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ABSTRACT

The ability of two fungi (Scopulariopsis brevicaulis & Pﬁaeolus

schw@initziﬁ) to accumulate arsenic {As) was investigated and the most

toler@nt'specﬂes (S. brevicawlis) selected for further study.Growth on malt
and Czapek-dox media was conpared, together with the growth response to a
change in nedium concentration, pH ,available light intensity, and the
addition of arsenite, selenium, tellurium, and industrial effluent As,
The maxinum concentration (concn.) of arsenate tolerated by the fungus, was
defined. An ability to grow in petri dishes, shake flasks and a chemostat
was tested., to determine the potential of this fungus for large scale
production. Swab samples were taken from As contaminated, industrial areas
to detect the presence of microorganisms.

The potential uptake of As by mycelia growing in malt and floating on a
1 % glucose solution was monitored via the application of two AS assays.
Only mats of mycelia floating on glucose exhibited a significantAdecline in
medium As concn.. A third test was empioyed to determine fhe amount of As
taken up by the nycelia and showied more As present in fungi grown on malt
than the floating mats. The use of this test to detect the volatile end
product of As accumulation (trimethylarsine) did not yield any conclusive
results.

Extracellular or intracellular enzymes involved in the uptéke and
volatilisation 6f As could not be found.

A change in mediumviscosity, associated with growth in the presence of
As, was found to be linked to qualitative rather than quantitative changes
in medium cbmponents. by the use of biochemical tésts, microscopic

investigation and polyacrlamide gel electrophoresis.



In the light of it's reputation as a hunan pathogen, spores from

S. brevicaulls were injected into mice and as no 111 effects were
observed, 1t 1g presuned that this ﬁsoléte ig not pathogenic for hunans.
Exposure to nicrowaves for longer than 10 nin was found to inhibit growth,
suggesting that nicrowave treatment is a guick nethod for the sterilisation
of material contaminated with this species.

From the results provided by this study, the feasibility of applying a
fungal biofilter to the extraction of As from industrial effluents is

discussed and further lines of research outlined.




ABBREVIATIONS

kg kilogramme n number of replicates

g granme r regrescion coefficient

ng nilligramme wt weight

ng nicrogramne . 1 volts

ci centimetre rev. min_l revolutions per minute
MR millimetre SDS sodiur dodecyl sulphate

um micrometre PB phosphate buffer

nm nanometre PBS phosphate buffered saline

1 litre RTP room temperature & pressure
.hl millilitre ppm parts per million

ul microlitre pPpPb parts per billion

Aw absorbance at w nm v/ volume for weight

h hour w/w weight for weight
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1.  INTRODUCTION

1.1 Gencral Introduction
Subgtances potentially tokic ¢o hunans sre caintained at

relatively low lovels in the natural onvironnent by bﬁ@d@g&adaﬁiom
bioaccunulation and netabolism. Industrial, agricultural or donestic
addition of a toxic coompound to the environnental load, results in an
iﬁbalancevand possible dangerous accumulation due to the &) blocking of
bioprocessing pathways b) disruption of synthesis/degradation equilibria.

This biotechnology project is concerned with environmental protection

and rejuvenation by the use of organisms, known to process arsenic.

1.2 Arsenic

1.21 Source and distribution

Arseniéris»midely.distributed throughout the earth (5g per tonne)
in 150 arsenic bearing, igneous (0.067partslper milliohr(bgb)‘t0‘113 ppn)
and sedimentary rocks kO.lppn to 2900*ppu) (Table luali) . ﬁéathering of

theée ninerals produces arsenic triogide,(Aséoa), arsenites'and arSQnates

which nay ‘becone transported to lakes and oceans. The-arsenic concentration

of fresh and ground water is on‘average'bélpw:SOTparts per billion (ppb),
whilst sea water contains i to 8 ppb drsenic and due to the highidilutfdn
rates involved is often seen as a safe disposal site. (Clayton & Clayton,

1981; Lederer & Fensterhein, 1981).

13



Table 1.213. Naturally cccuring arsenic bearing ninerals

(Carapella , 1298)

S s S

S E

Nane Pornule
safforlite CoAs orpinent _ A;;;3<m;a
bellingite FeAsa cobalite CoAsS
niccolite NiAs enargite Cu,AsS,
ranmelsbergite NiAsg arsenopyrite FeAsS
sperrylite PfAsa gersdorffite NiAsS;
realgar AsS glaucodot (CO.Fé)Ass

14



18
Table 1.231. Industrial uses of arsenic (Clayton & €laytom, 1981:

Carapella , 1978)

Industry Porn Use
Agrochenical Mono - & disodiun nethyl arsonate Hefbicidee
Cacodylic acid Hekbiéi&é@
Arsenic acid Defoliant
Sodium arsenite Herbicides
Sheep dips

teed control

Glass Arsenic trioxide Débolquri§ing
Fining

Lead Arsenic trioxide Bﬁtt@ry grids
Bearings
Cables

Car Arsehic trioxide AhtiﬁregZe;rust
inhibitor

Tanning Sodiun arsenite Bipcidal frédfnént

Wood Chronated copper arsenaté‘ Active ingfeqient

preservative Fluorochrone arsenate phenol Active ingredient )

Semiconductor Galliun & indium arsenide Light egit.?diﬁdes

Lasers, solar cells

n - type dopant -




1.22 Production

Most donestic arsenic is in the forp of white-Asz 3 which concentrates

in the flue dust of bagt netdal ore suelters. MCxﬂc@, S&édém,iﬁfgmé ;é@@iﬁhe

USSR are the noln producers. The £luc dugt ﬂs-r@dothd.ﬂm ﬁhéfpﬁ§QQ§6
snall anount of pyritc (to prevent ar@éﬁite f@f@atﬂ@ﬂ).,é@ﬁg ﬁ@ﬁé@§4@¢d@o
naterial is recovered after it's passage throwgh-coolfngzchéphé532 Eurther
resublination results in a 92.9% pﬁre pr@ducé.fMetallic arséhfcaiéféggéined
by arsenopyrite and loellingite smelting at 650°C to 700°C im the absence
of air (Clayton & Clayton, 1981). Due to the large amounts presggﬁly
produced, As:zo3 is not expensive as a raw material and envirqh@gﬁtal
protection rather thean material recycling will prove to.be a ddfé

gsuccessful biotechnology target.

1.23 Uses

Arsenic has found major uses in many industries (Table 1.231}),which
inevitably requires safe disposal. or accunulates in the emy;rqnﬁégt. The
iﬁgentive for developing an effective neans of disposal ofieﬁ o:igihates
froo Government pressure, but as yet, arsemic has not beenAvieWQafﬁgta,
potential ha;ard.:”Mgppsqdigm methylarsonate (Nébﬂaésg(0§Lg) LSeq§§d 
extensively in cotton fields for the conﬁrol of johnsﬁh and ndtsedge

2
inhibited by methane arsonous acid (CHsAS(Qﬂ)é) due to a reaction with

grasses, the malic enzyme involved in CO, transport within CE plants -is

organic sulphydryl groups, resulting in a reduction of sucrose hfﬁhuctidn

and the build up of nalic acid (Knowles & Benson, 1983).

16



The first organic arsenical was prepared in 1760 by Cadet de
Gassicourt. In 1863 Bechamp produced an aronatic arsenical uhich becane
known ag Atoxyl; having been shoum to cure experinental trypanacsoniacis,
Ehrlich & Berthein (1907) published it's gtructure ag sedivn hydrogen p-
aninophenylarsonate @pNﬂgceﬂﬂAsogwma) and produced the mrsphomgaﬂmo
derivative, Salvarsan, enployed imn the treatnent of syphilis {Carapella ,
1978).

A deduction of the mechaniso of arsenic binding to proteims led Rudolph
Peters and colleagues to a successful antlidote to the vesicant war gas
lewisite (2,3-dimercapto-1-propanol (ClCH=CHAsClz)) {Knowles &
Benson,1983). Table 1.232 gives a 1list of present day arsenicals (Emsley,
1985) .

Farﬁers using roxarsone (3-nitro-4 hydroxyphenylarsonic acid) in pig
and poultry feed obtain an average increase in livestock weight of 3% and

nay continue the use of such an additive up to a few days before slaughter

as the arsenic is rapidly excreted (Emsley, 1985).

17



8

Table 1.232. Prosent day use of As in nedicines.

(Carapella , 1978)

e

Melarsen oxlde

Melarsoprol

43

Carbasone

‘Glycobiarsol

Tryparsanide

African trypanasoniasis

Trypanasconiasis

Amoebic dysentry

Amoebiasis & malaria

African trypanasomiasis

Causés optic atrophy and resistant strains are evolving,

drugs without As are therefore preferablé.



1.24 Accunulation in the environoent.

Pernigsible threshold linits of arsenic in the environment have been
fornulated (Table 1.241) in recpongse toithﬂs widespr@ad'ﬁncwrpéwatﬂon of A
into nany products. As the arsenic centained in food 1o tightly bound and
gets rapldly excreted, no concentration of Ag up the hunan feood chalm has
been observed. The total amount of As derived fron the tripolyphosphates of
detergent pouwder 1s 1-2 tonnes per annun (Waste Managenent No.20, 1950).
Prgssure impregnated industrial wood pfes@rvatives, produced via the direct
oxidation of Aszo3 in the presence of a platinum catalyst, are chemically
fixed, resulting in little or no release of As from treated wood or sawdust
(Ensley, 1985). The concn. of As very close to a treated wood burning fire
is one thousand tines greater than the pernitted threshold linit value, 20-
20% of the arsenic be;ng volatilised, this is one area in which the use of
biological filters Day prove profitable. Puture treated wood disposal nay
reéch_soo tonnes per ahnuu (WasfeQMapégement No-. 20, 1986).

The use of phbsph&ric acid (36 ng As per kg of acid)‘in the napufacture
of.égritultural fertiliéers resulis in an unnatural adqgkon of As to'tﬁé
so0il, although’the anhﬁal Quéntités of AS'introduced:are ten to one hundred
tines lessAthan'the néturél backgrohndvlevels. The effect of soil As on
plants-depends oh the soil tybe and presence of other netals, but 5 ng As
per kg of soil can affect plant growth. For plants grownbin~A5 containing
soil; the roots exhibited the highest As concn., intermediate levels were
detected in the vegetative top growth, whilst the edible seeds and fruit
contained the lowest levels. Soil nicroflora generate di- and trinethyl
arsine which is insoluble and therefore not toxic to plants (Waste

Management No.20, 1980)

i@



vable 1.241. Threshold linits for As and sone of it'c conpounds

(Uaste Managcoent No.20, 1980)

— - =

Porn Level (ao Ag)
Asgﬂa production 0.0 ng DQS
As,0, handling and use 0.25 ng o>
Calciun arsenate 1.0 ng Dw@
Lead arsenate 0.04 Dgﬂm—s

-3
AsH3 0.05 ng m
As in food 1 ng kg-l

As in non alcoholic beverages 0.1 ng kg;l
As in alcoholic beverages 0.2 ng kg
As in food additives 3 ng ke~

As in drinking water 0.05 ng 17!




1.25 Industrial exposure

Chiefly occurs by inhalation and ingestion, about four £ifths of which
renains for nany Donths in the llver,~mbdominal viscera, bone ,okin, hailr
and nails long after 1t has disappeared fron the urine and faeces. A very
onall quantity is exhaled as trinethylarsime (Clayton & Claytom, 1981).

| Groups of workers particularly at risk include those in insecticide

fornulation, forestry workers applying silvicideg of cacodylic acid and the
repair and cleaning of furnaces. It is in these environments that
biological filters may find protective applications. Metallic As is
essentially non-toxic, hence workers in the sémi—conductor industries are
not at risk. Although arsine (AsHa) has no indﬁstrial applications, it is
generated. whenever reducing acids come into contact with As bearing
naterials and is highly toxic (Clayton & élayton.lssl).

Prolonged exposure to the toxic forms of As has resulted in the

following physioldgical disorderg:

i) ﬁerﬁél effects - cutaneous lesiohs 1n-§brkers.hahdling As
insecticides or in the c0pper‘ore smeiting industry.

ii) ﬁUCous menbrane defects - the As dust fron éapper snelters,
forus arsénious acid when noistened, reshlting in perforation of
the nasal septum.

iii) Gastrointestinal disorders - nausea and voﬁiting.

iv) Peripheral neurits - pain and burning in the affected limbs.

v) Haemolytic aspects - symptoms disappear in 2 - 3 weeks.

(Clayton & Clayton, 1981).
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1.26 As an a poigson

hite arsenic (As203) was popular with poisoners as it could not be
detected before the days of foremsic analysis. Fanous users and parveyors
of Ac as a poigson include the Beorgia faﬁily, Toffana of Sicily and ladane
La VYoicon. The danp condtions prevailing in Napoﬂe@m“s rocildence en ét
Helena nay have cncouraged fungal growth under the wall paper in his roon,
converting the arsenic containing pigment, Scheele's Green {(copper hydrogen
arsenife), to trinethylarsine which may have led to his death in 1821
(Emsley, 1985). A more recent case is that of the poisoning of a family in
a Forest of Dean cottage (Challenger, 1945).

The reported acute toxicity level of A3203 for laboratory animals
varies from 8 to 500 mg As / kg body weight, aqueous Aszoa being
approximately ten times more toxic than solid Aszoa_ The smallest recorded
fatal dpse for hunans is 130 ng, whilst 200 to 250 ng is enough to kill
nost peqple. Symptoms of a fatal dose include abdonimal pain and voniting
usually within half'aﬁ hour of ingestion, death folloﬁs 12 to 48 hours

later. Althopgh As was believed to be carcinogenic, it requires a

2%

respiratory irritant such as SO, metal oxide fumes or cigarette smoke to

2,
elicit a response (Clayton & Clayton, 1981).

The limiting faétor»in the surviyal of arsenic poisoning is the liver's-
processing capability. A person with an average weight of about 70 kg
contains‘appfoximétely 10 mg As, which is continuously converted to

dinethylarsiﬁic acid ((CHs)zAsoaﬂ) and is passed out in the urine

{Emsley, 1985).
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1.25 Toxlecity nechanisns

By 1909 Ehrlich chowed that thiol groups were involved in Ag poloconing.
The effectiveness of British Anti Lewisite (BAL) thera@y.még defined in
1983 by Gunsalus, who showed that the As mercaptﬂde.riﬁé?fgrned‘durimg the
inactivation of the pyruvic dchydrogenasce cenples ﬂo~gidgvéd by BAL SH
groups to regencratic 1ipoic acid (Clayton & Clayton, 1@@1),

In terms of toxicity :

Arsonous acid > Arsenous acld > Arsenic acid

HAS(OHZ) AS(OH)3 ASO(OH)S
(+1) (+3) (+5)
Immediate Delayed
résponse response

Arsonous acid (Rig. 1.271) reacts with single SH group enzynes to forn
a binary complex (1), reaction with a Donothiol-yiéids?gfrelativély stable
ternary complex insensitive to further reaction ég);;AmdifhiqlAalles~the
As]group to bind to one SH group , whilst thé-@tﬁer Sﬂ'd;séiaéééﬁfhe As
’(3), releasing an active enzyme (4) and a cyclic dithiﬁéégér'($).;9ﬁéh a
pathway explains why monothiols inhibit;en2y5§»a¢tibn.éﬂdidithiols

reactivate As blocked enzynes (Knowles-&gﬁénﬁoh, 1983).
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Enzyne-SH ‘HAsO

Enzyne SAS(M)OQ- <E>

[ —

Dithiol CHZSH RSH Monotiol

;b.

SR
® wl  ®
\SéEnfz”me,
inactive

Enzyme-SH, active ~

HAs

G

Figure 1.271. The action of mono and dithiols on the arsonousvacid

blocked, enzyme thiol group. (Knowles & Benson, 1983)
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?énfavalemt As, such ags AQZOS cd@pctcs'ﬁith the phusphatc’ﬂoha invelved
in rés@irmtory phosphorylatidn‘éhd»ig sixty tines idés toxic th&@ trivalent
As, whilét‘trimethylarsine ig less toxic in food than in oir (?érguson &
Gavis, 1972). |

The production of thiosalt - rctal conplexes by fungl koo beon put

forward as a detomification ncchanien (Welnwright & Grayoten, 19833}

1.28 Detection Methods

A lack of forensic tests for As prompted John Marsh.to devise a
suitable procedure, saﬁples of evidence were digested by heating in &
strong acid and metallic zinc was added to generate arsine, which when
paséed through a heated glass tube formed a nirror of As on the cooler
regions of the tube (Eésley. 1883). The Gutzéit‘fegtralso'relie& upon
arsine production but utilised Defcuric cthride paper t6 indicate the
presence of As (detection range = 0.04 t§ i pg). A:number of tests are

@réSeﬂfly3a§aiiéble*(Téﬁie-l.zéij{Leder & Fenstérheim; 1981).



Table 1.281. Detactlon of Ac and sone of 1t's coupounds

(Lederer & Fensterhein, 1981)

Methed Detection 1init Forng detected
{ppb).
Hydride generation & 0.0003 Aréime

FAAS .or GFASS

¥ - ray fluoresence 0.05 Various
GFASS 0. Total As content
Neutron activation analysis < i Vafious
Molybdenum blue colourimetry : 1 Arsenate,&,arsenite
Différenfiél/sweepnpulse - 2 - 6‘ Arsenate'& arsenite
polarography
Silver disthyldithiocarbamate 20 Hethyl arsine

io. Arsine

‘Interactively coupled Plasna 10 - 80
Euission Specirophotonetrv

‘Héteropoly acid spectrophotonetry iOO

Total As content

Various

il

FAAS

GFASS

" Flame Atomic Absofptidn Spectrophotometry

Gas Furnace Atomic Absorption Spectrophotometry

Gas or High Performance Liquid Chromatography is used to fractionate

samples with a nixture of As forms

26
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1.29 Disposal of As wasto.

About 9 X lﬂs‘tqnmes of As beariﬂglwaste 1o dlgposed of per anaun, in
landfills (éqwivalém& ta 1,048 tomncs;Aébwﬁimé 18 X ﬂ@@ toﬁmes;pér annun of
doneotic waste ﬁi@@_ﬁdmmcs As). @ldhtammesﬁ ma@te~@wé@§iaré'619©'af8@@3@@
of As pollution, resulting fron the msél@f arsenic mui@hi@eé ag
depilatories and sodium arsenite as a rau hide preservative / biocidal

conpound.

In well aerated bioactive soils arsenate species occur as stable

H,ASO,

forms (H, Aso4 » Hy,AS0,

HASO4?_)' whilst uhder moderately reducing

HASO 2-

H, Aso 3 » HASO,

conditions arsenite species predominate (AsO H Aso

2 3 !

). when_gﬁlbhidé is present , As,S; and Aszs3 occur as stable 8011d$ &ﬂd at

w?ﬂ'val9@sile§§ tban 5.5 , HAsSa and Assg are present Stable elenental As
has.ﬁeéngdgteCted'uﬁder sone gonditions albgit,with-a loqug;ubilty.
Although arsine nay be forned under strongly reducing »’co'hdiiiron's, it 1s
only slightly solible afﬁd—‘déédmpogeé ?F@m‘lyib‘f s, on exposure to. light
an&rmdisfure."Lgnﬁfiil:tHErgféré genér§§§3“furfhéﬁ‘éhqﬁlémsuas a wide
rahge of As fdfhs o¢¢ur,'s¢me more hazérdous,tBQn-othgrs»fﬂas€e Maﬁagééént

No.20, 1980).

Using elutfon of As from a lime - ferrous sulphate sludge, containing
acidic arsenate, the mobility of anionic As was fouﬁd»to Sé Ioﬁ.in‘séils .
with a high, clay cqntent, hydrated oxide composition‘and surface area. The
mobility of As increased in soils where the above paraneters were low.

(Waste Management No.20, 1280).
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Land?fil1l waste slteo are oubjected to absorption, d99@r§ti@m,
oxidation, reduction and nicrobial degredation. Anserobilc bacteria produce

short chain fatty acids and nethylate As to dinethylarsine. Acrobic

denethylating bacterla have also bden~ié®1atod. sueh specicos could. be of
uoe in e nixed culture bioreactor vhere the As accunniating @rg@mﬁsm tendd

to generate arsine. (Fig. 1.201)(Uaste Managetent Nb,ZO,-1®8©).'

The observation that arsenate and arsenite forn low solubllity
conpounds when precipitated by éetals has led to the developient of a nixzed
lime - ferrous sulphate system, which can rémove up to 99.29% of As in the
range 2 to 14,000 mg/l. The main disadvintages of such a system are the
large volumes of precipitant & extensive holding tanks requirgd,and the
need to dispose of the precipitate. A biofilter is a nore cobpact

alternative and can operate continuously.
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Cacodylic acid

*?mé ‘
AEROBIC ZONE HO ‘ﬂs' 'Cﬂs
1
Aefobic oxidation
'Anaerbbic reduction
ANAEROBIC ZONE AsH(CH,), <
Dipgthylafsihe

Figure 1.291. Oxidation /reduction of arsenic between aerobic and

anaerobic environnents (Waste Management No.20, 1§§0)




To deterpine the potontial riok of Ac contaninatien @ﬁ;@@@@@ﬁ:ﬁgﬁ@w

¢lewlag. fron @: lend?i11 0ite. & Bofo:helo, tan

éo;@m, of tho %@h vb@?éﬁfdﬁow s ﬁdédg;h
poninun pornitted dovelic fer drinking cator CEO“H@ Wonlt% AL'B© &y
propoced Ligure)). Thus C@mﬁﬁ@ﬂlcd loand# 11t of Ao @ffows li:yu;ﬂ g@éf‘ﬁ@

ground water contdhination. (Wasto fanagcnent No.20, 1980) .

Arsine generation is more of @ potential danger, 1f arcenic béaring
wastes cone into contact with dilute nineral acids and:netallic Fe, Cu, Zn
or caustic alkali Al, and Zn. It is recomended that mrsenic’béa?iﬁg pastes

should be deposited at sites tith a neutral @ﬁtaonpagagain.§$;DQQ5DROV@

feadible to screen the environnent for organisng which adc@éﬁléﬁé#ﬁﬁig~g@s

and use»théﬁJ@sia'bﬂol@gﬂcal £1lter.

Due to it's abundance, the prices of Aszca is~qelative1v low and thus

E@covery of 1o grmd@ Asg, @3 fron wagte tipé is_nof. éédﬂoﬂiﬁall?'ﬁﬁébiéw But

AL present price trendo continue (ﬁ&@/tonme in 1973 rﬁoing to E@O@/t@nme In

1979) biorecovery of Ae frog'mggte:produﬁer9=may become attr@cﬁiye;inzthe

gutuce (Waote Managenent No.20, 1980).
1.3 Arsine

Arsenic trihydride, or arsimne, eAaﬁs) is a colourless, £lénmable gas
with a garlic like odour attributed to it's téliuriuﬁfcoﬁtent.érggne is
harnful in 1 to 20 000 dilutions, although blood tranafusiona and

adninistration of dithiol cnsures rapld recove?y Most danage arises £ron

haecolysis, resulting in kidney damage mmd thug @ D""* o

monprotein-mitrggem levels. (Clayton & CIayton. 1981 C@rapella,fg

30
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_ : 1€, , o L o
It 1o now bei@}ved that afsing.:is not the reactive toxic forn (Knouwles
& Benson, 1983), but is oxidised end tautonérised, béfore Czerting a

heetiolytic action:

Bolly ¢ g jpOp=smco HylioD == £ W ASOH

Argimc Arsine exide Arcinous acid

The reconnended threshold limit value of argine is 0.03 EPD»(as As),
the thréshold odour of 0.5 ppa is thercfore not a suit&ble~mafmingv;evel
{Clayton & Clayton, 1981).

1.4 The Arsenlc Cycle

;Thé link betgegn'gegchemical and biological As cycling occurs when
arsenic cOdtQihéa:iﬁ:sédiﬁents’ié“rél@aééd'into nétural_watepﬁgys. The form
of:Aswpresénf ﬂé@ébd@.oﬂ the pH ahd,réddx potential of the eh#irqﬁment
(Fig. 1.41). Shch:épgciesKQCCumglate'to a much higher level in tarine food
chains than those ofﬂfresh@afér.‘(TabIe lﬁéi)

-The'uétabolip'acttvity‘of Diprpqrggngéps plays a large part in the
nobility of tqgié naterials within the §nv1r§ngént, théApfdp93$:Qf
.Dgfhyiatign péopgﬁiy,serving as avmeénspof‘détpgificgtion GF{E,1‘42).
Agséﬁic-releasé has also been deteéted’ffpé;bfﬁiment. enargite aﬁd

| ér§enopyr1te, probably via the catalytic activity‘of autotrophic bacteria
whléﬁ ére knotm to coﬁvertfsulphidé ﬁb,sulbﬁ&ié and ferrous to'fefric iron

{Ferguson & Gavis, 1972; %Wood, 1974) N




Ehlvelts)

Table 1.431. Bicaccumulation of As in fresh and sea water

(Perguson & Gavis, 19272).

Environnent Level of Ag Maxinun accunulation factor

fron previous trophic level

5 -1

Sea water 5% 10° to 5% 107° ng 1 -
Marine plants i to 12 kg—l 2 % 10°
Marine animals 0.1 to 50 kg—1 4
Lobsters 200 kg-I 4

-2 -1
Freshwater 1 X 10 ng 1 » -
Freshwater fish 0.1 to 0.2 kg'1 20

- 025

kg™’ values are dry weights

0-25-
.;;©?ﬁ

=f©f5 :%:’
- @.75 TE

0 - 7. . 1&
Figure '1.41. The inorganic chemistpyaof arsenic in natural water

systems (Ferguson &yﬁgyis, 1972)
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Figure 1.42. Microbial;gqbilisation of ‘As throughout the environoent
B Bacte;i§i conversiQn F Fungal conversion

(Hood, 187
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1.3 Blological processing

1.51 Algae

Algae nay represent a significant resé?o&? of As in the narine
cnvironnent because of their ablility to co@@emtrato As by up te ehe hundred
tines the cextracellular levels. For the blue-grecon alga, E@qggﬁ@iggy
Matsute ¢t al (1984) cshowed As (V) uptake fron the envirenhent, reduction
in the tissues and rapid excretion as As (III). Ueakly bound As, probably
at it's nucilagenous surface, was excreted rapidly, whilst tightly'bOUﬁd-As
was released at a slower rate. For the marine alga Dpng}@pﬁ;a sp. growth
was inhibited by 3 000 mg As 17! (Yamaoka & Takimura, 1986).

Some species incorporate As into their own molecular constitution,

LTetfasglmis chui stores 0.5 % As in a phospholipid (Lederer & Fensterhein,

- 1981), whilst the brown kelp Eklonia radiata forus 2-hydroxy-3

sulphopropyl-5 deoxy-5-(dimethylarseno)furanoside. As Eklonia is the najor
organisn that concentrates As in the coastal ecosysten, 1t nay well be the
source of Aévfor'ofgmniébs higher upithe food chéin, Whicﬁ'convert As to

arsenobetaine ((CH As#CHZCOO—) (Edmonds & Francesconi, 19281).

24

A,nﬁmber of mariné algae, when cultured in arsenate ppoddced
O-phosphatidyltrinethyl arsonium lactic acid and 1éd Cooney, Munnsg and
Benson (19?8) to tﬁg conc)uston that‘thig was a détgx&fipation procedure
with the potential fOr\dégmedation in food.chaihs.

Since vertebfate proteins avidly sequester and accumulate As (ﬁew
detoxification pathways exist) Knowles and Benson,(1983) suﬁggst that
aquatic plants take up As inadvertently, during their qhest for
phosphate.The giant clam Tridacua harbours symbiétic algae in itfsrm$nt1e.
which, it is believed, convert arsonous acid to phqspholip&d:debivaﬁivés
for membrane mediated excretion of the As. Reduced and detoxifiéé fbrns of
As may then be utilised as an energy source by bacteria (Fig. 1.511)

(Knowles & Bensom, 19283).




;52 Bacteria
MCBride & HWolfe (1971) utilised radioactive As to follou it's progress

in MNethanobucteriun. Under anaerobic conditions with the nethyl donor

cobalanin (CHy-B,,). H,, ATP and Ac, o garlic odour cttribited to
dicethylarsine accunulated in the rea§fﬂ6m £lasks (Pig. 1.521)., whilst
nethylation was imhibited by the presence of methyl‘vﬂolbgcﬁ;
honocysteine,seleniun and tellurium. Potential polluti@mshazar@s{mEISG,whem
the As pesticides, sodium nethylarsenate and-caib;un/lead @rsenate are
leached into anaerobic, aquatic or terrestrial environnents, apﬁ becone
converted to poisonous arsiﬁes; Thé'Smalléamount of As present in high
phqéphate'deténgents¢méy get hydrogenated or methylated in anaerobic sewage

sludge digesters (M Bride & Holfe, 1@%1).
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' PﬁbtbqynghétiC'OEEanisms |

=N
Klgas ,J
TR S

ReduGtion and-elkylation

Regencration of oxidised forng

- Non photosynthetic organisns

Bacteria

Figure 1.511i. Arsenic transformation between photosynthetic &

.npon phbtosynthetib'organiéms‘(KﬁpwiéS'&‘Behsdh; 1983)

Arsenate +5 Oxidation

State
3 '

CH.~B. -

+3

,35'Bi — ‘

i2 e .
Dimétﬁylarsinic aﬁl&.+1

Dimethylarsiné -3

4e

Figure 1.521. Methanobacterial methyimtinn;bfgaxgeﬁip

B, = Betaine (i°Bride & Wolfe, 1971)
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1.83 Fungi
Sevére~65§és of As poisoning vere reported in 1815, a marlic odour was
noticed in roons where arvenic pbﬁs@@ih@“ﬁéd occured: (Gnelin, 1839) and
that 1t was nould grouing under the,ﬁaji@a@cr*whﬂéMAij,?Qsﬁdﬁsible-EOE the
generatien of arsime (Sclini, 1074) . Pfelﬂéﬂ@éwyiéxﬁémﬁbémtcfcgﬁrﬁéd;@mt‘im
1897 by Gosio utilisimg?@@tét@b~mash%Coﬂtaimiggfﬁrsg@i®ﬁ§~oxid91 evolved a
garlic odour after colonisation by fuﬁgi amd*bactérﬂa. OMIV the ﬁoulds were

found to volatilise the arsenic i.e. Penicillium brevicaule Saccerde (noty

named Scopulariqpsis brevicaulis) Aspergillus glaucus A virens and Mucor

mueedo . The gas- was termed Gosio gas but incorrectly assumed to be
diethylarsine ((C"H ),ASHO (Bignélli, 1901). It wds not until 1932 {hat

the gas Has . correctly identifed as trimethylarsine (.(CH,. ) ,As) (Challenger,

3)3
Higginbottom & Ellis. 1933) Scopular1opsis brevicaulis has also been

observedxto;methylate the seleniun and tellurium‘available in the growth

nedium, to dimethylselenide ((CH SeK) and dinethyltelluride ((CH TeH)

3)2 3)2
(Rosenhein 1902; Challenger & North, 1?34; Bird & Challenger, 1939; Barkes
& Flemming, 1974).fBegause of these characteristics. $. brevicaulis - has
been a ‘popular organisn -for the study of bibmethylatidn» The yeasts

sacchappmyéeé‘CEpéyisiaév.§. carlsbergensis and S. ﬁopaCensis did not

,yiéldvgérlié odours when grown on Detallbida (Challenger & .
niggiﬁhattom,lgss). indicating that few species exhibit nethylating
capabilities.

Both acetic acid and formaldehyde have been intimated as essential
initiators of methylation (Challenger, 1945), but Challenger and
Higginbottom (19235) were unable to provide any'eQidence to»sﬁpport these
nodels, and favour the transfer of methyl groups fron a nethylatedvdonor
such as choline or betaine (both molecules are present in fungi), because
sodiun selenite and sodium tellurite, when heated in the.presence of

betaine yielded dimethyl forus of both metalibids.




As cethylerdonic acid, c&ﬁdylic ackd and hydromytridethylorceniun
mitrateproducedarsine when —p‘i".ézi_;?mt as subotrates im broad cultures of S.
brevicaulls a nethyl donor was intinated (Figurc 1.631) (Challemgor, 1945).

Sﬂﬁﬁms'(1941)~stmdiéd the potential EEQQRQOW@ of @h@lﬂma-dugﬁng
nethylation . Total choline comversion wag mot observed and the author
suggested that the fornation of trinethylanine, other nitrogencus products

or incorperation into mycelial phosphatides, had occured.
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Trinéthylarsine.

Figure 1.531. Proposed mechanism for trimethylarsine production in

Scopuiagiquis,breviéauyis

R - reduction ! = isonerisation (Challenger, 1945).




Challenger, Lisle & Dransfield (1953), found methiomine to be a nore
cffective nethyl demor thin cﬁi»}i_ﬁﬁg o betaine for As,Se & Te -é’@fweﬁgwm, s
brevicaulio has beon s,hcwni"tn cleave nono and e’l‘is,ulpmééf-b'omlﬂs-, reoulting
fn pDethylthiol groups (Challengor & Cherlton, 1946; Chéliéé@g@;&”ﬂbﬁﬁhér.
1950) and to generate aromatic ketones (Blink &uﬁriviq;.iééﬁﬁ.’fﬁe
formation of a poisonous gas is one of the Dajorfd$§qdbéniggés associated
with the use of fungi as biofilters.

Arsine production has been recorded in cultures of Tticnophytﬁn}rnbnum

when grown on 1.5 mM to 1.6 mMarsenate, arsenite did not éiVe.rféé.to the
evolution of a gas”(ZPSSQan, 1961).

AfSﬁi@ey of recent liﬁeraxure'onrthevsnbject>df bialogical folérénée
and»éncumulation ofnmetalioidsffeéealgd sfuﬁieswby Stokes~&iniﬂd§ay (1979)
concerning copper in Penicillium ochro chloron and selenium volatilisatlon

by eight species.of Mortierella (Zieve et al, 1985) ~Wainright~&'6rayston

(1986) observed that Asgergillu nige & Trichoderma harzianum oxidised the

sulphites of copper. lead and zinc (but not cadﬁnum) to sulphates No up
to,dat@; articlesnwere fqnnduconcerning the resppnse by;fung; to(the~
ptesgnCQAné;ansnnic inzthgkgroﬁthngédium.

1.6 The fungi 1nvest1§atgd.

The'tolerance of As by fUngi has not beeniwell dUcumenggg*énéféénbably
reflécts the linited no. of snéciés which can grow inrit?suﬁieggncg..The

two fungi selected for this project both grow on As: Phaeoip@»échwéinitzii

(Fr.) Pat. has been isolated frop a mixed microflora, on a sgléCfive;mediun
which contains Tanalith, a copper-chrome-arsenic weod preservative

(Barrett, 1978). Whilst SgppninrIopgisgbr6vibnulis (Sacc.) Béﬁn}éb has been

associated with cages of arsine pogéqhing (Challenger. 1945), as a result

of it's growth on substrates contginingaarsenic.
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1.61 phagolus schwelnttzil (Fr.) Pat.

(Classification No.: B32 (D.Barrett, pefcdonal cenfunication))

A fungus which causes root- and butt-rot in a vide renge of conifers in
Europe & North Anerica, rcsulting im the loss of ¢itber. The nost conhon

nede of imfection, in Brltain, s through the roots. (Deowoy., ot al, 1264)

1.62 Scopulariopsis brevicaulis (Sacc.) Baimier

(Commonwealth Mycological Institute, Herbariuo III No.: 273419 )

Originally named Penicillium brevicaule by Saccardo in 1882 but

reclassified as Scopu;ariopsis brevicaulis Bainier (1907) this species

occurs riainly as a necrotic secondary infection on plants as well as being
an aninal parasite. It has also been isolated from & variety of
environments: the desert‘sdils of Saudi Arabia (Abdel-Hafez, 1981) and
Egypt (Moubasher & Houstafa, 1970), fron the Egyptian Peanut Arachis
hypogaea (Moubasher, Abdel-Hafez, El1 Hissy %'Hassan. 1980), canary seed,
wheat grain.-soya beang. ground nuts and hops (Morton & Snith, 1983),
stored fodder (Scurti, Cantini & Colggﬁ; 1289), fungal infections of
chickens (Chgte & 0'Meara, 1938), biids nests, feathers and droppings
(Hubalek, 1958), antarctic penguin colonies (Saez & Lesel, 1969). Also fron
idomgsﬁic sewage treatment plants (Becker & Gardner Shaw, 1955}, food stuffs
(éurbianka & Stec, 1672; Hénnebeng & Kniefall, 1932) and marine °
environnents (Dewey, Hunter-Blair & Banbury, 1984; Kohlmeyer & Kohlmeyer,
1979; Uright-Steele, 1967)

S brevicaulis.is characterised by short coﬁi&iophores of one to three
cells, each branch terninating in several annellophores (cylindrical & 8 -
4 pn in diameter, 10 - 251@3 long). The cpmﬂdi@ are roughened on the

surface, exhibit sten like points of attachoent at their base and are borne

as long chains (&1aﬁeter =5 -7 wn, see Pig. 4.334). Young conid1&7mﬁy
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Lagk a-ro@ghgnqd surface anﬂ:solﬂxé?y élé@?i@@p@fes octasionally oocur_in
place of the conidial chains. The hyphae are septate and neagsure 3 pn in
dianeter (Martin-Scott, 1984). Cole & Ken@rﬂck (1969) provide an
which ensurced the production of long chaiﬁﬁ»@f conddia (Cole, Nag Raj &
Kendrick, 1969). Further transniscion amduscg@mﬁng é¢lectron Dicrographs
were used to confirn the views obtained fron light olcroscopy (Cole &
Aldrich, 1971). Hdémnil (1971), recorded tlie presence of a spherical
eléctron dense body which plugged the pore between conidia and
conidiophores. Upon exposure to uranium acetate, radioactive sedinent,
fungicidal comgoun@s,and nystatin,vg bregicgolis responded with the
prodyction of enlargéd’annellobh6r88,and'réducéd coniﬂiophoﬁos {(Fassatiova,
1972). |

édléniéé vary in coloiir from white tﬁggéﬁh buff (the isolate used in
this pfojéct) to blaéR;4Which~darken with égéu Whénﬂgtoﬁﬁ-on,Dait<ag&:Aat
24°C the cbgogy;diaméter-reaéhes—QS-- 55~ﬁgﬂ§i§hih 7~days;vappgagipgﬁwhite
and tfénsiﬁééﬁt at first, thénﬁfépidly'&&rkénfﬁg--Theﬁnarrow.régton'of
active growth at the colonies edge renains white Growth ‘on 0zapek—Dox
Dediumresults in a Duch less dense nat of hyphae and at a much slower
rate. On all fornus of media a few hemi spherical growths occur which remain
white in colour At 5 C no growth occurs, at 18°%¢c the spores present
produce a single germ tube thr0ugh the base of the”spote and.only réarely
doos a second apical tube appear. Raising the temperature to‘2§QC'doubles
the growth.rate and induces sporulation, with the samé-gromth rate at 30°C
but an increase in the no. of spores. At 3700 oniy slight growth was
detected (Morton & Snith, 1963). Dewey, Hgnger—Blair & Banbury (1984) found

that 8. brevicaulis grew better on xylan or araban as solc sources of carbon

, than on glucose and having been isolatéﬂgfrom Philippine seaweed,
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floﬁrisﬁbﬂ in o caline ﬁé@iﬁﬁ{dpﬁi@ﬁﬁigroﬁth occured in 200 i1 NaCl and
contdia gerniiated in frosh Son sater).

Onychonycogis, & chronic &@? f£iQn~df the nail platc was £1irst noted to

involve 8. brevicaulis by B }Eaﬁgekon (1910), who desifnated the

organicn 3nvolved, S. b:eﬁicaj” ar. hominis. A fufther 18 Pronch ¢dnés
were recorded Iin ﬁ@i%'by»weil &;Cg@ﬁin. The requirenent -for an initial
infection site other than nails wgs noted by Rocca fiQZQ},VMuster & Paillard
(1242) cultured §. @;gggggg;gg' fron 3 cases of interdigital mycosis and
one case of erythro-squamous patches occuring over the whole body. The

growth and deep penetration of S. brevicauiis on a previously cleaned

calves hoof was used by Blank (1951) to show that S. brevicaulis is the

main cause of onychomyc081s (also Schoenborn & Schnor{'A 1970) @artin-

Scott, (195%) described the keratin air channels for"‘“

.rv

Y. the invading

fungus. Relatively recent cases have been reported in

Sydney (queinhardt 1972; Onsberg, t980-'Frey“&zMui' blééi)wThe’éﬁidiiy of

S. brev;eeglis to- tolerate: arsenic. invalidateswth* use- of arsenic

préparatibns as therapeutic agents for these skin‘

I@Sé). In~Perker ink stainedyvonychomychqtic-nail sa

to differentiate between infection by S:

pyddermatouSApIaque on thewscalp of a Japqggeibov (Tegﬁﬁ1.1970~).

Injection of this fungus into nice (Mankowski, 1966)‘:e§@}ted>1h
advanced amyloidosis of the-spieen. liver and kidneﬁs; Chnoeec infections
were characterised by hype:plggiazef the 1§m§h noees and'fgfmaiion of
lymphoblastomas. The use of 1%&glﬁ§araldeh§deiaé en«anx%myﬁaffc agept_has

been suggested:(Débrowa, Landeﬁ;&fﬁeﬁcOﬂer, 1972). Fungi isolated fron

Hawaiin soil (Blunt & aaker, i§§ﬁ};ﬁgve heeh found to produce compounds




which ¢xhibit antinycotic apﬁﬂvfty¥tQWéfa§ethé huben pathogen
§. brevicaulds.

The use of biological materdsl in industrial surrcnndinge pust aot
create potentlal health hazards. As the igelate uced in thic projoet lo a
pathozen of seavedd dnd pathogenicity tests on nice proved m@gatﬂvo'f@he
nice survived cxpesure o 8. brovicaulic spores) it fo assileéd not to
exhibit any dycotic activity against hunans. Réferences to a hunan variety
of this fungus (Bruopt & Langéron, 1910; Henketiski, 3260) indicate that not
all . brevicaulis isolates are onychomycotic.

An extracellular protease asgociaféagwith §,fbreﬁibauiis has been
noted to hydrolyse csasein, haemaglobln gelatin. fibrinogen fibrin and the

A and B insulin chains. Whilst lom esterase activity was detected Tittle

or nowactivity waS‘observed'£Or-a Variety of peptides exceptvpolyéh—lysine

and poly—L—glutamic acid (Singh & Vezina 1971 & 1972; Yoshimura & Danno,

f(Deweya.HuggersBlair~&mB§nbury; 1984%:‘?r9t§a8§. ;creiippfianot*afcouuon

ena- anongst fungi and ts present in §. brevicaulls because of it's

high é?ﬁﬁe{§~envirdﬁﬁ§pt;kﬁumén tissue.
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2 ‘PROJECT AINS |

The directive for this study was to in§gsg1gate the ability of fungi
(particularly §. brevicoulin) to cktract and accunuldte arcenmic, for
potential use in the récovery of arsenlg fre ﬁmd@ﬁt?ﬁélgwgéﬁqa. To achieve

these ains a nuober of experidents were outlided:

1) Growth in a variety of environments
i1) Testing the culture fluid for a reduction in As concn
1i1) Téstlngrthe myceila‘for=As acqgmulat1on-_

iv) Testlng for arsine evolution

V) Detection of As specific extrm/int"acell”lar e‘zymes

1. AsseSSDeﬂ,,,Of spore resistance 20~ ni&

i1 ) Investlgation of the change in cnlture fluid viscosity indmced

during growth in As
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3 MATERYALS AND METHODS

3.1 Sources of bilological naterial.
The two fungl investigated were subculturcd fren the fellewing
inolates:

i ) Phaeolus schweinitzii was isclated from iInfected soil by

D. Barrett

ii1) Scopulariopsis brevicaulis derives from the Philippines, intimnated

as the cause of the disease " Ice-Ice " in the red seaweed Eucheuma (Dewey,

Hunter-Blair & Banbury, 1984; Uyenco, 1981).

3.2 Subculture techniques and growth in a variety of conditions.

3.201 Subculture technigues

Unless stated.othgrwise, all cultures were grown in or on 20.nl of 50 g
1.1 malt (presterilised at 12000, 1 bar for 20 minutes) in 8.5 cn dianeter
plastic petrivdishes and 1ncubated for ten days at 23 +/; 2%c. solidified
nedia contained 20 g 1_1 agar. All plates were poured'in a sterile airflow
hood and inoculated with a 4 om diameter plug of culture grown on agar, cut
with an ethanol flammed cork borer from the growing edge of each inoculum

plate. All solutions (v/v or w/v) and dilutions were made up in distilled

water unless described otherwise.
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3.202 Growth of §. brevicaulis and P. schuelnitzii with Ac.

At

To select the fastest grow and hence probably the fastest As 4

accumulater, four replicates of the following treatments were inoculated

with both opecles:

a) Ligquid Dedi + 0, 7, 15 & 30 pg nl~* As (as e HASO, 7H,0) X
b) Sol1d medi + 0, 7, 15 & 30 pg ol ' Ao (ao Na,HAcO, 7H,0) x

One sterile disc of cellophane (preboiled in 1 g 171

Ethylenedianineteraacetic acid) was placed on each solid plate to
facilitate colony removal. Due to a lower growth rate and As tolerance

(section, 3.209) exhibited by P. schweinitzii, only S. brevicaulis was used

for the rest of these experiments.

3.203 Dry weight determination.

All mycelial samples were sep%rated from the culture fluid by vacumn
filtration through a Buchner funnel, containing a 9 cm disc of filter paper
which had been premicrowaved (10 or 20 minutes) and weighéd. The inoculum
plﬁg was removed and the samples exposed to microwaves (700 watts) for 10
to 20 minutes {depending on the nass of mycelia present) until dry. To
ensure exposure times were correct,a set of 5 samples of myCelia plus

filter paper were weighed every 2 minutes of microwaving to check that

mycelia which appeared dry, contained no residual moisture.

3.204 Growth on increasing_malt concn.
To determine the most efficient malt concn. for growth, five replicates
of the following malt concn. were set up with ligquid and solid pedia:

1 1 1 6100 g 17!

10gll, 20g1, s0g17!, 70g1”
Growth was deternined from dry weights (liquid culture) or colony
diameters: an average of two measurements taken at 90 ° to one another

(solid culture).



3.2085 Growth im the light and dark.

Five replicetes of 50 g 171 malt were inoculated and grown under a
nornal day/night photoperiod, whilst give nore replicates of S0 g 1*1 nalt
were inoculated and covered In a double layer of black p@lythenc. All

plates were incubated at roonm temperature for ten days.

3.206 Growth at different values of medium pH.
The pH growth range was assessed by changing the pH of two 500 ml

bottles of 50 g 1 *

malt sequentially, one pH unit either side of pH 5.0
(untreated value) using known volumes of 1 M NaOH or 1M HCl1 and a pH
electrode and meter. Five liquid replicates were poured and inoculated for

each pH value. Dry weights were ascertained ten days later, together with

any change in pH.

3.207 Growth in the presence of As (II1), Se & Te.
Five, 50 g 1—1 liquid plates were poured with the following amounts of
each compound, to form a 500 pg ml > concn.:

Mr Weight added (mg)

sodium-m-arsenite 129.920 886.7
sodium tellurate 273.62 : 182.6
sodium selenate 369.10 246.3

3.208 Growth on Czapek-Dox medium (Dewey et al, 1984).
Investigation of an alternative medium: Ten liquid and ten. solid

Czapek-Dox plates were poured, containing:



a) 100 6g KH?POA in 50 nl-distllled water
plus
0 <+ 50 ng KC1

b) 200 ng NaNO, + .50 og MgSO, 7H

4 "2
+ 1 0g FoS0, 7H,0 ia 50 nl distilled water

Dry weights and colony dianeters were neasured.

3.209 Growth on malt nedium with increasing concn. of As.
Two experiments were set up to determine the lethal As concn. for S.

brevicaulis and P. schweinitzii utilising two liquid replicates for a 0 to

100 000 ug ml—1 As concn. range and five liquid replicates of S.
brevicaulis only, for a 0 to 40 000 ug ml—1 As concn. range. The cultures

wére'harvested ten days later and dry weights assessed:

NaZHAso4 7H20 Effective As
added concn.
, -1 : |
(mg 100 ml ) (pg nl °)

i) 0 0 ii) 0 0
20.35 50 2 035 5 000
40.70 100 4 070 i¢ 000

101 250 6 105 15 000
203 500 8 140 20 000
407 1000 10 195 25 000
4 070 10 000 12 211 30 000

20 352 50 000 14 246 35 000

40 704 ioco 000 16 281 40 000
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The ¢following experinents were enploved to assess the feaslibllty of

greowing this fungus on & larger scale:

3.210 Petril dish grouth.
70 plates of 50 g 1“1 nalt were poured & inoculated and the dry weight
of mycella neasured cach day for 11 days after the date of inoculation,

then at 12, 14 and 20 days.

3.211 Shake flask growth.

Conical flasks (100 ml) with 20 nl, 50 g 1—1 malt plus sponge stoppers
were autoclaved and inoculated when 6001. The flasks were incubated at 23%C
in two shaking wafer baths (140 strokes/minute) and the growth of nycelia
in 4 flasksdeternined every tuo days. The contents of sone flasks were
sanpled and subﬁultured onto solid plates of 50 g 1-1 nalt to check_culture

purity.

3.212 Chemosﬁat growth.

Four litres of 50 g 1‘1 nalt were-made up in- a5 litre conical flask
and connected with 5 nm dianeter silicon tubing to a short length of 1 mn
diameter silicon tubing for location under theArollers~of a pgristaltic
pump. This media feed line was connected to a glass chemostat wifh 5 mm
diameter silicon tubing. A second 5 1 flask was connected to the chemostat
media overflow outlet. Both the media feed and collection flasks had sponge

stoppers, 10 nl glass pipette feed/delivery tubes and silicon tubing

breather pipes fitted.
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The fermenter was filled with 80 ml, 50 g Ii,—1 nalt and a magnetic
stirring bar added. A pair of sterilisable 0.45 um Millipore filters were
connected to all air inlets/outlets and wrapped in alluniniun foil, then
clanped prior ¢o sterilication to prevent noisture nigration. The imoculun
injection port was sealed with a suba secal rubber stopper and the ground
glass collar lubricated with silicone vacuum grease. All tubing/tubing and
glass/tubing connetions were secured with plastic fastners, the two media
flasks calibrated in litres and the optional ports blocked off with rubber
pipette bulbs. The whole assembly was autoclaved as usual and returned to
the laboratory bench for attachment to the media feed peristaltic pump, air
puiip and magnetic stirrer.

A sterile 5 nl syringe and 680 mm hypodernic needle were used to
repeatedly squirt 3 ml of sterilised O0.iM pH 8.0 phosphate buffer (2.8 ml

0.5M KHZPO4 +.32.4 ml 0.5M Naz

HPO, diluted to 500 ml at 25°C), across a
culture surface:to create a spofe sﬁspensianrof S. breyicaulis. One ol of
this sﬂspéﬁsion was transfered to @ bijou bottle for spore density
assesment (section, 3.91) and 2 ml injected into the chemostat via the
injectibh pbft, The fungus was grown in batch culture for 48 h to establish
a reasonable growth rate, then the media pump was activated, delivering
about 14 ml of media h_l. The collection flask sample tuybe was used to
sterily exctract a 100 ml sample of shaken culture each day and a 20 m;
subsample wés used for dry weight determination. The pH'of the sampled
culture and the volume of medium fed per daﬁ were recorded. Culture samples
were plated out on solid agar & culture vessels t§ check culture purity.

A magnetic stirring bar was added to the medium feed flask a few dqys

after inoculation & the medium stirred at low speed to prevent particulate

matter settling out (Fig. 3.212)
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Fig. 3.212. Photogiapﬁ of the chemostat whilst in operation.
1. Medium feed flask '

2. Breather tube and alir filters

3. Peristaltic pump

4. Alr punp

5. Glaés-CHEDostat

6. Mediun outflow port

7. Magnetic stirrer ‘

8;\M@dﬁﬁ550011ecﬁion flﬁsk

9. Culture samble'tUbe
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3.3 GCrowth in industrial caviromhents.

Inductrial cources of A were used to cboerve the rcoponsce to an

{nduotrial conteninant:

3.31 Growth on realgar.

A sanple of recalgar (AsS) provided by The Bilolomical Products Divisﬂ@n.
ICI Billimghan, UK was carefully crushed to a pouder in & nortar and
pestle. Three sets of 5, 20 nl, 80 g 171 nale plates had 50, 100 and 500
pg of realgar added to then plus 20 g l_l'agar. Colony diameters wéfe

recorded ten days later.

3.32 Growth on industrial effluents.

Trio sets of 5 plastic petri dis?es vere poured with 20 nl of two conch.
of industrial Ag waste (20 ug n17t & 100 000 pg m~Yy . High -As concn. are
disposed of by concn. , precipitation then landfill, whilst low As comcn.
vastes are diluted by disposal in the sea. Growth was assessed ten days

later.

3.33 Stab sanpling.

Eight sterile swabs, used to sanple areas around ~a 7 recycling
plant, were §Ferily transferred to MCCartney bottles containing 20 nl, 50 g
1™ nalt plus 100 ve o1”} as and vortexed for a short period to solubilise
any nicroorganisng present. The swabs were placed on colid nediun

+ 100 ug mn—l As and the liquid As imeoculun transfered to petri dishes.

All sanples were screened every two days for the appearence of potential

Scupmlariopsis species.




3.4 Microscopic investigation.

Consult the list of equipnent for the Dicroscopeg.uﬁea. Black and white
phqtographs were taken with a Nikon M-350 autonatic exposure canera, on
i1ford FP 4 or Kodak Technical Pan 2413 £1ln and printed on kedak paper.

Colour photographs were shot with an Olynpus OM 2 om I[1ford KR 100 filn.

3.41 Morphology investigation.
Culture chanbers incubated at 23°C were used to view the gporulation

structures of slide microcultures for identification phrposes (Fig. 3.411)

3.42 Surface polymer investigation.
‘The possible induction of polymer production and export to the nedium

during growth on As,prompted the following tests:

3.421 The periodic acid/Schiffs stain for carbohydrates
(0'Brien & MCCully, 1981)
The base of petri dishes containing hyphae grown in 500‘pg ml-1 As were
used for this and the next test:
i) The hyphae were exposed to 1% v/v periodic acid for 10 pin
it) washedAin distilled water for 5 nin
11i) Exposed to Schiffs reagent for 30 min
iv) Washed 3 X 2 min. in 0.5% w/v Naaszo5 in 1% v/v HC1

v) Washed in distilled water for 5-10 min

vi) Counterstained in hematoxylin



Petri digsh

Glags coyerclip

Glass Z bend

gar block

Moist flilter paper Glass nicroscope slide

Fig. 3.411. Sterile culture chanber.
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3.422 The nigrosin capsule stalin (Dewey,ggaa).
Used for the detection of an extracellular capsule:
i} Stainecd for 30 g in safranin
i1) UWashed gently in distilled water & dried with blotting peper
1ii) The top half of the preparation was covered in mﬂgr@sﬂm, uging a
glass slide spreader held at 45°, leaving the botton half as a
control
iv) The sample was dried at room temperature and further

counterstained with safranin.

3.423 Fluorescent staining (0'Brien & McCully. 1981}.
Used for staining carbohydrates:
i) Slides from culture vessels (section 3.41) were staimed with
0.01% calcofluor for 1 nin, then washed in distilled water.
3.424 Coonassie Blue staining.
For staining proteins:
i) Further slides were- exposed to Coomassie Blue for 30 pin. {0.08%
t/v Coonasie ﬁlde. 50% v/v methanol, 7% v/v acetic acid)

ii) Then destained in 50% v/v methanol, 7% v/v acetic acid.

3.43 Immunofluoresence (Dewey, Barrett{ Vose & Lamb. 1984).
To search for mouse, anti-fungal ahtibodies potentially induced upon
the injection of spores into mice:
i) Slides of mygelia vere fixed in ethanoi/chlorofOTD/formalin
(8:3:1, v/v) for 8 nin |
ii1) Transfered to 95% v/v ethanol and left for 4 nin

1ii) Washed_withfdistilled_mater for 30 s and air dried '
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iv) The fixed semples were divided in two (longitudinally) with a wax
pencil line |

v} 20 pl of spore-sxposed antisera and preinnune antl cera diluted
0.1 & 0.03 X with PRS were ndded to the fized sanploo

vi) After 30 nin exposure the slides werc washed 8 X 5 nin with PRS
then exposed to antl nouse, fﬂuor@sceim—iaothﬂ@@yamate labollgd
anti-rabbit IgG serum, diluted 10 X with PBS and Incubated for 30
nin in closed petri dishes. Unbound ¢luorescent antibody was
removed by washing 3 ¥ in PBS

vii) The nycelial preparation was fixed in 2 drops of 30:50 v/v

glycerol: pH 8.4 PBS.

3.44 Scanning electron microscopy (SEM)

Cﬁlfure samples were grown in hunid culture chamberé'(section 3.41)
with 20 oo X 20 oo squares of aluniniun replacing the u$mé1 cOverslips, to
prevent -charge build on the mycélia"ﬁhéﬁ p1écé&—uﬁ&ér:fﬁE:éiecffén bean.

SEM images were recorded on Ilford FP 4 film and piinfgﬂ'On'Rod&k paper.
3.5 Testing for arsenic accumulation & trimethylarsine evolption

To show that $. brevicaulis extracts As from the medimna nunber of tests

were applied:

3.51 The molybdenum/vanadium/hydrochloric acid;test,for arsenic
(Mo/Va/HC1 test) (Gullstrom & Mellon, 1953).
This test is also sensitive to Si and other ions, so all the apparétus used

was- plastic.
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i} 25 g of sodiun molybdate-dfhydrate (NQZMooé ZHZO) were disgolved
in 80 ml of distilled water and 4 g of sodium netavanadate
(NaVo3} were dissolved in 0.5M NaCOH by vigorous chaking and
peutralicsed with drops of 36% HCl, eny tenaining Incolable
patter was discarded. |

1i) The tuwo solutions vere nixed forning a bright red/orange colour,
50 ml, 36% HCl were added, the acidified solution diluted to
250 nl and stored in & plastic bottle at 4°C in the dark, to
prevent indicator photooxidation
11i) The sample, solution:indicator ratio was always 10:1 v/v and the
absorbance of the resulting vellow colour recorded at 400 nm
iv) A spectral wavelength and time scan at 400 nm were taken to

decide upon the appropriate sampling wavelength and time (from

initial addition of indicator).

3.52 Use of the indicator-with nedia.

Initial experiments worked well with water, but the constituents of the
malt appeared to interfere with the detection of As; a no. of attenpts were
made to reduce such interference:

i) Boiling the malf nediumwith 50% H2304 for 10 min -
i1) Incubation with 50% H,SO, for 0, 5, 10, 20 & 30 min
iii) Incubation with 4% oxalic acid (to reduce phosphate

interference) for 15 min
iv) Use of Czapek-Dox as the medium
v) Dilution of the malt medium before adding the indicator
Option v) proved to be the most effective, so a 5 xvdilgf10n4was used
with the appropriate 5 ¥ concn. of initial As addition, Tﬁé acid nature of
the indicator precipitated components of the malt.~henpe~a11 SampleélWe:e

spun at 5 000 rev. min ! in a bench centrifuge and the PﬂPtiCleff?ée



supernatant used. Absorbénce readings were nade with 4 ¥ plastic, 1 cn wide
cuvettes and the variation in readings between thenm noted, when f£illed
with distilled water.

The indicator oolution wes calibrated with e 500 ug 0l ° As standard in

the range 0 to 40 ug ml’i in 8 yg Dl—ﬁ increnents. The total reacticn

volune was made up to cither 8 or 2.5 nl with distilied water.

3.53 PFollowing a reduction in mediun arsenic concn. during the
growth of 8. brevicaulis
i) FPive replicates of 0, 50, 100 & 200 ug m1™! As in 10 & 50 g 17}

mediumwere poured and inoculated for 2, 4, 6, 8 & 10 day
sampling periods after the date of inoculation (total no.of
plates = 100)I

ii) The initial As concn. of the mediumwas assésed by the Mo/Va/HCl
test

iii) On each sample date the As concn. of the medium was determined

and mycelial dry weights calculated.

3.54 Use of mycelial mats to accumulate arsenic.

To negafé the problems of a change 1prmedium opﬁipal dgnsity with,
growth, reduce interference from other ions and>oﬁéefve thé‘uptake ratés
for mature mycélia:

i) 20 ml of 10 g 1“1 glucose in tap water was sterilised and it's
pH adjusted to 6.5 with 37% HCl
i1) 500 and 1 000 pg nl ' As (1.0176 & 2.035 g of Na,HASO, 7ﬂéo in
500 ml medium) were added
iii) The following 12 déy old samplés were utilised:
a) Mycelia grown on 50g 1;1 malt

b) Heat treated mycelia*(??pc fbp 5 days)
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iv)

¢) Mycclia groum on 50 g -1 palt + 100 pg ul*l As

(for potential enzyue 1nducfion)
d) Control, glass petri dish (to prevent As adsorption to
pEQGtﬂc or Cellophamé)
A sanpling notch was sterlly cut at the edge of cach disc with
one nat per petri dish and § dishes per treatment
0.1 nl of mediun (i% glucose) was sanpled at 0, 2, 4 & 8 days
after the date of inoculation and tested for As content wifh

the Mo/Va/HCl test.

3.55 Large scale mat experinients.

To increase the amount of As being taken up, 14 cn dianmeter plastic

petri dishes were set up with log-l_1 glucose + 100 pg Dl-l As, 4 nycelial

nats and a glass petrl dish control. The glucose content of the Dedimn%as

assessed 12 days later with the anthrone test (section 3.72). A second

1

larger scale systen was set up but with a low glucose concn., 0.1-g 1 = to

observe the effect of glucose linitation.

3.56 The wet oxidation test for arsenic.

An‘alternative to the Mo/Va/HC1 test this procedure is used in the

analytical department at ICI Billingham with a detection range of 0 to 20

ug As:

1)

ii)

1ii)

1 ﬁl of sample was boiled withlzorml conc. HNoa,down té 5 ml on
a hot plate, then cooled

10 nl hitric/pefcthric acid (50:50 v/v). were addedlénd heated
to dpive off the HN03 7

as white fumes. Heating was continued to
dense fumes of perchloric acid,”thén-iame&iately cooled

The sappie was diluted with;diétilled.watér to yield}an:As

cohén}rénge of 0 to: 20 pg
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iv)

v)

vi)

vii)

viii)

ix)

&
[N

6 nl, 50% I}{IZSO4 were added to the digest and Dade up to 45 nl
with distilled water

2 g KI + 2 0l stannous chloride reagent (40 g ctannous chloride
+ 20 Dl conc. HCY diluted to 100 nl with distilled water) were
nired well and stood for 8 nin

The reagent was transfered to the arsine generator situated in a
fume cupboard (Fig. 3.5861)

5 nl of siver diethyldithiocarbamate (DDTC) were pipetted
carefully into the arsine trap, 10 g of zinc added and the
stopper quickly fitted to the flask. All joints were sealed with
silicone grease

The reaction was run for 45'Diﬁ,or£dntil the zinc had stobped
proddcing gas bubbles

Any colour change in the DDTC indicator was detected at 540 nn.
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Fig. 3.571. Arsine detection appasatuc, utilising HeCl,.
ppasat tilisis 2
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3.57 Determination of nycelial arsenic uptake

1)

i1)

1ii)

iv)

v)

vi)

vii)

viii)

(British Pharnacopoeia,1980)

Mycelia grotm with and without 500 pg a1~} As vere seperated

£ron the culture fluid by vecuun £iltration and washed four

tines in distilled water.

A knouwn wet weight of mycelia was transfered to a 250 nl conical

flask, which was placed in a fqme cupboard and 10 ml, 98%‘H01

+ 50 ml distilled water were added

0.5 g KI (reduces As (V) to As (III) by hydroidic acid
production) plus 1 ml stannous chloride reagent (see 3.56 v)>)
were introduced

A small disc df filter.paper (20 nm diameter) soaked in
IM-HgCIZ, then dried (& stored in the dark at 4°C to prevent
photooxidatidn) was inserted between two glass tubes and
secured. Thg,lowér glass. tube was~pluggedfmith?a“shortllénétﬁ'bf

cotton wool soaked in 1M lead acetate to absorb any K.S formed,

2
which interferes with the test

5 g of Zn shot were quickly added to the reaction flask, which
was stGppered with a rubber bung plus glass tubing (Fig. 3.571)
‘The reaction was run to complétion'with occasional shéking

Any As present is converted to arsine and forms a yellow brown
spot on thé'HgCI2 paper

Standard samples of 0, 5, 10, 15, 20, 250 & 500 pg ml—1 As were

used to calibrate the system.
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3.858 Testing for trinethylarsine.
The HgClz;toat was enployed to detect the arsine generated: by
S. brevicaulis:

i) Five replicate plates with and without 500 pg ul—i As were
inoculated and sealed in polythene bags (to contain any
trimethyl arsine produced) with 3 HgCl2 discs

il) The plates were incubated at 23°%c and inspected regularly for
signs of trimethylarsine production (spots which may form on

the Hg012 paper).
‘3.6 Extra and intracellular enzynes.

3.61 Extfacellular, arsenic methylating:enzymes.

The cu;ture fluid fron As exposed nycelia was teéted for the presence
of methylating enzymes:

a)

i) Thrge replicates of 25 nl, 200 pg ::11-1 As grown culture nedium
were passed through a 0.45 un liquid filter.to which wasAsteriiy
added 20 ml of malt plus 300 ug mf1 As in a sponge stoppéfed
conical flask

ii) The reaction mix was shaken in a water bath atezsoc. One ml
sanples were extracted sterily at 0, é.»4, 6; 8, 16, & 32 h
after setting up the reaction and their As concn. deternined

with the Mo/Va/HCl test.



b)

1)

11)

500 ug ml"1 As was added.to 3 replicates of 0.45% wn £iltered

8. brevicsulis As grown nedia in 25 ol sterile [Cartney bottles
plus one control with no As. The tubes were ﬁ@c@bat@d at RTP

for about 60 h

The As concn. of each tube was assessed by the wet oxidation

procedure (section 3.586)

3.62 The release of cytosol enzymes.

A combination of homogenisation and French press pressure were employed

to break open hyphae and release their‘cytosoi enzymes:

1)

ii)

iii)

iv)

Shake flask grownAmycelia~ﬁefe.washed-and resuspended in 50 ol
pH 8.0, 50 mM phosphate buffer at(éoc and stored on ice. The
uaierial was hombgenised in a 25 no diameter glass/teflon
honogeniser at 6 000 rev. min—l to break dowvm large nycelial
ciuﬁpél

A sample of homogenate was viewed under the light nicroscope
to check the efficliency of disruptién (Eig. 4.521)

Two 25 ml samples of homogenate wére p&Ssed through a ﬂoc
precooled French press at 1 500 to 2 000 PSI and a sample viewed
under the light microscope to ensure effective cell disruption
(Pig. 4.522)

The resulting samples were centrifuged at 1 000 g force for 30
nin at 2°C to remove the cell wall components and cell walls
which constituted the first pellet (Pi). The cytosol contentis
were released into the supernatant (S1)

A high speed spin of 30 000 g force at 2%¢ was carried out on
i9 nl, Si1 to remove cytosol orgahelles resuiting in a second

pellet (P2) and supernatant (S52)

@6
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v) P1-& P2 were resuspended in 310 nl, pH 8.0, PR & 10 0l of S2 was
utilised. Two, 5 nl sanples of P1,P2 & §2 werc transfcred to
MCCartney bottlos, 500 ug Dl-l As added plus a control of
2 %80l pH 8.0 PB + 500 pg 01"} as and incubdted for 6O houro
at RTP

vi) The sanples were cpun at 30 000 g force to vield a clear
supernatant, which was assessed for As content by the wet

oxidation method (gection 3.58)
3.7 Quantitative analysis of an arsenic induced polymer.

The observation that the viscosity of As containingfnedium increases
when used as a growth substrate for S. brevicaulis, prompted a ne. of tests
to investigate the possibility of the production and3r91ease of a polymer

in such an environment.

3.71 Detection of a change in protein levéls;

al, 19$i‘éhdfadaptedvby .

The microlowry test was emplcyed (Eqwry,gg
Read, Northumbria Biologicals Ltd, uﬁpublighe&)

1) 50 bl of As and non As ﬁéifvmhﬂjnm. aﬁsbbiatéﬂ”DYCeliafand
viscous polyﬁeg ﬁere frozenvwiéh”iiquidvnifrgégniin_a idgagl
conical flask, dried under VaCumn for aBouk‘éé?h (lydphiiiSed)
and stored at 4°c, sealed with parafilm

i1) 8 mg bovine serum albumin Q14051M, pH 8.0 ngﬁas serially
diluted to form the foliomingnprdtetn étand;;ds:‘

8, 4,2, 1, 0.6 &0.28 ng n17!
ii1) 10 ng of each lyophilised sample wgs-SUSpendedLin 100 u{
0.1&. pH 8.0 PB and:seriallyidilhtéd: o

50, 25, 12.5, 6.25, 8.125 & 1.563 ng ol >



iv) Solution A (24 parts 2% w/v’ Na2603 0.5 parts 0.8%

20 + 0.5 parts 1% w/v KNa04H606 4M @ all

dissolved in distilled water) and soluticn B (ﬂ% v/v Folins

w/VsCu804 SH

reagent in dictilled water) were nade and stored with the protein
standards & canples at 4%
ilv) 20 ul of cach otandard & sanple were pipetted inte &, flat
bottomed, nicrotitration wells plus 200 ul of solutien A,
nixed well by pipette suction/expulsion and incubated at RTP
for 10 nin |
v) 20 ul of solution B was added and incubated for 30 nin at RTP
vi) The absorbance of the resulting‘blhe‘bolour was recorded at 492

nn with a nicrowell strip reader

3.72 Detection of a change in carbohydrate levels.

The anthrone test for carbohydrates was utilised (Fairburn 1953)

i)- 50 al of 4 C distilled water was measured into a plastic
container and 150 nl, 98% H SO4 qdded'carefully; coqled*on ice
then followed by 400 mg of @ﬁthrpne | .

i) A 100 pg ml—l glucoSg.standafd'was heriglly diluted;
1100, 80, 60, 40, 20 & 0 ng 017"
iii) Five replicates of Soo-ug,ml—l samples were dflutédV(Section
3.71 iii))
iv) 1.0 ml of the standards and samples were cooled on ice
in glass test tubes and 5.0 pl anthrone indicator added &
nixed well

v) The tubes were heated in a boiling water bath for at least 15
pin to develop and f£ix the yéllom/green colours which were
were assessed for abgcrbaqce at 625 nn

vi) Fresh standards and sanples were nade up for cach deternination.



3.93 The acetone test for carbohydrates.
Acetone will precipitate the carbohydrate imn samnples:
1) 1 nl of the following canples w@r@ added -to 10 nl 100% scctene
& incubated ot RTP for up to 24 h:
a) Culture filtrate with and without As
b) Mycelia grown with & without As, crushed in a nortar &
pestle and resuspended: i g 10017} pa
c) Mycelia grown with & without As, spun down in PB and the
resulting supernatant used
ii) Any precipitate formed was spun down at 2 000 rev,. min-l

for 2 min.

3.74 PBS didlysis.
Dialysis against Na+ and C1  ioms breaks up any negatively charged
éarbohydrate»ﬁétriCeéz
1) A 10 mn wide dialysis'bag was boiled twice in 5 g 50001
Naﬂcos then thoroughly washed in distilled watef
1i) 10 X PBS was made up in 500 nl distilled water (40 g NaCl +
5.7 g NazHPO4 +1gRCl +1¢g an?oﬂ)
iii) Culture pplymer was extracted frbﬁ 3 X'20 nl, 500 ve ml_l As
cultures and dialysed against é 1, 1X PBS at 4°c-bn=a nagnetic
stirrer for 48 h

iv) The dialysed sample was lyophilised and the resulting powder

conpared with non dialysed, freeze dried sanples.
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Qualitative analysis of an arsenic induced polyner.

A change in the fornm, rather than quantities, of the mediun components

nay occur during growth on As and wao investigated by ceperation of the

nediun's constituents via pnlyacrylamid@ gel electr@phoreaiol(?ﬁaﬁ); with(

to detect differcnces in the no. of polypeptide subumits), and-without (te

observe conplete proteins) sodiun dedecyl smlphate»(S@S)

+ B mercaptoethanol:

3.81

i)

i1)

1i1)

iv)

SDS reducing gels (Pharmacia, 1983).

Sample preparation: 150 pl, 100 mg ml—l sarfples (section 3.71)
were added to 150 pl sample buffer (1.21 g 17! RIS + 0.20 g 171
EDTA + 1 % SDS + 5 % 8 mercaptoethanol: pH 8.0}, boiled for

10 nin and stored at 4°C

10% running gel: 20 pl, 30:0.8 acrylamide:bisacrylanide +

15 ml, 1.5 pH 6.8 Tris HCI + 24.08 nl distilled:water,

degased then + 20 pl tetramethylethyléhed1aminé (TEMED) +
600 ul 10% SDS + 300 ul 10% ammonium persulphate (fresh), set in
a gel oould under a layer of water

5% stackiﬁg'gel: 2 ml, 30:0.8 acrylanide:bisacrylamide +

3 ml, 0.5M pH 6.8 Tris HC1 + 6.76 nl distilled water,
degased then + 6 ul TEMED + 0.12 ml 10% SDS + 200 pl 10%
ammonium yersulphate (fresh) poured on top 6f the solidified
runniné gel devoid of the settling water layer. A plastic, well
forming comb was placed in the liquid gel, then allowed to set
Electrode buffer: 0.05M tris HC1l + O.QM-glycine + 0.1% sbs, made

up to 1 1 was used for each gel run



v)

vi)

When the gel was set the conb was renoved, the gel transfered to
an electrophoresis tank and the wells loaded with known
volumes of sanples and Mr markers. 750 nl of running buffer was
pourcd imntoe the PACGE tank, 1 Dl‘of bronophenel blue wag
edded to the top recevoir and the senples rum through the
stacking gel Lfor about 2 h at 60 V and for about 4 h at 120 V
through the rumning gel
When the narker dye had run at least 3/4 of the length of the
gel, the gel plates were prized apart and the gel clipped to
mark the position of lane 1. The following staining procedures
were emplqyedvto visualise the seperated co@ppnbnts:
a) Coonassie Blue stain for-ptbteins ( for one half of a gel)
Stained: for 45 min in 0.05% v/v Coonassie Blue +
56% v/v methanol + 7%.v/v glgciél acetic acid, then destained
in 3-4 changes of 50% v/v méthahol + 7% v/v glacial acetic

_acid.

b) Lipopolysaccharide silver stain (Tsai & Frasch, 1982)
The ggl“éas fixed overnight in 40% v/v ethanol + 5% v/v
giagial aééfic acid, .then oxidised for 5 nin in 40% v/v
éthapoi + 8% v/v glacial aCeticvacid + 0.7% v/v periodic acid
ﬁasﬁéd 3 X in 500 - 1000 mlkdisfilled water for 15 min each.
The water was drained off for 50 ml, fresh staining reagent
(?‘mlﬁconc. NHQQH + 28 nl 0.1 NaOH, titrated with ffesh
20% w/v'AgNos fo saturation (5 -10 ﬁl)) Washed 3 ¥ in
500 - 1000 ol diséilled water then replaced with 200 nl of
developer (50 ng citric acid'+ 0.5 ml, 37% v/v fornaldehvde

per litre of distillediwéter). The reaction was tekminaéédlby
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washing in water and overstaining was corrected by the use of

Coomassie Blue destain.

¢) Silver staip for PAGE protelns (Morrisey, 19831)
The gel ﬁag prefised im 50% v/¥ Dethanol + 10% w/v glacial
acetic acid £or 30 nim then 5% v/v nethanol + 10%781%F1@1
acetic acid for 30 min, using 100 nl of solutiom. 50 nl, 10%
v/v glutaraldehyde fixed the gel in 30 nin, which was then
washed 4 times with distilled water in 2 h and soaked in
5ug ml "1 qithiothreitol for 30 min. This solution was
replaced with 0.1% w/v AgNO, and incubated for 30 min.

A small volume of water was uséd to rinse the gel, followed by

two:rapidTwashes‘in a sﬁall amount of'developer

(50 pl, 37% w/v formaldehyde in 100 ml, 3% w/v Nazcos)

then soaked in developer until the desired

stain ih{éhﬁity:ﬁé§,béé65ed; Staining was haiéed’by the

direct addition of § ml, 2.3M citric acid.

3.82 Non rgduqing gels.

The gels wére coﬁstructed_as in section 3.81 but without the addition
Of B—mercatoethanol, SDS or boiling of the sample. A non specific esterase
stain was employed (Markert & Hunter, 1959): -

a) 1.5 ml of substrate (1% w/v ‘G{napthyl acetate in ethanol)
was added to 90 ml, 0.1M pH 5.0 acetate buffer (14.é'm1, 0.2M
glacial acetic acid + 35.2 ml 0.2N éodium acetate diluted to
100 ml). The gel was incubated in fresh assay buffer (without
of napthyl substrate):af 4°c for longer than 2 min. Then

incubated in fresh assay buffer plus substrate:foﬁ_s—SQDin.-
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PFresh assay buffer + éubs{rate + 200 ng féﬁt blue B stain per
o0 mi buffer was cuployed until the desirediaﬁaiﬁﬁmg intensity
was reached (overmight if necegsary). The Staﬁmedigel 7as

stored in 25 % nethanol + 7 & glacial aCetic~acﬁd;
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3.2 Spore pathogenicity and nicrowave sterilisation.

3.91 Spore pathogenicity test

The isolate used for this project wvas teated Yor pathogenicity because
of the reputation of S. bﬁovic@glig as an onychonycotic agent. A sterile 1
0l syringe and hypodernic needle were used to comtinuously sguirt i ol of
PBS over the surface of an §. brevicaulis colony to generate a spore
suspension. The density of suspended spores was recorded using a
haemacytometer and light microscope, 0.3 mnl was injected into the
peritoneum of two mice. A higher spore density was achieved by spinning
down the suspeénsion in a bench centrifuge and resuspending in a sﬁaller
volume of PBS with the further addition of more centrifuged samples. The
injected nice were observed for 3 nonths and remained healthy thrbugﬁout
this period; they were occaslionally bled to gain antisera against the

injected spores.

3.92 Microwave sterilisation of S. bfevicauljs
The potentially lethal effects-of micrpwave treatnent were

investigated:

3.921 The spore blot transfer test
i) 12 sheets of 70 mm diameter Whatman filter paper were placed in
a glass petri dish'which was cqvered,in-éilver foil and
autoclaved, then dried in an oven over night
i1) Spores were transfered to eaéh filter baper.disc by blotting
then on the surface of a solid colony of S. brevicaulis and
pairs of discs exbosed~tp high poq@r (700 %) microwaves

for 0, 5, 10, 20, 30 & 45 nin
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ii11)

iv)

3.922

1)

ii)

ii1)

iv)

The discs were transpobtcdkto an'air flow hood in secaled
petri dishes and blotted onto the sﬁrface of fresh medium
Any spore gernination and subsequent growth was recorded as an

increase in colony dianeter after incubation for ten days.

Cellophane disc colony treatment

Five replicates of S. brevicaulis were grown on solid mediumplus
a sheet of Cellophane, until‘the colony reached a dianeter of
about 40 mm

The cellophane discs plus colonies were sterily removed from the
medium's surface and'microwaved_(700 W) for the following
periods: 0, 5, 10, 15, 20, 55 & .30 min
The'microwavcd-discs,were'then sterily transfered to fresh solid
nediun”at this»stage they were dry and mishapen but after two
déys exposure to.ghe medium's moisture, tﬁe discs were sterily

iéafbaﬁéedidﬁ_thé‘surfacé to form a flat sheet

Any growth after a further 8 days incubation, was detected by an

increase in'coiony'diameter.
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4  RESULTS

All of the results in this section are averages of n no. of replicates,

unlegs n = 1. For original data consult thc appendices.
4.1 Growth in & variety of conditions.

4.101 Growth on liquid and solid medium, with arsenic.
The following wet and dry weights have been converted from mg of
mycelia 20 m1”1 of medium to g 171:

a) Scopulariopsis brevicaulis

quﬁidnmédium 'solid nedium

As concn. dry wut. we; wt. n cd dry wt. -wet wt. n
wem™ 1™ e1rh @) g1h (g1
0 4.2 82.15 4 30.5  1.25  10.4 4
7.5 4.15  46.65 4 29 0.85 7.75 2
15 4.4 61.15 4 24.5  0.75 5.6 4

30 4.05 50.75 4 = 34.5 1.2 7.75 4

Growth characteristics: produces dense, buff coloured mycelia with a

textured surface & white leading edges
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b) Phagcolug schweinitzﬂi

T T i veatem | oolid vediem
As concn. dry we. wet wt. n cd  dry wk. wet wt. B
wenl™ g1 (g17h ) (g1 (sa™h
o o o2 4 65 o7 es 8
7.5 0.125 i.9 4 58 0.6 10.16 3
15 0.2 1.08 3 61 0.65 5.6 4

30 0.15 1.3 8 65.5 0.7 4.7 3

Growth characteristics: a thin, white, translucent mycelial daf,is forﬁed
which évolves volatile bdéhrs7&'sécreates a viscous
fluid

where: wt. = weight, cd = colony diameter, n = no. of’ﬁeplicéteé

S. brevicaulis producés about 10 - qufimes Ddreamycelial dfy~weight

-and grows as a denser colony than P. schweinifiiijJ‘aﬁd;ﬁﬁege.is no -growth

response to the above As concn..




4.3102 Dry weéisht deternination.

The reduction in weight of nycelia during nicrowaving was followed:

Microane‘duratﬁon Myc@lial dxy“ﬁﬁ. | a
(oin) g 1™ |
0  esies 5
2 59.55 5
8 26.80 5
6 i2.60 5
8 7.30 5
10 6.65 5

15 ' 6.50 5

After tén nin exposure to Dicrowaves the saimples looked dry and the

above results show that little, further reduction in weight occurs.

4.103 Growth on increasing malt concentrations.

Mélf conéﬁ;-(g 1)
10 20 50 70. 100.
liquid mediumdry wt. 4.15 8.55  20.20 43 634
g 17
solid medium cd ' 49.5 50 80 67 72.5

(a2)




4.104 Growth 1n the light and the dark.

ed  (cm)

n

Light grouth '55.8 5

Bark growth 47 .7 5
4.105 Grouth at different values of mediun pH
Initial pH i 2 3 4 -5 6
Mycelia dry wt. (g 171) 0 4.45 10.1  11.13 11.8  12.3
Final pH 1.5 1.8 2.5 3.0 -3.0 3.5
Initial pH 7 8 e 10 11 12
Nycelial dry wt. (g 1) 11.7 9.85 © 8.26 17.95 17.3
Final pH 4.0 4.0 © « 8 o

6.0

8.6

8.9

2 not determined
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Pig. 4.1051. Growth (dfy’ éﬁeiéhts) at different var’lgxe;s of nédiun . pH.
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4.106 Growth in the presemce of As (III), Sc & Te.

météiloid Conca. | Mycelial dry wut. n

| o™ g1 |

A (Iig) 500 6.1 5

_Te 500 ia,a 5
Se 500 No grouth 5 -

50 No grotth E

Growth in the presence of As (III) & Te is . as strong as growth with

As (V) (section 4.108).

4.107 Growth on Czapek-Dox nedium.

initial pH éd ) 'M&ééiial dry wt. n

- () (g 17")
Solidwmgdiua - - 87 e e 9
Liguid‘@§g;um ' 5;1~i , - : fﬁ;é;os _ 10

Growth on' this medium is thin and. comparable with that of P. schweinitzii,

although it's components &ré‘cohtrolébié;ﬁmﬁlt-is‘s?ill‘a better medius.
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4.108 Growth on malt nediun with increasing concn. of arsenate.

8. brevizeullls B schmelAltait
Arsenic concn. Mycelial dry wt. m Myceligi'dry=ﬁt. n
(ug 017%) (g 17h (g 17%)
0 13.05 5 2.5
50 11.10 2 2.48
100 23.65 2 -
250 16.55 2 -
500 15.50 2 -
1 000 11.85 2 -
5 000 11.60 5 §
10 000 9.15 5
15 000 7.45 5
20 000 6.85 5
25 000 6.20 5
30 000 egéo 5
35 000 9.05 5
.40- 000 7.05 5
50 000 o 2
100 000 50 2
% = Very limited growth Ve = Nb growth> 7

§ = No further determinations carried out




4,109 Petri dish growth

The amount of growth in 20 nl of mediun was deternined each day, the
ery. wéight”bf nalt present in the first 4 days is significent with respect
to the welight of Dycelia end was subtracted fron the nycellal dry weight.
The specific growth rate constant, p, was deternined fron a natural

logarithmnic plot of the data (Filg. 4.1093)

Days after Mycelial dry wt. In dry wt. n
inoculation (g 1—1)
'1 0 o 5
2 0.3 -1.20 5
3 2,95 1.08 5
4 5.85 1.77 5
5 10.65 2.37 5
6 11.25 agész 5
7 13.75 . 2.2 5
8 14.05 2.64 5
9 13.25 2;58 | 5
10 14.95 2:11 5
11 15.95 2.77. 5
12 18.05 289 '_ -
14 15.05 2.11 | 5
20 ’ 19.10 | 2.5 4

Dry weight of 20 ml, malt = 2 g 171

B . 5.025 b}




Fig. 4.1021. Horhpology of S.brevicaulis when grown in petri dishes.

Pig. 4.1092. Morphology differences with' (a) and without (B) Ao.
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Fig. 4.1093. Natural logarithmic plot of growth in petri dishes

Fig. 4.1101. Natural logarithmic plot of growth in shake flasks. o
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4.110 Shake flask growth

The introduction of aeration to 20 nl cultures does not increéase the
anount of growth, but would probably be required om a larger scale. The
apparent reduction in bilomass after 12 days is the regult of.ﬁypﬂédiiy
large variations between saoples. The specific grouth rate consiémt, W, ©as
calculated from the following data via a natural logarithnic plot

(Fig. 4.1101). The purity of nost shake flask cultures was naintained

throughout the experiment.

Days after Mycelial dry wt. In dry wt. n

inoculation (g 17y
2 0.95 -0.05 p
4 6.30 1.84 4
8 10.35 2.34 4
8 11.65 245 4
10 13.60 2.61 4
12 15.50 2.74 4
14 11.35 2.43 3
16 9.50 2.25 4
20 10.75 | 2.38 3
1

p=0.033h




Fig. 4.1102. Undesired shake flask morphology.

Fig. 4.1103. Expected shake flask mbrpljrlip@};ogjy







Qaiil*chcmostat grawch.

a) Imoculun cpore deansity.

Calculated from a haemacytonmeter estimation:

No. of spores counted in ea@h'zs square grid = 1) 76 i) 71

-4

Volune of each grid = 1 ¥ 10™ " nl

1

(76 + 71 / 2)
6

Averageé no. of spores ml

0.735 X 10

2 ml were injected into the chemostat = 1.47 X 10° spores

b) Operational parameters.

Average nean generation time (time to double biomgss), td = 24 h

Specific growth rate. (no.of dqublings~hi3), w- =~lqge'2 /“td”

0.693 / 24

=ﬁ5}029 h?
With.steady s;qte_pqndit;ons'dilﬁtiqn rate (D) =.p .
Theoretical dilution rate = 0;029 n!
PéristaitiéépﬁépTdéiiveby rate = 0;6;14>1 h;l
Working volpmé-&f fermenter ='0}déd”l
Actual dilution. rate '=,Oii75”h-l
Feedstock concn. = 50 g 1!
Amount of media delivered 1 = 0.7ghn!

- 16.8 g day -

Typical rate of air delivery 0.5 vol.mir / vol.mgdia /j@in

[

Chenostat working volume 0.080 1

0.040 1 nfa!

o

Thus typical air delivery rate

1]

Actual air delivery rate 0.345311015_1
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thadyfstmié C@hdiﬁiomn were @ttéiﬁed-s'd@yc.@ftor'ﬁmocmlatﬁ©n;

after dav 9 thd Dedﬂunﬁeed flaak b“cmae comtamﬂmatod with S bwovﬂ@@ulio

um@ mh@ Dchunn@ Oﬁcm wﬂ mw Ouad ?@ 4 uo bO- h@ Eun wna t@@mﬂm@toﬂ

PSR S hams

Daﬁé;@ftéw;ﬁnoémﬂaﬁ@©m :mgc¢1gg1'ayy,¢¢, M@@ﬁum MO@ﬂUmdoﬂﬁvered

(e 1™h - pE (DH»
s _ — :éfg@z': :5;2 :fvﬁ‘ﬁ
4 1.60 5.2 300
5 1.20 5.1 800
8 2.40 5.0 860
7 2.95 . B2 1 000
8 1.58 5.1 1 200
o 2.15 5.0 ¥ 4@6‘

Average nycelial dry w@i@ht'c 2.16~g,1—1
Tb@Q?@?ﬁCéli@kb&gbé&Vity = D x ‘average bionacs

. . 0.175 = 2.18

i

o

0.378 g b}

9.072 g day 1

¢}

Conversion éfficiency = amount of biomass / unit weight of nedium

= 9.072 / 16.8

- B4 %




4.2 Growth in industrial environments.

4.21 Growth on realgar.

The presence of AsS in the nedium did not reduce the amount of growth,
the following colony diameters are comparable with those fron untreated

medium (section, 4.101):

AsS concn. (ng ml_l)

50 100 500 n

cd (nm) 39.9 44 34.4 5

4.22 Growth.on industrial effluents.
Only a small amount of growth (and"thus not assesse@) was visible on
the lower As concn. effluent, showing,thét a carbon source is réquired for

growth,

4.23 Swab sampling.

3 samples revealed no growth on liqﬁid or solid media, 2\samp1es
produced buff coloured mycelia which were subcul@urea and identified as a
species of Asgergillus (Eig. 4.231). One sample yieidéd a mixture of’
bacteria and fungi,‘wbiist the last isolate contained a‘phydomycete. S.
brevicaulis was not isdlated from the , plant, but thé above 19613?@5 may
prove useful sources bf.As processing naterial, which'are adapted tovthat

environment.
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4.3 Microscopic investigation.
4.31 Surface polyner investigation.

a) perisdic acdd / Schiffs @t&inimg-(ﬁig. 4.311).
The cell walls stained megenta indicating the presence of
carbohydrates, whilst the extrﬁpeliular spaces reaéimed unstained
providing evidence to show that carbohydrates are not released into

the mediva,







Fig. 4.811. As grown mycelia stained with pexzibd’ib acid /

Schiffs reagent, nmagnification: X.650.

£




Fig. 4.313. Fluorescent staining of a sample of nycelia

with calcolfuor, naegnification: X 400

nple isolate, sagnification: X 650 -







Fig. 4.314. Light mi{crog’raph of S. bhe,vic,auiis spore configuration







b) nigroéin capsule staining (Rig. 4.312)
The incre&se in nediun, viscosity nay be accounted for by the
formation of a capoule around the hyphac, but no translucent capsule
region was seen between the negatﬁvely stained extraccllular gspaces
(stained black) and the positively stained cytoplasn (stalned red)
c) calcafluor (Fig. 4.313)
This compouhd stains naterials with B 1-4, glucan linkages,
ie cellulose. Only the hyphae fluoresced (especially at the growing
hyphal tips) indicating that cellulose is not released into the
media.
d) Coomassie Blue staining (no photograph taken)
No proteins were detected in the extracellular spaces, for once
again the hyphae became stained, whist the extracellular spaces

remained unstained.
4.32 Immunofluorescence

Hyphal samples exposed to fluorescently labelled polyclonal antibodies

did ﬁot fluoresce strongly and thus no photographs were taken.
4.33 Scanning electron microscopy.

Used to perform structural measurements and observe the behaviour of
this species when placed, untreated, into the path of an electron beam.
Without critical point drying the hyphae and aneilophores collapse (Fig.
4.331 & 4.332),but the spores retain their structure, their roughened

surface (Fig. 4.333 & 4.334) being a feature of this species.
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Fig. 4.331. Scanning electron micrograph of S. brevicaulis,

magnification: X 375.

Fig. £.332;?§¢éhpipg.elgpigdn”micfdgﬁéph of ahégllophdfes & conidia

nagnification: ¥ 750.

L)

i







FiIg. 4.333. Close’up of annellophores & conidia,

magnification: X 1500.

rgfoﬁeiﬁpfﬁf'bﬁiléﬁééa}‘ébhgg;-énnellppboreS'& conidia,

 pagnification: ¥ 1500.

S —
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Micrograph mcasurenents:

@ ,
Strugture Ricrograph measurenents reported neasurenents
() (o)
: [als]
Hyphal’dﬁametor 2 - 3 Qe 5
- . Forey
Anellophore length 15 - 20 9 - 25 ¢
’ . aQ
Anellophore diameter 3 - 4 3 - 4
. fsfuis]
Spore dianeter 4 - 8 4.5- 9
' ang
Length of spore chains 20 18 - 40

Maximum no. spores / chain = 10 (no. less than this probably

represeﬁt broken chains)

o , : ) L o
calculated from (Figs. 4.331, 4.332, 4.333 & 4.334)
bt . .
Morton & Snith (19263)
fs3ssd

Martin-Scott (1954)
4.4 Testing for arsenic accuﬁulation and trinethyiarsine evolution.

4.41 Mo/Va/HCl calibration & s@ectra

Spectrophotometer wavelength and time scans for a 20 ug nl-l As solution
plus indicato? weré carried out to determnine the best tine & wavelength'to
use for thi; tgs{ (Fig.4.411 & 4.412). As no absonption peak appeared in a
scan from 550 - 450 nm, readings were faken at 400 no. After 10 min

reaction time the A40 readings stabilised, therefore values were recorded

0
10 min after addition of the indicator.
A 500 pg mi—l As standard (0.814 g 400 ml—l distilled water) was used

to calibrate the As indicator solution:
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Fig. 4.411. A, time course for Mo/Va/HCl + 20 ng n1! as,

40

y axis:vlo nm = 0.1 absorbance units, x axis: 10 nm = 100 s.

Fig. 4.412. Spectral scan of the Mo/Va/HCl + 20 ug n17}

y axis: 10 mm =10 nm, x axis: 10 mm =0Q-167absorbance units
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Total reaction volune = 30 nl indictor volune = 3 nl "n =25

= SR = s

As concn. 'Voiﬁmé of Asréfaﬁéar& Vglﬁﬁerdf dﬁao A40@

(wg o1 71) (01) (01)

| 6A“L7 - 0 S 27 @'”‘ --hi@ o
10 0.6 20 .4 0.202
20 1.2 25.8 @.3‘75
30 1.8 25.2 0.889
40 2.4 24.6 0.780
50 3.0 24.0 1.076
60 3.6 23.4 1.278
70_ 4.2 22.8 1.465
80. 4.8 . 22.2 1.628
96 | 5.4 21.6 : 1.7383
100 6.0 21.0 1.855
110 6.8 20;4 A 1.917

Diluted indicator (0.1X) A400 = 0.211

Regression line for the As concn. range 0 - 80 gg nl-l (Fig.4.413):

y = 0.021 x - 0.005 r =+ 0.986

4.42 Use of the Mo/Va/HCl test in the presence of 50 g 17! palt.
Addition of malt medium to the indicator changes it's sensitivity; thus
further calibration is required:
Total reaction volume = 10 ml indicator v&lune =1nl

nedivivolume = 2 nl n=2
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Fig. 4.413. Calibration curve for the Mo/Va/HCl test:

As + distilled water.

Rig. 4.421. Calibration ciitve for the Mo/Va/HCl test: As + 10 g 1!

nalt.
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As concn. | Volune of AS sténdard HQOi@ﬁe of»dﬁgo As00
e Gy Gy
0 0 7.0 0o
i0 0.2 ' 6.8 0,436
20 0.4 6.6 0.8408
30 0.6 6.4 1.048
40 0.8 6.2 1.185
50 1.0 6.0 1.248
60 1.2 5.8 1.285

Diluted .indicator (0.1X) A... = 0.095

400
Regression line for the As concn. range O - 40 pg m1~1 (Fig. 4.421)

y = 0.0298 x + 0.1060 r = 0.9745

4.43 The reduction in medium As concn. by actively growing mycelia
-1

i) 50 g1l malt

Arsenic concn. change. (see Figs.4.431 & 4.432)

For all results in this section n = 5

Iﬁitial-mediuﬁ‘As concn. = O ug'ml_1
Days-aftgf mycelial dry wt. A400 )
inoculation g1 ™

o - 1.114

2 1.85 5.011

4 '8.30 0.513

6 11.65 : 0.334

8 12.08  0.346

10 16.5 0.321




P O —~ O

Initial As concn. = 50 ug nl!

Days after mycelial dry wt. A400

inoculation (g 1Y
(4] - ' 2.4&23
2 2.21 .1.2@0
4 . .91 0.566
6 13.08 0.874
8 13.00 0.545
10 19.85 0.448

Initial As concn. = 100 ug m1~1

Days after : mycelial dry wt. A4oo.

inoculation (g 11
0 - 1.660
2 2.15 1.260
4 9.71 0.433
6 - 18.35 0.787
8 14.50 0.616
10 17.20 0.566

Initial As concn. = 200 ug o7}

Days after mycelial dry wt. A400

inoculation (g 1—1)
o - | 1,890
2 2.1 1.647
4 10.8 ‘ 0.772
6 16.6 1.439
8 12.0 i.016"

10 17.95 i.052
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Fig. 4.521. Homogenlsed mycelia, magnification: X 650.

Fig. 4.522. French press treated mycelia: X 650.
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b) :
After'ébfh ipcqbation at RTEvtﬁe fb;lq§1hE?K§fc;ﬁtéﬁfSTsgéééﬁédfb§“the-
wet oxidation-nethod (oection 3.56), wé%e,éét?fﬁiﬁéﬁjiﬁ 3§5§i58}6r§§iﬁéigy

"ifi As:

containingfanoigg'

Control (no As)
Culture filtrate I 435

Culture filtrate II 430

4.52 The release of cytosdl enzymes

The cellular fractions incubated for 48 h with PB + 500 ng m1°1 As

were assayed for possible As conversion with the wet oxidation test:

Sagpie n : As conca. Qggvml—l)

Control (no As) 2 450
13% pellet 2 478
22 pellet 2 468

z“d supernatant 2 478




4.48 ﬂ?éétingjfpr‘triﬁethyiar91ne

Aft@fizo dgys eiposure both the épntrol (nq'Asl and &h@-tréétﬁeng

{500 pg»alfl)—ﬂgﬁl paper turﬁéd broﬁn~at the‘edées p?ﬁbﬁblyﬁdMé'fd

reagent ageing rather. than trimethylarsine detection As @ garlic odour was

evolved from the treatment plates, the HgCl paper does not appear

detect As(cﬁsja.

4.5 Extra and intracellular enzynes.

4.51 Extracellular As methylating enzymes

a)

The following A400

zoo,gg ml- As added:

to

readings were taken for culture filtrate with

Sampling time after

As addition (h)

32

Piltrate + As, %409

Effective AsS concn.

(vg m17h)

Filtrate‘wighqut As

Effective As concn.

e mh

1.195  1.135  1.048  1.108

209 189 144 174

0.847  0.847  0.924  .0:836

39 39 790 7 33

61827'

29

01787




e

nNo

2




Fig. 4.4%1,

Fig. 4.472.

Standards of the arsine generation test:

1.

2.

0,

5 & 10 ug o1 as

i5, 20 & 50 pg 01”1 Ag

100, 250 & 500 pg ml ! As.

Results of samples used in the arsine generatiomn test:

1.

2.

As

As

As

on

content of mycelia grown without As

content of mycelia grown on 500 ug 1211-1 As

content of 1, 10 & 250 mg of freeze dried mycelia grown

500 pg a17! as.

content of 1 g mycelial mat expoéed to 500 ug Dl—l As,
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Tyhe of cyeelial welght Colour of HECl, paper

Grotm uithout Ac 1000 ‘mo. coloue”

Gromm with 1000 lﬂéktfﬁﬁééw > 50

500 pg 01~ Ao

Grown with 250 dark browm > 600
500 yg o1t 4c 10 light browm > 100

& freeze dried 1 light yellow 20

Mycelial Date 1000 orange centre, yellow edge 18

@ith 600 pg ol Ao

Hence Ag accunwlation levels are:
1) Uycella growm without Ao = 0 pgasog’ oyeella
11) Hycelia grovn with 500 mglal-l &o = > 0.5 um Ao Dg"l nycelia

131) Preeze dried nycelia + 500 ug,aﬁ'n AS = > 2 uE A@‘anﬂ nycelia

0

1v) Mycelial oato + 500 pg 0l * Ag

0.016 vz Ao og © cyeclia
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4.47 Determination of mycelial As uptake.

a) As standards
The following volumes of a 10 pg ml—1 As standard were used to

calibrate the detection procedure:

Volume of standard Effective As concn. Colour ofVHgC]2 paper
(ml) (ug ml*l)
0 | 0 white
0.25 2.5 light yellow
0.5 3 vellow
1.0 10 dark yellow
1.5 15 orange centre, vellow edge
2.0 20 orange
23 250 light bfown

50 500 . dark brown

b) Mycelial samples
The’As_CDntehtﬂof the following samples was determined by converting it

to arsinesand comparing the spot colour on HgCl2 paper with the above

standards:




4.46 Comparison of the ICI wét oxidation test with the iio/Va/HC1 test.
Sanples of 5 % nalt and 1 % glucose, vl th ajforiginal As QQQCn. of
500 ug p17? vere assayed over a'periaﬂfof 18}days*by the wet Qxidati@@;test
(carried out at xci Billinghan) and comp&red:wifh*resﬁiﬁéfﬁiggjtﬁé;,

&o/Va/HCl test:

Days after V Aé-éﬁhﬁn.
inoculation _ (ug Di'i)

wet oxidation test Mo/Va/HCl test

a) 5 % malt
3 565 741
6 498 790
9 637 699
i2 600 | 588

18 ‘ 495 346

b) 1 % glucose
- 3 727 471
6 817 503
9 740 481
12 - 452

18 e o 530

Values higher thap the original As concn. of 500 ug &1~ are prebsbly
the result of cvaporation of liguid fron ‘the senpling tubes and thus

cd@én.~of_the Agfpt@semt.
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Fig. 4.451. Reduction in As concn.: glass petri dish control, 100 (©)

1074 m].—1 and larger scale colony mats, 100 ((J) ug ml—l.
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111) As plates-after 18 days ncubation.

He2s

I 0.197
11 0.235. | ‘g9f.
111 0.1 ‘i?
v 0.299 29

v 0.194 15

c) As uptake on 0.01 % glucose.

Day A400 Effective As concn.

fugfml'l);
0 1 0.883 84
11 0.862 93

11X 0847 87

10 - I 0.975 62

0.742 ~ 59

‘‘‘‘‘‘
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b) Reduction in medium glucose concn.

#) Standardisatidn-curve

" 60

80

100"

Regression equataion: ¥ = 0.072 x + 0.0877

i1) Control -

Agog Effective glucose conch.

| 7 (ug 017"
I S o{iéb | . éé
11 0.795 98
111 ~ 0.686 83
Iy 0.708 . 86

v ~ 0.890 ) 83
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d) As induced'S. brevicaulis colofiies plus Cellophane.

1,000 pg a1l not deternined. .

' Days. after L By Effective Agtconch.

initiation : : 1#8291‘33
1 138 - 289 -
2 1.209° - 408 -
4 1.093 - 339 -

8 0.976 - 270 -

4.45 Larger nycelial mats

a) Reduction in nedium As conchn.

Original As concn. = 100 pg n1~3

Control = glass plate with no cellophane

Treatient Control
Days-after A400 Effective As concn. A4°0 Effective As concn.
initiation (ve 017}) _ (g 017H)

o 0.858 01 20

3 0.784 70 80
6 ~o:7é§" 55 A88 
9 0,864 92 o7
12 1 0.673 30 i;b
15 o573 12 ;@é;»'

18 0586 - 0




As conch @}g@mru»

As conca. | )ug_;@ﬂn‘f‘ﬂ

0 J ] |
0 2 b 6
Time (days)

o

90

1000+

©®

D

e
|

@@@

L I s e e |
02 5 6. 8 10

Time. {days) -




Fig. 4.441. Reduction in As concn.: glass petri dish control, 500 (O)
& 1000 (O) pg ml "1 As and colony mats, 500 (O)

& 1000 (O) pg ml~ ' As.

Fig. 4.442. Reduction in As concn.: glass petri dish control, 500 (O)

ue ml‘1 and As Induced colony mats, 500 (O) ug ml_1 As.



c) §. brevicaulis colonies p;}ﬂi:s?_ee:ie_l‘dpifaﬁﬁe'

thitiation

0 1433

1 1.408 2.028 523 - 893

2 - 1.344 1.847 488 786

8 1131 1.86T 362 794

8 0.984 1.699 278 698
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4.44 Uge of~m§g§11a1 nags;géiaccﬁiglété}ﬁs.

For calibr@tipn;gﬁ?véslqééiapﬁﬁﬁdi%f144é

a) Glass petrﬁvdﬁspfcqupqu, o

For results in tﬁgsiseciiOn,.origiﬁa1~ﬂs concn. = 500°& 1 000 ngaﬁl;i

n =5_

Days after Ba00 Effective As concn.

initiation | (g mh
0 | 1.420 2.200 533 995
1 1.369 1.977 503 863
2 1.3901 ~ 2.020 516 889
4 ‘ 1.342 2.066 487 916

8 1,283 2.160 434 272

b) Plastic petri dish plus Cellophane controls

Days after B 400 Effective .As concn.

initiation (ug Blfl)

0 1381 2.170 510 978
o '1.350 2.054 492 908

2 1.177 2.101 389 937

4 | 1.281 . 451 902

8 1.973. 2.7 508 982
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A&>©@

0 2 5 6 8 10
Time (days) ‘




Fig. 4.433. Reduction in A readings with 0 (0) & 50 {(}) ug nl™ 1 As

i

400

and 2 g 1~ malt.

eduction in A, Teadings with 100 (O ) & 200 (1) wg ol '

T malt.




Initial As conch. ='1005ﬁ§fm1‘1
Days after aycelial dry we. R400
inoculation '(313

2 . 0.95 1.438
8 1.20 © 1.326
6 2.75 1.421
8 3.15 1.251

10 3.45 1.134

Initial As concn. = 200 pg m1~1

. Days afte; nycelial dry wt. AQOO

inoculation . (g1

0 - | 1.868
2 .0:80 1.7aé
4 0.90 ‘1;864
6 - 2.80 | 1.831
8 | 5.15 1.063

10 - 3.10 . 1.435




bsys after . oyoelfelidey we. . 4,

fncubation (g 1My

0 | : ;ti:j e

2 : 0.85

4 1.45 0.653
] 1.85 0.630
8 2.54 0.561

10 i.65 0.600

Iﬁi%ialfAs concn. = 5b;u§>ml-1

Days‘aﬁter .myCelial dry wt. A400
inoculation (g1

0 : V ) - 1.430
2 0.85 1.168
4 . 1.30 1.153
6 ‘ . 2.40 1.188
8 o 3.75 © 1.049

o 3:10 1.062




| 500
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0 2 o6 10
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Fig. 4.431. Reduction in A400

and 10 g 17! malt

Fig. 4.432. Reduction in A400

As and 10 g 1

readings with 0 (@) & 50 () ug n17! as

readings with 100 (O) & 200 () ue a1t

"1 pait.

9
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4.6 Quantitative analysis of an Ag induced polyner
4.61 Detection of a change in protein levelg

a) Calibration curve, m = §

P e e

Bovine serun albunin 8 4 2 1 0.5 0.25
h

(ng 0l

A@gz 0.816 0.647 0.451 0.281 0.1%89 0.119

i

Regressioﬁ equation in the range 2 - 0.25 mg ml ~ (Fig. 4.611)
y = 0.137 x + 0.128 =+0.985
b) Samples, n = 5
Effective
Sample concn. : A492 protein content
(rg m171) (mg m171)
Induced polymer 50 1.536 -
25 0.901 -
12.5 0.512 2.82
6.25 0.268 1.03
3.125 0.159 0.23
Control (no As) 50 1.442 - )
25 0.855 -
12.5 0.471 2.81
6.25 0.256. 0.24
3.125 0.14¢9 0.16

Average protein content:
i) induced polymer = 0.157 Dg mg_l polymer

i1) control = 0.142 ng mg-l culture filtrate
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Fig. 4.611. Calibration curve for protein assay.

Fig. 4.621. Calibfation curve for 1°° carbohydrate assay.
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4.62 Detection of a change im carbohydrate levels

Three estinations of carbohvdrate content were rade, with new

calibration curves for cach assesnent (sce appendix 1.3)

Replicate Calibration regression equation
I y = 0.0081 x - 0.0250 r =+ 0,997
11 y = 0.0055 x - 0.0111 r =+ 0,996
II1 y = 0.0085 x + 0.0077 r =+ 0,995
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T ewetwl i € o STTIE A L memis

Samplc concn. Effective carbohydrate content

(R e e a2 S

Réplicate

v e ———— e e ey

Agas
e  weoh
I polymer ' ‘1500 ijg;; 7~i76
250 0.687 88
125 0.332 44
32.5 0.132 20
control 500 1.225 158
250 0.661 85
125 0.320 43
62.5 0.107 16
I1 polymer 500 0.939 171
. 250 0.456 84
125 0.184 35
62.5 0.085 17
control 500 0.998 182
250 0.424 78
125 0.210 40
62.5 0.070 15
III polymer 500 1.476 173
250 0.762 80
125 0.375 43
62.5 0.240 27
control 500 1.300 152
250 0.609 71
125 0.284 33
62.5 0.149 17

Average carbohydrate content from all 3 replicates:
i) induced polymer = 0.341 mg mg_l polymer
11) control = 0.301 ng mg-l culture filtrate



2nd

Fig. 4.622. Calibration curve for carbohydrate assay.

d carbohydrate assay.

Fig. 4.623. Calibration curve for 3
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4.83 The acetone test for carbohydrates.

No significant precipitate was formed with any of the samples, hence no

difference in carboﬁydrato content could be resclved.

4.84 PBS dialysis

Salt dialysis resulted in a lighter coloured and less crystalline
freeze dried sample than undialysed mycelia, indicating that there is a
difference in carbohydrate configuration between the induced polymer and

untreated culture filtrate.
4.7 Qualitative Analysis of an As induced polymer

4.71 SDS PAGE

a)VCoqmassie Blue staining (Fig. 4.711)

Two broad bands formed (Mr 20 000 - 10 000 (Mr calculated fron Appendix
3)) when freeze dried mycelia were run & stained with Coomaséie Blue. No
najor difference between samples grown with and without As was observed and
only faint bands occured in the culture filtate lanes.

b) Lipopolysaccharide silver staining (Fig. 4.712)

Culture filtrates with & without As seperated into indentical band
patterns and therefore probably contain the same forms of
lipopolysaécharide. A band with an approx. Mr of 36 000 was present for
mycelia grown on As and absent for mycelia with no As (cannot be detected

on photograph, but is visible if the original gel is back lit).
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c) Prbtein-silVer staln (Plg. 4.713)

0u1tur@ fﬁﬂtr@te with@mt Ao oepe?utoo out ﬁnt@ a no. o@ w@mdo,
ﬂmcﬂudﬂqr a dagk bamd @P ME 37 @@@ @md a. lﬂwht Fqnd of [ 35 C@O, B@Ch o
bmmd p@?tetm Lu Levers @d f@@ cm;cure fllt&@t@ wﬁ“h As and tha Ag ﬂmdmcod
@@lym@r Lho diffuce band @f ME 7 000 - 4Q0 otaims DOEG Btw@mgly ﬂn tho
cuﬂture filtrate uithout As lane than in the other lanos, whilst bands of
lﬂp@polysaccharid@ appea?,at the” b@se of the two Ag camt@ﬂmimg:lanea*(mot
visible in the photograph). Nycelia grown in the presenbe;of”Aé'produces a

a nuch darker band of Mr 22 000 than samples grown without As.

4.72 ‘Non reducing PAGE.

Non,épecific egterasé*activity‘was'detecteﬂ_in sampléé;of‘bnltute
£iltrate and nycelia witho@t:ﬁs. Two bands stained in the nycelial lane,
whilst only one band was present in the culture filtrate. No activity was

detected in As grown naterial.




Fig. 4.713. Protein siver stained gel,

Lanes:

1.

2.

Mr markers

Culture filtrate without As
Culture filtrate with As

As induced polyner

Mycelia without As

Mycelia with As
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Fig. 4.%21. Nop reducing gel,
Lanes: 1. Blank
2. Culture filtrate without As
3. Mycellia without As
4. As induted p@l?@@r
5. Culture £iltrate with As

8. Mycelila uith As
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4.8 Spore investigation

4.81 Sporc pathogenielity tcst.

a) No. of spores counted in each 25 square grid
Volume of each grid
Thus, average no. of spores in suspension

0.3 ml of suspension was injected into the mice

b) No. of spores counted in each 25 square grid
Volume of each grid
Average no. of spores in suspension

0.3 ml of suspension was injected into the mice

1) 256

1% 1074 o

11) 262

2.59 x 10% m171

0.78 X 106 spores

i) 554

1 X 10

ii)s46

4 nl

5.5 X 10° m17!

1.85 %

106

spores

A sample of the spore suspensions created in this manner was plated out

to check spore viability, after 12 days growth a thick mycelial mat formed

and identified as S. brevicaulis by subculture in a growth chamber

1684

(section, 3.41). All of the injected nice showed no signs of suffering from

the inroduction of spores.

4.82 Microwave sterilisation

a) The spore blot transfer test:

Exposure time fo 0 5 i0 20

nicrowaves (min)

30

45

Growth after transfer + + - -

+ = growth - = no growth



b) Cellophane disc colony treastment:

e

10

Fxposure tine to 0 3 20 25
mﬁcfdwa&ég Spip) o _
chroasé in colony i8 19 D: 0 0 0
diagefér (o)

n 5 4 5 5 5
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5 DISCUSSION

Petri dish dry welght fisures vary considerably fr@p onc
replicate to the next, probably due to the woe of imocula in
different metabolic states even though they were all taken from the
sane region of the colony. Presh nycelia 1s reduced ﬂn'ﬁeight by
about 10 times during microwaving, resulting in biomass figures
conparable with those published by Dewey et al (1984). Work on

Phaeolus schweinitzii was discontinued after it exhibited a low

growth rate and tolerance to As. The use of microwaves to dry mycelia
until no moist areas remained, proved quick and reproducible. An
increase in malt concn. leads to an increase in blomass, this
response may be due to the extra carbon available or the higher
osmotic pressure, but on a larger scale the economics and
practicalities of using a high medium concn. would not prove
feasible. Further experiments on cheap, local substrates should be
carried out. S.brevicaulis does not require light for growth, the
small difference between treatments reflecting the need for adequate
ventilation of the plates, as thoge grown in the dark were enclosed.
The ability to grow at a:wide range of medium pH valnes implies
that it is suitable for use in a variety of industr;al environments.
More experiments with buffered media need to be caried out so that
the pH remains constant throﬂghout the growth period. No growth on 50
or 500 pg ml.1 Se was noted even after 20 days dincubation; as other
workers have grown S.brevicaulis on Se (Chailenger, 1945; Challenger,
Lisle & Dransfield, 1953; Challenger & North, 1934) it is probably

Just this particular isolate which does not process Se. -
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Growth on As (III) is an useful atiribute, as trivaient As is
sixty times wmore poisonous than As (V) (Ferguson & Gavis, 19?2),
whilst growth en Yo lndicates it's use for industrial Te’scpmbbing.
On this netalloeid the hyph@@ were colm@wed green rathér'tham thé 
usual buff colour indicating Te uptake. Céapekamox did not provide a
good Dedi@mfor growth, although developnent of a defined nedivmis
important to determine the limiting growth factors which influence
growth.

A figure for the maximum As concn. which S. brevicaulis can
tolerate is difficult to quote due to the variation in growth rate
from one experiment to the next, growth appears to be stimulated in
the region 50 - 1 000 pg a1”!, but on concn. greater than

10 000 pg ml_l As, growth is supressed and only very linited growth
occurs on pedia containing greater than 50 000 pg ml—1 (a2 high ppm
tolerance figure for a biological system). No plate contamination was
observed after 10 000 ug ml-1 As, indicating that few species of
fungi or bacteria can survive in a high As environment. Thus §.
brevicaulis is sultable for use in industrial effluents with a wide
range of As concn. The rate of growth in petri dishes tends towards
zero after 20 days, either due to the physical restraint of volume or
because of some other limiting factor such as nutrients or oxygen,
further experiments are required to clarify this point. The amount of
biomass generated in agitated media is comparable with that grown on
the same volume in staionary petri dishes. Some shake flasks
supported unsual growth forms (Fig. 4.1102), which on subculture
proved to be pure cultures, these types may have been intiated from

wall growth.



i

A chenostat wags set up to qpséﬁve the behaviour‘@2f§. brévicaulia
in continuous culture and detcrnine the potontial for gm@m$h;@p a
ﬂ@rg@:gcé;é;?@3 gmb;Qquemt_@5@ og @:bibfiﬁ@ow.iTﬁqlwaﬁg,@fLai§ éﬁ@ﬁ.
was abbﬁt_teh’fﬁ@és»the us@aiféélge @@.@thl'h"ib;idm@?t@.ﬁhé @oe!@f
a fixe@?fl&ﬁ éﬂélpgmp and the need te inject th@;a&@ﬂ@byiﬁﬁéiﬁhe“
fermenter. The optinumn rate of aeration and agitaion for thig ocpecies
has yet te be @étérain@d.

Steady state conditions were attained with a dilutioﬁ rate which

was six times higher than the specific growth rate constant for petri
dish and shaké flask growth (due to the size of the peristaltic pump
" available), showing that growth is inproved in chemostat culture. The
continuous‘cuiéufe was maint&iéed for about nine days indicating thgﬁ
this species can be groim on a conmercial scale. The nediur //,)
conversion efficiency (to bionass) was 54 & , tﬁi@ figure can be /
increased by running the chemostat at higher dilgtﬂon rates. The
shearing effect of the magnetic gtirring bar naintained the dianeter
of mycelial pellets below 1 nn (pelleting is a problen in the
ferpentation of filamentous orgenisns) The pH of the nedivwrenained
relatively constant throughout the run period and the purity of the

cuilture was maintained.
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Wall growth was extensive due to:
i) the medivmbeing 1@d;ted into the chemostat, splashing the wall
with culture ) |
ii) a high malt concn.

resulting in eventual blocking of the outflow port. The feedstock
flask became. contaminated with fungal growth (which appeared to be S.
brevicaulis), probably due to inconsistent flow of the nediuiand
uneven peristaltic action (another reason for terminating the run).
If the medivmwas filtered before sterilisation both of the above
problems would have been alleviated.
Culture sampling should have been from the chemostat itself rather
than the me&iuwmolleCtion flask for a more accurate estimate of
growth. A larger chemostat with comprehensive instrumentation (pH,

temperature, agitation rate and pO, control) would provide much more

2

information and bring this species one step nearer to growth on a

commercial scale.
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The presence of realgar in the growth nedivwdid nbt have a
detrinental effect and indibates the potential use of this species in
the nining industry e:.g. in gold refining wherc arsenopyfi@e-
conta?imatﬂon reducces yiclds. The'thgn grovth on 20 ug Dl_i
industrial effluent As chows that §. pgggggggggg,

i) requircs an additional carbon source for growth

i1) once supplimented, can grow in an industrial effluent

But as the ultinate ain is to produce & biofiiter. the uptake and
accumulation of As is more important than high growth rates in the
presence of As. Large quantities of'bioméés can be generated in a
seperate reactor run under the conditions ﬁhich optimise growth.

Swab samples from sources of industrial As proved that & variety
of organisms can toleraterAs.

Attempts to fluorescently label the hyphal surface were not
successful probably because: v

i) the sample used, was in staéonary phase

ii) spores were injected into the peritoneum, rather than
intravenously

iii) the mice used to ralse the antibodies, may not have found the
spores particularly antigenic.

Monoclonal antibodies against the spores of S. brevicaulis would
be most useful as markers to check sample purify and monitor the
environment for biofilter leakage. Scanning electron nicroscopy
provied good views of conidial structure, but as no critical point

drying was employed the hyphae and annellophores collapsed.
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The decision to use the Me/Va/HC1 test to nonitor nedivkiAs conch.
was based upon it's speed of determination and the large no. of
sanples which can be procegsed, conpared with the wet oxi@@tgpn"
procedure which takes 80 nin to rmm.gmd;caﬁ only.pﬁ@ceésv@imazimﬁm of
ten secples at any one time. Although initial st&mdarﬁi%ééﬁéh;;t
experinents were successful (range withjwater 0 - BO]Qéfbiﬁ%‘éhd

1 palt = 0 - 40 ug n171y, the change in

with 5 times diluted 50 g 1~
nalt absorbance during growth, interfered with that of the inéicétor
absorbance and hence conversion to As concn. is not valid as changes

in absorbance, reflect changes in malt, rather than As concn.. To

P ~
. L N
overcome this problem a transparent glucose solution was used ( to
i R

provide energy fof“tﬁe pgééisieuﬁetabolic activity involved in As
uptake) ﬁith mats of hyphae grown on Cellophane and a glaés petri
dish control to prevent the possible adsorption of As by plastic
surfaces and Cellophane (although the Si present night have
interfered with the indicator absorbance readings). The resulting
decline in soluble As concn. with this protocol, prompted the design
of a laréer scale experiment, which showed a marked decline in medium
As concn., whilst control plates exhibited a relatively stable As
concn.. There is also a reduction in the mediun's glucose concn.
during incubation indicating that metabolic activity is associated

with As accumulation. This belief is supported by the lack of As

accumulation which ocurs when the glucose concn. is low.
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These experiments are only the start of the need %o eghibit Ag
uptake by thic fungus and to cnhance the ratc of uptake as the
present rate is glow (it takes up to 12 days for oignificant changes
in As comcn. te occur). Kmo@loo»&-@@@é@m (1983) h@ve*ohgg@st@djthat
aquatic plants inadvertantly talke up As during ph@spha¢é 5ca§émgimg
in environnents where the As concn. approaches that of évaﬂjabﬁe
phosphate levels, the use of a glucose only mediun méy create the
same type of environment and induce higher rates of As uptake.

Comparison of the wet oxidation procedure enployed by ICI with
the Mo/Va /HCl test provided variable results ,but neither test show
any dramatic decline in the medium's As concn.; both tests exhibit
the same sensitlvity

The detection of As via AsH generation proved to beé the npost

3
conclusive test to demonstrate As uptake by S. brevicaulis, although
the levels of As witheld by the nycelia are not high (in the range
0.5-5 pg As mg-i mycelia ) and the precise site ofAAs accumulation
needs further investigation (whether extracellular, cell wall bound
or cytosolic). The mycelia on Cellophane discs alse accunulated As
and provide evidence that ﬁycelial As content is not due to the
formation of extracellular pockets of medium during growth but that
the As is taken up fron the mediun, even across a Cellophane barrier.
The amount of As accumulated is less than that for growing mycelia
probably due to the relatively small surface areaaavailéble for
uptake.and the barrier betiween the mycelia and the nediun.
Although trimethylarsine was‘detected.ﬁy it's garlic like odour-

from colonies grown on high As concn. the use of HgClglindiéator
paper failed to show production of this forn of As. Gas

chromatography would be oné method of volatile identification.



Thus although As uptake is known to occur, (for a 20 nl nedium +
i00 pg ml_l As about 1 300 ug As 1s extracted over aon 18 day period,
whilst only 0.6 pg is accuunulated by nycelia growing im 500 pg ml_l
Ag for the sene duratlion) due to the detectablc cvelution of
As@ﬂakgit can only be observed after relatively long incubation
periods (too long for industrial applications). Hemcc nost of the
medium As taken up, appears to be volatilised (probébly a
detoxification pathway) rather than accunulated; a red&ctiom in the
amount of As which is dealt with via methylation will either result
in i) a favourabie increase in the levels of accumulated As or ii)
reduced growth on high mediun As concn. Thislfacet of the process
being the main entry barrier for the production of an efficient
biofilter.

In terms of achieving the project aims outlined in section 2,
points i), ii), 1ii) & viii) were positively identified, aims 1iv) &

v) yielded negative results, whilst points vi) & vii) remain to be

investigated. All of these areas are central to the dévelopment of an

efficient biofilter and require further lines of research:

1) determination of the site of As accunulation
ii) inhibition of the volatilsiation process
iii) selection of isolates with a high As processihg-capacity
iv) defining the requiremenfs for growth on a larger séale
v) immobilisation of the mycelia for a continuous process
vi) optimising the design & operation of a.bioreacter

vii) finding a use for the bioaccunulated As
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6 CONCLUSIONS

This project has shown that §. brevicaullis tol@?ates:é wide range of. .
nediuo pH {(2-12) and As comcn. (0-40 000 Mg,éiﬂl) and therefore has'méﬁy'
industrial applications. Using o assays it was deteraimed thé& thc»raée
of As uptake is relatively slow, taking about 12 days before a significant
reduction in medium As conch. occurs. More conclusive results were obtained
from mycelia grown in As and mycelial mats on Cellophane, proving that As
accumulation does occur. It has been found that this species also grows on
As(III) & Te, but not Se and may once again prove to posses industrial
potential. Successful chemostat growth and the tolerance of AsS were
observed.

An increase in medium viscosity during growth in the presence of As is
due to a change in the form of the medium's constituents rather than a
change in their levels, as shown by PAGE. A pathogenicity test on nice
falled to show any detrimental effects of this 1solate.on namalian species
and microwave treatment proved to be a quick and effective method of

halting growth. Thus Scopulariopsis brevicaulis exhibits a number of

exploitable characteristics and further work is necessary to enhance such

attributes.
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7 SUMMARY

Of the two species chosen for study, only one, $. brevicaulis was
enployed and the following characteristics were ascertained:
i) It is capable of growth in a variety of "stressfull"
environmental conditions.
ii) The rate of uptake of As by mycelia and a concomitant decline
in medium As conen. is slow, but detectable.
iii) 8. brevicaulis will grow successfully in chemostat culture
and industrial environments.
iv) No enzymic activity, associated with the uptake and
volatilisation of As, was observed.
v} The increase in medium viscosity during growth on As was
linked to a change in the form, rather than total gquantity
of proteins/lipopolysaccharides present in the malt.
vi) The spores from this isolate are not pathogenic for mice, but

are inactivated after 10 min exposure to microwaves.
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APPENDIX 1.

Al.44 Calibration curves for As concn. deternination.
i) Myecellel nat accunulation:
Total volume = § ml indicator volume = 0.5 ml ganple volume = 0.5 nl
i1) Larger nycelial nats:
Total volume = 2.5 m]l 1indicator volune = 0.25 ml sample volume = 0.25 ml
11i) Extracellular As nethylating enzymes:

Total volume = 5 ml indicator volume = 0.5 ml sample volume = 1 ml

As concn. A

400
(ug m1°1) 1) ii) iii)
0 0.398 0.530 0.695
5 0.670 0.681 0.806
10 0.%00 0.887 0.994
15 1.131 1.074 1.097
20 1.390 1.309 - 1.284
25 1.635 1.445 1.313
30 1.837 1.646 1.357
35 2.053 1.775 i.400
40 2.230 1.974 1.450
i) vy = 0.0462 x + 0.4368 r =+ 0.999
ii) y = 0.0365 x + 0.5281 r = + 0.998
iii) y = 0.0192 x + 0.7722 r = + 0.964

A1.62 Detection of a change in carbohydrate levels.

Glucose concn. A

625
-1
(ug ml ) i 11 11
0 , 0.000 0.000 0.000
20 0.126 0.112 0.193
40 0.277 0.186 0.385
80 0.461 0.300 0.503
80 0.590 0.448 0.636

100 _ 0.814 . 0.553 0.894
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APPENDIX 2.

Original Data

Roman nunerals I - ¥V indicate ?@plicatgﬂ

A2.101. MNycelial wet & dry welghts for §. brevicaulis & P. gchueinitzii

o= ==

&) $. brevicaulis

As cong?. liguid nedium solid Qedium

(vg ol 7) dry wt. wet wt. cd dry wt. wet wt.

(ng) (og) (on) (ng) (ng)

0 1 182 ° 6 570 25 140 14

II 37 280 4

111 31 216 23

v = 195 21

7.5 1 70 710 29 156 i2

IT 83 264 30 154 22

11X 98 1090 ~ - -

iv 81 966 - - -

15 I 91 1957 28 152 17

II 79 985 21 67 14

111 87 281 - 106 12

v 93 971 - 124 16

30 I 95 1426 36 235 27

1 72 448 33 130 23

II1 59 861 38 138 25

AY 99 1326 32 117 21

bulked due to spillage

b) P. schweinitzii

0 I 4 25 57 137 io
II 8 102 85 125 16 .

111 2 1i0 62 117 16

IV 4 18 - - -

7.5 1 4 85 63 270 16

II 1 12 40 21 1

I1I 4 28 64 - 319 20

Iv 1 30 - - -

15 I 5 22 63 89 12

It 3 22 55 78 12

I11 4 20 61 119 14

iv - - 83 180 14
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30 I 6 36 87 102 17
11 i 17 64 83 12
I11 1 32 68 96 14
v 4 22 - - -

- = irregular colony growth

B

42.102 Durotion of nicrowave treatnent’

e - P S P . S — JE

Buration

Mycelial weightfké{

(nin) 1 11 111 1V v
0 1.828 1.528 1.394 1.674 2.442
2 1.026 0.915 0.790 1.037 2.185
4 0.407 0.445 0.442 0.537 1.005
6 0.219 0.185 0.173 0.194 0.490
8 0.142 0.115 0.112 0.122 0.239

10 0.132 0.105 0.109 0.112 0.209
5 0.129 0.105 0.10¢ 0.111 0.205

A2.103 Various malt concn. for liquid ahd solid media

Malt concn. (g 1_1)
, 10 20 50 70 100
a) liquid nediunm
mycelial dry wt. I 87 180 481 992 1212
(mg) 11 86 i64 394 903 1405
111 iis 7161 328 850 1270
v 77 194 335 701 1470
\' 56 258 416 885 283
b) solid medium )
colony diameter I 50 52 61 65 75
(mm) 11 50 51 60 69 70
111 48 48 59 65 69
v 50 50 . 82 68 12




A2.104 Growth in the 1ight and the dark.

o= =4

diapeter (on)

colony
i ¥I 11X v \Y
Light growth 51 56 57 58 59
Dark grovth. a5 50 48 50 42
A2.105 Growth at different values of medium pH.
initial pH nycelial dry weight (ng)
I I1 11T iy A
1 - - - - -
2 86 48 94 111 105
3 202 199 212 194 203
4 209 216 247 225 233
5 192 252 233 266. 247
6 245 224 240 239 281
7 214 223 209 265 2680
8 213 ie1l 173 210_ 199
10 ie1 268 114 i50 101
il 364 399 404 284 345
i2 421 424, 252 286 -
A2.107 Growth on As(III), Te & Se
metal mycelial dry wt. (ng)
I i 11T v \'
As(III) 317 308 322 321 341
Te 300 288 244 313 297
A2.108 Growth on Czapek-Dox medium
1 I 1 vV VI VII VIII IX X
liquid medium 41 41 39 37 46 40 40 39 41 41
dry wt. (mg)
solid medium 57 86 58 56 57 56 56 58 58 -

colony diameter
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A2.109 Growth on Increasing As concn.

As congg. ovcelial dry wt. (ng)
(g ml 7)
1 11 111 1v \Y
o 250 LY 274G 258
50 315 129 ‘ - - -
100 ged 322 - - -
250 303 358 - - -
500 ' 313 307 - - -
i 000 198 263 - - -
5 000 252 207 235 207 215
10 000 169 156 195 208 188
15 000 169 150 149 159 117
20 000 169 117 119 134 148
25 000 i34 149 113 1i¢9 105
30 000 i28 154 115 113 150
35 000 217 181 187 167 i53
40 000 153 129 130 139 153

A2.110 Petri dish growth

days after inoculation nycelial dry wt. (mog)

g I 11 II1 IV v
1 55 47 48 58 51
2 50 35 40 44 43
3 76 88 20 122 112
4 193 150 175 149 118
5 170 207 231 232 224
8 211 230 246 218 222
7 230 323 222 299 303
8 304 315 278 276 231
9 247 243 288 265 284
10 300 292 290 305 312
11 284 315 330 320 347
i2 373 353 368 348 384

A2.111 Shake flask growth

days after inoculation mycelial dry wt.

1 11 I11 v

2 65 42 66 63

4 120 149 183 211

6 213 210 191 215

8 237 229 228 238

10 272 271 261 282
12 320 326 300 . 294
14 - 209 219 254
16 204 178 197 181

20 - o218 182 265 -




A2.210 Growth on realgar

17 1

As concn.

colony diameter (un)

{pg ol
I i1 171 IV v
50 48 37 33 87 42
100 42 51 59 40 45
31 29

500

41 33 38

A2.41 Standardising the Mo/Va/HCl1 indicator

Ag conc A .
(vg ml 400
1 11 111 v Y
0 0.213 0.209 0.210 0.210 0.215
10 0.199 0.206 0.196 0.199  0.211
20 0.373 0.373 0.371 0.378 0.381
30 0.695 0.677 0.678 0.697 0.700
40 0.758 0.750 0.749 0.770 0.771
50 1.083 1.059 1.067 1.092 1.100
60 1.261 1.263 1.266 1.296 1.308
70 1.454 1.446 1.449 1.490 1.487
80 1.623 1.615 1.620 1.637 1.646
20 1.730 1.726 1.727 1.733 1.747
100 1.848 1.849 1.854 1.860 1.863
110 1.913 1.905 1.910 1.925 1.932
A2.42 Use of the Mo/Va/HCl indicator with 50 g 17! palt
As conc A
(ng ml_g) 1 i1 400
0 0.000 0.000
10 0.304 0.568
20 0.912 0.774
30 1.050 1.042
40 1.168 i.201
50 1.234 1.252
1.243 1.287

60

A2.43 Monitoring the reduction in As cbncn. when in the presence of

a) = 0 ug ol
c) = 100 pg ol

S. brevicaulis

1

As
i

As

b)

d)

50 pg ol

200

1 As

PE n17! as
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-1
1) So,g 1 malt
days after mycellal dry wt. (ng) AQOO
inoculation I ¥I 111 1V v I 11 I v v
a) 0
2 35 40 38 36 36 0.837 1.063 1.107 0.997 1.062
4 e 209 192 158 176 0.530 0.309 0.230 0.447 0.948
%3 133 248 243 273 270 0.366 0.324 0.447 0.286 0.297
8 273 233 248 232 202 0.578 0.538 0.115 0.103 0.398
10 309 303 309 367 3862 0.635 0.3149 0.168 0.5%4 0.10%5
12 351 305 177 393 387 1.131 0.986 1.513 1.528 1.385
b) 0 , ,
2 56 44 32 46 43 1.227 1.187 1.340 1;216 1.089
4 143 223 - 215 207 0.875 0.701 - 0.650 0.239
6 199 258 285 279 286 0.954 0.540 0.946 0.996 0.932
8 198 296 263 2692 276 0.520 0.470 0.457 0.648 0.632
10 408 397 376 391 412 0.114 0.607 0.470 0.551 0.498
12 343 394 421 324 415 0.395 0.500 0.425 0.623 0.502
c) 0 , ,
2 45 47 a7 42 36 1.3130 1.1i70 1.190 1.533 1.277
4 215 217 163 212 163 0.400 0.463 0.470 0.338'0.400
6 310 300 308 316 303 0.605 0.800 0.759 0.879 0.894
8 296 249 2929 303 301 0.447 0.555 0.969 0.640 0.470
10 324 326 357 344 368 0.426 0.656 0.608 0.636 0.3505
12 292 350 329 393 372 0.638 0.446 0.392 0.251 0.189
d) 4]
2 41 44 45 32 46 1.530 1.680 1.669% 1.7925 1.630
4 182 228 206 241 224 0.556 0.376 0.812 1.055 1.060
6 310 326 324 326 374 1.468 1.540 1.520 1.300 1.370
8 237 219 221 250 274 -1.330 0.845 0.971 0.950 0.985
i0 387 295 400 305 387 1.526 0.895 0.822 0.987 1.030
i2 271 320 307 373 362 1.283 1 1.225 1.120 1.635

.195
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nalt A ,

-days after - mycelial dry wt. (mg) .A4ob
____inoculation I __ II  IIT IV ¥ I 11 111 IV V.
a) 0 . e _

2 23 22 ) i5 18 0.843 0.814.0.792 ©.802 0.787
4 28 2@ 28 32 31 0.652 0.8238 0.916 0.607 0.663
6 48 25 34 39 40 0.667 0.619 0.628 0.814 0.623
8 48 46 40 4% G2 0.598 0.588 0.540 0.532 0.5%0
io 25 31 38 35 38 0.716 0.580 0.564 0.568 0.370
i2 33 36 38 34 51 0.783 0.646 0.631 0.6385 0.612
b) 0 :
2 i0 14 22 21 i7 0.198 0.235 0.127 0.147 0.134
4 27 26 27 22 29 0.107 0.189 0.142 0.186 0.140
6 50 48 49 50 44 0.187 0.183 0.138 0.227 0,197
8 84 63 44 90 94 0.028 0.040 0.043 0.068. 0.068
10 87 83 72 63 50 0.050 0.0680 0.065 0.042 0.093
12 32 34 38 47 50 0.026 0.000 0.005 0.018 0.013
c) 0 ”
2 27 i2 20 ig i8 0.485 0.363 0.480 0.475 0.396
4 24 20 27 27 20 ‘0.371 0.3592 0.169 0.352 0.377
[+ 52 57 53 54 59 0.460 0.396 0.398 0.443 0.407
_8’ 52 89 76 56 61 0.140 0.215 0.367 0.153 0.378
io 62 60 68 72 81 0.156 0.092 0.121 0.147 0.153
i2 78 79 66 71 64 0.177 0.144 0.108 0.156 0.150
d) 0
2 19 i2 i3 17 19 0.680 0.824 0.794 0.780 0.860
4 18 24 12 17 21 0.733 0.782 0.897 0.803 0.805
6 58 56 59 54 54 0.728 0.843 0.995 0.777 0.810
8 52 65 134 119 144 0.026 0.106 0.103 0.033 0.045
io 56 62 70 62 60 0.524 0.378 0.460 0.360 0.483
i2 59 60 57 82 62 0.000 O.OOOAO.OQS 0.001i 0.000



A2.44

Use of mycelial mats to accunulate As.
a) 800 ug ml-; As

i)

ii)

11i) .

iv)

‘glass petrl dish

control

I
11
III
1V
v

plastic petri dish

+ Cellophane

I
II
ITI
v

v

mycelial nats +
Cellophane

I
i1
II1
v
v

bt b b s b B Db fut pud ped

=t b ped b e

.439
. 458
.400
.422
. 385

.382
.380
.370
.392
.380

.406
.426
.456
.424
.455

induced mycelial mats

1
II
III
Iv
\Y

[ TN

.320
.325
.230
.320
.317

> fed (s e b [ W N oY [ S Y

(bl b et fd

days after inﬁtiaﬂ'@xposure

.466
.373
.373
.342
.285

.425
.349
.319
.350
.305

.415
.390
.420
.390
.400

.400
.317
.340
.320
.355

“4g0

488
438
340

.330
.400

[

.440
.347
.580
.297
.122

PR - R Wy Y

.360
.293
.333
.412
.324

bt fmd et pmd fed

.314
.211
.181
.18¢9
.148

bd Db ek fud  pud

[ O N Y et ps el s

O b pmb d et

P

.422
. 365
.350
.i1e4
.380

.439
. 200
. 245
.253
.270

.015
.173
.199
.133
.13¢

.095
.100
.132
.187
.990

(md b pmd e [

bed b b b B

O O bt bk b

coooo

. 326
. 240
.235
. 245
.220

.316
.507
.470
.283
.280

.947
.996
.994
2997
.988

.023
.011
.018
.980
.850
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b) 1 060 pg a1t as
i) glass petri dish AQOO
control
1 2.120 2.028 2.044 2.048 2.101
I3 2.340 1.967 1.994 2.202 2.183
I1Y 2.120 1.9253 i.980 2.000 2.120
IV 2.322 1.983 2.000 2.004 2.188
Y 2.098 1.955 2.080 2.074 2.208
i1) plastic petri dish
+ Cellophane
1 2.180 2.029 2.125 2.030 2.240
I1 2.182 2.057 2.140 2.018 2.200
I11 2.165 2.056 2.080 2.080 2.146
IV 2.130 2.108 2.070 2.045 2.172
\' 2.195 2.022 2.080 2.042 2.170
iii) mycelial mat +
Cellophane
I 2.180 2.080 1.292 1.750 1.915
Il 2.188 2.080 1.979 1.727 1.994
I11 2.120 2.048 - 1.730 1.570
1v 2.138 1.963 1.710 2.058 1.500
\'} 2.120 1.967 1.705 2.043 1.51i4
iv) induced mycelial mat - not deternined
A2.45 Larger mycelial mats
days after initial exposure
1 0 3 6 9 iz 15 is
a) 100 ug ml As
Ag00
I 0.903 0.768 0.772 0.882 0.646 0.571 0.599
II 0.860 0.830 0.768 0.932 0.776 0.625 0.603
I11 0.845 0.763 0,746 0.780 0.555 0.546 0.514
v 0.820 0.760 0.693 0.818 0.600 0.527 0.522
v 0.860 0.797 0.717 0.907 0.607 0.595 0.5920
b) control 1 0.860 0.860 0.860 0.887 0.870 0.851 0.862
11 0.850 0.853 0.857 0.821 0.900 0.878 0.868
I1X 0.821 0.838 0.830 0.883 01905 0.858 0.866
1v 0.881 0.863 0.852 0.212 0.902 0.868 0.856
\' 0.863 0.870 0.847 0.846 0.902 0.828 0

.880




A2.51 Extracellular As methylating enzvmes

[ X

daye after initial exposure

0 2 4 16 32
-1, - : '

aj 200 ug nl As A4©0
X 1.173 1.ia62 1.044 1.054 0.802
i1 1.165 1.148 1.048 1.137 0.800
III 1.187 1.096 1.053 1.126 0.897

b) control

I 0.850 0.848 0.249 0.834 0.721
IT 0.837 0.857 0.866 0.856 0.766
ITI 0.853 0.839 0.957 0.813

0.819
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PAGE Mr narkers:

177

Protein M Menufacturers-R¢ . Calculated RE
on an 11 < gel on a 10 % gel
Albunin, bovine 66 Q00 0.190 0.280
Albunin, egg 45 000 0.320 0.350
Glyceraldehyde-3- 36 000 0.420 0.422
phosphate dehydrogenase
Carbonic anhydrase 29 000 0.480 0.533
Trypsinogen 24 000 0.560 0.583
Trypsin inhibitor 20 100 0.660 0.700
{soya bean)
Lactalbumin 14 200 0.825 0.833

The calculated relative migration (Rf) values are higher than those of the

manufacturer becausethe gel used was 1 % less concentrated.
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LIsT OF FATERIALS

A1 the chemicals used im this project wero Analar prade fron

Britich Drug House Chenicalo Ltd., Poole, oxcept the fLollowing:
Materinl IPOGe ref. no. DeRpULacturcr

Acrylémﬁ@e ABBBT Slgne Chenical Conpeny, Poclc
Dorset, England.

Agar MC 2 London Analytical &
Bacteriological HMedia Ltd.,
Sﬁlford, England.

AgNO3 AR §/1280 Figsons, Loughborough,

Leicester, England.

ot napthyl acetate N-8506 Signa.
Bronophenol blue 20018 BDH .
Cellophane BDH .
Citric acid AR C/6200 . Pisoms.
CmSO/g SHZO AR C/8560 Fisoms.
EDTA BEDS Signa.
Past(Coomnassie) blue F 0500 Signa.
RR salt Signa.
FeSD4 7H20 BDH.
Filter paper thatnan Ltd. Maldstone,
Kem@.

RITC anti-rabbit IgG F-31010 Signa.
Gﬁutamaldehyde ‘ AR | G-62567 Signa.

oLycine AR /0800 Floona.

NgClg BDH.



Material

HNO

H2304

Rci
KH2P04

KI

KN&C4H6064H20

Malt

Mr marker kit

NagAsos

Na2003

NaCl

7H,0

NaZHASO4 2

NaHCO3

NaZHPO4

NaZSeO4 IOHZO

Naz?e04 2H20

N,N methylene

bis acrylamide

Perchloric acid

Silicone grease

grade ref. no.
AR P/4280
AR P/4800
AR P/6880
L 39
MWSDS-70L
$-1631
AR $§/2920
AR P/3160
AR $/4240
AR 8/4450
M-7256
Aristar

Sodium lauryl sulphate Primar S/5202

Tris buffer

Trizma base

Yeast extract

AR

T/3712

Reagent Ti503

nanufacturer

BOH.

‘BOE .

Ficons.

Figons.

Fisons.

?isdns.

Oxoid Ltd., Basingstoke
Hampshire, England.
Sigma.

Sigma.

Fisons.

Fisons.

Sigma.

Pisons.

Fisons

BDH.

BDH.

Signa.

BDH.

Dow Chemical Company
Fisons.

Fisans.

Sigma.

Oxoid.
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LIST OF EQUIPMENT
Equipnent
Anglytical balance

Alr punp

Autoclave

Bench centrifuge
Centrifuge

Double beam
spectrophotometer
Haemacytometer

Hot plate & stirrer
Incubator

Laminar air flow hood
Microtitration flat
bottomed wells

Microwave

Light microscopes

Peristaltic pump

nodel
U40

GP 580

2001

piccolo

8 X 50 rotor

Uuv 150 - 02

pPC-351

EM 3145

M 75
Nikon diaphot

108

180

mgnufacturor_

‘Oerﬁling, @rpingtom. Kent.
Medcalf Brog. Ltd., Potters bar
Hertfordsire, England.

Rodwell Basildon,Essex, England
Haeraeus Chfist GMBH, Osterode
W. Germany.

MSE, Crawley

Sussex, England.

Shimadzu Corp., Kyoto, Japan.

Hawksley, England.

Corning, New York 14830

USA.

Lab. Thermal Equipment Ltd.,
Greenfield, Oldham, England.
MDH Intermed, Andover,
Hampshire, Englﬁnd.

Flow Labs, Irvine

Sgoflahd.
Sanyo’EleCtric-Company Ltd.,
Osaka, Japén.

Viékefs. Haxzby Road, York.
Nippon Kogaku K.K.
Tokyo 100, Japan.

LKB Prodﬁc;é; Stockholm,

Sweden.
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Equipment nodel manufacturer

Petri dishes Sterilin, Aohford, Middlegex,
, England.

pH electrode 7020 Electronic Imstruncmnts Ltd.,

Chertsey, Surrey, Bngland.
Refii-gerator Lec International,

Bognor Regis, England.
Scanning Electron S 600 Cambridge Inétruments,
Microscope Cambridge, England.
Spectrophotometer Biochrom Ultrospec LKB Products, Stockholm,

4050 Sweden.

Titretek Strip Reader Flow Labs, Irvine , Scotland.

Top pan balance TP41 Oertling, Orpington, Kent.
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