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SUMMARY

1

?tis eruliinosa PCC 7813 hy tolﬁlenﬁ. 15

Release of microcystin-LR from Microc
J 8 3/ [1 !?re saline. The reductionin solub éty

reduced in the presence of pnosphate-hu
IS 0vercome b;P adcﬁng as I?ttle %s 18% vIv) methanol to the reaction mixture,

R B B LR e g e
wf endth, a?gc eacE|?ved using% m C?f 10%%) methanol, or 1% n?l o?%g/o
QV\aDmet anol. X | a IS release f
éa obacterlq?after 1

a

orop from other toxutyenlc g ner% 0

minutes Bricubatlon with methanol. Methanol theretore
agea[)s {0 he ﬁ more funa e reagent for extracting microcystin from
cyanobacterial cells than toluene.

Microcystin variants have continued to be purified as an aid to future work.

Natyral bIoc(){ns of cxarl?bacteria (fnd water Cfam les have been collected or
¥ece|ved, and are helr V%t stored at reduced temperatures until required for
uture column validation work.
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1 OBJECTIVES

11 Overall project objectives

To validate for the NRA the devI t and performancg of the field test kit for
H;? CNOF% s%m #R (MC- LRﬁAdeveIope Fcoae aﬁd develop wPJproce(furesfsonts use
12 Specific objectives

Bng&g the present reporting period, the specific objectives to be carried out were as

o Continue optimisation of toluene-mediated cell lysis
J ?ntmueetﬁ ,ySIest|gate and develop alternative approaches and contingencies to

tolugne-C

. Obtgm and storg natural blooms/water samples for future testing of monoclonal
antinodies (MADs) or columns

+  Evaluate MAbs, validate rellmlnar column and assess MAb(s) for large scale
proAuctlonéﬁlocoge Lt y b g

2. RESEARCH PROGRAMME
Technical progress

chmcal work has progressed well and 1S continuing to meet the schedule in the
ﬁemorandum of ﬂgr%e ent o? Resear% dontract Nﬂ% 84(5n

IthOthr] (po MADbs or colymns have been re e|ved us from Biocode, discussions h?ve
een % %&vzve% us, NRA an B|o att rewmﬁ Igro%ress meen é?
epte undeef)lv? % mo Lﬁ/tg ne. wit aro 0de
redarding the screening of MADs an ta |I| or large scale pro uct|on
2.2 Lvsis of cvanobacterial cells using toluene
After a previous request by Biocode that the test sample applied tq the field test column
shouida l? E gestd% glrled sajme n ordserto zm p e IC| nta |g ant|e

ein
reaction to og ur Ity of tal enel |s ofM|crocyst|s celsm the p enc
p osphate buf ered saline PBS Was mvestlg

Nhae ugﬂg aﬁPCC 7813 was aLested from a rowm culture andwr ed mOO&é\g
e e

H74). 5m osvfyferethe ue and the cells resuspen
eonlse wate U e ‘ % n%
each dup Icate was add to lene toa Ina conce tratlo 0 0.3% Afterl
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minufes af room tem erature, alr%t\r/%tg from each d%J}? I-?B?.I%n fo? tglueneg Were

entr ern fa [ and analyse "MC-LR content.
esu ts re pres nte mLSFab ST y

The res te hat alt ho hmrcroc sreleased fr m M. aeruginosa PCC
}brqu7 1 leng mt rese gv PB eamountre sedrgaﬁgroxrmately
atr |n the pres Nce 0 eronrsed Water orphosp ate bu

In an ttem t fo clari he obseyved eﬁects the effect of varying salt concentration |
phosp ate buffer uport re easeo MC-LR Trom Microcystis by tolliene was Investigated.

traatog J W ) 8 I TR Y
Na A)NaC N os hate tﬁer Toluene was added to’ 08 cgu? [
te hosgtlateb \ﬁv sro er t0 £ach suspension containin |, 10 a TIna

concentr mr tes, at room tetmrperatu the suspensions
were)centn uge andt es pernatants anaysed y HPLC for MC-LR content FTa le
The inference tg t en fro her ults | that tconcentratroso odium chlorid
rI]reater thanO0 w solu FJ\A(ESR the experim nt buF e Was reo,ucedp
nan attem t 10" Overcome t ct met anol was a de to PBS at varying
concentratron

The sus ensro ofcells employed In th revrous Investigati nwascent n‘u an the

ells re us en I, one Iquiot of hae uffer uo eac

er n}e }3 US 18 }met PB 5/08 det
us V of 0 dde

on ntrati U eth) the 0 atesgu er and P% aIr ugtesnean to Qne fea
nateo%g 0Iuarﬁnethano /i?terl mrnutes at room empferature t ea(i UOtS
vrreag en&n uged, an

The C?Wesultrn dat}a indli ffate thatlﬁgl? ea?rhttle as 10% metharﬁll to PBS 085%w

the supernatants were analysed by HPLC for MC-LR content

ﬁss%t uatﬂt %SSLEQ ?s FS euacsee% t?ometh nol I%CES gfatggg/ags O:]Lttelue g rtﬂ?s |§p surhstantrlally

when toluene Is employed, even in ano

23 Extraction of MC-LR using methanol
tn the frevious Pro ress ﬁe ortg1 % 19%2 July 199{? 2) the rglease fmrcrocl/str t?

rom Microc swr scrioed. twas Indicated that t
mrcrocgstrnB(Htg et]eased(hy Mmet ano |nthe rwrst 0-1 mrnuteso In d%at on.

mvesh ate, this urt er, two ahguots of a M a(eru nosa 3 . culiure werg
centrittiged anﬁ one ' supernatant was retain ana SIS (Untreafe
supernaan(? e second npernata Was discarded and the pe let was resuspended in

an equal volume gf methanol, After 15 minutes at ropm temperature the sus ension was
onc ore centn?uged and the supernatant eained for HPLC analysis &\/I%t anol-
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e o Vo
phosphate i er, or PBéE
Medium Toluene  MC-LR content
status0  (ng/10 n{)
hd - 0.00
hdb t 4810 (+ 2.82)
Phosphate buffer - 101 (£ 0.03)
Phosphate buffer t 0247 (+ 2.89)
PBS | 0.26 ( 0.26)
PBS + 34.06 (+ 1.46)

a, analysed by HPLC
b, incubated for 15 minutes at room temperature (23°C)
C, - = absent, + = present
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Table 2.2.2 R%Ieas fm|c[ocxst|n -LRafromM. aeru |n sa PCC 7%1?#)9)/
0.3% r<§/v toluene In the resgnce o R spha%
containing varymg sodium chloride concentrations

Medium Toluepe ~ MC-LR content
status (ng/lL(F a)

Phosphate buffer | 0.25 (z 0.25)
Phosphate buffer t 40.35 (£ 2.05)

IR . wseam

e tﬂ“ﬁ?&f b %59 (£ 50)

Phosphate buffer +
S b 3600 (£ 200)

e+ wmesn

a, analysed by HPLC
b, incubated for 15 minutes at room temperature (22°C)
C, - = absent, + = present
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VIV) tolugne in the presence containin

meg%a ?fmmroceystm.-LR*fromM aeru *n%sg gCC78l3.bé

Medium sTtg{Hg g (I\rlllg(}ll-lle/)aS)ntent
Phosphate buffer t 40.3 (+ 2.05)
PBS t 34.80 (+ 3.10)
PBS + 10% (v/v) MeOH | 120 (+ 1.20)
PBS + 10% (v/v) MeOH t 30.65 (+ 5.25)
PBS + 25% (viv) MeOH . 8.30 (+ 1.30)
PBS + 25% (v/v) MeOH 1 314 (£2.50)
PBS + 50% (v/v) MeOH . 25.25 (+ 1.95)
PBS + 50% (v/v) MeOH t 3B.75 (+ 3.45)

a, analysed by HPLC
?2 ZEBS (0.85% wiv NaCl), incubated for 15 minutes at room temperature

¢, - = absent; + = present
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treate supernata resulting pellet and the earlier eIIe fro the ntrea ed ce
were ree'?e -drie iorzh rg Eus enrfed In avom ano

Ir ots Sus ensronswreutrasonrcate er rce or ut%s an the
e to tand or mi uesa(t oom &emgerature ese We na ycentr
emata tS were an P/se orl\/I ntent. alon wrt ose LHJCF
tarrte revrous% The results presen Ned rnTabeZE)&on rgnprevrou t
rgrcr cystin-L hsetracte rom aeruginosa 1813 within 5mrn es 0
Incubation with methano
The ahove investi atrd_rhreveals éhe effectiveness o ethanol aga Mrcro strs for
xtracting micro e{ In- n.addition, ecause of the |c con |on of
rssoré text rorc] otherrp 0c strnvarrants %easoe tr ed ythﬁmethanol See
Igure e Identity of these variants will be discussed later ‘in this report

Further work has involved an investigation into the effect of methanol upon qther species
P cyano\t\alacterra T\h te 1Iowrng SpECies anH strains o% cyanobacterra ere rnvestrBated

Nodularia sp. PCC 7804

Oscillatoria agardhii CYA 29
Anabaena flos-aquae CCAP 1403/21
Aphanizomenon sp. PCC 7905

Due to the navrabrlr ftoxrc strains of the abovE to>irgenrc genera, it was decided
to measure the chloropfyl aupon extraction by methano

Multip aIr Lots of the ab cuIturef ere centrrfuged and the supematantsdrsr:arded
IhetP ets ere resus inequa voumeso thano Omrg testrrp icate
OfS Were recentriju sup rnaa vw measure g
Pectro hotometerg calcu ating t orp ncentratr%n Rree urt er
3 Uotg wepe treated in the same th metnanol In the

ark. Results are presented n ab

From the results it can be seen that metharrole tracts virtually all the chlorophyll a from
gh?o%pﬂ hacterra ceﬂs a? er 10 minutes rncu ation. A%uer% hrncubatroh) d/ urther

aster 64 ours Incu atron Wi

a Was extracted.
The temperature de endencg of methanol extrac#ron of MC- LR was then inv strg
otso t\ﬂ aeruginosa P (11 Were centrl d}a} he Supernatants e
rr aeCp desw esusgende In methanﬁlwrc en reipcubate
? s ens]onsvveret en rncubate dt mrnuteé the 8amFg
tem era re %r entrr uging. The supematants were analyse orI\/I
content (Figure
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Table 231 Intra- and extracellylar concentration of MC-LR _from
metﬁano?—treate(ﬁ' anH untreated M. aerugomosa PCC 7813

Sampl MC-LR contentt
ample %nglﬂl Ogﬁw en
Untreated cells 345 (x 209
Untreated culture supernatant 0.00
Methanol-treated cells 0.5 (+ 0.25)

Methanol-treated culture supematant 39,15 (+_ 2.45)

a, Incubated for 15 minutes at room temperature (23°C)
b, analysed by HPLC
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2 00- MC-LH

0.80 1.00 1.20 1.40 1.60 1.a0 2. 00 2.20
x 101 minutes

Figure 231 HPLC chromatogram of methanol extract of M. aeruginosa PCC 7813
MC-LR = microcystin-LR
PK-2, PK-3, PK-4 = microcystin variants
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Tahle 232 quoroghyll a concentrations of methanol extracts of cyanobacteria!

culture
Culture strain No. Incubation ChIoroPh¥II i}
time concentration
(My/ml)
Nodulcuia sp. PCC 7804 10 min 17.80 (£ 0.38)
Nodularia sp. PCC 7804 64 h 1697 (£ 1.50)
Oscillatoria agarahii CYA 29 10 min 5.73 (£ 0.58)
Oscillatoria agarchii CYA 29 64 h 5.76 (+ 0.58)
Anabagena flos-aquae 1403/21 10 min 384 (+. 0.28)

Anahaena flos-aquae 140321 64 h 383 (. 0.28)
Aphanizomenon sp. PCC 7905 10 min 1511 (+.0.77
Aphanizomenon sp. PCC 7905 64 h 1542 (£ 0.23

a, [Chia] = 1263x A 633 nm
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%re results infer that ethegtol extraction of microcystin-LR from M. aeruginosa PCC
13 1 Independent o ation temperature.

The conce tration of the methanoI extraction rea ent Was the next actor to pe

rnvestr aer rn sa C Was entr meer Wha man

GF(C ‘ters i Eillters lace 50805 m&tﬁ gv/v

methano omeha ITOmrnu atroomtem atu rncub tlo
et e e

e i Do
concentrated so utro S Were t hen analysentt by HPLC for MC-LR contentg le 2355

When examini thed ta ohtained |ta ear that the methanol concentratio to
extract mzrlr:(r}acygT romM aerugrn 1613 mgﬁh (!uced to 75@19 Soom

er
not 0 5 ese s u%rtr ¢ ma for rnnq 3?e extraction
temperature approxrmate mavo | of the methanol squtron

An attem twas mad to examine the etfect of meth nol ﬁxtractro volumeceﬁon the

amounto re ease erugrno cyanobacterial cells er
one ntrp h ers, n ten nprc te filters were placed In
rHet ano et anoI or et anol. Arter 1 mrnutes at room temp rature
the sus ensronswere centr fu es ematants were rota orated 10 rness
er resus s r me ano s olutions were ana sed y HPL
conten 3

The results rnfer that as little as 5 ml ot methanol soalutron mag ? used 1o extract
rcroc strn R rom aerugrnosa PCC 73 %13 entrapP on a 2.5em filter disc.. qa|

5ros suming that the extraction 1s 5arrre out at room temperature (approximately
0°C), an that' 1 Ohmet anol IS use

24 Purification/characterization of microcvstin variants

The microcystin variants described in the previous re 1992 - JuI 199 have
hee urtﬁ E)urr %d?part?aj?grﬁurghed ﬁt%se aresbenﬁ)g eFr’tvPrt/r Screening antr odles
and/or prototype columns from Blocode.

The"PK3"var| has heen har cterised by fellow workers (Dr L A, Lawton, personal
E uni aéron?at ehﬁ) ervar?nsﬁroml\/l aerulghosa PCC 1& %se% FS ure
1), an etaso |swrl e presented in the next Progress Report for Project 0271
25 Collection of natural blooms/water samples

A nu béer of natural blooms/scums of cyan gctdena tﬂ\]/e been collected Hom local
ter odie (%r ave peen recerve romo tsice fse are being stored In eBt er
ozen or freeze-gried state a(ddrtrn a numoer 8 water samples have been
co ected or received, and are bemg ept frozen or Incold storage.

These will be used in attempts to screen the prototype columns from Biocode when
avar?ava P protyp

Progress Report 4, 0349 12



VS D E

o

Incubation temperature0 (=C)

Figure 2.3.2 Extractjon fmicro%stin-LR fromM aeruginosa PCC 7813 with methanol
Versus Incubation temperature.
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Table 233 Extraction of microcystin-LR fromM aeruginosa PCC 7813
y various concentrations of methanol*

Extraction reagent  Microcystin-LR contenth (ng/L0/x])

50% methanol 22.35 (+. 0.63)
75% methanol 11844 (+ 11.02)
100% methanol 11692 (+ 7.95)

a, cyanobacterial cells filter-entrapped and then incubated
|r¥ tﬂe met%anof soiutmns ?or eWmmutes at room temperature

b, analysed by HPLC
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Table 234  Extraction of microc an-LI

R from M. aeruginosa PCC 7813 with
various volumes of metnano

®

Volume of methanol ~ Microcystin-LR contentb (ng/10/x)

5ml 125,05 (+. 1.67)
10 ml 116.92 (£7.95)
20 ml 133.94 (+ 421)

a, see footnote 4, Table 2.3.3
b, analysed by HPLC
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26 Future programme

o Continue optimisation of methanol method of microcystin extraction
o Continue purification of microcystin variants

o Continue collection of natural bloom/water samples

+  Evaluate MAbs, validate preliminary column, and assess MA(s) for large scale
pror!uctreon bA %rocoge [ y () !

o Assess the linkage on MAD(S) to column support materials

' om are Biocode test kits for specificity, recovery capacity, and detection limits
or |crocystms rom aquatic env er? nmt)ents wrtﬁr%tan%artt Ia%oratory meﬂtrrps

3. DISCUSSION

The work presented.in t|h_{|s report has focused on fhe further refinement of methods of
extracting microcystin-LR from cyanobacterial cel

tap ears ttsrﬁt mthe or senrje oféjnhes%ggg%t%ufferce)r}asnag naeb t(tetperer Is asolu ”Ita%l rogt‘eg}
0 V) toluene.” The resulting decrease m eamoun 0 re ease
celsa ears 0 be due toteco ntrgtion of sodiym chloride resent mteb
conce tatro% regter thap 1%-2 reu ng the solubility. However, the
g%ertteasl V) methanol tot he buffer appears to negate the reduce sou |ty
Work has progressed well usm meth nol as the. agent. for releasr MC LR from
R ) e U 'Cfrr o

varrants e also released. .Maxi roph | nt 1S alsp re ea

secres cya?obacteLawrth as |l rPtt‘n e as ?%r%trtespr?cu% 1on W) met

fcu tures o cagro ferla were toxic, but those that were will be teste for toxm
e Cat a future dae

€asSe, measureg

It a ears that 10 ml of 7f5% \Qmethan |or5ml of 100% methano), qﬁ
foe ract]mrcroc stmh icrocystys cells uturewor will be carrié ogt on d
tuning” the volurne and concentratior o emethano extraction reagent to be use

ﬁr%blegns faceet when em loying the toluene met (?d oszs]rs In the presence

o e erattrrfé tc?(:f)eenadar%erg ?or thrg nga

Tue {0 the
Bt o
ﬁ emet anol method of extraction is more
he at er metho epdent, and once extracte

tes Pﬁeari 10 etemperatétre mﬁ
Into met anol e (mrcrocg/s] s utrf) agl lute o a final methano
concentration of 10%. Méthanol is also less toxic to operatorst an toluene.
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Natural bloci miscum/ e)ter sam Ies qave been collected and e]a/wll be collected | |g

rerto evaluate MADbs/protot umns from BlOC e, Itsou oweve he nﬁte

use the cyan Cﬂ()e oom seaso W be over w these

b co P are recelve e majo |t}/ notalt ese test sam (E)Ies WJ not he

res utw ave b%en sto at reduce emﬁerat res when tested.  Microcystin
variants are presently being pur|f|ed for evaluation in the columns,

4. FACTORS LIKELY TO AFFECT COMPLETION OF THE WORK
PROGRAMME

N P
e en Fgﬁpon [ CGIVIH? ese materials. I promp ava ty Wil a ect
cormletion of t vior programme on time.

5. COST OF WORK CARRIED OUT IN THE PERIOD AUGUST 1992 -
OCTOBER 1992

This period Total to date ()  Project total

f sal
e 3062 %92 57,038
Travel and subsistence 262 1219 1,800
Laboratory consumables 385 4728 6,000
Reports 160 480 1,000
Total 9,789 42 355 66,738
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6.  ESTIMATE OF COST OF WORK FOR THE PERIOD NOVEMBER 1992
JANUARY 1993

£

Staff salaries and overheads 10,000

Travel and subsistence 300
Laboratory consumables 1,000
Reports 166
Total 11,466
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