Iml of the ovarnight velturs was tnoculated in 250ml of 1Y and the
cells wers groka au 28°C with vigorous shaking wntil thoy roached late
log phasa. For plasmid containing strains, SOWY arsonate was added to
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waintain the plasmid, The stationary phase culturo was harvested at 6000
spm for 20 minutes ond the pellot resusponded in 10wl 10mM Tris pil 8.0
10% suerose with SOng lysoayme. Tho colls wore tncubated ug 37°C for 2
hours, The calls were than palicted for 1§ min at {2000 vpm and resusp
ended n 1201 15 (sac Appendix) and 0.Bul UE centaining 10% SDS. The colls
wers incubated at 37°0 for Zhours to promote complote lysis to reloase
the DNA befora being contrifugad in 50 T4 tubes for 30 mins at 35 000 rpm.
The DNA was sepavated Lrom Lhe protelus and an oquel woight of cacsium
chloride (OsC1) to volume of DNA was nddad. The OsGl wes dissolved and
the solution centrifugad for 15mins ar 18 000 rpm. The DNA was soparared
from the scum and the rofractive index adjusted to 1.392, 1-1,5ml of
ethidiun bromide (EeBr) (L0mg/ml in 1i,0) was added to 12ml of DNA and
loaded 4nto quick seal ultracentrifuge tubos. The tubes kere sealed ,
balenced end centrifuged for 16-17 hours at 45 000 rpm at 10°C in a
VT165.2 vertical rotor. DNA bends waro obsorved wndor U.V. light and re-
noved using a sterile syringe. For the plasmid DNA, tho bands fram 6 tubos
were pooled and revwn on a GsCl gradiont. Etbr was vemoved Erom the DNA
by soveral extractions with TE sacurated hutanol. DNA was dislyzod against

TE for 4 hours to remove the GsGl,

The of the DNA was by ic analy-

sis en o Varian Cary 210 Spectophotometor.

2.8.2 THE FXTRACTION OF

OL| PLASMID DNA (LARGE SCALE)

inl of a stationary phase preculture of £ .colf MNZI4 centaining the

putacive shuttle voctor, pOAZ7 was inosulmced in 250ml of L (s Appens

dix) concaining $0ug/ml ampicillin and 10w MgSO,, The cclls wora grown

for 6 hours at 33°C ( because tha ) had o tomperaturn sensitive

rapressor). Tho calls were harvested ay 5000 rpm for 10 nmins and tho

peliat resuspendad in 2ml cold 25% sucrosa. SOWM Tris.NCL pll 8.0 and
pags 21
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0.25ml of & frosh lysozyme solution (10mg/wl) wos added. The mixtura wes
gontly swirled on {ce for 15 mins. 0.25ul of 0.5M EDTA pHl 8.0 was added

and the mixture swirled gently on ice for 5 mins.

To prowota lysis of the cells, Z,5nl of cold detergent (sea Appondix) was
added and the wisture was gently switled on fce (for 20-30 mins) uneil
the solution was claar and highly viscous.Cells wers centrifuged at 18
090 rpm for 45 wius and Lhe vulume of Lhe supornatant was monsured. 0.95g
of CsCL was added per ml of suparnatant, OsCl was dissolvad and the sol-
utdon contrifuged for 10 mins at 10 000 xpm ok 4°C. 0. inl of BtBr vas added
por ml of cleared lysate. The refractiva index moasurod and adjusted to
1,392, DNA was leaded inte quick seal ultncentrifuge tubes, sealed,
balanced and cettrifugod for 16-17 hours at 45 000 rpm at 10°C, Far any
plasmid band detasted, fractions conthining the band from 6 tubes wero
pooled and retun on a CsCl graddent. Tho plasmid DNA was hereafter

treated as describod in section 2.5.1.

2,8.3 CALCULATION OF DNA CONCENTRATION

Tha at 260m fs prop 1 to the wich a value
of 0.02 units per microgram DNA por millilitre (23),

lenca one absorbance wnit st 260am = SOug/ml.
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2.8 TOTAL DIGESTION OF PLASMID DNA AND PART!AL DIGESTION
OF CHROMOSOMAL DNA WITH RESTRICTION ENZYME BGLII.

DNA was Fivst proeipitated by the addivion of NeGl to O.1M and 2.5 volumas
of chilled othanol (-10°C). The solution was mised well and spun for 20
mins in 8 microfuge at 4°C. The supernataulb was discarded and the pollet
drivd Lo d 60°C Incubator fox 20 mins, The dried pollet was dissalved in

sterile distilled water at 37°C For 1 hour.

51041 of chromosomnl DNA and 27ul of plasmid DNA was ethenol precipitated
snd sach one dissolved n 45pl of sterile distilled watex. Sul of the 10x
stock wadium buffer and 1ul of the restriccion onzymo BglIT (From
Boehringer Nannhelm) was ndded to sach tube, Tho digestions were allowed
to procesd for 3 hours in the case of tho chromosomal DNA oud for 1 heur

for the plasmid DNA st 37°C.

The Bzl 1T was donatured with TE saturatod phenol. 20l of phenol was
added to the DNA, wised and spun for 5 mins in a microfuga at 4°G. The
upper layer was romoved to & cloan Eppondorf tuba and 20ul of isoauyl
alcohiol: chloroform (1:24) was added,mixed and spun for 5 wins in a
microfuge at 4°C. The upper loyer waa ramovod and cthanol procipitated.
The dried pellot was vosuspended in 30041 of ligation buffer (sea Appen-
dix) ot 37°C for 1 hour. The digosted DRA wos stored at -80°C.

2,10 LIGATION OF CHROMOSOMAL DNA TO THE PLASMID DNA

10ul of plasild DNA and 4l of chromosomal DNA in tigation huifor ware
mixed together with lul of T4 DNA ligaso and incuboisd overnight nt
14°C.
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2.11 TRANSFORMATION OF THE STRAIN MM204-1

2.11,1 PREPARATION OF COMPETENT CELLS

A singie colony of F.coli strain Wi204-] was bhoculated into Sml of LB
and incubated ovornight at 37°C. 1wl of the proculture was inoculated in
100n1 of B {n & side arm Clask and the culture growa for approximately
2 hours at 37°C with vigorous shaking. The calls ware allowed to grow to
8 density of approximataly 5 x 107 colls/ml. An 0.D. av 540nm of 0.2 is
=5 x 107 celis/ml. The culbure was chilled on dco for 10 mins and the
cell suspension was contrifuged at 6 000 rpm for 10 mins at 4°C . The
supernatant wes iscarded aud the colls were rosuspandad in 50ml of cold
transformation solution (see Appondix). The solution was placed on fce
for 15 mins before centrifugacion at 6 000 rpm for 10 mins at 4°C. The
supasnatant ves discarded and the pellet rosuspeidod in one Fifteonth the
original culture volumo of transformatica solution, 0.2nl of thu colls

wara aliquoted into chilled Eppendorf tubes and stored on ice for 1 hour.

2.11.2 TRANSFORMATION OF COMPETENT CELLS

The ligaced chromosomal and plasmid ™A (vectlon 2.10) was added to the
0.Inl of compevent cells and the samples wore fhoat shocked in a prehoatod
waterbath (42°C) for 1 minuta, Iml of Lb was addod and the colls incubated
at 37°C for 1 hour. Following the incubation tho samples wore spun for 1
minute in the microcentrifuge at 4°C. Sowo of tho suparnatant was dacanted
and tha pellets rosuspended in the remaining supornatant. Tha samples ware
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spread gently oato LA plates containing 60pg/ml of ampicillin. The plates
were incubated overnight at 37°C. The transformamts were randomly checked
for plasmid inserts and the clones were washod off the LA + &Oug/ml
amplcillin plates with L8 + 30u/ml sepicillin snd stored at -80°C in a

sterile screw top bottle.

2,12 TRANSFORMATION OF PLASMID DNA INTO NOCARDIOFORM
BACTERIA

Strain 4277-1 was grown in TYG for 62 hours and Inl of the cells were
pelleted in the microfuge for 1 minute. The pellet was resuspended in Iml
P buffer (see Appendix) containing Smg of lysozyma. Cells were lncubated
at 37°C for 1 hour with agitation, after which they were pelieted and
washed with P buffer. The pellet was resuspended in half the original
volume of ceils. 100ul of the cells used for each trensformation
4yl of DNA (final amount 200ng) 2nd 90 ul of a 100% polyethelens glycol
(PEG) solution (final concentration 30%) was addad. The solution was mixed
gently and incubated at yoom tomperaturs before spreading onto protoplast
regenerating medin plates (sec Appendix). The plates were incubated at
28°C for 12 hours befora an underlay of 0.5 ml 34 1rsenate, 0.5M arsenite
was done. The plates were incubated for a Fusther 7-9 deys at 28°C. The
regenerated protoplasts were patched onto TYA plates ontaining 50mif
arsenate and 10md arsenite and they were also screened for plasmids

{section 2.13.2).
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DETERMINATION OF PLASMID INSERTS IN TRANSFORMANTS ik B

3
2.13.1 SMALL SCALE PLASMID ISOLATION FROM E.COL! (MANIATIS g
ET AL.1982) ﬁ

Randem £.coli MH294-1 transforments werc grown overnight in Sml LY con-
taining S0ug/ml ampicillin at 37°C. lwl of the overnight culture was
harvested for 1 minute in the microcentrifuge (4°C) and the pellet re-
suspended in 1001 solution 1 (see Appendix). After 5 mins at room tem-

perature, 200p1 of solucion 2 (see Appendix) was added and mixed by gentle

inversion. The samples were incubated on ice for S mins before 1501 of .
precooled 3 KAc pH 4.8 was added. The solution was mixed until it was

an even suspension. The mixture was placed on ice for 5 mins, centrifuged -

for 1 min at 4°C and the supexnatant rewoved to a sterile Eppendorf tube.

An equal volume of isopropancl was added to tho supernatant and the mix-
ture was allowed to stand at room temperature for 5 mins. DNA was pro-

cipitated by centrifuging for 5 mins at 4°C. The pellet was washed with

o LR

cold 70% ethanol and reprecipitated by centrifuging for § mins in a

wicrocentrifuge at 4°0. After drying the precipir-te at 60°C for 20 mins 1 . N
it was dissolved in 1241 of TE bufer containing pancreatic ribonuclease ' . 5
(freshly boiled) (mg/ml stock) for 1 hour at 37°C. Tho samples were E
mixed with loading buffer type [V (see Appendix) and analysed by

electrophoresis at §0v/cm in 0.4% agaroso gels containing 15ug/ml EtBr

buffered with Tris - Borate - EDTA (TBE) buffer (see Appendix) which

contained 150ug of EtBx/ml.

To determine the size of the inserts, the above procedure was repeated.

The precipitate, instead of being dissolved in TE + Rnaso it was digested 5,
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with 16ul of the following solntion was added to each sample;

Bg1II,
180u1 H,0
20u1 10x medium buffer

141 boiled Rnase (of & lug/ml stock)

20 DglIl (24 units)

The DNA was digested overnight at 37°C before clectrophoretic analysis

on 0.4% agarose gels.

2.73,2 SMALL SCALE PLASMID ISOLAT{ON FROM NOCARDIQFORM.

A& modificatdon of the Dabbs, E.R. and Sole, G.J. (1987) method was used.
Random transformsats wers grown overnight at 28°C in Sml TYG media to
which 50m arsenste wes added. Iml of the culture was pelloved and re-
suspendod in 80031 of a Smg/ml lysozyme Tris sucrose, pll 8.0 solucion.
The sample was incubated for 1 bour at 37°C with shaking. Gells were chen
polieted and resuspended in 260wl of TE. 40kl of TE + 10% $US was added,
nixed by gentle inversion and incubated at 60°C for 10 mins. 40ul of 4,5M
sodium acetate pH 6.0 was added and the solution was mixad gently. Savples
wore placed in an ice - water slurry for 30 mins and then pellered in a
miccofuge for 20 mins at 4°C. The supernatant was extracted once with
8041 TE saturated phenol and once with 80yl fsoamyl aleohol : chloroform

(1:24). The DNA was athanol precipitated and the dried precipitate was

dissolved in 70kl of TE buffer lng/ml ril 1
(freshly boiled). Samples wers mixed with loading buffer and analysed by

electrophoresis ac 80v/cn in 0.4% agsroso gels buffarod with TRE.
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2.13.3 PHOTOGRAPHY

Photagraphs of agarose gels were taken with a Poloroid Cu - 5 Land Gamera.

Poloroid type 665 black and white film was used.
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3.0 RESULTS

3.1 BACTERIAL GROWTH

3.1.1 GROWTH il MINIMAL MEDIA

EBach bacterial serain responds differently to nutrients [n the growch
medta, therafore as a preliminary to this work the groweh response of
various Nocardioforn strains vas checked in minimal media, One A-N butfer
fad a pll of 7.8 while o second A-N buffer had a pH of 7,0 duc to different
snounts of K;HPO,. The strains 12674, 4277 and 14887 wero spot tostad
using & replicater onto minimel medin plates made with both the A-¥

buffers. The plates were incubated at 26°C for 5 days.

All strains grew bester on minimai medis containing the pi7,8 buffor.
The parental strain 12674 grew poorly in comparison with 4277 and 14887,
indicating it has & requirement for sodium glutamase and vitamin B,
(E.Dabbs - personal communications). This was confirmed by spot tosting
the same styains onto minimal modia containing Sug/ml sodium glutomate
and lpg/ml Vitanin B, Strofns 4277 and 14887 grow equally well with or

without theso odditions,
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3,1.2 GROWTH IN THE ABSENCE OF A CARBON SOURCE

The same thrao strains were groyn on minimel medin(mm) oxcluding the
glucose to determine whether an agarase gene (ukiliss agar) was present
in them or not. The plates were observed for growth after 2 deys at

28°C. Results are shown in table 3,

Table 3 : Grewth of Nocardioform strains in diffarent modia

Type of media

Norcardioform stxain | TYA| wm | wa'| mo?| mm’

12674 e R e I
4277 LS IR R IR P
14887 I I I Y

key : mm = A-N buffor + 0,1% NH,C1 + 0,5% glucose + agar

am' = A-N buffar + 0,1% NH,01 + agar

nm? = A~N buffer + 0,1% NH,CL + sodium glutamatesvitswin B, + agar
1

mm® = 4-N buffer + 0,1% NH.Gl + 0,5% glucosessodium glutamats +

vitamin B, + egar

++ = good growth
= falr growth

+ = poor grouth

A1l the orgonisws grew (although poorly) in the absence of glucose, sug-
gosting that the agar was being utilised as a carbon source vie an agarase
gone. 12674 showad good growth in mm®, compared to 4277 und 14887, The
sodium glutamate and vitamin &, serve as ndditional carbon sources.
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It was necossary to obtaln an agarase™ mutank of 14887 and 4277 so that
the utilisation of agar us carbon source did not hluder the use of
sesylamide as carbon sowres. Growth of tlese strains was tested with 3

typas of agar.

3.1.3 TESTING OF GROWTH WITH DIFFERENT AGARS

Strains 4277 and 14887 were spot testod on mm with glucoss and without
glucosa. Thres diffaront typos of agar were used in sach case, they were:
(1) The bactariologlcal grade, ishoratory agar

{2} puriffed agar frao of inhibitors (sbtained Prom Merck)

{3) Recrystallised Agar (Agar Noble)

Tho plates wero checked for growth aftor 2 days ar 28°C. oth the
organise~ “owed las growth with tho rocrystallized sgar. This was truo
for mm with and without glucose. Therefors, in subsoquant carbon saurce

dotarmination exporiments agar noblo was used.

3,1.4 SODIUM CITRATE USED AS CARBON SOQURCE

Preliminary studics testing the use of acrylamidoe by the Nosardioform 4277
a8 the sols carbon or nitrogen source laad to the discovery that tha
soddum eitrate (Na citrate) in the A-N bulffor could ba used as a carbon
source. Such is not the case for £.Cols for which this buffor was dovel-
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oped. Comparisons of growth with and without the Na citrate in the AN
buffor were made. Visual observations of cell donsity indicated that ox-
clusion of Na cltrate retavded growth snd that it could be used as a
sorbon sourca. The strain 4277-1 cantot use 0,lmg/ml acrylemide s sole

carbon source (see table 4),

Table 4 : Growth of Norcavdioform 4277 with and without sodium cltrate.

Growth 3
L] buffer 1+ NHCL + glucose Yes
2.] buffer 2 + NHLGL + glucose Yos - but less than

with buffor 1 =

3.] buBfor 1+ NHGL Yes
4] bubfer 2 + NIGL No .
5.| buffer 1+ N0 + 0,lng/ml Aceyl| No .
6. bubfer 2 + MR,CL + 0,lmg/ml Acryl| No

Key : buffer 1 = A=N buffor with citvato

buffar 2 = A~N buffor without citrata

& compa:ison of 3 and 5 suggosts that citrate was used g a cavbon sourco,

To confirn that citrate was usod 5 & corbon source the organisms were
also spot tested onte minimal modin convadning the 2 different buffers.
Results from this expaviment agrnod with ctho liquid culture oxparimant.
The spot test further confirmad that tho strains havo an ngarase gens
bocause sema growth was obscrved on modio withowt glucese ond sodium

citrate. The only carbon sobrce presont was the agar noble.

For all further esporimontation, minimal modin without tho Na eitrate was
used, Oncs the growth media for the Norcardioforms was tailoved, mutants
hed to ba obuained.
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3.2 MUTAGENESIS

In this stwdy obtaining acrylamids hon utilisasion and scrylamids re-
sistant mutants of the Norcardioform bacteris was ossential, since tha
scsylomide dotosification genes wera to be cloned by complementation of

the non-utilisation mutants.

NTG mutagenosis of £.colf may yiold 60+80% auxotrophs (£, Dabbs - pers
sonnel conmunications) whareas tha fraquency of auotzoph production ak~
tor NTG mutagenesis in Nocardioform wis botwoen 1-2%. Attompts wore mada

to inprove wpon this with several difforant mutagens.

3,2,1 CHEMICAL MUTAGENESIS

3.2,1.1 Mutageneais of bacteral cells with NTG

UG is o mutagon that acs by alkylation. Boctoria corrying an NIG-induced
mitation ave usually found to bo multiple mucant dn the senso that thora
are oftan additional mutations m tha geme and in other gones. Tha
mutations are clugtored in gones that are adjacent in the genetie map.
The axplanation for this phanomanon is that NG exores {63 most powarful

offact dn the replication fork,

Cholce of mutagenesis buffer: Tho &, cols xtrein MMID4 was mutagonisod
with NTG for 2 houxs using a Tris 1IC1 buffar piis.0 and a Tris-aeid maleata
buffer pll 4,8, Mucagenizad colls were difutad and sproud onto LA plates
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and incubated O/N at 37°C. Tho officiency of the mutsgonesis con be
measured by the % killing. Plates ware chocked for % killing by colony

counts of tha contrel and mutagonived culls,

NIG {n the pli 8.0 buffer system killed 14% of the cells whilst v tho pif
.8 buffor system it killed 91% of the cells, Theso results suggost that
4 buffer of pi 4,8 iz effective in mutagonizing Gram nogative £.colf
colls. The Nocardioforn strain 4277-1 was mutagonized oo was £,col4 294
nd the % killing compared for tho two diffevent buffor systam. There
was & 425 killing with the pi 4.8 buffer and 65% with the pll 8,0 buffor.
Thus o buffer of pii 8.0 is more effective in mutagenizing Graw positive
calls.Those results also luply that the strusture and the permcabilicy
of the cell vell plays an importent vole in the uptake of tha buffor by
the call.

Tris.HCY buffers of pi 8.5 and pH 4.8 ware also used to mutagenise 4277-1
to sea if there was a substential difference in the killing. No signif-
leant differonce was detectad, therefore all furbher mutagonosis wero

conducted using the Tris.HC1 pk 8,0 buffor.

quency of reph pi by i A stationary phase
cultura of strain CN22 ("cured” of Lts arsenic resiscan. plaswid) was
mitagenized with NTG for 2 hours uslng a Tris. HCL pll 8,0 bufCor. The
cells ware diluted and 264 colonics wore screencd on TYA and winimal media
pletes for ausobrophs. Five suxotrophs were detactod, hence tho Eroquoncy

of auxotroph produstion by NIG was 2,2%.

Nocardioform bactazial cells sggregato to form clumps therafore atcompts
were made to reduce clumplng. Four factovs are known o raduco aggragation

of the calls, each of which will bo discussed in tha follewlng sections,

Growth medis: \hen the cells are grown in Y media suppiemonted with
divalent cations such ae calcium, megnasium and sodium, thore is a 10-30
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fold {ncrease in colony { rming wnits por optiesl density (R. Dabbs~

porsonal communication).

ALl growth during mutagenesis wos dona in this modin (T2 media).

Vortexing: A NIG mutagenized culture of the Sucardioform strain GW22
wes vortoxed For 0, 20, 40, 60 and BO scconds befora sproading 0,Iml of
& 10°* dilucion onto TYA plates. Tha colonles wore counted uftor 2 days

end axe tabulsted in table 5.

Tabla 5 1 Effect of vortoxing on reducing aggragation of the Nocardioform

cells,

Time (seconds) No. of colonios
[ 222
20 215
50 296
60 246
80 306

The rasults indicate that thoro is a divect relavdonship barwoen vortoxing
and reduction in aggrogation of the cells. Vortoxing incroases the numbor

of colony forming units by spproximately 40%

Sonicatfon: A NTG mutagenized cultura of 4277-1 was vonicaved for 5 and
10 seconds using a MSE ultrasonic pawsr unit with ¢ madium size tip

The offect of vertexing togother with sonicasion was also 1ivastigated.
The sonieated culture was diluved 10 ° fold, vortesed for #0 socs and

0.Lw) spread onto TYA + streptomycin plates.
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Table 6 : The effects of vortexing and sonication on numbex of colony E
Forming units.
vortex Lime
0 see 80 sec
0 sec sonification 91 87
5 sec sonification 194 182
10 sec ~eation 134 62
- o
From the colony counts, the conclusion ls that § second sonicatien with -

the mediun sized tip doubles the numbor of colom; forming umits.

Vortexing for 80 seconda in combination with sonication has no wigniflcant

effect on reducing clunping.

A1l further mutagonisod cultures were sonlcsted for S scconds with the

exclusion of the 80 ocond vovtexing.

Growth of cells in Sodium Taurochelate: Tha strain 42771 was tested

for growth in the presence of sodimm taurocholate, which is a datergent.

The colls wers initially gzown in 0,1% sodium vaurocholate but growth wes
geoatly inhibited hooce o lovor concentration of 0,02% was ugod. Altar f
2 days at 28°C, the culture was dilurad to 10°°, vortexed for 80 soconds
and 0,1 nl plated on TYA plates contalning scroptonyein. Golany counts
after 2 dags indicsted that growth of colls {n £,02% sodium taurscholote

does veduce aggregation, & total of 986 colonios was obtainad which is

T

highly comparable te the number obtained after 80 soonds of vortening.
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All four processes cloarly incresses ihe numbor of colony forming units
by 50 £0 100%. Sonieation appears to he wast satisfactary since it doubles
the colony forming units by 100% For this reason sonication of the
mutagenised culture grown in T2 wedia was the method of choice. The use

of sodium taurocholate and vortexing were not further pursued.

3.2.1.2 Mutagenesis of growing bacterial cells with NTG

The freguouny nf gaxstropls +btoined fon mitagenesis of 3 stationary

shase swlises o 2,2%. In an avlempt Lo incresse the Erequency of
auxotrophs, it wiy decided Le mutagunis. - srowing culture of strain
4277-1.

Gelis weva grovn for 3 heurs before the NIE wos uddrs. the culture was
grown for 4 furisas ¢ wours Larore the cells were wished and outgroww in
T2 media. Yevuafver the cells were treated a3 for tha vtationary phasc

culture.

Upon screerisg 9 colonius, 2 auxotrophs wein iderrified. This pracess
slightly iner.es d suetroph production (2,5%), b afore wnitures in the

mid-log phase of growth were used for all filare mutagsnss ..

3.2.2 MUTAGENESIS OF BACTERIAL CELLS WITH EMS

EMS is a sllylating dgent Lhat rsacts primarily wich guanine ard t> some
extent ward adentne Tesklting in transversions and tramsitions
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A 2% EMS solution in & Tris NGl buffer of pH 7,0 was used to mucagenize N

exponentially growing cells of 4277-1 in T2 media. The cells were
mitagenized for 2 hours ab 37°C. The mucagenesis procodure was identical

to that of the NG mutagenesis

198 mutagenized colonies wera screened and S auxotrcphs were identified, &
piving a frequency of 2,5%. The exporifient was repeatad saveral vimes and

each time the yield of suxotruphs was hotwoen 1,8-¢,5%.

3,2.3 MUTAGENESIS OF BACTERIAL CELLS WITH ULTRAVIOLET
IRRADIATION

PR
*
Ultraviole light causes dumage to tha DNA by producing thymine dimers, N
When a RecA bactexium is UV irrediated, no mutants rosult; from this it e
is appsrent UV-induced mutagenesis requircs a DNA repair mechanism {23). A
It is - .erslly thought thet the system vesponsible for mutagenssis is § B
the error-prone 508 repair system. b i
N -
¢ N )‘
PR
An exponentially groving culture of stvain 12674 was sonicated for 5 . o
seconds. The cells were diluted to 10°% in T2 media and 200kl exposed to - B -
W irradistion for the times 0, 1, 2, 3 and 4 minvtes at a distance of 2 . ’{
cm. 10ul of the UV exposed calls were sproad onto TYA plates and incubated .4
at 28°C in the dark (to prevent photoreactivation repair). Colony counts S 1
after 3 days are tebulatad in table 7. ;
o
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Table 7 ¢ BEfoct of UV on mutagenesis

Time of UV Numbar of

irradiation (nins)| ~ colonies

[ s
1 75
2 108
3 132
4 80

After & minutes of UV irradiation ouly 8% of the cells were killed, This
suggested that the T2 modis used to dilute the calls was absorbing the
UV radiation, therafore the oxperiment was repoated with sterile dis-
villed waver as the dilutent, The % killing of cells when diluted fn T2

and stecile distilled water vas compared (table B),

Table 8 : Comparison of % killing by U.V.

UV ircadiarion time |
¢ min 10 min % killing ‘
Dilution in ‘i
sterile dH,0 804 8 99,0 1
|
| i
Dilution in
| T2 1236 508 59,0 ‘
I ‘ |
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These results {ndicated that comporents of the T2 media were absorbing

the UV radiation.

When 271 colonies were scresmed , 6 fuxotrophs wore observed, giving &

frequency of 2,24

3.2.4 CHARACTERISATION OF AUXOTROPHS

It s useful to havo a pool of different suxotrophs for genctic analysis.
From ell the mutngenesis (NTG, EMS and UV irradiation) a total of 37
auxotrophs wera obtainad. These wore tested on miniwal medis supplementad

with 19 differsst amino acids.

The plates wers scored aftor & days at 28%C. An orgenine, iscleucine
valine (ilv) , sorine, proline, leucine and 3 histidine requiring

auxotraphs were identified,

3.2.5 SCREENING OF ACRYLAMIDE NON-UTILISING MUTANTS

336 coloniss of the strains 4277-1 and 12674 which were oxposed to dif-
foxont mitagenesis conditions (NTG, EMS and UV irradiation) and pravi-
cusly screemod for auxatrophs wore further seraened for acrylamide
nron-utilisiag mutants, on minime) media canteining 0,1 mg/al acrylamide

a8 sole nitrogen source.

The screening gave no positive results honce an altoynave wathod Far se-
locting thi= mutant had to be adopted - thu process of enrichment
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3,2.5.1 The enrichment procedurs

It 15 ofton the caso Lhot fnduced mutagenesis does not increasa the mutont
fraction to more thun ont mutant per 10F cells, so that 500 replica places
will noed to be scrooned to find a single mutant (23). In that case,
mutant enrichment procadures are used that favour the growth of the musant
over the wild type. One such procedure is the ampicillin ssiection Lech-
nique. This method is based wpon the fact that’ ampicillin kills growing

bacteria but not cells that are quescent.

In this study it was necessary to obtain an acrylamide non-ucilising
mutant, so acrylamide was the growth Limiting nutrient. Stvain 4277-1 was
grown in minimal medis with 0.Gmg/ml acrylamide as sole nitrogen source.
Three rounds of selection for the mutant wera dona with 60 ug/ml
sopicillin and envichment fn miniwai media contalning glucose. When 224
colontes wers screaned on wminimel wodia plates containing 0.6ms/wl

acrylamide no mutants were detactod.

‘The experiment was repestad using the Nocardloform strain 14887/1 which
cen utilise scrylamide both as carbon and nitrvogen source. Acrylamide was
supplied as sole carbon source in tho growth medla. 60ug/m) awpicillin
was added which proferentislly killod the growing calls i.e, those able
to wtilise ocrylamide as solu carbon source wore ampilflsd in minlmal
medis convaining 0,5% glucose and 60mg/ml scrylamide. This soquontial
process was repedted thrics, Two types of mutents ave likely vo he ob-
tsined, viz serylamide non-ucilising and those that sre Inhiblted by
acrylamide. By adding the serylamide in the awplificacion stop, tha fre-
quency of the mutants inbibited by scrylamide is decreased, and thus in-
creasing the probability of ubtaining an acrylamide non-utilising mutant.
Upon screening 224 colomdes aftar ono round of onrichment, 3 appiront

fcrylamide non-utilising mutants were obtained,  Only one pessibla
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acrylemide non~ utilising mutant was obiained when 224 colonins were

screened after the third vound of enrichment.

This result indicetesthet various conditions in the enrichment procadurs
(eg. awpicilin concontration) will have to b optimized to incyoaso the
Eroquency of mutants. Howsvor, whon the frequoncy of nuxotraph protuction
was compared betwesn the enrichwent process and the NIG mitagencsis thore
wos 2 ten fold incresse in Lhe produstion of awsotrophs by the onrichment
process. This clearly suggests that tho former mothod is of greater value

1in the selection of mutants.

3.3 SELECTION OF NGRCARDIOFORM MUTANTS RESISTANT TO
ACRYLAMIDE

Two fectors are dinvolved in the abilicy of the bacterium to use
acrylamide, viz the ability to metabolise mcrylamide per se modified by
the inhibitory effects of this substance, Therefore spart from the gones
dnvolved in acrylomide metabolism or utiifsation, one wouid also like to

idetify genes responsible for resistance to scrylamide.

~ cardioform strains 12674, CW22, 4277-1 and 14887 were spob tostad on
m containlng different concentration of actylamide ta sscertain the

level ot resistance.

The gravth of stralns 12674 and G422 is grently inhibited ot an acrylamide
concencration of Img/ml, whilst ot o Zmg/ml soncomtration growth of all
orgentsns is inhibited. The strain 4277-1 and 14887 grow fairly wall with
acrylamide concentrations of 8,5 mg/wl , ! mg/ml and 1,5 mg/ml . hience
al1 subsequent oxperimants were focused on these tyo strains.
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Preliminavy oxpariments also showod that the straln 14887 can utilire
mg/ml scrylamide as gole nitragen and carbon source but the strain 42771

can only use it &s sela nitroges sourca.

To woke the bacterluw gcrylamtde resistant, bokh 4277-1 and 14887 that
could use dcrylamide os sole nitrogen source werc grown on plates con-
taining Smg/mi or Smg/ml acrylamido. Qnco 2-3 colonics were obsorved, thoy
were restregked onbo minimal agar medin convaiming Smg/mi or Smg/ml

acrylauide rospestivaly, to purkfy M. watant,

Aorylanide resistant mutants of 4277«1 and 14887 were succossfully ob~
tained from the minimol media plotes coutalning 3 mg/ml and 5 mg/ul
acrylonida. The 14887 aceylamide rosistant mitass grew relatively fast
(7 days) compared to the 4277-1 vesistamt v (14 days). To onsurs
that the 14887 mutant was not @ contam analysed with o

bactariophage specifle for that strain.

3.3.1 ANALYSIS OF ACRYLAMIDE RESISTANT MUTANTS

Nossrdiofor . sensitivity to phoge is of valus in the tontasive Identifi-
carion of stvalns. A lysace of a bactoriophage spocifie for the strain
14887, obtained from K.Downing was usoful {n identifylng the 14887
sexylamida resistant wulant,

n porylonide resistant colony »f 14887 was disparsod in TV medin sups
« plementad with 10mw 0aGly (TYC). 2n) of top agny was nddog and poured onto
a chilled TYC plate. Tha plata was dilod at 42°C for 33 mlns afver thy
top agar had hardonad, 20ul of tha phaga lysate was poured {n the contre
of tha plate, Tha plate was dincubated overnight at 28°C. The
basteriophago 1ysed the baetorial cells sinco  wloor plaqua was cbsorvad
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upon examination of the plate. This clearly indicated that tho acrylamide
rutant was not a contaminant, ‘lhe mavancs woro tosted for thoir potantial
to utilise scrylamide as sole carbon and/or nitrogen source and for thelr

lovel of resistance to this compound.

3.3.2 ABILITY OF NOCARDIOFORM BACTERIA TC USE ACRYLAMIDE
AS SOLE CARBON OR NITROGEN SOURCE AND THEIR LEVEL OF
RESISTANCE.

The gerylamide rosistant mmcant topebhor with thelr rospoctive porancal
strains vore spot tosted on mindmel modia contnining varying apounts of
exylanide. The aim of the tost was uo ascertain tha level of reslstance
of unch strair to aorylanide and thelr ability to usilise {t as sele
carban or nitrogen seurce.

The yesults are cebulated in Table 9 .
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Table 9 : Respanse of Nocnrdioforw bactords to acrylemida.
Hocavd{oforn strain g
a 16887] 4277(4277-1]4277-1 {14887 imm
cone (grown on | (grown on| (grown on
modia Sng/nl AM) | Sug/ml AN Sg/lA)
o EETSN IR IOV e e
o I RV T 4 e
2,5mg/n1 P , i +
Smg/mt e 1 + e +
7,5mg/m} - + - + * + e A
10mg/ml R + + + A Wy
-
[ * * + + + +
2,50g/m1 - + * + HEE) -
o ol [ m . - o
“
2,5ng/ml + + " Al ()] ek (8 D+ ()
e
wo = A=N buffer + 0.1% NI,C1 + 0.5% glucose, «" .

mnt = AN buffor 4 0,1% NG,

ot = AN buffer + 0.5% ylucasa.

M = acrylanide

#++ & good growth "
= foir growth

+ = poor growth

The results indicsto that rhe 4277 ucrylamida rosistent strain can uso

¥
¥
£

acrylamide 45 solo nitrogen source (%).Tha acrylamide rosistant strain
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14867 solacked in  Smg/ml acryiamide utilisod acrylamide as both sole

carbon and nitrogen source ($), whilst the rosistant mutant selectoed in
Jug/nl scrylemide con use the compound poorly as sola nitrogon source but

cannot use it as sole carboen souyee (#).

The acrylamide resistant strains were dosignated as 4277-1/1; 14887/1;
ond 1488772

3.3.3 ACRYLAMIDE DOSE RESPONSE GROWTH CURVES

Cultures of strain 14887/1, 14887/2, 4277-1/1 and the wild typo straius
14887 and 4277~1 wore grown in 5 ml minimal media. iml of sach of the
preculures wera pelloted, washed and 10 jtl vosuspended in minimal modia
wlth 0} 0,065 0,2; 0,6; 2; 6 and 20 mg/wl acryleaido. The acrylanide was

edther the carbon or nitroges sewrca.

Groyth of colls was monisoed by optical dansity we.stroment at 540m on

4 Spoctronic 601 spoctopliomatar.

o resuls are ropresonted graphizally on a 3 cyela logerithmie scals,

3.3.3.1 Response of the strains 4277-1 and 4277-1/1 to acrylamide

Actylamide as soie nitrogen source: Tho 4277«1/1 gud tho wild typs strain
was grown in 03 0,06; 0,31 0,6; 21 6 and 20 mg/m) nerylamide as sole ni-
trogen sourca in min{mal modia, Growth was dotestod by optical density
maasuraments at S40nm aftor 72 hours,
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The results ave reprosented geaphically In Fignre 2.
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Figuro 2. The rosponso of tha acrylamide rosistant and wild typa

strainm of 4277-1 Lo varying concantrations of acrylamido

.
23 so0le nitrogan sourco. )
£
42771
o d 27141
‘The resuits clearly indfeato that Lhe acrylamide rosiscant strain ds able
to utilise acrylamide s solo nitrogon searco far hottor than tho wild ;
typo strain, Tho cells geay maximally with 0,6 mg/ml acrylamide .
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Acrylamide as sole carbon source: The stxains 4277-1 and 4277-1/1 were
grown in the presence of 0; 0,96} 0,2; 0,65 2; 6 and 20 mg/ml acrylamide
as sole carbon source. Upon spectrophometric messurements at 540um no
detectable growth was observed cven after piolonged incubation (163
hours) of the cultures. This' suggests that these strsins cannot use
scrylemide as sole carbon source. This vesult agree with that obtained

from the spot test (section 3.3.2).

3.3.3.2 Response of the strains 14887, 14887/1 and 14887/2 to acrylamide

Acrylamide as sole nitrogan source: The 14887 dorylamide resistent and
wild type strains wers grown in 03 0,065 0,2; 0,65 2; 6 and 20 mg/ml
scrylanide as solo nitrogen source. Optical donsity measurements ac 540
am were taken after 72 hours. The results are ropresented graphtcally on

& 5 cycle log suale in Figure 3.
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Figure 3. The respomse of the acrylamfde resiscant and wild cype

capsble of
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strains of 14887 to varying concentrations of acrylamide
as sole nitrogen source

L

- = 14887

——o— 14887/1

——— 14887/2

The resul cate that both the acrylamide resistant strains are mora

_iisng acrylanide as sole nitrope. source than the wild type
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strain. The 14887/1 strain grew at . faster rake than 14887/2. Maximal

growth occurred with 0,6 mg/nl acrylanide,

Acrylamide 35 sole carbon source: The 14887 acrylamide resistaat and
wild type strains were grown in 0; 0,06; 0,2; 0,6; 2; 6 and 20 mg/ml
acrylamide as sole carbon source in minimal media. Growth was detected

by optical density measurement at 540mm.

The results ave reprosented graphiclly on a 3 cycle log scale in Figure

4.
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Figure 4. The rtesponsa of the acrylamide resistant and wild type

o
t

strains of 14887 to varying concentrati  of acrylamide L
as sole carbon source "‘
%
= e 14887 N
et 4867/ 1 &
——Xen14887/2
The results ogree with those obtained from the spot tests (section A
3,3.2).The strain 14887/2 apparently cannot use acrylamide as sole carbon &
¥
14
p? 4
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soures, The straln 14887/1 groys optinally In the presonce of 2 mg/mi -
serylonida. f?
v,
&
l",\
3.4 CONSTRUCTION OF THE NOCARDIOFORM GENOMIC DNA LIBRARY 4
IN E.COLI MM294-1
The principle stzategy for cloning the genos involved in acrylamide N
metabolisw/ detoxification/ utilisation is by complomenting mutants that
have lost the ability to utilise acrylomide. Hence construction of a
gonomic library for the donor DNA (from strain 14887/1) was the first E
essential requirewent for the cloning process. 6 4
3
™
3.4.1 THE PUTATIVE SHUTTLE VECTOR

The putative shuttle vector pDA27 (constucted by A. Daffey) is & combi~

nation of the #, cols plasmid pECOR2SL (suicide vector) and a Nocardioform

arsenic resistant plasmid, pDA22. The vector is maintained in the £, cols

strain MM204, The strain is vecombination therefore the shuttle vector
is likely to integrate lnto the host chromosomal DNA by a st of emzymes

and protoins that constitute the Rec}system. Mence a Rec™strain coupled

with & A repressor to maintain the plasmid pECOR251 is nocessary, Thus
far such a recipient cell has not been constructed but further rescarch :
should scon meet this vequivement.

Fig S shows sowe of the features of the shuttle vectos.
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Pigure 5. Schumatic vopreseutation of the shuttle vector, pDA27.
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Figure 5. Schematic vopresentation of the shuttle vecter, pDA27

~—— stilcide vector, pECORZSL

arsenic plasmid

AP = Ampicillin
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The first useful feature of the shuctle vector is that it carries tho
rosistance gones for ampicdilin, Thls rosistance can ba used as o se~
lactablo marker for cells containing the plasmid.

The second feature of this vestor ls thst the ECORL ondonuclease site
contain the unigue restriction site BglII which can bo very useful in
cloning, Only transformants that have a DNA segment cloned [nbo it will
srow. Therefore it is a usefu. selection systom.

The third edvantége of the shuttle vector is that the ECO R1 END. gona
is under the control of a ) repressor. The ) reprossor binds to the
promoter of the cro gonew theraby repressing the transcription of the ECO
RL END, gones. Alternatively the ECO R1 END, genos could be imsctivated
by the insertion of DNA inte the unique Dglil site.

3.4.2 CHOICE OF RESTRICTION ENZYME TO DIGEST CHROMOSOMAL
DNA

Nocardioform chromosomal DNA from the strain 14887/1 and the shuttle
vector from the §, coli strain imm29¢ were extracted and both digested
wich BglIT, The chromosomal DNA could be digested with oithar BglII,
Bam{l, Bell or Sau3a since all thess restriction anzymes produce the same
sticky ends (see tabla 10).

Table 10 : Restriction soquences of restriction enaymes.(42)
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Restriction enzyno Racognitlon sequanca

Banil _G‘GA’I'CC
Bell T‘GATCA
BglIx avearer
Sau3h Yoo

Although these enzymes produce the sume sticky onds they have diffarent
Flanking regions, thereby producing different hybrid sites upon ligation
of the chromosomal and plasnid DNA. Size deormination of the plasmid
insext will be difficult since che hybrid site will not he recagnizod and
digested. Hence for simpliecity, BgiIl was used to digose both the chro-
wosamal and plasnid DNA,

3.4.3 DETERMINATION OF THE AMOUNT OF BGLI(I REQUIRED TO
PARTIALLY DIGEST THE CHROMOSOMAL DNA,

Partial digestion results in cloavage of only a limitud numbar of the
restriction sites. As well as the standard Fragmonts produced by totnl
digestion, additional Eragnent simes will eiso bo obtainad. Theso aro
molacules that comprise two adjacent restriction fragmonts, soparstod by
& site that has not baon cloaved (6). ilence partial digostion ensures
that the DNA s not restrictad into very swsll Fragomonks.

The chromosonal DNA from tho strain 14887/! was digosrod with diluted
BglLI for 3 hours at 37°C. 4 dilutions weve made: 1071, 107, 10" aud

10°%. The digosted DNA was analysed by agacose gol oloctrophoresis.
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Restriction cnzyme Recognitlon sequonce

DanliE G‘GM'CC
Bell T;GATCA
Bglil A‘GATC‘J‘
Sau3h GATG

Although these enwymos produce the same sticky onds they have wiffere d
flanking regions, theroby producing differant hybrid sites upon Ligation
of the chromosomal end plasmid DNA. Size detormination of the plasmid
insere will ba difficult sinco the hybrid site will not be recognized and
digested, Hence for simplieity, BglIl was used to digest both the chro-

mosomsl and plasmid DNA.

.43 DETERMINATION OF THE AMOUNT OF BGLII REQUIRED TO
PARTIALLY DIGEST THE CHROMOSOMAL DNA.

Portial digestion results ln cleavage of only a limited number of the
vestriction sites. As well as the standaré fragments produced by total
digestion, ndditional fragwent sizes w(ll alse be obtained, Theso ara
molecules that comprise two sdjacent vestriction fraguents, saparated by
8 sito that hus not been cloaved (6). Hmnze partial digostdon ousuvas
that the DNA is not restrictoed into very small fragements,

The chromosomal DNA from the strain 14B87/) was digostod with diluted
SR1IL for § hours st 37°C, 4 dilucions ware madai 1071, 167, 107 amd

07N, The digostad DNA was anslysed by agarase gol olectrophorasis.
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Figure 6. 0.4% agarose gel of diluted BglIJ digested DNA

Léme 1 : % II molecular weight marker

2 : uncut chromosomal DNA

3 : chromosomal DNA digested with 107 dilutod Bglli—48 units ~ 49 DNA

4 1 chromosomal DNA digestod with 10°F difuted BgilI-018
5 t chromosomal DNA digested with 107 diluted BgliT~0,018
5 ; chromosomal DNA digested witn 10°% dilutod Bg1iI-0.0018

The figuro shows that the 1077 dilution of Bglil pavtially digests lug
of chromcsomal DNA, Therefors ve digest 100Mg of DNA (amount usod for
constructing ldbrary) 1l of undilutad Bglll was wsad.
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3,44 CALCULATION OF DNA CONCENTRATION

34,41 Conux tion of Nocardioform chrom DNA

WD roading at 260mm = 0,0195
DNA was diluted 1 in 200
Thevofora the £inal concentration was 0,0195 x 200 x 50 = 195ug/ml

3.4.4.2 Concentration of the shuttle vector

0.D. reading av 260mm -+ 0.0571
DNA was diluted 1 in 200

Therefore tinal concentration was 0,0371 x 200 x 50 = 37lug/ml

3,4.5 MAXIMIZING TRANSFORMATION FREQUENCY

The concentration of chromesomal DNA And plasmid INA that yisldad maximum
numbar of transformants had ta bo detormlned. This was dono by ligating
a consgant concentration (0, 1¥g/ml) of the digostod shuttle voctor to four
different concontrations (0.lug/ml, O.2ug/mi, O.4ug/mi and O.8ug/mi) of

tho digested chromosomal DNA.
For aach ligation 10ul of tho digested DNA and 0, I, 2, 3, and 4pl o~

spectivaly of digested shronosonal DNA was used. The velune in sach caso
was made up to 2011 with ligation buffer ond 1yl of T4 ligaso ves odded,
Ts DNA was Ligated overnight a¢ (4°C and trénsformod ln the #,cold strain

NN294- 1.,
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200p) aldquots of transformed and control samples were plated on L4 plates

containing 60ug/ml ampicillin and incubated overnight at 37°C

Tabla 11: Number of trensformants obtained with varying swounts of DNA.

conc.of undigested DNAl  conc. of digested DNA

plasmid chromoso- | plasmid | chramose- | # of trans

(ngfml) mal (ugfml{ (wg/mi) ma) {pg/ml| -forments

[ ¢ 0,1 0,1 15
q ° 0,1 0,2 16
o 4 0,1 0,4 53
] 0 0,1 0,8 56
[ ° 0 [ 3
0,1 ° o [ 2
° ° 0,1 J 0 2

The above dsta supgested that O.lug/ml of plasmid DNA ligated to 0.4ug
of chromosomal DNA was the best condition with vegards to yields of
transformants. There was no significant difference botween 0.4ug/wl and
0.8ug/ml of chromosomal DNA. Hence, for Furthor coustruction of the 14-

brary 0,4ug/ml of chromosomal DNA was used.

3.4.86 PLASMID SCREEN

Cultures of several transformants ware grown and screened ior the plasmid.

The somples were analysed by electrophoresis.
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13 14 15

9 10 11 12

Figore 7. 0.4% agarosc gel of plasmid DNA isolaved from £.colr

strain MM294-1

Lanes 1 and 9 : ) DNA II molecuiar weight mavkev
Lanes 2 and 10 : purifiad shutrle vecror

Lanes 3- 7 and Lanes 11-15 : plasmid DNA isolated from tyansformants

Figure 7 shows thst wost of the transformants have the plasmid DNA insert
when compared with the purified plasmid DNA. The plasmid DNA isolated
from the transforments migrate slowar than the purified plasmid DNA
(vector) becavse of its larger size. The control in lame 2 is mnot very
clesr. It should appear #s one distinet band {as in ane 10,

page 60




The 3 bands could represent covaleatly closed circular, open cizeular and

Linear DNA. In addition the bends cowld &lso be due to concatomers.

3.4.7 SIZE DETERMINATION OF CHROMOSOMAL DNA

The approximste size of the inserts had to be determined in order te

calculste the nwaber of clones noeded for the genomic library of

Nocardioform. The plasmid was isolated from several transformonts and .
digested overnight with Bglll at 37°C. The samples were analysos by

electrophoresis.

£
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gel A gel B

Figare B. Restriction digest of prismid DNA from transformants

Lanes 1 and 9 : \ DNA IT molecular weight marker

Tanes 2-7 and Lanes 10 -15 : BglIl digested plasmid DNA

Figure 8 shows that the chromosomal DNA inserts are large. The average
size of the DNA was calculated from & curve based on the relative mobility
af A DNA marker II (Fig 9). The fragment lengths of the M1 molecular

weight marker are given alongside the Eigure
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weight 6ps_
P 1

Molecular

™ 4 W =
Relative  Mobliity

Figure 9. Relationship between molocular weight and alectrophoretic

mobility of restriction fragments of A DNA II marker.

—%— - mobility of ) DNA marker of gel A

m—t~ - mobility of A DNA marker of gel B

poge 63

AV TR

.

T

al

el




Tabls 12 @ Approximate size of BglfI digested chromasomal DNA inserts.

gel no| digested sempla| sizo in Kbp

2 T4
3 7,4
4 6,8

4 H 9,0
6 7,0
7 7,4
10 9.4
1n 7.1
12 7.5

B 13 9,0 & 2,25
“ o plasmid
1 4,8 J

Those sizes ware caleulated by measuring the DNA fragment longths {in
ma) in Fig 6 ond th corresponding sizo in base palrs (bp) was obtained
from the graph (Fig 9).

From the sbovo data the approximatc size of the insort is 7.5 Kbp (from

gal A) And 7.0 Khp ( from gel B). flenco the average size is 7,25 Kip.

The size of the chromosome of most of the Nocsrdioform bacters is not
known, hawever the siza of DNA £rom Mycobaatoriuw tubareulosis

1% 6.3 x 10° Kbp (S, Anderson - parsonal communication).

Tor £. coli at a probabllity of 95% thet any particular geme

will be present in the Library, a L7Kbp fragmant of a & x 1% bp

genome size requires 700 clones. Nlance, on the asswaption thas the Nocar
dioform DNA siza is compatible with that of the Nycobasteriam

spacies, & avarage fragment size of 7.25Kbp will roquiro 2247 clones to
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ensure that at & 95% probability eny particular gena will be

EETRC

presont in the library. Prasently the Nocardioform stxain 14847/1

e,

genowic DNA 1library contains 2635 clones.

AR

The transformants wore washed off the plates with Lb containing

30ug/m) ampicillin, The clones ove Erozen at -80°C.

3.5 NOCARDIOFORM TRANSFORMATION

The had to be optimized to allow

for th afficiont transformation of the library into the recipiomt
strain 4277-1, The strain 4277-1 was chosen as the recipiont coll
since it cannot use acrylamide #s a sole cavbom sowrca. The DNA Erom
the strain 14887 scrylamide served as donor DNA since it can utilize

acrylemide gs both carbon and nitrogen source.

3.5.1 TRANSFORMATION OF PLASMID pDA30 INTO NOCARDIOFORM
4227-1

A plosmid vransformation systew for tho Nocardioforn rocepient strain

TR g\

4277-1 had to be devaloped which allowed for the cloning of the DNA

at an optimm frequency. P

The system involved the uptake of the Nocardioform plasmid phA30 (confers

arsente ) by protoplasts of the strain 4277-1 In b
the prosance of PRG and tha visual detoction of transformants, aftav S
regeneration of the protoplasts. £
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PDA30 15 notmally waintained in the Nocardlofomm strain 12674, Whon DNA
Erow this steain is transformed Anto the styain 4277-1 mueh of it may bo
dostroyed by the restriction systom of tho stra n 4277-1, To overcome

this hose vastrictlon, thoe plasnid pDA30 frow the 12674 was transformed
into the stvain 4277-1, Yransformants woro chosked on YA media containing
60m4 arsenate and 10w arsenita.

Cultuves of thase wore grown in TYG wodia contoining SO mM arsenite

(50 maineain the plosaid) and screcnod for plasmids. The samplos were

analyzed by electroplorasis. (Fig 10)
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0.4%

Figure 10. agaross gel of plasnid DNA isolated from

Nocardioform strain 4277-1,

Lane 1 : DNA isolated fvom the stvain 4277-1

banes 2-6 ¢ plasmid DNA isolated from transformants.

Figure 10 shows the presance of tho plasmid in ali tha transfovmants whan
compared with the contral, The plasaid band in lane~2 has the gramwost
intonsity, henco tha plasmid pDASD wos bulk oxuraetad from this

transformant .

The concontration of the DNA was calculatod ss follows:
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0,0, resding et 260mm = 0,005

DNA was diluted 1 in 200

Therafore the final concautration was 0,005 x 200 x 50 = 50ug/ml

A11 subsequent experineubs wore carried out using this plasmid crom the

4277-1 backgrotnd,

3.5.2 OPTIMIZATION OF NOCARDIOFORM TRANSFORMATION.

3.5.2.1 Optimum concentratlon of arsenste and arsenite for maintainance
of plasmid

Nocardioform transformants frow preliminary operiments wors tosted for
the level of renistence to arsencte and axsonite. They ware spot tested
togasher with 44771 on TYA plates with 100aM, 200m, ond 300} nrsenato
and 10ni, 20m4, 30mM and AOwM arsenits.

The results suggosted tho best combination to be 60ui arsenate and 10m
arsenite. These vesults conform to tho onos obtainad for the strain CY22
(5. Dabbs-porsonal communication).

For all future oxperiments 60aM Arsonato and i0mY arsenito ware used to

seloct the plasmid,

3.5,2.2 Sreqirency of transformation with growth phase of celis

The optical density of the Nocardiofss 4277-1 culture was moashrad 14
hours after inttiation of growth and thoroafter overy 12 hours for n pes
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riod of 62 hours at S40nm on the Spactronic 601 spoctophotomater. At cach b4 !
stage ten Iml samples were frozen at -80°C in Eppondarf tubes. AL the §
ond of tho 62 hours, 7Spl of cultire Erom sach time intorval was trans- ‘
formed with 100ng of the plasmid phA30. The PEG comcentration wos 25%,
lysozyra incubation was for 1 hour and tho arsenato - arsanite underlay
was after 12 howrs of incubation of plates. ‘
The effect of cell growth on tho frequency of trensformation of
Nocardioform 4277-1 by pDA30 fs shown in Figure 11.
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Figuro 11,

Opreal Density Masmmenis 2t S40m

J2400

e w
Tima Lhaueny

The eoffoct of cell grewth ou the [requency of transfo. -
wation of Nocard{oform 4277-1 with 100ng of pBA3G.

rogenaratod protoplasts wore assayed for tho presonco of

pDAID a3 deseribed in materials and mathods.

s Neasurewents of optical demsity at various timo Incorvals.

~0— Maasuroments of transformonts / ug of DNA ar various time lutervals,
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The results clearly indicate that the Nocardioform 4277-1 is most compe-
tent for DNA upteke in the post stationary phase. & 62 hour old cultura
produced the maximum mumber nusber of transformants, hence for all sub-
sequent esperiments these cclls ware used (Erozen ot -§0°C). The oxper-

iment was carried out tyice to demonstrate replicability.

3.5.2.3 Effect of lysozyme Incubation time on the frequency of

transformation

The walls of the Nocerdis and related bacteria have a similer and complex

strncture that consists of a poptidoglycan, several clagses of free and

bound lipid constituents and other or polypeptide com-
pound (1), To enhance DNA uptzke by the bacterial cells, the cell wall
has to be removed. Keakening of the coll wall is brought by lysoayme,
which digests the polymeric compounds that give the cell wall its yigidity
(28). Once the cell wall is destroyed by the lysozyme, the cell membrane

is attacked, which may result in the disruption of the cell,

To ascertain maximum yeild of protoplasts, the length of the lysozyme
treatment had to be monitored. The plasmid pDAI0 was cransformed into
cells grown from a 62 hour culture, with varying lysozymo incubstion time.
Gells were transformed after Omin, 15min, 60min, and 120min of lysozyme

treatment. ALl other varisbles such as PEC  concentration,

arsenate/arsenite underlay time, ion of DNA and

of cells was as described in socrion 3.5.2.2

The effoct of varging lysozyme incubation Cime on the frequency of

transformation of the Nocardioform strain 4277-1 s shogn in figure 12,
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Teansformants/ug DNA

200
.
.
k] i = i
lysozyme Treatment  Time Cminutes)

Figure 12, The ffect of the varying lysezyme incubation period on
the frequency of trasformation of Nocardioform 4277-1
with 100ng of pDA30. The regenerated protaplasts wers
assayed for the presenca of pDAJ0 as described in the
nmaterials and mothods section.
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The results indicate that the maximum mumber of transformants were ob-

tained when the calls were incubnted with lysozyme for 2 hours.

3.5.2.4 The effect of PEG concentration on the frequency of

transformation

Nocardioform calls £rom s 62 bours old culture were transfovnad with 100ng
of plasmid pDA30. The PEG concentration was varied from 0 % to 30 % . Al

other variables were as described in section 3.5.2.2

The offect of the PEG concentration on the Erequency of transformation

is shown in figure 13.
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Figure 13.

Tronsformanis/ug DN®

g

T £
PEG  Concentration L« Wy)

Effoct of PEQ concentration on the transformation fras
gquency of Nocardloform 4277+1 with pDA30 DNA. pDA30 DNA
was added Lo the protoplasts to & f£inal concentration of
100ng/2ul at various PEG concentrations. The regenerated
protoplasts ware assayed for the pressnce of pDA0 as

described in the materials and methods.
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The results suggest that a concentration of 30 % PEG (w/v) seems to be

optimal.

The mechanism by which P3G induces tronsformations is not known. It may
{nteract with the cell wembrane to make it more permeable ta DNA. 4l-
ternatively, because fuclelc acid molsculos have baen shown o adopt
compact fores in solutions containing high concentracions of PEG, it is
possible that the stimulation results frow & conformational change Lin the

DNA molecule facilitating ponetracion into the protoplasts (4).

3.5.2.5 The affect of arsenata - arsenite underlay time on the frequency

of transformation

Nocardioform cells grown for 62 hours were once again Gransformed with
100ng pDA30 DNA, The protoplasts wera obtained after ! hour of treatment

with lysozyme, and the PEG concentration was 25%, the time of

arsenave -
arsenite underlay was varied from O hours to 20 hours,

The res ~ts shown in Tablo 13,
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Table 15 : Bffect of underlay time on transformation frequemcy of

Nocardipform 4277-1 with 100ng of pDA3D DNA.

Transformed cells wers underlayed with 0.Swl 34 arsemate ano 0.5M arsenite
every 4 hours for 20 hours. The regenerated protoplasts were assayed for

the prasence of pDASO as described iv materials and methods.

Undoxlay Time(hours) Trans formants/kg DNA
0 0.6 x 10?
4 8.7 x 10?
8 2.2 5 107
12 1.28 x 187
16 1.26 x 107
20 1.68 x 10°

Although the results showed grest variability, 12 hours sfter transfor-

mation seems to ba an idesl time for an arsenate -arsenits underlay.

Effects of DNA amount on the frequency of transformation

The trensfornation procadure ves repsated using Nocardioforn cells grown
for 62 hours. The calls were incubated in lysozyme for 2 hours ( results
of lysomyme exporiment was known at this stage) and the arsenate -
arsonite underlay was done after 12 hours. Varying emounts of pDA30 DNA
was Ctramsformed into a comstant volume of Nocerdioform 62271
protoplasts.

The results ere representod graphically in Fig 14
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Fignre 14. Effects of DNA amount on transformation, Nocardioform .
protoplasts were treated with various concentrations of b
pDA3C DNA In the presonce of 25% PEG. Regenoratod
protoplasts vere ussayed for the presenca of pDASD as
L doseribad n materials and methods. >
The rosults clearly indicste that 200ng of pDA3D DNA ylolds the maximum &
numbor of transformants, "
page 77 ¥
4




' i
4
i
3
3.5,2.7 Effect of protoplast amount on the frequency of transformation b4
The transfosmation procedure was repeatad as iy sectin 3.5.2.6. excopt
in this case the protoplast volume was varied. The protoplasts were
transfovmed with 100ng of DNA. .
The rosults aro represented graphically in Fig 15
.
f
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Plgura 15, Bifoct of amount of protoplasts on the fraquency of -
transfornation of Nocsrdioform 4277-1. 100ng of pDA30 . p
DNA was transformed fubo varylng amounts of protoplasts .
in the prasence of 25% PEG. Rogonsrated protoplaste wero

assayed for the presonce of the plasmid ay describod in +

materials and mothods.

The results suggests that 10041 of ave optinally i 1
with 100ng of DNA. 4 . 4
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3.,5.3 SUMMARY : OPTIMAL CONDITIONS FOR THE NOCARDIOFORM
TRANSFORMATION

The results discussed in the proceding soction desoribed che optimal

o the ion systen for achieving max-

imym number of transfommants.

Tha optimal conditions sre pummarized in Table 14.

page B0

I ok

ey

v




Table 14 : Optimal conditions fox Nocardlcform tyansformation.

Factax Optimal Condition
1. arsensve-avsenite 60nil arsenate ond
concantration 10w arsanits

2. growth phase post stationary

of colls phasa after 62 hours

at an 0.0.% 4.14

3. longth of lysazyme 2 hiouss
incobation

4. PEG concentration 20%

3. time of arsenate 12 hotirs

arsenite underlay
after transformation

o reganerata

protoplasts

6. amount of plasnid 2000z

A

7. smount of sells 10041
—

3.5.4 NOCARDIOFORM PLASMID SCREEN

It was nocessary o ansure that the roganorated proteplasts wore "real
transformants” and not spontansous arsenete ~ arsanite mutants,The sime
plest mothod for clarifying this wes to screen th. rogenerated protoplasts
for plasmid,
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Regeneratod protoplasts yare fivst assayed on TYA plates containing 60l
srsenate and 10uM axsonite, Randow positivo transformonts and sponsance
ous arsenste - arsenite wukanbs from the control plates wora serenad for
the presonce of the plaswid, pDA30.

Cultusas were grown in 196 medin supplemenced with SOnM arsenate. The
strain 4277+1 was grown in TY6 as the control. The plasmid was extractoed
as describod in materinls and mothods, Samplos weve analysed by gal

sloctraphorests (Fig 16},
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Figire 16. 0.4% Agarose gol of plasmid DNA isolated from the

Nocardiaform strain 4277-1

Lane 1 : X DNA 11 molecular weight marker

2 : purified plasnid, pDA30

3 DNA from 4277-1 ? ]
4: DNA from spontancous orsongte - drsenite mubants ‘
5 - 8 : plasmid D¥A isolatad from transformants !
Pig. 16 shovs that all the transformants have the plasmid pDAS0 cloned
into it. This ensured that the system was funeti et N
flefently, ; .
-
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4.0 DISCUSSION

e

The objective of this work was to setudy Nocardioforn strains that were
capable of utilising or degrading or metabolising acrylamide. Thorefore
the first requirement was to tailor the winimal media ;uch that asrylamide
could be supplied as sole carbon and/ or nitregen source.Experimonts
shoved that sodium citrate, s componeat of minimal media,vas capable of
being used &5 & carbon source by the bacterls. For this reason it was

onmitted from the media in all subsequont experiments.

Two factors are invelved in the ability of the bacterium to use

scrylamide, viz, the ability to mevabolize acrylamide per sé tempored by e b

the nbi effoct of acvy on the beck levels ~

of severel strains was testod. Growth of strains 12674 and CW22 was ’
greatly inhibited at an acrylamide concentration of lmp/ml. Strains
4277-1 and 14887 grew falrly well with acrylamide concontrations of up

€ 1,5 mg/ml, hence all Further experiments were conducted using the

labter two strsins. At an acrylamide concentration of 2wg/ml growth of

a1l organisms was inhibited,

The straius 4227-1 and 14887 were wade acrylamide resistont by selocting

them on mininal media plates contalning dmg/ml or Smg/wl scrylamide. The s %

scrylamide vas supplied as sole nitrogen source since both strains were

capeble of ucillsing it.

¢
f

Onco the acrylamida vesistant muwents of 4277-1 and 14887 wore obtainad,
they were tested for their ability to utilise serylanids as sole carbon
or nitrogen source on minimal medis plates. The results indicated that
4277-1 acrylanide resistont straln (4277-1/1) was cepable of wcilising K
acrylemide gs sole nitrogen source only. n the case of the strain 14887, [4
two types of mutants were chained, viz, 14857/1 which was able to use )

page 8




acrylamide as both sole carbon and nitrogon source and mutant 14887/2

which utilised acrylanide as sole nitregen source only.

Liquid cultura growth experiments wete also conducted to investigate the
dose response of these mutants to scrylumide, These results confirmed thet
4227-1/1 was dncapeble of utilising acrylamide as Sole carbon source,
whilst the 14887/1 wutant could. This experiment slso showed that maximal
growth of these mutants was in the presence of 0.6 mg/wl acrylamide, when
supplied as sole nitrogen source.With scrylamide os sole carbon sourco,
the wmutant 14887/1 graw to the highest denmsity at & concentration of
2ng/wl.

Graphically these results could be interpreted as shoun in figures 17(A

and 17(B).
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Inkibition  Effects.

Figure 17. Bacterial dose rosponse curves te acrylamide.

Utilisation Effects

g~ utilisation curve
~v~ inhibition curve

e grouth curve

= == shifted {nhihition cutve
w = —growth curve after shift fn inhibltion curva

‘The arrow indicaces a shift in the inhibition curve.
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The growth response susve of the acrylsmide mutant is due to an envelope
resulting from a combination of beth cho ubilisation and Inhibition ef-
focts. A reduction in the imhibitory cffect lends to incressed growth of

the mutant. (flg 17B).

The ultimate aim of this study was to clone the gencs responsible for
scrylanide utilisation or detoxificatlon or motabollsm. The prineiple
stratogy for cloning was to be by complementing serylamide non-ucilising

angants

To obtain these mutants, NTG, ENS. and U.V. mutagenesls was carried out
on both stationsry phuse and logarithmic phasc cells, liovever, all of
these attempts failed to yield the requived mutant. The froquency OF
suxotroph production from the mutagencsis was belween 1.8 - 2,5%. One
factor, nomely, reduction in tho aggregation of cells was optimized, but
clearly mich wore future work is requived in ordor to have the
nuteganisation system functioning officiontly.ds an alternate rovte the
process of ampieillin enrictwont wes pursued. This process yielded four

spparont acrylamide non-utilising mutants.

Socondly the cloning process roquired the construction of a genomic Lis
brary of the donor DNA, 14887/1. This was conseructed n the £, co/y
strain MH294 and thus Fav contains 2655 clones.

The £inal roquirement was to opkimize the transformation system in the
vecipient strain, 4277-1. Rosylts from these oxporimonts indicated that
post stationary phase 4277-1 cells (62 hours of growth) with an 0.D. gt
540nm of approximatoly 4.14 wore bost for the uptake of the Nocavdioform
plasmid, pOA30. The maxioum amount of plasmid DNA and proroplasts neodod
for optimal transformation was 200ng and 100p1 raspectively, The optimal

PEG concentration was 30%. The tima of lysozpme i

bation was 2 hours
and the time of 60ml avsenate - 10mM arsenite undorley was 12 lawrs ofter
transformation of the protoplasts with plaswid.
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5.0 APPENDIX MEDIA AND SOLUTIONS

5.1 MEDIA

5.1.1 MINIMAL MEDIA

(4) 100m1 A-N buFfer (10 x stock)
15 NIL,OL

400m1 warer

(8) 500m1 water
155 agar

3g glucose

(A) and (B) autoclaved srperataly, mixed and plates poured,

For 1iquid winfmal medis the agar is omitted.

5.1.1.1 A-N buffer stock solution (10x) - medifled for Nocardioforms

91,7g K,HPO, 3,0
26,88 Ki2f0,

1g }gS0, 1,0

1110

ol 7,

Kept sterile by the addition of 10ml chloroform
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5.1.2 TRYPTONE YEAST (TY) MEDIA

1% Tryprona
0,5% Yoast

5.1.3 TRYPTONE YEAST AGAR PLATES (TYA)

1% Tryptone
0,5% Yonst Extract

1,5% Agar

5.1.4 LURIA BROTH

1% Tryptona 0,5% Yeast Extract
0,5% NaCl

5.1.5 LURIA AGAR

1% Tryptone
0.5% Yoast Dxtrast
0,5% Naol
1,5% Agax
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5.1.6 T2 MEDIA

e Iy

1% Tryptone

0,5% Yeast Extract
3nd NaCl :
3 Cacl,
100 HgSO,

5.1.7 TRYPTONE, YEAST, GLYCINE (TYG) MEDIA

.
1% Tryptono ~
0,5% Yeast Extract > .
1% Glycino N
e |
%
.

5.1.8 PROTOPLAST REGENERATING MEDIA PLATES ° .

T e o

0.9g NaCl

S o

3g Tryptonc
1,58 Yosst Extract

o

35g Sucrosa

4g Agar
tiako volune up to 280l with yator.

Aftor autoclaving add,

6ml CaGl, 2W,0

10l TES(MIris (hydroxymothyl) mothyl - 2 ominoachancsulfonic acid) 4
buffor (0.25M, pHf 7,2) !‘ K
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5.2 SOLUTIONS

5.2.1 AMPICILLIN (1OMG/ML STOCK)

10mg Ampiedllin
5ml Ethanol

3ml Sterile distlilled watex

5.2.2 10% SODIUM GLUTAMATE

100mg Sodium Glutamate
Sul Erhanel
5ml Starlle distilled vatax

5.2.3 10% ACRYLAMIDE

1g Aerylamide
10m1 Distilled wates
stordlized by Filezation
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5.2.4 RIFAMPICIN (10MG/ML STOCK)

10myg Rd Lanpiedn
1n] Hothauol

5.2.5 MUTAGENES!S BUFFERS

5,251 Tris(Tris(Hydroxymethyl)aminomethane) acid maleate- sodium
hydroxide buffer

0,2 Trie acid waleata buffared with 0,2 NaGH to pll 4,8

5.2.5.2 Trls,HCI buffer

0,02M Tris buffored with i NC1 to pil 4,8 or pli 8.0 ox pll 8,5
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5.2.6 SOLUTIONS FOR LARGE SCALE DNA EXTRACTION

5.2,6,1 TE buffer

10mM Tris
tmif EDTA (othylene dismine tocva scotic acid disodium salt)

Pi8.0

5,2.6.2 Lysozyme

10ng Lysozyme
1ml 0,25M Tris.HG1 piiB,0

S e iy

; S
$.2.6.3 Ewildium Bromide(EtBr) H .
¢
10mg Evbr B
1ml Svarils distilled water
I3
3
3
]
e
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5.2.6.4 Cold Detergent

20% Triton X -100

0,54 EDTA pli 8,0

I Tris pi 8,0

tgke up to volums with distilled water,

5.2.7 PREPARATION OF DIALYS!S TUBING

Sma.. ploces of dielysls cubing wore boiled for Lan mimubes in & lavgo
volumo of 20% sodium bicarbonsto and L BOTA. Tho tubing was rinsed
thoroughly in distilled vater and boiled For 10 minuces in 0,001 EDTA.
After cooling Lt was stoved at 4°C ansuring that the tublug wes always

dubmarged.

5,2.8 LIGATION BUFFER

10m Tris.HOL

10mi MgCl,

10gH dithioerythritol
0,6m ATF Dl 7,6
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0 ,
5.2.8 TRANSFORMATION SOLUTION ; b

50 CaGly 21,0

o

10mM Tris HC1 pH8.0

5.2.10 SOLUTIONS FOR SMALI. SCALE PLASMID (SOLATION

5.2.10.1 Solution 1 5

S0mh glucose
25mif Tris. HGI plf &,0

10m EOTA

-

P
=

5,2.10.2 Solution 2

; ’ i
0,2 RaOH ‘f ]
10% SDS (sodium dodecyl sulphate) ;
‘p' -
K A
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5.2.10.3 Tris Borate Buffer {TBE)

To meke & Sx stock solution;
0.089) tris base
9,089M Boric acid
0,002 EOTA pHg,0

dake up to 11 with distilled watet,

5.2.10.4 Gaf loading buffer Type IV

0,25%Bromophenol blue
40% (w/v) sucrose in distilled water

Stored at 4°C

5.2.11 SOLUTIONS FOR NOCARDIOFORM TRIMSFORMATIUN

5.2.11.1 P{Protoplast) Buffer

16,3z Sucrose

25mg K,S0: 0,2028 MgCla 6Hy0

87,5m1 Distilled water

Dispense in 10wl aliquoks and autoclave. Befor~ ust o to each flask in
order

Ind K320,

ot

e




B B 1w, :
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